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ADVERTISEMENT.

[Bulletin No. 61.]

The publications of tho United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

“Thepublications of the Geological Survey shall consist of the annual report of operations, geological
and economic maps illustrating the resources and clagsification of the lands, and reports upon genoral
and economic geology and ]mletho]ogy. The annual report of operations of the Geological Survey
shall accompany tho annual repors ot the Sccretary of the Interior. Allspecial memoirs and reports
of said Survey shall be issued in uniform quarto series it deemed nocessary by the Director, but other-
wise in ordinary octavos. Three thonsand copies of each shall bo published for scientitic exchangoes
and for sale at the price of publication ; and all literary and cartographic materials received in exchango
shall bo the property of the United States and form a part of tho library of the organization: And the
money resulting from the sale of such publications shall be covered into the Lreasury of the United
States.”

On July 7, 1882, tho following joint resolution, referring to all Government publications, was passed
by Congross:

** That whenever any document or report shall be ordered printed by Congress, thereshall be printed,
in addition to the number in each case stated, the ‘usual number’ (1,900) of copies for binding and
distribution among those entitled to receive them."”

Exceptin those cages in which an extra number of any publication has been supplied to the Survey
by special resolution ot Congress or has been ordered by the Secretary of the Interior, this oftice has
no copies for gratuitous distribution.

ANNUAL REPORTS.

1. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8. 179 pp.
1 map.—A preliminary report describing plan of organization and publications.

IL. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882.
80, 1lv, 588 pp. Glpl. 1 map.

IIL. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883.
8o. xviii, 564 pp. 67 pl. and waps. .

IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884.
8. xxxii, 473 pp. 85 pl. and maps. '

V. Fifth Annual Report of the United States Geulomcwl Survey, 1883-'84, by J. W. Powell. 1885.
82, xxxvi, 469 pp. 58 pl. and maps.

V1. Sixth Annual Report of' the United States Geologlca] Survey, 1884-'85, by J. W. Powell. 1886.
80. xxix, 570 pp. 65 pl. and maps.

VILSoventh Annual Repor r,ot' the United States Geological Survey, 1880—’86 by J. W, Powell. 1888.
8°. xx,656 pp. 72 pl.and maps.”

VIIL. Eighth Annual Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889,
80, 2v. xx, 1063 pp. 76 pl. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by'J. W. Powell. 1890.
80. xiii, 717 pp. 88 pl. and maps. .

‘The 'Penth Annual Report is in pross.

MONOGRAPHS.

1. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. 1 map.

1I. Tertiary History of the Grand Cafion District, with atlas, by Clarvence L. Dutton, Capt. U. S. A.
1882, 4°. <xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Prico $10.12.

TIL Geology of the Comstock Lode and the Washoo District, with atlas, by Goorge F. Bocker. 1882.
40, xv,422pp. 7 pl and atlas of 21 sheets folio. Price $11.00.

1IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Prico $1.50.

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duor Irving. 1883. 4°. xvi, 464 pp.
151 29 pl. and maps. Price $1.85.

I



1I ADVERTISEMENT.

VTI. Contributions to the Knowledge of' the Older Mesozoic Tlora of Virginia, by William Morris
Fontaine. 1883. 4°. «xi, 144 pp. 54 1. 54 pl. Price $1.05.

VII. Silver-Lead Deposits of Bureka, Novada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16
pl. Price $1.20.

VIIIL. Paleontology of the Bureka District, by Charles Doolittle Walcott. 1884, 4°. xiii, 208 pp.
241. 24 pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of tho Ravitan Clays and Greensand Marls of New Jersey,
by Robert . Whitfield. 1885. 4°. xx,338pp. 35 pl. 1 map. Price $1.15. ~

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh.
1886. 4°. xviii, 243 pp. 56 1. 56 pl.  Price $2.70.

XT. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Tsracl
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75. )

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons.
1886. 40, xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40,

XIII. Geology of the Quicksilver Deposits ot the Pacific Slope, with atlas, by George F. Becker.
1888. 40, xix, 486 pp. 7 pl. and atlas of 14 sheots folio. Price $2.00."

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey aud the Connecticnt Val-
ley, by John S. Newberry. 1888. 40. xiv, 152 pp. 26 pl. Price $1.00.

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv, 377
pp. 180 pl. Text and plates bound separately. Price $2.50.

X VI. The Palcozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl.
Price $1.00.
In preparation :

— Description of New Fossil Plants from the Dakota Group, by Leo Lesquercux.

~— Gasteropoda of the New Jersey Cretaceons and Bocene Marls, by R. P, Whitfield.

— Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague.

— Saaropoda, by O. C. Marsh.

— Stegosanria, by O. C. Margh.

— Brontotherideme, by 0. C. Marsh.

— The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving and
C. R. Van Hise.

— Report on the Denver Coal Rasin, by S. F. Emmons.

~— Teport on Silver CIifl' and Len-Mile Mining Districts, Colorado, by S. F. Emmons.

— Ilora of the Dakota Group, by J. S. Newberry.

— The Glacial Lake Agassiz, by Warren Upham.

— Geology of the Potomac Formation in Virginia, by W. M. Fontaine.

BULLETINS.

1. On Hypersthene-Andesite and on Triclinic Pyroxenc in Angitic Rocks, by Whitman Cross, with a
Geological Sketeh of Buftalo Peaks, Colorado, by 8. I'. Emmons. 1883, 8§°. 42pp. 2pl. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, ete., com-
puted by Albert Williams, jr. 1883, 8°. 8 pp. Price 5 cents.

3. On the Fossil Fannasof the Upper Devonian, along the meridian of 760 30/, from Tompkins Conunty,
N. Y., to Bradford County, Pa., by Henry S. Williams. 1884, 8°. 36 pp. I’rice 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pl. DPrice 5 cents.

5. A Dictionary of Alsitudes in the United States, compiled by ITenry Gannett. 1884 8°. 325 pp.
Price 20 cents.

6. Elovations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Drice 5 cents.

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
1752-1881, in geographic and chronologic order, by Jules Marcou and John Belknap Marcoun. 1834,
8°. 184 pp. Price 10 cents.

8. On Sccondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R.
Van Hise. 1884. 8°. 56 pp. 6 pl. Price 10 cents.

9. A Report of work donein the Washington Laboratory during the fiscal year 1883-'84. F. 'W. Clarke,
chief chemigt, 1. M. Chatard, assistant chemist. 1884, 8°. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittlo Walcott.
1884. 8°, 74pp. 10 pl. Price5 cents.

11. On the Quaternary and Recent Mollusea of the Great Basin; with Descriptions of New Forms, by
R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1884. 8°. 66pp. 6pl. Price 5 cents.

12. A Crystallographic Study ot the Thinolite of Lake Lahontan, by Edward $. Dana. 1884, 8°.
24 pp. 3pl. Price5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp.  Price 10 cents.

14. The Electrical and Magnetic Properties of tho Iren-Carburets, by Carl Barns and Vincent
Stroubal. 1885. 8°. 238 pp. Price 15 cents.
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15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°,
33 pp. Prico 5 cents.

16. On the Iigher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885, 8°.
86pp. 3pl. Price § cents.

17. On the Development, of Crystallization in the Igneous Rocks of ‘Washos, Nevada, with Notes on
tho Geology of the District, by Arnold Tagne aud Joseph P. Tddings. 1885, 80. 44 pp. Price 5 cents,
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by Charles A. White. 1885. 8. 26 pp. 3 pl. Prico 5 cents.

19. Notes on the Stratigraphy o California, by George ¥. Bocker. 1885, 80, 28 pp. Price 5 cenis.
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23. Obsgervations on the Junction hetween the Eastern Sandstone and the Kewceenaw Serics on
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29, On the I'resh-water Invertobrates of the North American Jurassic, by Charles A. White. 1886.
82. 4l pp. 4pl. Price 5 cents,

30. Second Contribution to the Studies on the Cambrian Fannas of North America, by Charles Doo-
ittle Walcofit. 1886.  8°. 369 pp. 33 pl. Price 25 cents.

31. Systematic Review of pur Present Knowledgo of Fossil Insects, including Myriapods and Arach-
nids, by Samuel Hubbard Scudder. 1886, 8°. 128 pp. Prico 15 cents.

32, Lists and Analyses of tho Mineral Springs of the United States; a Preliminary Study, by Albert
C. Toale. 1886. 8°. 235 pp. Price 20 conts.

33. Noties on the Geology of Novthern California, by J. S. Diller. 1886. 8°. 23 pp. Prico 5 cents.

34, On tho relation of the Laramic Mollugcan Fanuna to that of the succeeding Fresh-wator Kocone
and other groups, by Charles A. White. 1886, 80, 5S4 pp. 5pl. Price 10 cents.

35, Physical Properties of the Tron-Carburets, by Carl Barus and Vincent Stronhal. 1886, 80, 62
pp. Price 10 cents.
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pp. Price 60 cents.
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
‘ DIVISION OF THE PACIFIC,
San Francisco, February 1, 1889,

SiR: We have the honor to transmit herewith through Mr. G. T.
Becker, geologist in charge, Division of the Pacific, a paper on miner-
alogical studies of certain specimens which were collected during the
recent examination of the quicksilver deposits of California.

In this material we are able to add somewhat to the previous knowl-
edge of the habits of cinnabar crystals, and to give measurements
which identify those crystal forins to which are ascribed the phenomena
of right and left rotation. Two new mineral species, into the composi-
tion of which chrominm enters largely, are described and named, while
the remaining matter is mostly confirmatory of previous observations
to be found in the literature of mineralogy.

Very respectfully, 4
‘W. H. MELVILLE,

Chemist.
WALDEMAR LINDGREN,
Assistant Geologist.
Hon. J. W. PowELL,
Director U. 8. Geological Survey.
: 9






CONTRIBUTIONS TO THE MINERALOGY OF THE
PACIFIC COAST.

By W. H. MELVILLE AND W. LINDGREN.

CINNABAR CRYSTALS FROM NEW IDRIA, CALTFORNIA.

‘While examining the collection made by the U. S. Geological Survey
at the New Idria quicksilver mines, our attention was drawn to a num-
ber of very minute cinnabar crystals having a somewhat uncommon
habit. They were obtained from Superintendentd. W. C. Maxwell,
who had washed them out from a soft ore occurring in the upper work-
ings of the mine. The ore was in all probability a soft gray arkose
sandstone impregnated with cinnabar. Examination showed that the
apparently simple crystals have generally a thin tabular habit and
present the forms 0R, —3R,—34R, combined with tetartohedral faces of
more or less complicated nature mostly in the zone of the terminal edge
of —3R. The crystals are collective individuals built up of alternating
layers of substance with opposite rotary power, dextro-gyre and levo-
gyre, arranged with approximately parallel axes, the resulting struct-
ure being in many cases quite complex.

Long ago Des Cloizeaux! discovered that cinnabar belonged to the
small class of substances which exhibit circular polarization, and that
it rotates the plane of polarization more strongly than any other known
substance. He also found that almost all of his sections cut perpen-
dicularly to the axis did not belong to simple crystals, but showed a
combination of right and left turning parts analogous to the well-
known phenomena observed in quartz and its varigty amethyst.?

In 1871 A. I’ Achiardi® discovered tetartohedral faces of

o P mP
g A
but we are not aware that he determined their position. Dana* re-
cords one scalenohedron, $R3.

1Comptes Rendus, vol. 44, p. 876.
2Rammelsberg, in Handbnch der krystall. Chemie, Berlin, p. 81, states erroneously
that only left turning crystals have been noted.
3Boll. Com. Geol. Ital., vol. 2, 1871, p. 163. The monograph of Schabus (Ber. Wien.
Acad., vol. 6) is unfortunately not accessible to us.
1A System of Mineralogy, by J. D. Dana, fifth edition, 1884, p. 55.
‘11



12 MINERALOGY OF THE PACIFIC COAST. {nULL. 61.

The erystals hitherto faund in the California quicksilver mines have
either a prismatic or a rhombohedral habit and present no uncommon
forms.! In the thin sections made by the Survey for the petrographi-
cal study of the quicksilver mines of the Pacific coast, the cinnabar
whenever crystallized has a prismatic habit. The tabular crystals now
under consideration are very small, almost microscopie, the diameters
of which range from 0.05 ™ to 0.6™™, and the thicknesses from 0.02mm
to 0.2m=,  The trapezohedral faces which replace the terminal edges of
the rhombohedrons are much broken and curved in the larger crystals,
while in the smaller they are sometimes quite well developed and so
large as to influence the general triangular habit of the tables. The
individuals are often grouped in more or less complex bunches and
irregularly interpenetrate one another; two crystals may be frequently
seen connected in such a way that one has grown either perpendicularly
or obliquely into the basal plane of the other. There does not appear to
be any general law governing these groupings.

On account of the tabular habit and their minute dimensions these
crystals are admirably adapted for optical examination. They are
translucent and deep red in color, the tint, however, being so dark that
the phenomena can only be properly observed with low objectives.
The apparently simple crystals present, when examined in parallel
polarized light, considerable tectonic complications. On account of the
feeble gyroid power of quartz this phenomenon can not be well observed
in very thin sections of that mineral with common light. Cinnabar,
on the other hand, rotating the plane of polarization more than quartz,
according to Des Cloizeaux’s measurements, fifteen to seventeen times
as strongly, shows this property very well in the tabular crystals. The
exact value of the angle is difficult to determine on account of the dark
color in transmitted light. The crystal in Fig. 10 is drawn with the
analyzer 26° to the right, its thickness is 0.09™™, This gives a rotation
of 289° for 1m™, or 16.8 times as large as that of quartz, which for the
red line C is 17.2. The arrangement of the dextro-gyre and levo-gyre
parts is evidently governed by the law of regular grouping with parallel
positive rhombohedrons, as in quartz, although there is reason to believe
that the law is not strictly but only approximately true. The devia-
tions at all events are small.

Generally speaking a composite crystal is formed of six sectors of
600 angle, whose directions of rotation are different, as illustrated in
Figs. 7 and 8. The numbers of right or of left turning sectors are not
constant, but may alternate regularly, or several adjacent sextants may
be composed of the same substance. In the latter case they are usually
separated by a narrow band of opposite rotary power and marked by
a reentering angle between rhombohedral and trapezohedral planes
(Figs. 4 and 7)., With crossed nicols the sectors have a dark interme-
diate tint traversed by black radiating lines, indicating overlapping of

' E. Bertrand, Neues Jahrbuch, 1878, p. 657. (Redington mine, ® E,#R).
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the different parts. " These black bars move a short distance when the
analyzer is turned. Deducted from the amplitude of the movement
and the thickness of the crystal the dividing plane was found in some
instances to have an inclination of 110° to 120° to the basal plane.
Very frequently, however, the dividing surface is altogether irregular,
and often only shadows moving indistinctly can be observed on turning
the analyzer, as in Figs. 5 and 6. There are not uncommonly found
alternating parallel layers within one sector, appearing with crossed
nicols as a system of black equilateral triangles. Thin cuneiform
pieces of different rotary directions are inserted in larger areas which
are uniform .in rotation. When the crystals rest on the basal plane
they remain perfectly isotrope on turning the table of the microscope.
Exceptionally a faint change in the intensity may be observed in isolated
places, as in Fig. 9 at the point marked A in the dextro-gyre section.
The cause is probably a local state of tension.

Gas and fluid inclusions have been recognized. The latter are small
and have sometimes a movable bubble which does not change in volume
on heating. The gas inclusions often take the form of negative crys-
tals. In Fig. 8 a series of beautiful inclusions are represented. They
surround a hexagonal figure in the interior of the crystal, the sides
of which are parallel to the rhombohedral planes, and appear in trans-
mitted light deep black on the red background of the crystal. A small
red spot is to be seen in the center. This phenomenon is easily
explained by the very high refracting power of cinnabar £==3.20, con-
giderably higher than that of the diamond. The angle of total reflec-
tion is consequently about 203°. In reflected light the inclusions appear
brilliantly red on the now black background.

Orystal forms.—Rhombohedrons : In order to determine the symbols
of the crystal faces an attempt was made to measure them under the
microscope with micrometer screw and eye-piece. It was found, how-
ever, that the error in the very small vertical measurement was so large
as to seriously impair the results. The next resort was the determi-
nation of the rhombohedral faces and the calculation of other forms,
ag far as possible, by means of their zone relations and horizontal meas-
urements on the stage of the microscope. The rhombohedral faces
and basal plane, in spite of the minute size of the crystals, gave toler-
ably good signals in a Fuess goniometer, and in a series of the larger
crystals the zone [0F, R] was closely measured, as shown in the follow-
ing table:



14

MINERALOGY OF THE PACIFIC COQAST. [BULL. 61.
Interfacial angles OR N\ mR. .
Crystal. | OAr(r=—R). | OAT, (v, =—3R).| OA7,, (r,, =—L R). Remarks.
Q ’ o ’ o ‘
127 6 138 36 146 32 Calculated angles.
1) 138 59 147 Reflex r,, elongated.
b 138 4
c 138 56 147 Reflex 7, elongated.
d 127 15 139 4 Reflex 0 duplicated.
e 138 28 147t 7,,, indistinct.
f 138 42
g 138 53 4+ o R observed.
h 127 38 138 58 17 11 r=+ R:r,, duplicated.
k 138 55 146 13 -+ R observed.
* Closely. t Approximate.

Crystal f was subjected to a revolution of 360°, and measurements
were taken, as follows:

o
Betvlv;:;ﬂ! nor- Interfacial.
o ’ o 1
ORA —3R 41 18} 138 413
—3RA OR 138 42 41 18
OR' A —3R 41 1 138 59
—3RA OR 138 583 41 1%
360 360

Reflected light, but no signal, was obtained from planes —}R,—w R
and possibly 4-mR in this same zone.
Crystal g contained the prism face —w E as shown by measurements
in zone [OR,—3R]:

Between nor- .
mals. Interfacial.
) ’ o 7 .
ORA —3R 41 7 138 53
—3ZRA —oR 48 57 89 56

On crystal k the following measurements were recorded :

Between nor- Tuterfacial.
o i [} ‘
—32RA—4R 8 13 —IRAOL 138 58
—3RA OR 32 49 —4RAOR 147 11
ORA OR' 180 + RAOR 52 22 '
OR'A+R 52 22 + RAOR 127 88
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Also in the same zone reflected light from prism planes was observed.
These latter planes are very narrow, occur along the lateral edges of
the tabular cinnabar crystals, and are quite common, but in rare cases
only can good signals on the goniometer be seen.

The rhombohedral face,—3%R, is invariably perfect, and the basal
plane, OR, is usually so; but the latter is oftentimes broken, the angle
between its parts sometimes amounting to 1°. In some crystals the
irregularities may be seen to follow the line between dextro-gyre and
levo-gyre substance, indicating that the positions of the different parts
are not strictly parallel. Planes of the rhombohedron, —3R, on the
other hand, never give good reflections and are always striated. These
striations are parallel to the combination edges of the rhombohedral face
and the trapezohedral faces on either side. They are interesting and
will be subsequently considered. Positive rhombohedral forms, +mR,
are seldom present. In Fig.9onesmall face of 4-3R (r;) and one of 43R
(73) are noted. ' )

In giving the negative sign to the dominant rhombohedron, we were
led by considerations based on the nature of the trapezohedral faces,
as well as by previous descriptions of the habit of cinnabar crystals.

The simple forms observed are tabulated thus:

Naomann, Br&\zt;liksl-il)\r.ﬁller

o0R (0001)
—3iR x(0233)
—iR x(0112)
—R T k(0111)
+ R x(1011)
+iR x(2023)
+3iR «(1012)

ok ) (1010)

Of these forms OF and —3%R are by far the most prominent.

Some typical crystals were selected, mounted in balsam and drawn
under the camera-lucida. The greatest care was taken to reproduce a
perfect image in the drawing, and this position of the crystals seemed
best adapted to illustrate their irregularities and the relations of the
trapezohedral planes to the other forms. The drawings could be made
conveniently only with strong reflected light. Whenever special meas-
urements of angles in a horizontal section were necessary, they were
made by cross-hair and graduated table and were not taken from the
drawings. ‘

Tetarto-trapezohedrons.—Obliquely replacing the terminal edges of
—3R and —3 R (Figs. 1 and 3), there appeared a series of faces often
broken and irregular, which from their position and connection with the
dextro-gyre and levo-gyre substance of the cinnabar could only be re-
garded as tetartohedral forms of a dihexagonal pyramid, The interest
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arose from the fact that in many individuals these forms were more
largely developed, than in any cinnabar crystals heretofore described.
Trapezohedral faces lying in the terminal zone of K have been observed
on quartz crystals! and on hypoiodate of sodium? but there seems to
be no record of such faces in a zone of more obtuse forms.

The relation between the sectors of different rotating power and the
trapezohedral faces must now be considered. Applying the law of
rhombohedral hemihedrism to the dihexagonal pyramidmPn,two scalen-
ohedrons, :l:’iglb or + m/Rn/, are derived, which differ in position by
60°. Again applying the law of trapezohedral tetartohedrism to

mPr o obtain four enantiomorph forms, ‘:I:r”iiﬁ and -+ 71?"

2
right and left trigonal trapezohedrons. Furthermore, the hexagonal
pyramid of the second order, mP2, when subjected to trapezohedral
. 2 2 .

tetartohedrism, yields two trigonal pyramids r’ff_. and l”_ll;. which -
can be regarded as the limits between positive and negative trigonal
trapezohedrons (Fig. 13).

The connection between the trapezohedral forms and the rotating
direction in the case of quartz? is as well known as that dextro-gyre
crystals are modified l?y planes of

t mP2 mPn mPn
r r -1
4 + 4’ 4

and levo-gyre crystals by planes of

mP2 mPn mPr
l T ,+1 1 y— V.

If the positive rhombohedron should be taken as negative, the first
of the two divisions above would correspond to levo-gyre, and the second
to dextro-gyre crystals.

In combination with a positive rhombohedron in right turning
crystalst (the face of 4R being held in front of the observer), r%

is placed on the right terminal edge obliquely towards the observer;

mP2 and—iR,and 4-r ’ff_"’ replaces the combina-

tion edge of + R and r@.

4
In levo-gyre crystals the planes +l”_l? and—r"iPﬂ are placed on

~1 %ﬁ lies between r

4

the other side of this terminal edge. In combination with a negative
rhombohedron the relations are reversed, so that the dextro-gyre forms

1 Websky on quartz crystals. Neues Jahrbuch, 1871, p. 732,
2Groth: Physik. Krystall, 1876, p. 302.

3 Groth: Physik. Krystall., 1876, p. 301.

4P, Groth: Monatsbericht d. Berlin Akad,, 1869,
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here correspond in relative positions to the levo-gyre forms in the case
of the positive rhombohedron.

In order to determine the nature of these trapezohedral faces and
the form to which they belonged, measurements in the horizontal section
were taken of the angles which the combination edges of (—mEA OR)
made with those of the trapezohedral planes over the same basal plane.
The crystal in Fig. 1 was chosen for this purpose and the angles on
both the analogue and the antilogue poles were ascertained by means
of cross-hair and stage of the microscope. The angles in Fig. 1 are
designated a, £, etc.,! lettered in order; those in Fig. 2 are self-evident.
In the first series of measurements low magnifying power was employed,
and in the second, higher power for the determination of the angles
where two trapezohedral faces formed re-entering angles., The latter
should be accurate within one degree.

First series. Second series.
Fig. 1. Fig. 2. Tig. 1.
T
o o [}
a=141 Aboved =140 a ==138%
B=100 Abovec= 99 B=99
y=137 Aboveb=137 y'=139
d=103. Abovea=104 y2==183
" p=1353 | Aboves=136 5 =100
0=104 Abovo e=1044 ' =130
’ 7?=185%
8 =103%

The angles lettered y? and 7 are re-entering and are formed by two
trapezohedral planes. Those edges forming y? make with the combina-
tion edge (— mRA OR) onthe right angles of 139° and 1429, respectively,
and those forming 7* make in the same way angles of 130° and 13539,
respectively. That these trapezohedral planes belong to the same
class of derivatives from the scalenohedron and possess the same
general symbol, is evident from Fig. 14, in which is shown the projec-
tion of the combination edges of the negative rhombohedron, —mR,
and of the trapezohedral planes with the basal plane. The heavy lines
represent the positions of these edges as they appear in Fig. 1, and
the dotted lines the corresponding.edges of Fig. 2 in their true rela-
tion to the crystal and Fig. 1. TFigs. 13 and 14 show further that the
trapezohedral planes in relation to—mR have the general symbol,
+rﬁ? and that the angles may vary in the basal section of (1) +rm_f"_”
for a? from 120° to 1509, and for S from 90° to 120°; B on left hand

(2)—Zm% for « from 150° to 1809, and for £ from 60° to 90°; G on left

! Compare Fig. 11.
* B=the less obtuse angle.
Bull, 61—2
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hand (3) + l@% for e from 1200 to 150¢ and for 8 from 90° to 120°; Gon

right hand (4)—r mf % for a from 1500 to 1800, and for £ from 60° to 90°;

f on right hand. From the discussion above, the tetartohedral planes
must belong to the form trigonal trapezohedron, and in this special

case, Iigs. 1 and 2, to +r@€f, Notwithstanding the large deviation

in the angular measurements of the basal section, as in «, !, » and in
S, 6, 6, the trapezohedral planes, three above and three below, must
constitute a complete form, and we are obliged to seek explanation of
these discrepancies in the errors of measurements, in the distortions of
the crystals,and in the fact that narrow planes, almost mere lines,
which are present, may correspond to missing trapezohedral faces.
Unfortunately, these narrow planes scarcely admit of a representation
on the scale of the drawings, and much less of even an approximate
measurement.

On studying the relations of the angles « and £ to the other parts in
many crystals, it was discovered that in the dextro-gyre sectors the
angle g is always on the left side when the trapezohedral face is held
towards the observer, and in levo-gyre sectors on the right. This, con-
sidered in connection with what has been said before concerning the
positions of trapezohedral faces, can only be true if we consider the
dominant rhombohedron negative, always of course under the supposi-
tion that the relation between differently rotating substance and the
trapezohedrons (see p. 16) is the same asin quartz. If we reverse this,
the rhombohedron must be considered positive. The most common

face is that of +lm_£1;@ in the left turning sectors and of +rm_£l"

4
in the right turning; negative trapezohedrons, where the angle <900
are quite rare; twice 8 was measured to 909, corresponding to a section
line of a trigonal pyramid.

The larger and more regular planes replacing the terminal edges of
the thombohedrons appear to be exactly in the zone of [—% R, + % E),
since under the microscope the combination edges of the trapezohedral
face with the adjoining rhombohedral faces — %R are parallel and make
with the combination edge (— 3R A OR) on the right and left respectively
equal angles of 150 in the horizontal projection. On the goniometer a
faint, elongated flash of light, scarcely to be called a signal, was reflected

from each of these planes in the zone [—3R,—3R]. Calculated from
the observed values of 8 and the zone equation complex symbols of the
trapezohedral forms are obtained. It was found by comparison of the
different values that the position of the planes oscillates about the

2P3

gimpler forms +r~”_4— and +l%_4_P%, nu'' [2.4.6.15] corresponding to a

value of $=100° 53’4, but only once actually measured. The following
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table shows the angles 8, measured on several crystals, and the more
obtuse angles a corresponding to these. The third column contains
the measured angles «, and the fourth the symbols calculated from the
angle £.

gmeasured.  [a=2400—B.| = measured. Symbols, +,.mf o
o o 1 o
When 8= 93 a=147 Jieerencenarens Ma:a': Ma':je
95 145 eeeveeeeennns Maa: e e
99 41 |eceveiannnnn. Ya:a': Ha':ije
100 140 139 ; Fa:a':  Ha": e
2.88% : a’: 1.532a’ : 0.407c
100 53 139 7 o) g Sa:a’:  da”:dc
i 2.999a:a': 1.5a":0.4c
101 139 139% { 8a:a’:  Ja":fe
3.015a : o' : 1.496a" : 0.3996¢
; Ma:a': i’ : g
102 e s {3.165& : @’ : 1.462a" ; 0,396¢
103 137 137 MNa:a': Ha': e
104 136 136 Jei@:  fali e
105 135 1343 Maza: s fe
107 183 [iaeiiiaiaiians La:a': Ha':ie

* Not measured.

The frequent occurrence of trapezohedrons on quartz with complex
symbols has often been commented on. Websky! has attempted to
explain these by the theory of the induced faces, supposing the crystal
to be built up of alternating layers of substance turned 180° around
the vertical axis so that in thig twin position 4-R of one individual
covers —R of another. The trapezohedral forms in the upper layer
are consequently influenced by those belonging to a different series in
the lower layer, and, not being able to develop in their proper places,
they take positions intermediate between these and those of the induc-
ing face. This view seems not improbable in the present case under
discussion.

Even in the more regular crystals, Figs. 1, 3, 7, the trapezohedral
faces are seldom perfectly smooth, but generally slightly broken and
curved. Kigs. 7 and 10 show this tendency increased (¢ and d/, Fig. 6
o', w, x, Fig. 10). Finally, in Figs. 5, 6, and 9 the faces are exceedingly
rough, and broken into a number of irregular planes. Such phenomena
have also been observed on the tetartohedral faces of quartz crystals.?
Partially, at least, these irregularities may be explained by the hypo-
parallel position of the differently rotating parts composing the whole
erystal.’

The fact that the basal plane is frequently broken, confirms the ex-
planation just given. It appears pecuiiar, however, that the rhombo-

'See paper regarding Quartz Crystals from Strigau in Neues Jahrbuch, 1871, pp.
132, 785.

2 Websky. Uber Deformititen an Quarz-krystallen, Neues Jahrbuch, 1870, p, 353.

38adebeck. Krystallotektonik, p. 184.
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hedral faces,—3 R, do not show more markedly the effects of this hy-
poparallelism if it is really the cause of all the disturbances. On the
goniometer the reflected signals from —ZR are frequently duplicated,
but striations are wanting.

The tectonic face of — 3R has been alluded to. This face presents
irregularities which under strong objectives appear as distinct figures
formed by trapezohedrons and rhombohedrons, Fig. 12. Sometimes
the whole face is covered by these protruding ¢ subindividuals,” bor-
dered by vicinal planes,! causing either a rongh (Drusigkeit) or a stri-
ated appearance, Fig. 12 a, b, Fig. 5. The tendency of — 3R to form vici-
nal faces is well shown in Fig. 8, and is illustrated by the irregularly run-
ning edge (—3RA —4R). When re-entering angles are formed, which
is very often the case, then the edge (—3RAOR) becomes broken and
irregular, thus accounting in great measuré for the large variation of
£ in the table on page 19. In Fig. 4 at the point marked st/ there is
a coarse striation, which under strong objectives can beseen to be due
to the combination of —#R with a trapezohedron, the same which lies
in zone [—3 R, —3R).

Description of crystals.—Crystal 1, Figs. 1 and 2. Rather uniform-
ly built and principally of dextro-gyre substance. Angle §; meas-
ured 999, angle £, 1033°. Both trapezohedral planes have the gen-

mn and lie on either side of +r%1;%.

eral symbol +,—— The symbols

corresponding to the measured angles are, as shown on page 19,
15 P11 . . .
+ré%L and 4 71_8.4_5 respectively. There are other triangular trape-
zohedral planes, m, n, p, ¢, which beloxig to a more acute form than
those determined. The symbols of these could not be ascertained either
by measurement or by zone relations.
Crystal 2, Fig. 3, has two well-developed trapezohedral planes, and
angle 6, measured 103°, and g, 103°, Corresponding to this angle

+l“P7 and u_+9ﬂ“’%fLg

The upper edges show some irregular trapezohedral faces.

Crystal 3, ifig. 4. A re-entering angle is formed by r,, and a broken
trapezohedral face k. A narrow plane lying in the zone [r,, v, ] belongs
probably to the trapezohedron of which b forms a part. There are
present one right handed and one left-handed trapezohedron,

b= +r“ "5 and t-—-+l” , where g, and 8;=105°.

Crystals 4 and 5, Figs. 5, 6. These crystals show how the irregulari-
ties of the trapezohedral faces increase as the complexity of the arrange-
ment of dextro-gyre and levo-gyre parts increases, It does not seem
improbable that most of the deviations from the correct positions of the

I'Websky. Zeitsch. Deutsch. geol. Gesell,, vol. 15, p. 677, Berlin. Sadebeck,
Krystallotektonik, p. 195, .
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faces are cansed by a conflict between series of forms of different rotat-
ing power belonging to cinnabar. r,,(—34R), as well as r,(— gR) be-
comes very prominent and is characterized by striations and grooves.

Crystal 6, Fig. 7 and Fig. 8 opposite poles. Built of alternating sec-
tors with smooth trapezohedral faces.

Angle . .
moasured. | Tig 6a. | Fig.6b. | Symbol.
(] o
B 105 feeeennn +r‘n%'fz':
Bt 105 feeernennn. +ia Py
4
Bby  [eemnecanen 104 +r!§TP1‘
Bty feeeeceeons 102 +z%}:_1;3'
Bts |esenecans 97 +r§{j

In Tig. 7, at the lower right-hand of " the drawing a re-entering
angle appears, causing a thin wedge of dextro-gyre substance to oceur
in a levo-gyre sector. At this part of the crystal there are three planes,
t’, £, ¢, the special symbols of which could not be determined. The
7___nf n; and £ to -—rm____f ™ The triangular
planes o, o/, p are probably more acute trigonal trapezohedrons. The
re-entering angle at d was so irregular and the combination edges with
OR so broken that no reliable information could be obtained cqncerning
the planes. The opposite pole, Fig. 8, does not present such complex
combinations of forms.

Crystal 7, Fig. 10, is very similar to crystal 7, but almost wholly levo-
gyre. Measured, fu=103°, fx=95°. Therefore

=+ Z'L_%*'i) l“g, and =41 19 PH fﬂl

The remaining planes were not determinable. Fig. 11 represents the
antilogue pole. g, f#’, §" measured 1069, 1079, 1039, respectively.
Crystal 8, Fig. 9, is levo-gyre for the most part, and exhibits beautiful
gas inclusions. The usual trapezohedrons are here present with combi-
nation edges very much broken. Plane g is probably a trigonal pyramid,
for angle £=90°, while the measured angle «=150° (g : r,,, on the right).

The form is then rmf 2. ry=+3R and r,=+3R.

plane ¢ belongs t6 the form 41

CINNABAR CRYSTALS FROM SULPHUR BANK, LAKE COUNTY, CAL.

In the collection of the Survey appears a coating of cinnabar crystals
upon an argillaceous rock, which has resulted from the decomposed and
disintegrated basalt abounding in the quicksilver workings at Sulphur
Bank. Throughout this rock run seams of persulphide of iron, prob-
ably marcasite, and patches of this mineral form the lining of cavities
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upon which have grown calcite crystals. Cinnabar is also very abundant
in the mass of the rock, and in many places has crystallized contempo-
raneously with the calcite. The crystals in the coating are brick-red,
possessing a rather metallic luster, by no means so highly adamantine
as the tabular crystals from New Idria, while the powder yields a bril-
liant vermillion. The crystals, varying in diameter from 0.5 to 0.75™m,
were found to be simple rhombohedrons with no other hexagonal modi-
fication. The rhombohedral faces are curved much as they often are in
mineral dolomite, and, owing to this fact, as well as to the dull luster,
great difficulty was experienced in obtaining close measurements. The
most reliable angular measurements were those taken over the terminal
edge of the rhombohedron. This angle is 74° 40’ between normals,
the mean of over a dozen determinations, from which is deduced the
symbol & §E. The calculated angle for £ 3R is 750 85’ between normals,
or 104° 51 interfacial.

CINNABAR CRYSTALS FROM EKNOXVILLE, NAPA COUNTY, CAL.

Large masses of marcasite, which is often vesicular and carries frag-
ments of quartz and opal, occur in the quicksilver deposits at Knox-
ville. The marcasite is frequently crystallized in the cavities. Meta-
cinnabarite forms the greatest part of the sulphide of mercury which
these specimens contain, while upon its surface brilliant needles of cin-
nabar have crystallized sometimes in tufts and again in irregular net-
work. The needles vary in length from 0.5 to 2™™ and their diameter
is rarely greater than 0.1™», Excellent measurements were obtained
which resulted in the identification of the crystal forms — 4R (or +£K)
and the hexagonal prism « P (or 4o R). The angle between normals
—&RA—w R=43°26/, interfacial 136034/, The calculated angle for
(—#E AOR)=46°34' between normals, 133026/ interfacial (133°24’ Dana)
This habit of cinnabar has been observed also by E. Bertrand. (See
note p. 12.)

CINNABAR CRYSTALS FROM NEW ALMADEN, CAL.

Many crystals were examined which were found on specimens from
New Almaden mines. These stout and brilliant crystals usually exhib-
ited the forms OR,—3R,—3R, —2R,+ o R ; one had the form 4+mE. An
angular measurement was obtained,—mREAO0R=T75°7" (normals) which
corresponds to the form —1tR. This form has not been given by Dana,
and by us was observed only once.

METACINNABARITE FROM KNOXVILLE, CAL.

The metacinnabarite associated with the needles of cinnabar previ-
ously deseribed occurs in seams from 2 to 4™ wide, is easily detached
and but slightly contaminated with quartz and possibly marcasite.
Occasionally small nodules of metacinnabarite are seen on the speci-
mens and appear to be formed of crystals which present dull and curved
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faces bafling all attempts at recognition and identification. 1In the fol-
lowing analysis the mercury, iron, and silica were determined, and the
amount of sulphur was calculated for the metals, analysis (I) on the
assumption that iron is combined as FeS; (II), that FeS, is the combi-
nation:

I. IIL.
Per cent. Per cent.
HgS eeeneaiaei, 98.48 || HgS .ccevnvannnnn. 98.48
FoS.coeimiiiinnnns 0.691 || FoSg.cuviennannnnn 0. 942
Si02 cemvnennnnnn. 0.707 || SiOp vevrvcuacanne. 0.707
99. 878 100. 129

In order to ascertain if possible in which state of combination the
iron existed in the sample, two experiments were made. Crystals of
marcasite were taken from the same specimen which furnished the
sample for analysis, and the fine powder was boiled with dilute hydro-
chloric acid (1HC1: 10Aq). Appropriate tests gave barely a trace of
sulphureted hydrogen. Qn the other hand a portion of the sample em-
ployed for analysis yielded an abundance of this gas when slightly
heated with the dilute acid. In the absence of other sulphides the
conclusion must follow that the iron exists wholly or in. part in the
form of protosulphide.

METACINNABARITE FROM CERRO GORDO MINE, CAL.

At the Cerro Gordo Mine, 11 miles west of Panoche, Fresno
County, was found a specimen of metacinnabarite associated with chal-
cedony and crystallized quartz. The quantity collected for analysis
amounted only to 0.0159 grams, and this sample contained a small
percentage of cinnabar. 95.62 per cent. Hg'S was obtained on analysis,
the residue, 4.38 per cent., consisted of quartz and a little iron which was
undetermined. :

SULPHATES FROM THE REDINGTON QUICKSILVER MINE, KNOXVILLE,
CAL.

The mass of the rock specimen is a black opal which is much fract-
ured. The seams contain.three distinct salts.

(1) Small black crystals belonging to the isometric system and pre-
senting the forms 0 and w 0. The substance is a double sulphate of
iron and potassium, an alum in which both the ferrons and the ferric
states of .iron oceur.

(2) The mass is ﬁbroug, often so fine that the fibers can hardly be
distinguished.under the microscope ; seldom are seen massive portions
with crystalline structure. The color is pale purple. The parallel-
fibrous aggregates are sometimes white with silky luster and only
purple on the surface perpendicular to the fibers. Under the micro-
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scope they are colorless with no visible crystalline form. The system
of crystallization is probably triclinic, as extinctions parallel to the
fibers are never obtained. Extinction 13° to 38°. Double refraction
feeble. Specific gravity=1.761. Soluble in water.

Analysis.

HaO at 1000 G et e e vemce semareemaecaen 27.093
Hz0 above 1000 C. oot it cie et iieaer ccce v cnean e 14. 340
B0 e et cee et cece it et e eeaeae aaa. 35. 352

ALo0s e i et vecaet camteceeaaaans 5.136

CI‘203 .......................................... 7.512

FGQO:; .......................................... 0.186

B Y O P 4.579

1§ L0 1.001

5 110 TN trace

L A 1. 850

B T L 3.457

100. 506

The atomic ratio is therefore R//: Rvi: Svi: Hp=1:5: 23: 43, and
the simplest symbol SRO. 8R,0,. 3380, 171H,0. A portion of this
large amount of water can be accounted for in the moisture of the sam-

" ple. There seems to be a possibility of an isomorphous mixture of dif-
ferent sulphates in this substance, but a mechanical separation of the
massive from the fibrous portions was quite out of question. We pro-
pose for this mineral the name Redingtonite.

(3) This sulphate coats the purple salt in small quantities. Under
the microscope it is found to consist of rhombic tables with angles of
780 and 102°. The system is rhombic. The cleavage is excellent, par-
allel to OP. and good parallel to wP and wP & The color is greenish
yellow ; the mineral is somewhat dichroic; the color being most intense
when the short diagonal of the tables is parallel to the principal section
of the nicols. Itis doublyrefracting. The tables are too small to show
the emergence of the optic axis. Tests with mica plates show, how-
ever, that of the two axes of elasticity lying in the basal plane the one
parallel to the brachydiagonal is the larger. This also agrees with co-
piapite, which is negative,.

The following analysis was made with 0.1482 grams material which
was separated from associated substances as well as possible. The wa-
ter above 1000 C. was determined by difference.

HoO at 1000 Cueeceevaemen cceeeesecmmccveaccemencaanns 9. 296
H;0 above 1000 C.coceeneeeerecevancacoccascaconcen- 17. 596
SO e veeants cosaestoasanvnnnnamans s 35. 905
Cry03.ccucecaccsesrccnecanceacacnases saoans 7.409
ALOg eceiaceeanaaceses e e anan 4.835
FegOs. oo cmeseeceecacmanccccnssnansdansonns 15. 360
B 0 NP 3.813
NI, oo et eeaeaaccmsacacaaacmaneanans 0.835
512 0 PSP 3.216
Residue. cove vecccnnn- eevaeea eneaamceenen- 1.7356
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The atomic ratiois Rif: Rvi: Svi: Hy=+%: ¥&: 4L: 3. From.its optical
and some of its chewmical characters there are evidences ofits isomorph-
ism with copiapite from Knoxville, a mineral hereafter described,
and a comparison of the atomic ratio with that obtained by analysis of
the latter mineral shows rather close analogy. This sulphate is more
basic than that, and its composition indicates a derivation from other
sources than persulphide of iron. We propose for this rmineral the
name Knoxvillite.

COPIAPITE FROM REDINGTON MINE, KNOXVILLE.

1

The specimem of copiapite consists of a soft mass composed of
microscopic scales and crystalline particles, the color of which is
sulphur-yellow. The optical properties' of the mineral species have
been described by . Bertrand!® and this specimen confirms his deserip-
tion in all important points.

The mineral is rhombiec, and the microscopic fragments are mainly
cleavage pieces from 0.04 to 0.2"™ in diameter. The cleavage is perfect
parallel to 0P, aud fairly good parallel tow P. The angles of the prism
are 78° and-102°. The plane of the optic axes is 0 P%. The second
median line is perpendicular to 0P. The double refraction is negative.
The pleochroisin is quite distinct, especially on 0P; a slightly greenish-
yellow, b nearly colorless, ¢ yellowish.

Analysis.
5 0 R R N 30.43
B0 e e e it e e e i met e aeeceaaceeaaaan. 39.97
F8203 .................................................. 26. 54
)Y N 0.46
MnO .ot i e ieeaiiieeceiiacceaacatcanananan 0.21
MO e it iciiiaeetceta et tamaa e 3. 06

Atomic ratio R ;: Rv: 87 : H,=1: 6 : 18 : 20, corresponding to the
formula

RO. 2R,0,. 6S0,. 20H,0.

COPIAPITE FROM SULPHUR BANK, LAKE COUNTY, CALIFORNIA.

In the surface mines of the quicksilver deposits at Sulphur Bank
bright red cinnabar is associated with the products of the decomposi-
tion of marcasite. Among these are ferrous sulphate, a white silky
sulphate of iron and alumina, and a yellow ferric sulphate. The latter
salt was studied in order to ascertain how closely it approached the

1 Groth’s Zeitschr. fiir Krystall. u. Min,, vol. vi, 1882, p. 296.
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copiapite from Knoxville in its characters. Under the microscope it
entirely resembled this mineral, and the description above given for
copiapite answers for this ferric sulphate. The following analysis was
made, in which the water above 100° C. was determined by difference :

) 5 P J N 29,575
S0 e eccn e ceeaeicccceaacect et tanaaeaacen s 38.820
7N Y 0 N remaaa 0.371
FegOs . cce i ieicaeceeccacccenaccascacccasccs canmesannn 26.792
FeO ceecnicaanaaan e eeeeecaeeeccecacmeaceesaccenecnca 3.217
MNO . i i iiiiiicacicccesomecma e aan trace
0¥ 0 PPN 0. 255
. 000 TP 0.156
ReSIANe. .o cce it iicmaeceenctcaccca et caaaes 0.754

100. 000

The atomic ratio is Rt : RV : S : Hy=1 : 10 : 30 : 334, corresponding
to the formula 3RO. 5R,0;. 1550 ; ; 50H,0.

Since all these sulphates, with the exception of redingtonite, were yet
damp when taken for analysis, the moisture whi¢ch was thus mechanic-
ally occluded by the salts can not be considered in the discussion of
their formulz. The atomic ratios calculated for the anhydrous salts on
the basis of 100 per cent. are tabulated as follows:

Purple sulphate, Redingtonite, anhydrous... Rii: Rvi: Svi=—0.44:0.98:4.77

Green sulphate, Knoxvillite, anhydrous..... Rii: Rvi: 8vi=0.40:1.61:3.77

Copiapite, anhydrous. ...ooc oo Rii: Rvi: §vi=0.24:1.42: 4.27

Yellow salt, Sulphur Bank, anhydrous...... Rii: R":81=0.16:1.47:4.18
Purple sulphate. | Green sulphate. Copiapite. Yellow sulphate.

Atomicratio...... 2:4:19 12:36:90 6:36:102 6:54:150
Formul® ......... 6RO . 4R203.1950; | 6RO . 6R40;. 15803 | 3RO. 6R;03. 17503 | 3RO . 9R,0; . 25505

It is evident that the yellow ferric sulphate is identical with the
copiapite from Knoxville, because the ratio of the atomicities of the
total base to SO, is practically the same; i. e., in copiapite, 21 : 17; in
the yellow salt, 20 : 16§. The purple salt scarcely belongs to this
scheme, because it proves to be a neutral sulphate according to its
properties as well as by the atomic ratio first given in the description
of the mineral species. Its rather compact state does not admit of the
occlusion of much moisture. The other sulphates are loose in texture,
and a fair comparison of their composition can be attained only through
the above scheme. These sulphates are then basic sulphates, and in the
anhydrous state are closely represented by the formule® in the above
table, ’
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STROMEYERITE FROM CALICO, SAN BERNARDINO COUNTY, CALI-
FORNIA.

On the lower levels of the Silver King Mine in Calico, a sulphide of
copper and silver was found, which by the following analysis proved to
be stromeyerite:

Ag..oo...... 53.964 which requires 8,018 8 as Ag,S
Ca.eaenannnns 28. 575 which requires 7. 223 S as Cu,S
Fe .......... 0. 264 _—
S T 15. 512 15, 241 theoretical S.
Residue ..... 1. 552
99. 867
Theory requires for AgeS . CusS... Ag= 53.084
Cu= 31.148
S = 15.768
100. 000

The residue was mostly barite with a very little quartz. Comparison
with the analyses of this mineral species which Dana! has tabulated,
shows that the specimen under examination differs greatly, in composi-
tion, from those from Arizona, while it more nearly approaches speci-
mens from localities in Siberia and Silesia. The analyses of stromey-
erite from Arizona show a variation in silver from 7.42 to 14.05 per cent;
in copper from 72.73 to 64.02 per cent.

The specific gravity of our specimen, 6.28, was found to be the same
as that given by Dana for the mineral species. The mineral is dark-
steel gray on fresh fracture, but tarnishes somewhat on exposure. It
is associated. with barite, malachite, and contains widely separated and
minute areas of a brown oxide of manganese.? Other minerals found
in the same mining region are as follows:

Cerargyrite (horn-silver) as brown coatings; embolite (chloro-bromide
of silver) greenish-yellow coatings, and ‘erystalline aggregates, combi-
nations of 0, o0 0, and w 0; chalcopyrite; chrysocolla, usually micro-
scopic; malachlte ceruss1te- pyroluS1te, barite, massive and ta,buld,r
crystals; calcite.

CHROMIFEROUS CHLORITE—KOTSCHUBEITE.?

The great serpentine belt crossing the North Fork of the American
River above Dutch Flat contains several deposits of chromite, some of
which are worked on a small scale. While examining the ore from one
of these occurrences—Green Valley, in the cafion of the American River,
below Towle’s on the Central Pacific Railroad—coatings of a micaceous

LA System of Mineralogy, by J. D. Dana, ed. of 1883, p. 54.

2 W. Lindgren: Trans. Am. Inst. Min. Engineers, Feb., 1887.

3This article and those following have already appeared in print, having been
published in the Proceedings of the California Academy of Sciences, Dec. 20, 1837,
under the title, ‘‘Contributions to tke Mineralogy of the Pacific Coast,” by Walde-
mar Lindgren, U. 8. Geol. Survey.
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mineral of a beautiful peach-blossom color, together with smaller pieces
of the same mineral, were found in the massive state. The substance
proved to be a chlorite, and is most closely allied to that variety of
clinochlore to which Kokscharow! gave the name kotschubeite. With a
magnifying glass the micaceous coatings are seen to be composed of
thin hexagonal tables from 0.2m™ diameter down to the smallest dimen-
sions, often roughly arranged in rosette form and in smaller fibrous
masses, the latter being mixed with minute grains of uwarowite and
chromite. The crystals cleave perfectly parallel to the hexagonal sec-
tion, and appear to consist of a basal plane and rhombohedrons, one of
which presents small striated faces. No accurate measurements could
be obtained by means of the goniometer, or the micrometer and micro-
meter screw,

Under the microscope the tables, when resting on their bases, are pale
purple and transparent, and between crossed nicols the crystals prove °
to be double-refracting and biaxial. The tables, apparently strictly
hexagonal, are twinned monoclinic erystals, the most regular forms
being usually divided into six sectors with a common apexin the center
and with their axes of elasticity in different position. The colors of
interference are low on the base, not exceeding the grays of the first
order; those of the fibrous aggregates are more vivid, more so in fact
than is usual with the chlorites.

In convergent light the plane of the optic axes is found in each
sector to be parallel to its base; angle of the optic axes quite large,
probably about 30°. Double refraction positive., The character of the
dispersion can not be well observed on account of the small size of the
crystals.

The acute bisectrix stands nearly normal to the base 0P, and the
extinction of the fibers is consequently quite small. Pleochroism
distinet: g and b purplish, ¢ (vibrating perpendicularly to 0P) yellowish
red. .

Streak of the mineral, white; luster of cleavage face, somewhat pearly.
H=2., G (massive variety)=2.69.

Before the blow-pipe the mineral becomes greenish white, and is
fusible on the edges with great difficulty. With fluxes strong chromium
reactions.

In the following analysis the sample was quite free from associated
chromite and uwarowite. In order to facilitate comparison two analyses
follow, one from Dana’s Mineralogy, an analysis of kiimmererite; the
other an analysis of kotschubeite by von Leuchtenberg.

1Bull, Acad., St. Petersburg, 1861, p. 369.
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Kimmererite, | Kotschubeite,
Texas, Pa. Ural.
Loss at 105¢ C. 0. 365 .
Loss above 105° C. 12.678 } 13.043 1820 12.63
Si0, 31.740 31. 31 32.67
Cr,0; 11.392 2.98 4.09
AlO; 6.741 12. 84 13.18
Fe,03 veveen 1 alll. 2.22
FeO 1.231 2,46 | ...
NiO 0.487 0.45 |  .....
Ca®) 0.183 6.8 | ...
MgO  35.178 35.02 35,65 :
99. 995 99.08 100. 44

The two forms of chlorite, penninite and clinochlore (ripidolite), have,
according to Rammelsberg, substantially the same composition, and
differ only in their crystallization, penninite being hexagonal, and
clinochlore, monoclinic. Both have varieties rich in chromium, that
corresponding to penninite being kiimmererite from the Urals and the
well-known locality, Texas, Pa. It has been proved to be uniaxial by
Des Cloizeaux ! and J. P. Cooke.? Various authors have also designated
it as rhodophyllite, chromchlorite, rhodochrom. The chromiferous
variety of clinochlore, kotschubeite, from the Urals, has been described
by Nicholas von Leuchtenberg,® but has not been noticed from any other
locality, and its occurrence in California is therefore not without interest.

Von Leuchtenberg arrives at the conclusion that kotschubeite is a
variety of clinochlore, but differs from it in the inclination of the acute
bisectrix to the normal of the base; while this value amounts to 120 to
16°in clinochlore, it has been measured to 1° to 2° in kotschubeite. The
same writer’s desecription applies equally to the California specimen as
to the optical characters, but the crystal form differs. The mineral
from the Ural had the form of hexagonal pyramids, and was apparently
composed of simple crystals, while that here described occursin thin
tables composed of three individuals, and twinned according to the
well known law of clinochlore, so as to appear as hexagonal crystals.
In the position of the optical axis the crystals most resemble those of
clinochlore from Texas, Pa., described by Cooke.

A further and notable difference from Kokscharow’s kotschubeite,
and, indeed, from any known chromiferous chlorite, is in the very high
percentage of Cr,0;; v. Leuchtenberg found 4.09 per cent, while the
highest amount of Or,O; in kiimmererite is 5.50 per cent. The aunalysis
of the California mineral shows more than twice that amount, viz:
11.392 per cent Cr,0;, replacing Al,O; but in othér respects it agrees
well with those of kilmmererite and kotschubeite above.

! Mineralogie, vol. 1.
2 Am. Jour. Sci., 2d series, vol. 44, p. 201.
3 Bull, Acad. Imp. Sei., St. Petersburg, vol. 13, 1869, p. 34,
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In the collection of the California State Mineralogical Museum there
is one specimen of chromite from a locality near Jackson, Amador
County, covered with a thin coat of massive, peach blossom colored
chlorite. Whether it is kilmmererite or kotschubeite is difficult to
decide.

UWAROWITE.

Together with the kotschubeite, mixed with it as small grains or
lining small fissures in chromite as almost microscopie crystals with
brilliant faces, there occurs a deep emerald-green garnet. Under the
microscope the crystals prove to be almost perfect dodecahedrons;
with fluxes, strong chromium reaction. H. above 6. Refraction very
strong. Between crossed nicols some grains are isotropic, but the
largest number are faintly double-refracting, some of these showing an
approximate division into sectors. Garnets, as well known, often pre-
sent abnormal phenomena of double refraction, and, according to Rosen-
busch,! nwarowite always shows these optical anomalies. Uwarowite
is known to occur on chromite from New Idria, California.

A green chromium mineral, also on chromite, from the vicinity of
Livermore, California, proved to be uwarowite in microcrystalline form,
and not trautwinite as supposed. ‘

Trautwinite? is associated with chromite from Monterey County. In
chemical composition it approaches uwarowite, but differs, according to
Goldsmith, in erystal form, since it is hexagonal ; it is, moreover, very
soft, while uwarowite has a hardness approaching 7.

SCORODITE.

At Steamboat Springs, Nevada, metalliferous veins oceur with arseno-
pyrite among other minerals in the 'metamorphic series. In cavities
and cracks of this mineral coatings of a leek-green scorodite are found,
which under the microscope often show perfect crystals with the usual
combination of pyramid and pinacoids {111}, {010}, {100}. Refraction
and double refraction very strong. This mineral has recently been
found by A. H. Chester at the Hornsilver Mine, Utah,® and as deposit
from arsenical thermal waters in the Yellowstone Park by Mr. A. Hague,*
of the U. S. Geological Survey.

1 Microskopische Physiographie der Mineralien, 2d ed., 1885, p. 269.
2E. Goldsmith : Proc. Acad. Sci., Phila., 1873, pp. 9, 348, 365.

3 Am. Jour. Sci., vol. 33, 1887, p. 290.

4Ibid., vol. 34, 1887, p. 171.



NOTE.

Since the foregoing was written, cinnabar crystals from the Avala
Mountains, Servia, have been described by A. Schmidt, in Foldtani
Kozlony, xvII, 551-655, 1887, and in Zeitschr. f. Kryst. Bd. X111, 433-449,
., 1888, and an extract from the paper appeared in Neues Jahrb. f. Mine-
ralogie, Bd. 1, 45, 1889. This admirable treatise contains an exhaustive
description of complex crystals, upon which trapezohedral planes were
observed, much like those on the crystals from New Idria. The Servian
material was much more perfect, with larger individual forms than ours,
thus admitting of angular measurements which we found impossible to
make. The dominant forms, viz, the basal plane and rhombohedrons,
are the same from the two localities, while among the trapezohedrons

only one which we observed, +r1rﬁ€_lﬁ, approximates one of Schmidt’s,

+r‘—"_5€1:_§. As a rule we found far more complex forms, and, as the table
on page 19 indicates, a slight dewviation of angle makes considerable dif-
ference in the symbol. The reentering angles and tectonic faces ap-
parently suggested many more trapezohedron planes than are recorded,
but with objectives of very high power these planes were proved to be
parallel to others whose symbols were established. In all about twelve
different trapezohedrons were fully identified. In general, then, the
habits of the cinnabar crystals from New Idria and Servia should be
considered identical.
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PLATE 1.




Fi16.

PLATE I.

Cinnabar crystal, analogue pole.

. Cinnabar crystal, antilogue pole.

. Cinnabar crystal.

. Cinnabar crystal with reentrant angle.
. Crystal with gas inclusions.

. Cinnabar crystal.
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PLATE II.
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PLATE II

Fi16. 7. Cinnabar crystal, analogue pole.
8. Cinnabar crystal with reentrant angle, antilogue pole.
9. Cinnabar crystals, with inclusion.
10. Cinnabar crystal, analogue pole.
11. Cinnabar crystal, antilogue pole.
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PLATE IIT.
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PLATE IIL

Fi1G. 12. Subindividual on tectonic face.
13. Illustration of derivation of tetartohedral forms.
14. Section lines of tetartohedral forms of crystals 1 and 2, Plato I, with basal

plane. . :
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