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II. -MINERALS ¥FROM THE NEIGHBOKIOOD OF PIKE’S
PEAK.

By WaitMan Cross and W. F. HILLEBRAND.

GENERAL.

The name of Pike’s Peak has become well known the world over in
connection with the large and perfeet crystals of Amazon stone (micro-
cline) which have found their way into almost every mineral eollection
of importance, and yet the stranger who ascends the mountain from
Maritou may see no sign of that or of any other of the numerous spe-
cies accredited in a general way to the region. It may be well, there-

fore, to pretace this description with a few remarks concerning the mode-

of occurrence and the distribution of the Pikke’s Peak minerals.

The mountain proper rises to a height of 14,147 feet, and is sur-
rounded by many lesser peaks which reach 10,000 feet. The same
coarse reddish granite which forms the greater part of all these points
extends in a northerly direction for at least 35 miles. Owing to a lack
of gold and silver bearing ores the granitic formation has not been thor.
oughly explored, the region is uninhabited, excepting on certain routes
of travel, and the great majority of the mountains and streams are
unnamed. Hence it is that minerals found in many remote spots are
afterwards labelled simply as from Pike’s Peak. I‘or many of the spe-
cies the inaccuracy is unimportant, as throughout the entire granitic
area some of them are surely to be found upon search.

List oF SprctEs KNowN.—Up to the year 1882 the following min-
erals had been identified with certainty, viz.: Microcline, albite, biotite,
muscovite, quartz (smoky and clear), fluorite, columbite, géthite, hema-
tite and limonite (psendomorph after siderite), arfvedsonite, astrophyl-
lite, zireon, bastniisite, and tysonite. The species described in this
article have been identified by us since that time, viz: topaz, phenacite,
kaolinite, cryolite, pachnolite, thomsenolite, gearksutite, ralstonite (?),
prosopite, and elpasolite.

Aucther series of minerals now in the course of investigation em-
braces several salts of cerium, yttriam, ete., belonging to species not as
yet fully determined, although xenotime and yttrotantalite are probably
present. Cassiterite also oceurs in small quantity. (See p. 74.)
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MoDE OF OCcURRENCE.—The reddish granite of the region helongs
to a type common in the Colorado range of the Rocky Mountains, and
is supposed to be a part of the Archzan formation. It consists of a
largely predominant reddish feldspar, to which are added brilliant
black biotite and quartz, the latter subordinate, and occurring in small
grains. The feldspar consists largely of an intergrowth of orthoclase
and albite, somewhat after the manner of perthite.

Throughout the granite body, though much more abundant in some
places than in others, are drusy cavities or ¢ pockets ? of very variable
size, and often distorted by movemeuts of the rock mass. Lining these
druses, or entirely filling them in some cases, are crystals of feldspar
and smoky quartz, in the first degree, with fluorite, topaz, phenacite,
zircon, gothite, hematite, and limonite, as more or less constant com-
panions.

The granite disintegrates rapidly through the action of the weather
into a coarse, gravel-like mass, and many of the mountain slopes are
covered by such material, with solid rock appearing here and there. On
finding fragments of erystal in the débris the prospector for minerals,
with pick and shovelin hand, endeavors to find the original cavity from
which the fragments came. One of these druses has been known to
yield more than a ton of erystallized specimens of Amazon stone, smoky
quartz, ete.

Vein-like masses, composed chiefly of white quartz and reddish mi-
crocline, are also locally abundant, and in these are somectimes found
small masses of cryolite and its alteration products, with zircon, astro-
phyllite, and columbite as observed associates.

CRYOLITE.

LocALiTY.—The point at which cryolite and its alteration products
have been found is at the northeastern base of Saint Peter’s Dome, a
minor peak due west of Cheyenne Mountain and near the toll-road from
Colorado Springs to the Seven Lakes, at the southern base of Pike’s
Peak. The spot lies nearly on the southeastern border of the extensive
region within which Amazon stone and its associates occur, and may be
thus considered within the «Pike’s Peak region,” although several miles
distant from the mountain proper. The fluorides were first shown ina
prospect shaft and in a neighboring tunnel, but visits made to the local-
ity since the first publication have proven the presence of eryolite masses
in several of the small irregular veins north and west of Saint Peter’s
Dome.

OCCURRENCE AND ASS00IATION.—The manner of occurrence and
the relationship of the fluoride masses can now be stated much more
clearly than was possible in our first notice. Oryolite, in the massive
form to be described, was deposited in the veins of secretion which are
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so abundant in the granite country rock, in small but pure and homo-
geneous masses. Some of these veins have certainly had two periods
of secretion, as is shown in the Boreka tunnel, Saint Peter’s Dome. This
tunnel penetrates for about 200 feet an irregular mass, consisting lurgely
of white quartz and reddish microcline. The greater part of the quartz
is the common white vein material containing no included minerals, but
a portion of it, appearing in sharply defined angular blocks, is full of
the trausparveut zircon to be hereafter described. Small particles of
microcline are also disseminated through this quartz, while in the body
of the vein it presents huge individuals, sometimes several feet in diam-
eter.  An examination of tbe tunnel walls shows here and there faces
of pure massive fluorides 5 or 6 feet across and sharply defined against
both pure and zircon-bearing quartz, the spaces filled being very irreg-
ular and angular. No contemporancous minerals of importance accoin-
pany the zircon and cryolite in this vein.

The purity or homogeneity of the white quartz, zircon-bearing quartz,
and fluoritle masses, togethier with their irregular forms, seems to indi-
cate different periods of development, and it scems further probable
that a time of disturbance, in which the original guartz and feldspar
vein was mneh fractured, produced the irregular spaces subsequently
filled by different deposition. The eryolite may have been formed hLere
during the time in which fluorite and topaz were deposited in the cavi-
ties of the region to the northwest.

The ouly mineral observed to be undoubtedly contemporaneous with
thecryolite is columbite, which has Deen seen in small crystals embedded
directly in fresh eryolite. At onc place astrophyllite hlades penetrate
ceryolite, but these are implanted directly upon the granite wall, and are
probably an earlier formation, as are the zircon crystals at their base,
and impregnating the granite itself. In the immediate neighborhood
arfvedsonite and astrophyllite are quite abundant, both ocemiring most
frequently embedded in white massive quartz. The original locality of
tysonite and bastniisite is not far from Saint Peter’s Dome, but little is
known to us concerning the manner of occurrence of these minerals.,

PURELY SCIENTIFIC VALUE OF THE DISCOVERY.—AS numerous in-
quiries concerning the probable commercial value of this new cryolite
locality have been received since the published description, it may be
well to emphasize the conclusion which is clearly suggested Ly the de-
scription of the occurrence of the mineral. All the cryolite as yet
known occurs in the form of subordinate masses in the veins of secre-
tion which appear lere and there throughout the granitic formation,
and there is no reason to suppose that masses of economic importance
can occur in the region.

RECENT LITERATURE OF CRYOLITE AND ITS ALTERATION PROD-
vers.—The minerals of this group, of which so little was known a few
years ago, are now among the best known. As most of the recent pub-
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lications are of direct interest to us in desczibipg. thei material of the
o brief mention of the leading articles 1s 1n place.
ne’f[‘vhiine(grliest contribution to be mentioned is tbat.of }_?rof. P. Grrot?h,
then in Strassburg, who institated a careful inves‘ggahon of cxjyohte
and its alteration products, several of which h.ad received names without
satisfactory proof of their homogeneity, wh'11.e more or less doubt was
justifiable in regard to the chemical composition of all. of them. Simi-
lar rare minerals of other occurrence were also studied. The p}J_rely
mineralogical part of this investigation was conducte(} by Professor
Groth personally, while material selected by him was subjected to Ch?lin-
jcal analysis by Dr. J. Brandl, in Munich. To'the papers by M,eSb.IS'
Groth® and Brandl¥ we shall refer frequently in the course of the fol-
lowing description. Owing to better material we are able to supple-
ment in some particulars the results of these. gentlemen, an_d ntlb but a
a single case,namely, in regard to the composmon_of pachnolite, is there
any discrepancy between our conclusions and theirs. .
Concerning the crystallography of the group, Krenner anfl Des
Cloizeaux * have made important contributions wh1'1‘8 thelaws of twin-
ing in massive eryolite have been investigated by Miigge.” ‘
GENERAL DEscrRIPTION.—The purecryolite appears ininassiveaggre-
gates of large individuals, quite like that from Greenland. Thf: three
prominent cleavage surfaces are often continuous for t?VO orthree 1!]ChfiS,
indieating the size of the individuals present. A delicate pm.k Qr exb elz
decidedly rosy hue is characteristic of the fr.cshest subsmnc:e found, bu
the greater partis either of afaint greenish tinge or dull lente, and no)ne
so far obtained has the snowy whiteness or the clearness of the Green-

land mineral. The color disappears on heating, leaving the cryolite

ure white. ‘ .
P The three marked cleavage directions are situated nearly at right an-

gles to each other and one seems slightly more perfect tyan th.e‘othe‘:rr.
A parting parallel to these planes is by no means so easily eﬁcc?ed as
one would expect from the distinctness with which they are seen, a facl’e
explained by the complicated polysynthetic str.ucture to be ’descmbef .

TwiN STRUCTURE.—AS no crystals of cryolite have been .fo.und in
this locality, the study of the complicated twin struct}xre»ex‘hlblited‘by
the massive material is no easy matter. The recent investigations of

6P, Groth. ¢ Beitrige zur Kenntniss der natiirlichen
ift fi i 375~ 1 457-493, 1883.

schrift fiir Krystallographie, VII, pp. 375-3388 anc » 1 . ’
17.J, Brandl Sitzungsbori,cht der Lkonigl-bayr. Akademie dvr Wissenschaften zu
fine s ] ie, CCXIIL, p. L.

Miinchen, 1852, p. 118, and Annalen der Chemic, s ) : )
18], A ’Kren’ner. "‘Die gronlindischen Minerale der Kryolith Gruppe.” Buda
est, 1883. ' _ .

P 19 1’& Des Cloizeaux. ‘Nouvelles observations sur le type cristallin auque] doit

&tre rapportée la cryolite,” Bull Soc. Min. 4. Fr,, 188:2. o
00, Migge. “Uber die Zwillingsbildung des Kryolith.

Anstalten zn Hamburg, 1833, p. 67.

Jahrbueh d. wiss,
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Krenner, and especially those of Miigge upon the mnassive mineral fromn
Greenland, have, however, done much to make the relations clear.

Dana* mentions « P, Websky®? 0P and » P o« , and Xrenner® « P
and § P as twinning planes identified upon crystals of eryolite. Miigge*
seems to have identified -+ § P as a twinning plane in the massive ma-
terial, independently of Krenner’s determination. In all the above-
mentioned laws the axis of revolution is the normal to the twinning plane,
which is usually the composition face. The polysynthetic development
of various laws was brietfly alluded to in the first notice of the Colorado
cryolite, and the descriptions of Miigge show that a similur, although by
no means equally complicated. structure exists in the Greenland mineral,

The well known psendo-symmetry of eryolite is illustrated by tie fol-
lowing values, taken from Krenner: 5 =890 49/; the prism angles are
880 2/ and 91° 58/, the angles between () P and opposite prism faces ure
900 8 and 89° 52/, The axes of elasticity are also situated in peculiar
agreement with this symmetry, the biseetrix lying in the clinodiagonal
gection, inclined 43° 54/ to the vertical axis and 45° 55 to the ¢lino axis,
It is to be noticed that by all the above-mentioned laws of twinuing the
planes of 0 P and oo I are brought in so nearly coincident positions that
the deviations are unnoticeable upon the cleavage snrfaces of the massive
substance.

The examinations of Miigge were conduected upon thin sections lying
in water, the index of refraction of the liquid being almost equal to that
of eryolite. Our observations were made upon sections prepared in the
usuai manner, As none of them exhibit anything corresponding to the
results obtained by Miigge on heating to a temperature of over 4000 C,,
it is assumed that no change in the optical properties was produced by
the temperature necessary in mounting these sections in balsam,

Although we cannot in the cleavage material distinguish with cer-
tainty between » P and 0 P, or between the positive and negative
quadrants, still, if from a given cube, sections be prepared parallel to
each of the three cleavage faces, we should be able to observe the rela.
tions of all twinning laws seen to each other and to a ground form whiclh
can be assumed. Tor a clear distinction of all the individual parts itis
necessary to exawmine the thin sections between crossed nieols and with
an inserted gypsum plate giving the field of vision a red color of the
higher order. Asunearly all the twinned parts are symmetrically related
to w P or 0 P, the first position in which their relations can be seen to
advantage is secared by placing the cleavage lines in each section & to
thie principal sections of the crossed nicols. This position is hereafter
designated as position I. 1t is evident that the extinction in the basal
section takes place parallel to the diagonals of the prism, as indicated

2 System of Mineralogy, 5th ed., p. 127.

22 Neues Jahrbuch fiir Mineralogie, ete., 1867, p. 810.
B Loo. cit.

2 Loo. cit.
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by the cleavage lines, <. e., about 45° from each. The theoretical ex-
tinction parallel to a face of o P is 31° 15’ from the vertical axis (Groth)
which direction les parallel to one set of cleavage lines.

The various laws of twinning observed will now be taken up and the
resulting structure parallel to each of the cleavage faces described.

Law a.—Twinning plane and composition face =» I’, axis the normal
upon it.

One of the three sections shows a fine banded structure parallel to
one set of cleavage lines ; this resembles plagioclase twinned according
to the albite law, but the boundaries are less clearly defined. In posi-
tion I alternate bands are blue, the remainder yellow ; reversed colors
are produced by a revolution of 90°; extinction oceurs at about 310
from the twinning plane, right or left according to color. The second
section shows 1o such banded structure, hut extinction takes place at
31° frum either cleavage system. The third section exhibits a banded
structure with blue and yellow colors, but with nearly coincident ex-
tinction at 45° from the twinning line, which is parallel to one cleavage
direction.

As experience shows this twinning to be always parallel to one pair
of prism faces and there is evidently a definite relation between the
otber laws and the present, we will assume the left-hand front prism-
face as the twinning plane, « P (I). The first section was therefore
parallel to « P (r), the second to » P (I), and the third to 0 P. This
assumption is made in all subsequent discussion, so that the relations
of the different laws may be correctly expressed.

The lamina are sometimes broad, but more frequently narrow, meas-
uring 0.01 to 0.10™™ in thickness. It is therefore difficult to prepare a
section so nearly parallel to w P (1) that it shall not cat obliquely sev-
eral of thie laming, producing a broad irregular banding, as represented
in I'ig. 7. The four vertical bands with irregular boundaries are alter-
nately blue ov yellow in position 1, and extinguish at 31° right or left.

Law b.—Twinning plane and composition face 4 P (r), axis the nor-
mal upon it. .

Sections parallel to oo P (v) usually show in each lamina produced by
the first law a structure illustrated by.the lower left-hand portion of
Fig. 8. The parts of new orientation are represented by the small ree-
tangular or graphic forms lying paraliel to the diagonals of the sqnare,
right or left as the case may be, and however zigzag the shape the
bounding lines are almost always parallel to the diagonals mentioned.
These forms are apparently identical with those deseribed by Miigge as
twinned parallel to £ 4 P, and they appear in the other two sections in
a manner agreeing with this supposition. In Fig. 7 they are represented
by the smaller horizontal lamellee which do not cross the boundaries of
the broad bands, and in Fig. 9 by the vertical lamellie included in the
larger ones. They are therefore cut by the plane » I’ (r) nearly or
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quite at right aungles, and their inclination is that of the plane 44 P,
according to which they are intergrown.

The explanation above given is, however, insufficient, as there are
particles of three distinet optical orientations among these formally in-
distinguishable portions. If a lamina cut parallel to « P (r) be placed
in position I, and then shows a blue color, the visible included parts of
the form in question will appear yellow. On revolving the lamina 31°,
to its position of extinction, it is found that some of those diagonally-
situated particles have the same extinction as the lamina containing
them, while the others become still brighter yellow and are found to ex-
tinguish simultaneously with the adjacent yellow lamina. On moving
the section out of position I diagonal parts of the third orientation ap-
pear. These were blue in position I, but do not extinguish with the
substance surrounding them ; on the contrary, they correspond in this
particular with the neighboring yellow lamina. It is impossible to defi-
nitely determinethe laws aceording to which the substances are twinned,
but in Fig. 10 the observed relations are explained in one way. The
larger arrows indicate the normal directions of extinction parallel to
o I (r), with reference to the vertical axis. The area x represents the
position of the corresponding directions of extinctionin alamella twinned
parallel to the upper right-hand face of the positive hemipyramid, 4 P
(r). This will extinguish at 31° to the right from the vertical axis, while
corresponding very nearly in color with the inclosing substance in po-
sition 1. This is considered the equivalent of the law identified by
Krenner. The lamella y is related to z as if twinned according to law
a, and thus will exhibit parallel extinetion with the inclosing substance
but the opposite color in position I. The part z corresponds in color
and extinction to the adjacent lamina, twinned after law @, and inter-
grown parallel to 4 P (v) or— ¢ P (1).

Careful study of a number of sections has failed to show any method
of distinguishing between these various parts aside from their optical
orientation. Now one, now another, seems to predominate, and often
all three are to be seen in a single lamina.

The sections parallel to « P (I) and 0 P cut these thin particles at an
oblique angle, and their proper optical action is thus so obseured that
they cannot be used to test the accuracy of the relation represented by
Fig. 10.

Law e—Twinning plane «» P &, axis the normal upon it, composition
face « P, or an irregular surface near it.

Sections parallel to 0 P never show a twinning plane running parallel
to either pinacoid, and yet substance is found whose orientation corres-
ponds to the requirements of the above law. This is shown upon 0 P
by polysynthetic twin structure parallel to the second prism plane,
» P (r), the laminge extinguishing at 45° and hence presenting 0 P.
(Sce Fig. 9.) This might be considered as twinning after the prism
plane o P (r) except that a corresponding structure upon « P (1) does
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not appear. There is, it is trae, a vertical lamellar twinning sometimes
seen, but accompaunied by the sabstances intergrown as described under
law b, This is represented in Fig. 7, and is the natural result of law ¢,
which Brings oo P (r) with its twinning after laws a and b into parallel
position with = P (1), produces a crossing of the latinge upou 0 I, and,
lastly, brings « P (1) parallel to = P (r).  This latter position is natur-
ally seldom seen in sections, as the part thus twinned is usually a rather
thin plate parallel to o I> (i), of the chiefindividual. In one case, how-
ever, 4 section parallel to oo P (#) which exhibits the usual complicated
structure over the greater part, passes by an irregular indistinct iine
into substance of more simple action, like that represented for o P (1)
in Fig. 7, as if the slightly oblique section plane had cut into the plate
twinned after this law ¢, Websky describes the compesition face, in
the case notived Dby him, as irregular, although lying approximately
parallel to » P co.

Law d—Twinning plane ¢ P (), axis the normal upon it, composition
face w P (1), or an irregulur surface near it.

By this law o P () and 0 P are interchanged. It seems required to
explam the appearance in the section parallel to o P (7) of laminm
parallel to those of a, but with extinetion of 43° (see TI'ig. 8), and the
similar laminge on 0 P with extinction of 319, and inclading parts twinned
after the law 5. Upon w P (1), the composition face, this law cannot
be identified.

Luw e.—Twinning plane — 4 P (1), axis the normal upon it, composition
face irregular,

This law scems required to account for certain relations frequently
seen upon « I’ (#) and « P (I). Upon the former the usual structure
of this face appears at vight angles to its proper position, while upon
en P (1) horizontal Dands may be seen which are polysynthetic, and give
extinetion at 43° from position I.  This would be explained by the law
above given, and is illustrated by Figs. 7 and 8.

Of the above laws the first seems to be identitiable in «ll portions not
parallel to the twinning plane, and the second is nearly as persistent.
Law d affects substance already twinned after laws a and b, while ¢ and
« produce a twinuing of matter showing a, b, aud d. Laws e, d, and e
s thonght to be justified, for however irregular their composition face,
the position of the parts twinned after @ and b is always a very definite
and regular one with reference to corresponding parts in the primary
individual.

Whether the prismatic twinning plane is right or left, it is clear that
the planes of laws b and ¢ and the composition face of ¢ lie in the zone
between the prismatic twinning plane and 0P, and that the plane of d
is in the zone of 0P to the other prism plane.

No twinning parallel to 0T was noticed, unless a horizontal division
of 1 few laminge twinned after a be thus interpreted (I'ig. 8).
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CreEMICAL CoMPosITION.—For all analyses of this and the following
minerals the greatest care was taken to have the purest of reagents,
The fluorine was in all cases determined by the Wohler-Iresenius
method, with the slight modifications introduced by Brandl,” except
that the iron plate instead of the oil-bath was used for heating. The
sulphuric acid was obtained of the highest degree of concentration and
purity by distillation from a platinum retort. The water was deter-
mined by absorption in a chloride of calcium tube, the mineral having
been heated in a tube with either oxide of lead or carbonate of sodium,
the results being the same whether one or the other was used.

The cryolite, of which the analysis is Liere given, possessed the specitic
gravity 2.972 at 24° C., was faintly pink in color, and contained as a
visible impurity the oxide of iron represented in the analysis:

(W.F, Hillebrand.) ‘

~ As the mean of 53.35, 53.46, 53.55, and 53.85.

The presence of & slight amount of water indicates incipient altera-
tion, but although purer and fresher material was subsequently ob-
tained, a second analysis seems unnecssary.

ALTERATION OF CRYOLITE.—Although pureandfresh cryoliteis com-
mon, the greater part of masses so near the surface is naturally changed.
In the Eureka tunnel the surfaces seen upon the walls exhibit plainly the
three cleavage directions of cryolite, especially when moistened. The
material is chiefly massive pachnolite, however, as can be distinctly
seen in thin sentious, while tresh eryolite is still visible in small patehes.
Alteration of the cryolite proceeds in two ways, producing the same
mwinerals in the end. DBy one process the principal cleavage fissures are
utilized by the solutious which effect the change, and thin walls are
formed of a white crystalline substance. The next step seems to Le the
bodily removal of the cryolite matter between these walls, leaving a
network of partitions in the three directions of the chief cleavages of
the original cryolite. These partitions or walls are lined by minute
crystals.  The second mode of alteration proceeds from the neighboring
quartz and from the boundaries of the different crystalline individuaals
of the cryolite, the result being & compact crystalline mass of a faint
bluish tinge. The material at haud illustrates the two processes and
their products about equally well, and they arc often combined.

25Annaieu der Chemie und Pharmacie, CCXI1I, p. 1.
#If Al=27. In this and all subsequent analyses, percentages of aluminium are cal-
culated with the assumption of 27 as its atowmic weight.
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A Jarge part of the material in the Eareka tunnel ix o massive mix-
ture of indistingunishable compounds, probably derived from the altera-
tion of pachnolite. [Flaorite is one of the further products, hut never
appears prominently.

The small mass of fluorides struck in the incline near the Eureka
tunnel is remarkable for the purity of & number of further produets.
Near the quartz and granite walls decomp esition has progressed until a
pure white substance has been formed, which, when dry, is a kaolin-
like: powder of extreme finenesx. Tt resembles plaster of Paris when
wet, as it invariably is in the vein. This is the gearksutite to Le de-
seribed further on.  From this same small mass were obtained most of
the specimens utilized in the determinations of the species whose con-
sideration follows.

PACHNOLITE.

FROM THE THIN W ALLS.—The microscopical examination of the walls
and membranes produced by the first mede of alteration ol the cryo.
lite, shows them to be ecoated by many minute but perfect, colorless,
and transparent prismatic crystals, which are usually placed at right
angles to the central plane of the wall, though sometimes iu an irregu-
lar manner. They reach a maximuin length of 2mm by a thickness of
0.2 to 0.4™=, Tlhe erystals are occasionally yellow in color while retain-
ing their transparency, the color being iloubtless owing io some mnatter
derived from the aiteration of the astrophyllite whicl: penetrates all
such specimens, The erystallographical identifieation of these ervstals
with pachnolite is quite certain, for upon placing them in vertical posi-
tion under the microscope the prism angles ean readily be measured,
and correspond closely to 819 24/ and 98¢ 36/, the theoretical angles of
pachnolite (see Groth, . ¢., p. 463). The prism « T and base 0P are
in all cases the chief faces, accompanied trequently by a hemi ortho-
dome and very rarely by a clinodome, both very slightly developed.
The former is considered to be — P @ , from data given below.  Pyramid
faces have not been seen upon crystals of this growth. Although all
detached crystals show, when examined in polarized light as Iying upon
a prism face, an oblique twinning plane in" the prismatic zone,” still a
projecting angle upon the base can but rarely be seen. The reflecting
sarfaces of the thinnest walls are composed of innumerable small fucets
of rhombic outline,—the basal planes of the very low prisms. In frag-
ments from some of the thinnest walls, placed horizontally under the
mieroscope and observed in pelarized light, twinning parallel to the
shorter (ortho-) diagonal can easily be seen. The crystals are wsually
quite equally biseeted by the twinning line. The central portion of
these walls is ratlier dull white, and probably represents the alteration
product on cleavage planes of the original cryolite, while the crystals

27 Groth, L ¢., p. 464.7
Bull. 20—4 (267)
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themselves were formed during or after the removalof the intermediate
cryolite substance. Material from a network of thin walls covered Dy
pachnolite crystals was subjected to chemieal analysis, vielding the
result under XX VII, p. 54,

From THr BLUisH MASSIVE ALTERATION P’rRopUCT.—The pale
bluish mass formed by the second mode of decomposition has, in great
part, a regular crystalline stractare produaced by a more or less perfect
intergrowth of pachuolite individuals in three directions approsimately
at right angles to each other. Nearly simultaueons reflection over the
greater part of certain irregular surfaces make this relation plain. DBy
the examination of such a surface with a lens one ean usually identity
a number of rhombic facets which arve nearly or quite coincident in
position with striated planes, the two corresponding to 0P and = P
of different individuals, Such a structure is also illustrated by the
crystals in the numerous small cavities occarring in the massive ma-
terial.

These cavities are wholly of irregular shape and reach a maximum
observed diameter of 3 to 4. The crystals lining them ave often very
perfect, and are occasionally 2 to 3™ in length, with «a thickness of
Imm oor less.  The study of these crystals proves that, as in the preced-
ing case, most of them must be referred to pachnolite, although thom-
senolite is sparingly present. These pachnolite crystals differ in habit
from those already described in that the pyramid is usually prominent,
being, however, in nearly every case truncated by the basal plane; in
fact, erystals without O P are very rare. Therhombic section ot the prism
is everywhere plain.  Although every prism on being optically tested
shows a twinning plane in the prismatic zone, the low projecting angie
of 179° 20/ upon 0 P can seldom be distinctly seen.  Many erystals ave
somewhat extended parallel to one pair of prism faces. .\ hemi-ortho-
dome of the same order as the pyramid is sometimes developed, and
probably corresponds to that noticed upon the erystals of the foregoing
type. Most of the crystals of these cavities, while very perfect and dis-
tinetly recoguizable as pachnobte, are too small and their surtaces ave too
frequently covered by minute crystals of a later growth to e available
ior measurements with the gontometer. Two specimens, however, of the
bluish massive material, when carefully examined, proved to contain
pachuolite in o form allowing of more exact crystallographical. optical,
and chemical investigation.

CRYSTALLOGRAPHICAL DETERMINATIONS.—The first of the speci-
mens above mentioued, which we will designate specimen A, is about
Sxdx2em in size, is somewhat more coarsely granular than the variety
just described, and possesses in an eminent degree the regnlar stracture
there observed. While compact in the greater part of the specimen,
there are portions in which the grains are more loosely aggregated to-
gether, and parts of individuals have perfectly developed crystal faces.
In some minute cavities a few crystals with quite perfect terminations
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were found, and upon these some fuces were sufficiently large und pol.
:;hvd to admit of measurements with a Tuess refleetion goniometer
Tlhe&e. ]crystals are about 1¥» long and nearly the same in thickness
ey show o« P, 0P, with s (1 i ‘
: \ : ow « P, 0P, with subordinate — P, and a negative pyramid
3y . N Qo D 2 s '
« ctelmmul.‘ as — 3 P 3. They ave all twinned parallel to o P %, and
th;‘}]ow projecting angle apon 01 is sometimes distinetty visible
Je a o .)s ('. o » N Fy . . . . . .
o chblgs‘ given 1 the following table are all means of nunerons
closely agreeing measurements and demonstrate the crystalfographieal
identiry of the mineral nnder discussion with pachnolite -

Crystal «.

Crystal b.

. Other crystals. Caleuluted.

@Rk 81 24
“ta 9w B
~3P3A~—3P... .. ; e 14
~8P3A =P ... ... . | 9 07
0P A O {twin) N : 1)4; oy
79 9

.The face—3P3 was observed on a number of distinet twin ervstals
with projecting angle on 0P, and in several ases on both of tﬂ(j lle‘f?‘;”
tive angles. | o

p'pon one side of specimen A are a few thomsenolite crystals, distin-
guishable by their prism angle of nearly 902, They lie illj()"‘llla;"]\' amt
seem to be later in foemation than the pachnolitc.. Upon t?mm 221‘76((1("
posited minute prosopite ervstals and indistinet alteration pmtiucts. | In
f;l.le mass of this specimen no thomsenolite can be detected while all ju-
dividuals with partially free development are plainly pnchn’nlitv. \nal-
vsis XX VIII of the table (p- H4) was made 111;011 111;;teri:1] ()!»r:unwlkfn;m
the clear Inosely granular portions of speciraen 4, and althoueh it was
necessn.ry toinclude many transparent grains ofirrbf_"ul;n' a‘hup: inorder
to' obtain a desirable amonut of substanee, there is no doubt in our oW
nn’xfds that thomsenolite was wholly absent from the watevinl analvzed.

'lhe second specimen, B, from which especially gond material Wit ob-

quned, had a sean 2= thick of coarse granular structure running throush
it, and upon splitting it open along this seam two surlaces of \\'ut:r-
clear loosely adhering crystalline grains of pachuolite were expuséd
with the regular arrangement described. Actual development of ;x-\'széal
taces other than the prism is raver than in specimen A, but the si'm; of
the gruins, reaching 57 in length by 1——3=m in ﬂli(’,]\'lle‘\‘\\‘, is sueh as to
admit of the preparation of thin sections for optical examination, and
also gave absolutely pure material for chemieal analysis.  None of the
crystztlg upon which the faces were well formed \‘vor;- superior to those
of specimen A, and only measurements of the prism angles were made,
The face—3P3 was not observed at all.

The optical properties of these pachnolite erystals ure such as to

leave no doubt coneerning their crystallographical identity with the
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e )

wmineral doseribed by Professor Groth as pachnolite. Se\'(?x'nl sections
were prepared as nearly paraliel to the clinopinacoid as possmle.‘ The.se
exhibit int all cases a twin structure, and this is frequently 1)013‘§3 mheﬁc.
The twinninge lines are straight and lie parallel to t}'le'\'el‘tl(‘al ax.ls.
Extinetion takes place at 210 30/ to 229, or (%O to 68.o 30/ from t‘hei t\?’ln-
ning line, in opposed directions in alternate lamm.au. .L\.CC()}:(llll,g.tf)
Groth the bisectrix is in the plane of symmetry, and inclined 68° 5 for-
ward from the vertical axis. Sections parallel to the bztsg also show
the twinning structure, the line Tving parallel to the ‘()rthod'm;:olml'.

A large part of the purest crystals and fragwents from th'ls specimen
were used for chemieal analysis and repeated water determinations, the
results of which are given below (XXIX, p. a4). . .

CHEMICAL INVERTIGATION.—Drevious to the ﬂl.lilll\'s]b‘- by Brandl ".ot
paclinolite carefolly selected by Groth, ])1!(‘111]0§1te.2l.ll(1 tl:9lxlsen011te
were considered to possess the same chemical composition. .L‘hc results
of all earlier analyses, excliding suel as referre(.] to z.muufcsri_x: very
impure material, while frequently deviating ‘matur‘m]ly lrom‘the t-l.%ltws
required by theory for the formula Nal', Cal'y, Al - 11,0, still agred 011'
the whole very well, as shown in the accompanying tub!o, aud faliy
4 the belief in the chemical identity of the two species.

justifie
Thowmsenolite. Pachnolite.
1 - i ‘* ! | ,‘ Calenlated
. | Hage- | for N.F,
‘ Wohler.2  Konig?® Knop.# ‘x Konig.30 ‘ Vo Rath 32 ‘manbn.“ Ca};i'(Ale’
| ‘ ‘ i 0.
| ‘ \ 1 |
: - e - S I
Yy ’ 5 2.9, i 192,32
; a7l 1m ! 12,50 | 1346 1293 10371 12,52
(c}1 """"""" | I ) ¥ b EERVESY RA7 IR0 1760 1T }(, o
P R : . L ) 1 Y A
' ! 0.75 10,10 A6 ! W olees
Mool BB Sw, se, o sl
Fooeo e i 49.78 5087 0.9 BL 51 | SR
! 100,00 L 102,94 \ 100,63 | oaeens ;

I 100,00

"+ Also, 10.80 and 10.81.
Waéhler's analysis was entirely confirmed some years subsequently by
3 in Gottingen, who analy? ‘ senolite selected by
Jannasch,™ in Goéttingen, who analyzed pare thomsenolite sele ¥

Klein. . . T showt
1u view of the above, the analysis qf pachuolite by Brandl, s 10:vmg
results agreeing well with those required Dy the formula Nal, CaTly,
) N . N s ., . ee .\ L1
AlF,, was caleulated to cause no little surprise. Groth accepts mthol.lt
guestion the anhydrous nature of pachmolite, and endeavors to explain

‘J;Annulen der Chemie und Pharmacie, CCXIIL p G.

wNenes Jahrbuel fiiv Minera'ogie, ete., 1876, p. B51.

s0 Proceedings Acad., Sei. of Phila., 1876, p. 42.[1 .

kal ale .y Chemice nnd Pharmaecie, CXXVII, p. 61. v

3 éil:;]x(:}l:;l;l(irlic(ht &, niederrhein. Ges. fiiv Natur.- und Heilkunde, 1860, XX, p. 141.
22 Am. Jour. Sei., 1566, 1T, XLI, p. 119

34 Neues Jahrbueh fiir Mineralogie, etc., 1877, p. 808,
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away the opposing evidence, shown in the foregoing table, by assuming
that the supposed homogeneous material analyzed was contaminated
largely with thomsenolite. As in no published analysis does the per-
centage of water full below 7 per cent., this assumption necessitates a
most improbable admixture of thomsenolite. 1n those cases where the
percentage of water equals or exceeds that required for thomsenolite
the prescuce of gearksutite is suggested by Groth as a possible expla-
nation. Even on this supposition the percentage of foreign admixture
could not fall below 50 per cent.,in which extreme case the whole of the
Impurity must be gearksutite, an amount which it is diificult to conceive
should have escaped the notice of such observers as Konig, vom Rath,
and Knop, the latter of whom expressly says that his analysis was
made upon material identified as pachnolite®  Notwithstanaing the
difficulty of explaining the agreement between the previons analyses of
pachnolite and thomsenolite, on the assiunption of the anhydrous nature
of the former, the correctness of BrandlUs analysis was not af first ques-
tioned by ns,

In the course of the present investigation the compact bluish mate
rial (see page 50), having the speeific gravity 2080 at 220 C., was tirst
analyzed, the crystalline pachuolite not having yet been observed. The
results of analysis as given under XXV, below, agree in the main ~o0
well with the figures required for the formula Nal', Cal,, Al H,0. that
no hesitation was felt in counsidering the mineral to be thomsenolite,
probably slightly contaminated with fluorite. Later, the crystalline
coating on the thin walls produced by the first wode of alteration of the
cryolite, the erystals forming which had not yet been identitied crystal:
lographically as pachnolite, were subjected to analysis with the resulrs
given under XXVII. Herveagain the identity with thomsenolite scemed
clear. It was not until the analysis of perfectly transparent {resh crys-
tals and crystal fragments, a:1 taken from specimen AL above desertbed,
gave the results shown under XX V11, that the possibility of the first
analyses having been also made upon pachuolite was snggestad, thag
this was, however, so in the case of No. XXV I, subscquent caveful ex-
amination fully revealed, though the erystals wnalyzed were not entively
free from foreign admixture. It seems certain, also, that the compact
bluish portions (XX V1) consist almest entirely of pachuolite, although
it cannot be positively asserted that some thomsenolite may not be in-
tergrown with it. That no possible doubt might exist in the mind of
any one as to the homogeneity of the material used for analysis N XVIII,
a further analysis was made upou erystals from specimen B, above de-
sceribed, particular care being taken to identify each as pachnolite by

o

the rhombic section. The results of thix analysis appear under XXiX.

#Neues Jahrbuch fiir Mineralogic, ete., 1376, p. =50,

(271)



H4 MINERALOGY OF THE ROCKY MOUNTAINS. [BULL. 20.
Hillebrand. ‘ Calculated
for NaT?,
T T T s ‘Brandl.ss CaF..' Al F.’h
XXVII XXVIII. | XXIX. 0.
T | ' T
1216
18.(2
"""" 10,36
"""""" 8101 1 | slos |l LT RN
51.33 ] 51.28 ‘ *51. 39 ‘ 55. 69 51,35
_ | _—

*By difference.

TFurther determinations of water, on material from specimen B, gave
7.95, 7.99, 8.14, and 8.15 per cent. Still other determinations, some on
material every fragment of which showed the rhombic section, others
on material taken at random from the crystalline mass, gave resalts be-
tween 7.90 and 8.20 per cent.  The specific gravity at 170C. of the per-
tectly pure material, as the mean of four determinations varying be-
cween 2,943 and 2.968, was 2.965. A single determination on another
portion, equally pure, at 2200, gave 2.962. The transparent crystals,
as well as all the other portions analyzed decrepitated violently on heat-
ing in a test tube, the walls became lined with the white deposit so
characteristic of thomsenolite and pachnolite, and munch water was
given off. Hence it appears that the pachnolite from Pike’s Peak and
thomsenolite are identical in composition, unless the fact of all analy-
ses of thomsenolite showing slightly more water than required for the
formula Nal?, Cal'y, AllY, H,O may indicate, as suggested by Groth, a
partial replacement of fluorine Dy hydroxyl in that mineral. Should
this prove to be the case, a plausible explanation of the difference in
crystallization of the two minerals is offered without recourse 1o the
theory of dimorphism.

A satisfactory explanation of Brandl’s results, so opposed to those
presented by all earlier analyses and the ones above given, is impossi-
ble, but it may be well to call attention to the fact that Brandl was
obliged to make his determinations of fluorine and the metals upon
cuantities of 0.1106 gr. and 0.1430 gr. weight respectively, whereas mate-
rial was not wanting for the present analyses, the determinations having
been made upon weights of from 0.3 gr. to 0.75 gr. It nowhere appears
that a direct test for water was made apon the material furnished by
Groth. The latter, it is true, remarks (. ¢. p. 461): “Ausserdem bildet
sich bei letzterem (Thomsenolite) in den Lilteren Theilen des Rohres ein
Wasscrbeschlag, welcher beim Erhitzen rcinen DPacknolithes natiirlich
anshleibt”  The absence of water does not, however, seem to Dbe
hereby proven, but simply to be assumed from the close approxima-
tion to 100 of Brandl’s results, exclusive of water. Brandl himself says
water is wanting, but does not mention whether this was ascertained

% Annulon der Chemiv und Pharmacie, ('(‘Xilwll, p. G. 7'1‘11¢;-/[»;;‘1‘(:eutage of Al1is cal-
culated to correspond with the other analyses (Al=x27).
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by direct experimeut. The small amount of material at his disposal
renders it not improbable that no direct test was made.

Since the conclusion of the above investigations, through the kind-
ness of Mr. Albert I, Damon, president of the Penusylvania Salt Manu-
facturing Company, we have obtained specimens of Greenland cryolite
and its alteration products. From one of these specimens was removed
alarge number of small, needle-like, pyramidally terminated, twinned
erystals with a rhombie prismatic section, showing in fact precisely the
common occurrence’” and ordinary habit of pachnolite™ as deseribedl
by Grotli. These crystals, slightly yellowish in color, but quite trans-
parent, were individually cxamined under the mieroscope, all such as
did not show beyond a doubt the above deseribed habit being excluded.
They were then tested in @ small glass tnbe for water. Deecrepitation
ensued on leating and the walls of the tube became lined with a white
powder, and also with a deposit of water, in such quantity as to preclude
the possibility of its having been devived from but a small portion of the
material experimented npon.

OTUER FoRMS OF PACHNOLITEK.—In some very cellular specimens,
whose walls run irregularly and seemingly without reference to the
cleavage of the original cryolite, are erystals of pachuolite of different
habit from that so fur described.

Oune or two of these cavities show crystals corresponding in size to
those upon the thin walls, but exhibiting each and every one o re-enter-
ing angle on the free termination. In such little erystals the basal planes
are prowinent, and they are bounded on the inside by a pyramid and
donre, doubtless —P and — Pgz. Outward there sometimes appears
another pyramid (4 P?), though the prismatic faces thewselves usually
form a sharp edge with OP. All these crystals ave too small for measure-
ment, buat as the appearance described is such as would be normal for
the termination by which the twin crystals are comnonly attached, it
seems admissible to consider the faces as 0P, —P, —P & and probably
+P. On many twins of this kind the outer or positive angles between
o P and 0P are replaced by two taces greatly resembling those ot =3P 3,
and although entirely too minute tor measurement it is probable that
this form —3P3 is here represented.  The erystals of Greenland pachno-
lite are always attached Ly the end with the re-entering angle, accord-
ing to Groth.

THOMSENOLITE.

OCCURRENCE AND DESCRIPTION.— While it is yuite certain that thom-
senolite is present in small quantity with the pachnolite. it has been im-
possible to obtain any quantity of it for examination. The microscop-
ical study of the minute crystals lining the thin walls described, shows
a few of nearly square section with sharp pyramidal forin and destitute

37 P. Groth. I «.. p. 461, =, (Groth, Loe., p. 462,
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of a twin structure. These are usually deposited with corresponding
oues of pachnolite in a wholly irregular manner upon the low erystals
of pachnolite forming the main portion of the walls. The reflecting
snrfaces of the massive product show under the lens distinetly rThombie
facets or striated planes; aund thin sections, which reveal the character-
istic twinuing of pachnolite, afford no reason for suspecting the pres-
ence of thomsenolite here in any considerable quantity.

The statement already made for a single ease (p. 51) is probably true
for all cases where thomsenolite has been noticed, viz., that it is later
in formation than the greater part of the pachnolite, although the latter
miuneral is usually present in a second generation, as contemporary with
the thomsenolite. No chemieal identification has been possible, but the
nearly square section, perfect basal cleavage, and absence of twinning
are under the circumstances quite sufficient proofs.

In many cavities, arising from both modes of decomposition of the
eryolite, a second series of minerals bhas been deposited, chielly as a
whitish, easily crumDbling aggregate of minute erystalline grains, which
are recognizable under the microscope as thomscenolite, pachnolite, and
a mineral of the isometric system. The difference in habit of the former
two species is here quite plain, for some of the little erystals of thom-
genolite are doubly terminated and show distinet monoclinic symn:etry
in spite of the square section, through the more prominent develop-
ment of the negative pyramid, while pachnolite seems perfectly rhombic
in form, through its twinning,

RALSTONITILL

PROBABLE IDENTIFICATION.—This rare species, oviginally described
by Brush,” from microscopic crystals, has been more definitely deter-
mined by Groth and Brandl. Its chemical eoinposition is, according to
Brandl, expressed Dy tlie formula 3NaF, LAl H,O, a small part of
the sodium being replaced by calecium.  The erystals are of the isometric
system, and represent the ¢ube moditied by the octahedron.

Grotl’s description of the occmrrence of the mineral agrees very
closely with that of the isometric mineral mentioned above as appearing
with a recent generation of thomsenolite and pachnolite. The crystals
bere found are transparent cubes whese corners are replaced by small
octahedron faces and seldom reach a diameter of 1", while sinking to
microscopic size. Some erystals of pachuolite seem by a low magnify-
ing power to be coated by a crystalline dust whose particles are found,
by applying a high power, to be most pertect little erystals of the form
just mentioned. These sometimes unite to form a erust. No material
for a chiemical test could Le secured, but the analogy in form aud occnr-
rence is so complete that scarcely a doubt can exist of the ideatity of
these beautiful little crystals with the species alstonite, althongh an-
other mineral of the same ¢rystal system is now to be deseribed.

S MG Brash, A Jonr, et T T 0 1971
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ELPASOLITE, A NEW MINERAL.

Just at the close of our investigations a mineral was found, occurring
sparingly in a few specimens, which seems to be very different from any
known species. It was found in small cavities in the massive pachno-
lite as a compaet irreguiar mass, colorless but not perfectly clear, and
exhibiting but seldom traces of crystalline form. In one specimen, how-
ever, the mass of the mineral was covered by small rounded erystal-like
projections, which seemed like crystals of the isometric system. An ex-
amination with a loupe showed the absence of recognizable faces, but
such particles when brokeu off and tested under the microscope proved
to be fully isotropic. A few faces found on one crystal seecmed to belong
to cube and octahedron, and particles detached from the same are iso-
tropie in action in polarized light. Supposing ithat this substance must
be ralstonite in exceptional development, enouvgh material for the fol-
lowing partial chiemnical analysis was selected, being carefully freed from
attached particles of pachnolite and other anisotropic minerals by mi-
croscopical examination. The Al, Ca, and Mg were acecurately deter-
mined, the K and Na, owing to an anfortunate mishap, only approxi-
mately. No water could be detected by direct test upon a small portion.
Fluorine was present in quantity, and the percentage given below is
calcalated on the assumption that the metals are fully combined with it:

(W. F. Hillebraud,)

Froni this analysis may be derived a formula anualogous to that of
¢ryolite, in which about two-thirds of the sodium is replaced by potas-
sium.

The imperfections of the above analysis do not allow of definite con-
clusions as to the composition of the mineral, but it is nevertheless
widely ditferent from any known mineral species, while the purity of
the substauce is shown by its isotropic action iu polarvized light. Since
the original description of the mineral® the locality has been revisited
in the hope of obtainiug more material, but the spot wus at the time
inaccessible, so that we can offer no turther data concerning this inter-
esting new species.  Wewish to propose the name elpasolite tor it, from
the county El Pase, which embraces the greater part of the Pike’s Peak
region.  Parther investigations as to the properties of the mineral will
De made as soon as material can be procared.

W An Jdonr Sei FHEL NNV 2, 1s83,
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GEARKSUTITTE.

GENERAL DESCRIPTION.—This mineral, first observed by flage-
man on compact thomsenolite, and described as earthy and kaolin-
like in aspect, dull white, opaque, and of hardness 2, seems to he 5o rare
in connection with the Greenland fluorides that no oue has had mate-
rial for further examination. Groth#® found it in very small quantity
among the minerals at his disposal, but could vot obtain cunough for
analysis. He found, however, that it consisted of very winute micro-
scopic needles, with oblique extinction, and considers it as undoubtedly
a4 definite species. .

Among the minerals from St. Peter’s Dome gearksutite is quite
abundant. 1t is not formed from other minerals by molecular replace-
went, but is deposited from solution in cavifies upon fresh crystals of
pachuolite, ete.  The smaller cavities are sometimes filled by it, and on
the contact with the quartz it is specially developed.

In appearance it corresponds closely to the description of the Green-
laud wineral as given by Dana, the resemblance to the purest, finest
kaolin Leing especially remarkable.  Examined microscopically, geark-
sutite is seen to consist. as stated by Groth, of exceedingly minute
colorless needles, the average length of which is less than 0.02um and
the thickness less than 0.0020m and apparently possessing oblique
extinction.

CHEMICAL INVESTIGATION.—Gearksutite was found by Hagemann
(l. ¢.) to possess she following composition :

|
|
|
|
I

An examination of the above results shows that the atomic ratio of

Al: Cad-Na,: F is 1:1:4, instead of 1:1:5, whichh would represent com-
plete saturation and require about 12 per cent. more fluorine than was
found. On the assumption that the missing Huorine is replaced in the
mineral by oxygen or hydroxyl, there should appear a much greater
loss than the analysis indicates. An error is therefore evident, prob-
ably in connection with the determination of the fluorine or of the
water, or both, in consequence of which the construction of o satisfac-
tory formula has heretofore been impossible.

The material for the tollowing analyses was first partially erushed,
then freed from admixed heavier particles of foreign matter by tritw-
rating in a beaker with water, the impurities falling to the bottom of the
vessel, while the light gearksutite remained suspended in the liquid
# Dana, System of Mineralogy, 5th ed., p. 130.

# Groth, L e, pp. 460, 451.
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and was removed by decantation. By repeating this operation a gieat

many times a product was finally obtained entirely free from all foreign

admixture. It was allowed to settle completely, the supernatant liquid

poured off and the residue dried first on the water bath, then at 100°.
C. Thorough pulverization of this residue is a difficult matter, as it

flattens out under the pestle, forming flakes which stropgly resist the

pulverizing action. This is ot little moment, however, since the flakes

are so spongy as to offer no hindrauce to attack by sulphuric acid. Two

analyses were made from the same sample, with the results tabulated

below. Inbd sodium and potassium were not determined :

XXXI.

a. b. Mean.

15.22 ' 1519 15.20
22,99 22, 32 22, 30
010 ...... 0.10
0.04 ... 0.04 |
| 1654 15. 39 15.48 |
| 421 42.01 42,07

95.38 ... 95.17
Tossas0................. 4.67 ... 4.83

| wormmeamay | |

Taking the fignres in the third column and combining the fluorine
with the calcinm, sodium, potassium, and, as far as possible, with the
aluminium, there remains of the latter 5.35 per cent., requiring 4.76
per cent. of oxygen, an amount agreeing very well with that obtained
above by difference and making the sum total almost exactly 100:

22,30 Ca  requires 21, IS F.
0,10 Na  requires 0. 08 F.

0.04 K requires 0. 02 T,
0.85 Al requires 20. 79 F.
10.11 Al,04 —_—
15. 46 H,0 42. 07
42,07 F
99. 93

The agreement of the above analysis with that of Hagemann, after
substituting in the latter for the sodium its equivalent in calcium, is
very close, with the single exception of the water. As his analysis was
manifestly erroneous in sowe particular, the assumption of the identity
of gearksutite with the mineral here discussed is fully justified, sup-
ported as it is by the similarity in occurrence, appearance, and physical
characteristics. His error would then consist in having obtained from
4 to 5 per cent. too much water, a result not difficult of explanation in

(277)



60 MINERALOGY OF THE ROCKY MOUNTAINS. [BULL. 20.

the case of a hydrated fluoride, if no precaution was taken to prevent
the escape of fluorine.

Substituting in the mean of analyses ¢ and D for sodium and potas-
sium their equivalent of caleium, and dividing the percentages Ly the
atomic weights, the atomic ratio is found to be as given below:

Al ... 15.20=-27=0.563
Ca... .. 92.41+40=0.560
H,0 ...15.46+18=0.859
O....... 4.76=16=0.297
F.... .. 42.07+-19=2.214

The ratio of Al: Ca: Fis here nearly as 1:1:4, the same as found by
Hagemann. Subtracting from the atomie value for water an amount
0.297 equal to that for oxygen, in order to form with the latter hydroxyl,
the result is as given in the first column below, while in the second ap-
pears the ratio referred to calcium as unity.

Al........ 0.563  1.005
Ca........ 0.560 1.000
HO ...... 0.562  1.004
HO....... 0594 1061, .
Fooooo.. 2.214 3.9 } 5.015

It will be seen that by combining hydroxyl and fluorine the ratio
Al:Ca:H,0: (F,0H)is 1:1:1:5, and the formula for the mineral becomes
CaFy, AI(F, OH); H,0, in which the flnorine and hydroxyl combined
with the aluminium, stand nearly as 2:1. Were the latter proportion
exactly fulfilled, the forinula might be written 3Cal,, 2A1F;, AI(OH)s,
3H,0, requiring the percentages: Al 15.17, Ca 2247, F 42.69, O 4.50,
H,0 15.17=100.00.

Of the 15.46 per cent. of water found by analysis, 5.35 per cent. has
been considered in the foregoing as basie. While this amount may, on
theoretical grounds alone, enter into the inner constitution of the min-
eral as basic water, the remainder canpnot, but must be water of crystal-
lization. That a portion of the water is basic is rendered more than
probable by the fact that at 3000 C. some is still retained. In this con-
nection the following experiments were made: 0.5677 gram of the min-
eral, not, however, from the same sample as that used for analysis, dried
first at 1002 C. and contained in & platinum crucible, was exposed in an
air bath during 145 hours to temperatures ranging from 1000 C. to 300°©
C., the weight being taken at intervals averaging 10 hours each. The
I‘Obﬂ]tb in brief showed that at 1459 C. the loss was but 0.35 per cent., at
2300 C. only 0.92 per cent., at 2502 C. 7. 02 per cent., after prolonged heat-
ing at 2650-270° C. 9.49 per cent., and at 2950 C. 13.92 per cent. As no
further loss oceurred after six hours heating at 2959-300© C., a portion
of the residue whicl still retained its original appearance was subjected
to a quantitative test for water, of which 1.76 per cent. was found.
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This added to the 13.92 per ceut. driven off below 300° C. made the
total 15.68 per cent. Since this is slightly higher than the mean ot the
previous results, it seemed possible that some fluorine might have es-
caped. The remainder of the residue was therefore tested quantita-
tively for flnorine, of which was found 40.60 per cent., thus apparently
proving the correctness of the sarmise. A similar experiment with the
same general results was made npon a smaller portion of another sample.
A comparison of the full results of both experiments showed that by
sufficiently prolonged heating at approximately 2702 C. all the water of
crystallization could be driven off; also that by still further heating at
little if any higher temperature the basic water began to escape, but
was not entirely expelled even after many hours exposure to a tempera-
ture of 295°-300° C.

While these experiments cannot be considered as affording any con-
clusive proof that the water in this mineral is to be reckoned as water
of erystallization and basic water in the above given proportions, since
at the point when the last of the former is driven oftf by heat some of
the latter appears also to escape, still the belief that this should be done
is a natural one and is supported by the fact (which may possibly. how-
ever, be merely the result of accident) that by so doing the ratio of cal-
cium to water of crystallization is exactly 1:1, while if all the water is
assumed to be water of crystallization the ratio is 1:1.534 or 2:3.068.

EVIGTOKITE.—In the Journal of the Chemical Society for 1883, p.
140, Walter Flight describes a mineral obtained from the cryolite bed
of Greenland. ‘It is made up of a congeries of minute white trans-
parent crystals, mostly broken up and lying entangled among each other
in every sort of direction, which gives the mass an appearance of opacity
inuch resembling that of kaolin or chalk.”

Chemical analysis showed it to congist of —

‘ Equlvalents ‘

|

Al ......16.23 with F 33.64—= 49.87 0.59 |
Cae.enn. 22.39 with F 21. 27T= 43.66 . 112

Na.. . 0.43with F 0.33= 0.76 |

94.29 ' ‘

Water....ooovvermeean. 5.71 0.63 |

100. 00 ‘ ‘

The fluorine seems to have been calculated for the metals, and the
water was found by difference.

From the above data the author obtains the formula 2CaF,, Al,Fs,
20,0,% and, considering the mineral new, names it evigtokite.

Mr. Flight seems to have overlooked the description of gearksutite in
Dana’s System ot Mineralogy and Professor Grotli's remarks upon the
same (1. ., pp. 481 and 493), else the very fair agreement of his analytical
data for the metals with those of Hagemann, and the similarity of oc-

13 Probably a printer’s error. It should read 2CaF,, Al Fg, H:0.
1970\
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currence, appearance, and physical characteristies of the two minerals,
must have led to at least a suspicion of their identity. There can hardly
exist a doubt that Flight has analyzed gearksutite and that the name
evigtokite is therefore to be dropped.

PROSOPITE.

OCCURRENCE.—This rare species, hitherto unobserved in assvciation
with the eryolite minerals and known only in connection with the tin-
bearing veins of Altenberg in Saxony, has been identified at St. Peter’s
Dome.

Both of the coarsely crystalline specimens of pachnolite, above de-
scribed as A and B, have prosopite upon them. Specimen B is in parts
in process of alteration to a dull white substance with little cavities in
which are minute crystals of prosopite. These are colorless, transpar-
ent, tabular in shape, agreeing exactly in form and optical behavior
with those determined as prosopite by chemical analysis. Intwo other
specimens of pachnolite prosopite tablets may be seen upon certain
granular surfaces when decomposition of the pachnolite has already
begun. The crystals ave usually attached by the prismatic edges,
although free and perfect terminations are to he found. Gearksutire
was noticed upon them in one specimen and the position of’ prosopite
in the series of hydrous fluorides is doubtless between thomsenolite
and gearksutite. No material for chemical tests could be procured from
the specimens described.

The penetration of the fluoride mass by astrophyllite blades spring-
ing from the side of the vein bas been mentioned (p. 42). Here the
cryolite has Deen altered to cellular pachnolite, according to the first
mode described, and this huas for the greater part given way to other
produets and been dissolved and carried away, leaving the astrophyl-
lite blades more or less free or imbedded in gearksutite and other
soft, crumbling material. The free blades usually have a coating com
posed of a little purplish fluorite, and over this a nearly colorless or
slightly yellowish substance. At and toward the base of the astrophyl-
lite blades the latter is present in roundish aggregates made up, as
shown by the lens, of clear tablets, in more or less radiate arrangement
The erystal form is hiere guite obscure, but the general appearance was
so suggestive of prosopite that by sacrificing the best specimen enough
material was obtained for determination of the bases and of fluorine,
with the result given below, XXXVI, p. 64.

Adjoining the guartz in the Eunreka mine is usnally an irregular zone
of purplish or greenish fluorite, and next to this a rather coarsely gran-
ular mass of a colorless mineral, with two distinct cleavage planes,
which passes gradually into the compact white substance beyond. This
zonal arrangement is not without exceptions, for both granalar and
compact masses come directly in contact with the quartz in some speci-
mens, and fluorite is imore or less abundantly sprinkled throngh the

atatssy

CROSS AXD HILLEBRAND.) PROSOPITE. 63

other substances ; in faet, the relation of the minerals to each other is
such as to indicate that they are but different phases of alteration from
a conunon source. The granular mineral occurs in sufficient purity to
afford material for chemical analysis, and its individuals are large
enough to admit of the preparation of thin sections, with deiinite rela-
tions to the cleavage planes. The analysis first proved the identity of
this mineral with prosopite, the optical properties shown by the thin
section confirmed this determination, and a few minute crystals were
found in one specimen, which agree with the published data on the
Saxon mineral. As the identification of this rare species, particnlarly
in its present association, is a matter of considerable interest, we will
describe it somewhat in detail.

CRYSTALLINE FORM AND PHYSICAL PROPERTIES.—The minute crys-
tals observed are all of the habit shown in Fig. 1 of the plate. This is
from a camera lucida drawing of a erystal measuring 0.5"™ normal to
the edge of the prism, and can therefore make no pretensions to crys-
tallographic accuracy. The erystals are colorless and transparent, have
uniformly a tabular forin through the development ot « P 2, and show
painlfy the prism and two pyramids, which may be considered as P and
— 2 P 2, for extinction takes place nearly or quite parallel to the edge of
— 2 P2, which is, according to Des Cloizeaux* and Groth,* the position
of the Dbisectrix.

Thin sections prepared as nearly as possible perpendicular to the
edge of the two cleavage faces in the irregular granular individuals,
show that the angle of the cleavage planes is very nearly 1359, and
that extinetion takes place parallel to the direction bisecting that angle.
This behavior agrees perfectly with the statements concerning proso-
pite, according to which the chief cleavage is parallel to —2 1" 2, the
angle of which is about 134°. The present material does not allow of
a definite settlementg of the question of the erystalline form of proso-
pite, bat nothing observed is in conflict with the reference to the mono-
clinie system.

CHEMICAL INVEsSTIGATION.—The formula deduced by Brandl* for
prosopite, from tle results of his analysis as here given—

Atomic
valoes.

35.01 | 1.842
23.37 0853
16.19 | 0405

| ‘ 100. 00

4+ Bull. 8oc. Min. de Fr., V, 317.
%1, ¢, p. 290,
% Annaglen der Chemie und Pharmacie, CCXIII, p. 13.
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is Ca T, 2A1 (F,OH);. The whole of the water is ussumed to be basic,
entering with oxygen into the constitution of the mineral as hydroxyl,
the latter replacing an equivalent amount of fluorine. In support of this
assumption Brandl mentions that no loss is perceptible below 260° (.

In an earlier partial analysis Scheerer (Pogg. Ann,, CL, p. 361) found
Al 22,77, Ca 16.41, H,0 15.50.

Of the analyses tabulated below, those under XXXII, XXXIII,
XXXIV,and XXXV were made upon material from vein B. That ana-
lyzed under XXXII, ¢ and b, was composed of comparatively large
irregularcrystalline pieces showing no visible impurity whatever, having
a specific gravity at 230 C. of 2.880 and a bardness of about 4.5. As
the ratio Al: Ca differed materially from that of 2:1, required by Brandls
formula, it appeared that some foreign matter must be present, conse-
quently no further determinations were made, as it was hoped better ma-
terial might be obtained.

Analysis XXXIII was made upon material separated from quartz,
zircon, fluorite, and other accompanying minerals, by a solution of iodide
of mercury in iodide of potassium. The result was a slight improve-
ment, and the analysis was completed. The material for NXXXIV was
picked out carefully by hand with the aid of a lens, but as the result
was still unsatisfactory, a further portion (XXXV), aggregating, how-
ever, only 0.1022 gram, was selected with the greatest possible care,
every particle being distinetly erystalline, and showing under the mi-
croscope no trace of impurity. Here a slight improvement becomes evi-
deut iu the ratio, but as the amount taken for analysis was so extremely
small, it cannot be asserted that the hetter resulls may not he due to
unavoidable errors of analysis. The material for analysis XXX V]I was
derived from the erystals occurring on astrophyllite. This material was,
however, evidently not quite pure, being opaque and very slightly col-
ored in part by oxide of iron. The analysis was made nmerely to prove
its identity with the prosopite of the other occurrence.

! |

| XXXIIT. | XXXIV. | XXXV.

L0SS a8 OXYECH . oo envacnnnnnn

(W. F. Hillebrand.)

* And 13.37.
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The mean of analyses XXXI1-XXXYV is as follows

100,00 |
|

After subtracting from the fluorine an equivalent for the calcinm,
magnesium, and sodium, and combining the remainder with alumininm,
there remains of the latter 14.39 per cent., requiring 12.79 per cent. of
oxygen, instead of 13.41 per cent. found by difference. The atomic
values appear as follows, after substituting for magnesiom and sodium
an equivalent of calcium :

Al.... . 92.022-27=0, 815
Ca.... .. 17. 98- 40=0. 449
F....... 33.18=19=1. 746
HO ... 13.46-18=0,748 |
: - -.- % 3. 003
o....... 12.79+16=0. 709 § L+ 047

The result is unsatisfactory, the ratio of Ca: Al being 1:1.81 instead
of 1:2. In none of the material analyzed was the sli ghtvest trace of kao-
linization to be observed, nor any other foreign matter. It therefore
becomes impossible to explain with any degree of certainty the above
abnormal results.

The general agreement of all the analyses, the aluminium Dbeing
fonnd too low and the calcium too high in each case, shows pretty con-
clusively that an explanation eannot be sought for in analytical c:l‘rors.

As fluorite occurs here always in most intimate association with
prosopite, and the possibility suggested itself that some of this might De
so intergrown with the latter as to escape the closest scrutiny, it be-
came desirable to ascertain what change would be effected in the ratio
above given by subtracting enough calcium to make the ratio Ca: Al as
1:2, and an equivalent amount of fluorine. The atomic values then be-
come :

Al.... .. 0. 815 2. 00
Ca...... 0. 408 1. 00
F.o...... 1.664 ¢ o oy 7.87
HO..... 1. 547 } 8.211

which agree nearly as well for the formula Ca, Al, (F, OH); as those
obtained by Brandl
If, instead of the mean of all the analyses, the figures of XX XTIT alone

Bull. 20
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are taken for calculations similar to the above, the vesult is the same,
even a little mnore closely approximating to the ratio 2:1:8,.

The prosopite is much less readily attacked Dby sulphuric acid than
the other fluorides described, and unless the pulverization is very
thorough a small portion is generally left undecomposed even by boil
ing acid, To this fact may possibly Le due the deficit of nearly 2 per
cent. in tluorine, as compared with Brandl’s results. On the assumption
that 35 represents more nearly than 33.18 the trauc percentage of fluor-
ine in the mineral analyzed, the ratio of water to required oxygen after
sombining all fluorine is 1:1.005, instead of 1.068. Allowing, then, for
possible admixture of fluorite as above, the ratio Al: Ca:F4+OH is
2.00:1.00:7.99, almost exactly 2:1:8.

The observation made by Braundl that below 260° C. no loss in weight
occurs, was found to apply here, provided the exposure to this degree
of temperature 1s short. If continued for many hours a slight but sen-
sible loss is observed.

ZIRCON.

GENERAL OCCURRENCE.—Zircon is one of the most widely distrib-
uted minerals of the region, oceurring as an associate of nearly all other
species in veins and druses and also impregnating the granite itself.
Konig #* has described it as an associate of astrophyllite and as inter-
grown with microcline. In its usual form it is brown or nearly black
in color, and has only the ground pyramid and corresponding prism,
the latter quite subordinate. Konig identified the Dbasal plane 0P,
and it seems to appear in very minute form upon crystals of all modes
of oceurrence though on comparatively few from each place. Some.
times the zircon crystals are more than an inch in diameter, sacrificing
perfection to size, as there is cominonly more or less distortion of angles
and unevenness of surfaces in such individuals.

ZIRCON FROM THE LEUREKA TUNNEL.--Reference has already been
made in describing the oceurrence of ¢ryolite to the mutual relations of
the different parts of the irregular vein into which the Eureka tunnel
has been driven. The part containing zircon is but small, comparatively,
and is sharply defined. It evidently represents a contemporancous
formation of quartz, zireon, and microcline. Zircon crystals varying in
size from less than 1™ to 1°® are very plentifully and uniformly scat-
tered throughout, while small patches of reddish microcline were also
included in the more abundant quartz and themselves inclosed numer-
small zircons. The occurrence is noteworthy from the perfection in
form and the transparency of the zircon.

_The zircon crystals imbedded in quartz are sometimes perfect, but in
most cases the formal development has been hindered by the surround-
ing mineral, producing striated or distorted faces. These crystals,

177G A, Konig, Zeitschrift fiir Krystallographie, I, 423, 1877.
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too, are much shattered by the jars of the blasting and the blows neces-
sary in breaking up the larger pieces. 'Those smaller crystals deposited
in the microcline were able to develop freely and they are now found
imbedded in pure white kaolinite or a compact yellowish mica—the
alteration products of the original microcline, some of which is yet visi-
ble. The nature of the surrounding material has protected these crys-
tals from jars and also makes it possible to isolate single ones, abso-
lutely unharmed, for examination. The color varies from a rich reddish-
brown to a light wine or houney vellow shade. A few minute crystals
are of a deep emerald green and spots of similar color were noticed in
some pinkish erystals. While a few are really gems in clearness and
color, they are usually of the smallest size, and are those found in the
kaolinite or mica.

The common habit of all erystals is pyramidal, the prisms being al-
ways subordinate when they appear. The forms determined with cer-
tainty are P, 3P, 0P, 3P3, o P and = P . The rare face 0P is muecl
less frequently developed than any of the others, but it was observed
distinetly on at least twenty-five crystals. Repeated measarements on
different crystals of the angle 0P AD give results varying less than 37
from the caleulated.value (137950/), Betwecen 0P and P is a low pyra-
mid appearing quite constautly with 6P, which forms an angle of
164° 46" with P>, This corresponds very nearly to 24P, The aungle be-
tween this form and P is replaced by a curved surfuce giving an almost
continuous reflection, but the angle with 0T is distinet. 0 is often
visible on but one termination, but it is by no means rare to find it upon
both.

Chemical analysis shows this zircou to be exceedingly pore and the
specific gravity of transparent erystals is 4.700 at 210 .

KAOLINITE.

The chief alteration product of wmierocline in the lureka vein proves
to be a very pure kaolinite. Some of the large individuals are changed
into a compact white foliate kaolinite in the mass of which the cleavage
planes of the microcline are still indicated. In other cases a more
coarsely foliate aggregate is formed, the single leaves of which are hean-
tifal transpareunt crystals,

The smaller patches ot microcline deposited in the zircon-bearing
quartz are also changed into kaolinite or a yellow micaceons wmineral
whose analysis aceompanies that of the kaolinite helow. Sometines
smali cavities in the quartz contaiv single projecting crystals, These
areexceedingly thin, colorless, transparent, vhombic leaves, the acute an-
gle being usnally evenly truncated, producing sometimes an almost per-
fect hexagon,  The result of many measurvements mider the microscope
seems to indicate that the obtuse angle of the rhomb is slightly less than
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1200, the best results varying from 118° 30/ to 119° 30", T}.](} thinnest
leaves show distinet action on polarized light and extinguish parallel
to the diagonals of the rhomb. The thicker crystals are ma‘dg up of
many tablets which are usually not perfectly coincident in position and
sometimes form more or less perfect rosettes. The kaolinit‘e possesses
the composition XXX VI1I, and the wmica XXXVIII, as given l)e}o“'.
The kaolinite contained a small amount of fluorite in almost micro-
scopic erystals, the quantity being calculated from the Ca found.

XXXVIIL

o {. XXX VIII
a ‘ b+ Mean & ‘
S0 -+ e eeemean e .01 46.22 259
AL L. 30,65 | 30,62 672
a0 . T B ; L4
CaFo ovnan in oo 0.68 |....... 526
n oL 8 33
| 100.01 B
i 4.39
‘l‘ ; ~99. 31
(W. F. Hillotwand.) ] | (W.F.Hillbrand) '

*The presence or absence of fluorine was not ascertained.

Oxygen ratio of XXXVII:

AlgOg . SlOz : Hgo.
3.05: 4.01:2.02.

s

The kaolinite Las nearly the theoretical composition, while the mica
is probably a variety of muscovite.

PHENACITE.

Froy CRYSTAL PARK.—This mineral was first identified from two
crystals fonnd in association with topazin Crystal Park, near Manitou.
Sdbsequeut search revealed a number of others at the same place, but
as they are inferior to those originally described* no new data can
be given of this occurrence. The crystals foum'l are but fragments,
representing in each case somewhat less than halt .of the complete crys-
tal. Tig. 12 of the plate represents one crystal.m about the natural
size; another measures nearly 7% in longest diameter, and has the
same faces developed in similar manner. In no crystal do any faces of
the vertical zone appear, thus producing a flat lenticalar habitus. The
forms appearing have been identified as R,—4R,—R and §P2, and.al-
though the faces are too rough to admit of exact mea‘sur?,ments with
the reflection-goniometer, the size of the faces and their simple devel-

s8Am, Jour. Sci., 11T, XXIV, p. 282, October, 1882.
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opment render sufficiently accurate results with the hand instrument
possible. The angles obtained as means ot several measurements are:

; | T
% Crystal @ (Fig.) | Crystal b. | Authorities.
|

l o 1 [a) 7 , o LA
| B AR (terminal) o ! 116 20 | 116 36 (D)
R AR (lateral) ......... ... ..., 5300 03 24 (8)
R A—1R (over £P2) 148 30 148 50 148 18 (D)
R wgP2.. .l | 150 45 159 58+ 159 a6 (D&S) !
) e 7430 7440 7442 45 (8)
i M-t o0 L 144 1 26
| A—R. i L e 13 480 163 32 2
‘ R 168 11 168 50 168 22 (%)
156 40 156 00 156 44 (D&S)

The figures of the third column are the caleulated angles given for
phenacite by Dana® or Seligmann,® or else our own caiculations based
on the theoretical values given by them. The agreement between the
angles measured on these erystals and the theoretical ones is sufficiently
close to justify the signs given to the faces of the figures. In the de.
velopment of the different forms I and—3R are always prowminent,
while the faces of 2 P2 are variable. One face of 3 P2 on erystal bis
2.5 broad, although usually each face of —1 R is broader than both
adjoining faces of § P2; —R is subordinate and the faces are quite rough;
g P2 appears with its full complement of faces. The roughness of
the faces is in part caused by strize, which on — 4 R and 3 P2 run paral-
lel to the terminal edge of R replaced by those faces. On R.the mark.
ings are less distinet. These strize aud partially regular depressions
seemnt like natural etching figures, and bring out the rhombohedral sym-
metry of the mineral very plainly.

The crystallographical determination of these minerals as phenacite is
confirmed by all the physical characteristics as far as observed and by
the chemical composition. There is an imperfect cleavage parallel to
o P2, Both erystals are clear and colorless, resembling quartz, and
the hardness is nearly or quite 8. The specitic gravity of the crystal
figured, though containing some impurities, is 2,967 at 23° C,

PHENACITE FROM NEAR FLORISSANT.—Another occurrence of phe-
nacite was discovered during the summer of 1884, near Florissant, in
association with the topaz crystals described later on. The crystals
here are small, colorless, of lenticular form, and are deposited upon or
slightly embedded in amazon stone crystals, in the same manner as the
topaz, which is often present side DLy side with the phenacite. None
seen exceed 5= in diameter, and crystals of this size in one case form
an almost continuous crust upon the surtace of a feldspar crystal. More
conmonly they are attached by an edge, although occasionally in all
other positions.

4 Dana, System of Mineralogy, 5th ed., p. 263.
5 @G. Seligmann, in Neues Jabrbuch fiir Mineralogie, ete., 1880, I, 1:20.
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These small erystals, while preserving the lenticular form of' these
from the first locality, exhibit a development of several uew faces. These
can be determiped with considerable certainty by a reference to the ar-
ticle by Seligmann, reviewing the cerystallography of the species.® All
the present forms are mentioned by him as oceurring with very nearly
the same velative development upon the phenacite from fthe Ilmen
Mountains, in the Urals. The zonal relations are almost sufficient to
determine the new faces, although measurements were made to insure

aceuaracy. .
The new forms observed are: —2R, seen i a few erystals in good de-
velopment; —IR3, which appears prominently with six nearly equal

facess 13, of which only three faces were tound on any erystal, and
whicl is often not developud at all; «= R amd » P2, appearing as very
narrow faces, which do not produce a prismatic habit in any case and
ave offen wanting., A narrow face sometimes seeit between R and —JR3
is probably fP2 %

TOPAZ.

Within the past two years topaz has been foand in several places
within the Pike's Peak vegion, md we can supplement eur original no-
tice® ot the wineral quite materially.

Topaz has been foumd in Crystal Park, senth of Manitou, in a cavity
coptaining teldspars. smoky quartz, zircon, and phenacite; at the main
amazon stoue loeality near Flovissant,-abont 12 miles northwest from
Pike’s Peak: and, move plentifully and in better form than elsewhere,
on Devit’s Head Monntain (Platte Mountain), north of Pike’s Peak
about 30 miles.

Crvsran Pank,—Of the few erystals found in this loeality the most
perfect one measures 2,500, paral’el to the vertical axis, 3.3 parallel to
the brachy axis, and 2,89 parallel to the macro axis, 1t is colorless and
some parts of the erystal ave very elear.  The prisms « P and » 02
are well developed. The terminations are drusy, although many of the

prominences are large enongh o admit of the deterurination of some of

the faces which boand them. The pyramid 21 has Deen recognized
with certainty, while a form hetween 21 and P, which is probably 2P,
and another pyramid near 214 ave also present.  Measurements of suffi-
cient accuracy tor the calenlation of these latter forms could not be ob-
tained. The lateral edges of these pyramidal prominences lie in @ plane
corresponding to the hrachydome 2P o, and although that form does
not actually appear, the crystal has a domatic habit. A reugh face of
41 2 is present quite distinetly.  While ene termination is more perfect

MG, Seligipann, © Krystallographische Notizen, 1,7 Neues Jalvbuch fiir Minera-
logie, cte., 1820, I, 129,

ZAn announeement of this Jocality was made by W, B, Hidden, Am. Jonr, Sei.,
Mareh, 1855 veecived afrer this article was written,

B Am. Jonr, Sei, THLNXTIV, poigl 18220
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than the other, both are alike.
heen founnd in this locality,

FPLorissANT.—The first specimen identified from Florissant is mainly
noteworthy on aceount of the enormous size of the original crystal frmln
\l\'hich it came. This specimen is but a corner of a large G;ystal the
forms :Lm)vqring being two faces of « P2, one of P, and one ea(’:h of
20 o aud 4% . The fragment is about 9 (3] i) in its longest djam-
eter, aid i the other faces were developed to correspond to those here
seen, the complete erystal must have been nearly ov quite one foot in
(liameter parallel to the brachy diagonal. It is clear in parts and has a
decided greenish tinge., It was supposed to be fluor spar by the origi-
nal collectors, and the other pieces of the crystal are ur)(lOlli)te(IIy lost.

The_speciﬁc gravity of’ this fragment is 3.578 at 220 (. and it has the
following composition:

Not more than @ dozen crystals have

j XXXIX. |
33,15 |
5701

16.04 |

' (V. Y Hillebrand,)

Atomic ratio:

Si i Al
1.025 : 1.000,

'W.ithiu a few wonths a farther discovery of topaz has been made near
Florissant. In this case the crystals were found deposited upon or
partially imbedded in amazon stone, albite, or limonite (pseudomorph
after siderite),  The crystals seen by us are deposited upon different
faces of the microcline and so seldom with any parallelism in position
that any such coineidence must be considered accidental. In size vthe
crystals vary from a length of nearly two inches to those which are al-
most microscopic. They are deposited singly or in groups and are at-
tached in all positions, so that many of them are quite well terminated
at both ends.  The forms observed are as follows : w P and » 2 bof[l
polislied and striated; 4Pw , 2Pw, and #Po ; 0P 2P : P any 2P -
© Ef)w ' : ) ’ 3t

V(guite characteristic is the prominent development of the brachydomes
4-1)@ and 2P« , the former in particular, the faces of opposite termina-
tions often meeting, 4P« is almost uniformly dull, like ground glass
while 2P is smooth and brilliant, passing into %f)a’g or OP by arough-’
e_ned line. £Pow and OP are usually rough through minute irregulari-
ties bounde(.l by crystal planes. The base is usually very narrow through
the predominance of the brachydomes, the pyramidal planes aud the
macrodome are guite insignificant when present at all, and « Pw is oc-
casionally present as a small, smooth face. No indications of bemi-
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morphism are noticeable, although the faces of opposite ends are seldom
symmetrically developed.

Some of the crystals have a decided greenish tinge, although many
are colorless. ’

TopAZ FROM DEVIL's HEAD MouNTAIN.—The country embracing
Devil’s Head Mountain is composed chiefly of the same granite which
has been described in its occurrence near Pike’s Peak, and it contains
similar druses of wicrocline, smoky quartz, and other minerals. The
topaz fond here is the most noteworthy crystallized species, some of
the specimens found being probably thebestyet discovered in the United
States. The discoverer, Mr. W. B. Smith, now assistant in the Rocky
Mountain division of the Survey, has given us a few notes on the man-
ner of occurrence and associations of the topaz, which are appended to
this description, p. 73.

In the American Journal of Science for December, 1883, Rev. R. T.
Cross, of Denver, published a note announcing the discovery of this
locality by Mr. Smith. The specimens obtained since that time are
much superior to those first found, though comparatively few in number.

Specimens fromn Devil’s Head have found their way into various min-
eral collections of the country, and as the most noteworthy crystals
passed through our hands we are able to give some details. All are
colorless or faintly wine-colored and very clear within, though marred
by more or less ronghened surfaces, often stained by oxide of iron which
penetrates fissures. Many fragments are sufficiently clear for cutting.

Three especially fine erystals have Dbeen obtained. Of these the one
with the most polished surfaces, and hence the clearest, weighs 3.5
ounces, measuring #:D: ¢=4.4: 4.9: 3o, The faces = P, o0 P2, 4P o0,
4D o, OP, 2P o, P, and 2P are quite well developed, while oc P3,0 P,
2 Pw, and ZP are less prominent or not present in full quota. But
one termination has definite faces. :

The second crystal weighs 5.5 ounces, and measures i: b: ¢=3.7: 5.5:
4.6°m, Clear with dull surfaces. One termination has large 0P, with
a very symetrical development of the faces mentioned above and 2P e.
A sccond termination is formed by one large undulating face, corre-
sponding to 2P, with OF and single faces of 4P o« and 2P.

A third crystal weighs 63 ounces and measures 1:b:¢ = 4.2:53:
4.5m, It has rather dull surfaces but is clear within, and has a distinct
wine color. One termination is quite symmetrical, showing the planes
named.

A number of the smaller erystals are very clear and transparent,
with beautifully polished surfaces, although it is seldom that all are
smooth.

Nearly all crystals from Devil’s Head, Crystal Park, and many from
Florissant, have been found detached, some being badly broken, The
same is true of a large portion of the crystals of the accompanying
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minerals. Movements of the whole mountain mass, as in folding or
faulting, have probably caused this detachment and fracture of the
crystals. Particularly noticeable with the topaz, though also observed
on smoky quartz, is the fact that all these old fracture planes are
healed over, so to speak, and are now covered by drusy surfaces caused
by little prominences which are bounded by glistening crystal faces.
An examination shows that pyramidal planes of both orders are the
most common, the little elevations resembling those upon 2Px above
described. When the fractured plane is parallel 0P there are usually
a great number of the pits or etching tigures also previously noticed.

APPENDIX.

NOTES UPON THE OCCURRENCE OF TOPAZ AT DEVIL’S HEAD MOUN-
TAIN, BY W. B. sSMITH.

The name ¢ DevilP’s Head ” was applied many years since to a jagged
and precipitous mass of grauite, rising to a height of 9,348 feet, in the
Colorado range, some 30 miles north of Pike’s Peak. This is the name
by which it is still known locally, though upon Hayden’s Atlas it is
called ¢ Platte Mountain.”

The granite forming the mountain is similar to that near Pike’s Peak,
and the minerals found occur in cavities or pockets as in the latter re-
gion. No extensive pockets of amazon stone, smoky quartz, ete., have
been found, but a few smaller ones contain a noteworthy association of
species.

Toraz.—The pocket in which the topaz was found is of irregular
shape, being about 50 feet long, from 2 to 15 feet wide, and averaging
4 feet in depth. Owing to the disintegration of the rock at the sur-
face many of the crystals had been carried in the débris to a consider-
able distance down the mountain side, and were badly worn and
broken.

The topaz occurs in isolated and usually loose erystals, surrounded
by distorted quartz crystals, of smoky and reddish shades—{requently
the exact color of the topaz—light green microcline, mawmellary radia-
tions of albite, cleavage masses and compact noduales of mica—proba-
bly muscovite, although sometimes much altered from the original sub-
stance. Also, more rarely, cassiterite, goethite, orthite? , fluorite and
kaolinite occur. Muclh of the topaz is reddisl, though wine-yellow,
milky blue, and colorless erystals were fonnd.

All the crystals attached to the gangue were more or less decom-
posed, a kaolin-like substance being the result. Trequently the ter-
minal planes and « part of the prism would be fouud protruding from
the rock unaltered, while the remainder of the erystal, rnnning into the
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albite, would be composed of alternate layers of topaz and kaolin. More
frequently, however, the kaolin, instead of being parallel to the cleavage
planes, occupied curved fissnres running irregularly through the topaz.

M1crOCLINE.—This mineral in simple crystals was the common species
in the pocket. Some were very large, measuring 18 inches across. They
were usually badly fractured and fell in pieces on being removed. The
base, 0 P, of each crystal has a curious appearance, owing to the angular
elevations and depressions that compose the surface, looking not unlike
oriental characters cut in relief.

CASSITERITE.—Twenty-fiveor thirty small, irregularly-shaped wmasses
of this mineral were found embedded in massive albite or quartz. A
few rude crystals were obtained, one being a little less than an inch in
diameter. Ouly the pyramid is developed. No cassiterite was found
outside of the topaz-bearing cavity,

FLUORITE.—In the adjacent region a number ot interesting erystals
of the chlorop’:ane variety of fiuorite were found in a small pocket of
microcline and smoky quartz. The most perfect crystal is a cubo-octa-
hedron, with every face well developed. It was found lying loose in the
cavity and the surface is rough.. The color is of & greenish tinge out-
wardly, with an included cube of dark parple.
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III.-ON THE LUSTRE EXHIBITED BY SANIDINE IN CER-
TAIN RHYOLITES.

By WHITMAN CROSS.

The sanidines of two rhyolites in Colorado, examined by the writer,
possess a remarkable lustre which is, as far as he can ascertain, unlike
anything previously described by any other observer. One of these
cases has already been briefly noticed in the American Journal of Sei-
ence for February, 1884. The discovery of a second instance of this
same lustre, and the results of a comparison with earlier deseriptious
of lastre and color in feldspar, render a fuller treatment in this place
desirable.

SANIDINE IN RHYOLITE FROM CHALK MOUNTAIN,- The rhyolite con-
taining the lustrous sanidine oceurs in a massive body forming the
greater part of Chalk Mountain, situated npon the continental divide
at the headwaters of the Arkansas, Ten Mile, and Eagle Rivers, in cen-
tral Colorado. Tt is of the type recently defined as nevadite by Messrs,
Hague and lddings,* and may be characterized as a porphyritic rock,
showing large glassy sanidine and many sinoky quartz erystals embedded
in a grayish ground mass, which appears under the lens to be evenly gran-
ular, and is really so, with the exception of isolated glass particlesrevealed
by the microscope. DBiotite is but sparingly present. This nevadite is
one of the most beautiful of rocks, owing to its abundant smoky quartz
crystals and to the lustrous sanidines about to be described. Chalk
Mountain lies upon the boundary between the geological maps of the
Mosquito range and of the Ten-Mile mining district, which are soon to
Le published, with monographie reports, by the U. S. Geological Survey.
In both of these works the manner of occurrence and the characteristics
of the rock will be fully given.

Many crystals of sanidine in the nevadite exhibif in certain positions
a delicate or brilliant satin-like lustre., If examined with the aid of a
lens a faint play of very delicate colors is seen, while the crystal seems
white and opaque when looking down upon the lustrous surface in such
a direction that the lastre itself does not appear. The position of the
lustrous plane is readily seen to be near that of the orthopinacoid, and
the extent of the deviation trom it is plain when a crystal twinned ac-
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