
Oxygen Salts 

2. SILICATES 

The Silicates are m part strictly anhydrous, in part hydrous, as the zeolites 
and the amorphous clays, etc. Furthermore, a large number of the silicates 
yield more or less water upon ignition, and in many cases it is known that they 
are, therefore, to be regarded as basic (or acid) silicates. The line, however, 
between the strictly anhydrous and hydrous silicates cannot be sharply drawn, 
since with many species which yield water upon ignition the part played by 
the elements forming the water is as yet uncertain. Furthermore, in the cases 
of several groups, the strict arrangement must be deviated from, since the 
relation of the species is best exhibited by introducing the related hydrous 
species immediately after the others. 

This chapter closes with a section including the Titanates, Silico-titanates, 
Titano-niobates, etc., which connect the Silicates with the Niobates and 
Tantalates. Some Titanates have already been included among the Oxides. 

Section A. Chiefly Anhydrous Silicates 
I. Disilicates, Polysilicates 

I . .  Metasilicates 
HI. Orthosilicates 
IV. Subsilicates 

The DISILICATEB, RSizOs, are salts of disilicic acid, H&3i206, and have an 
oxygen ratio of silicon to bases of 4 : 1, as seen when the formula is written 
after the ductlistic method, R0.2Si02. 

The POLYSILICATEB, %SiaOa, are salts of polysilicic acid, H4S&Oe, and 
have an oxygen ratio of 3 : 1, as seen in 2R0.3SiOz. 

The METASILICATES, RSi03, are salts of metasilicic acid, HsSiOa, and have 
an oxygen ratio of 2 : 1. They have hence been called bisilicates. 

The OBTHOSILICATE~, R&4i04, are'salts of orthosilicic acid, HISi04, and 
have an oxygen ratio of 1 : 1. They have hence been called unisilioates. The 
majority of the silicates fall into one of the last two groups. 
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Furthermore, there are a number of species characterized by an oxygen 
ratio of less than 1 : 1, e.g., 3 : 4, 2 : 3, etc. These basic species are grouped 
as SUBSILICATES. Their true position is often in doubt; in most cases they 
are probably to be regarded as basic salts belonging to one of the other groups. 

The above classification cannot, however, be carried through strictly, since 
there are many species which do not exactly conform to any one of the groups 
named, and often the true interpretation of the composition is doubtful. 
Furthermore, within the limits of a single group of species, connected closely 
in all essential characters, there may be a wide variation in the proportion of 
the acidic element. Thus the triclinic feldspars, placed among the polysili- 
cates, range from the true polysilicate, NaAlSi308, to the orthosilicate, 
CaA12Si208, with many intermediate compounds, regarded as isomorphous 
mixtures of these extremes. Similarly of the scapolite group, which, how- 
ever, is included among the orthosilicates, since the majority of the compounds 
observed approximate to that type. The micas form another example. 

I. Disilicates, RSizOs. Polysilicates, RzSi308 

PETALITE. 
Monoclinic. Crystals rare (castorite). Usually massive, foliated cleavable 

(petalite) . 
Cleavage : c (001) perfect ; o (201) easy ; z (905) difficult and imperfect. 

Fracture imperfectly conchoidal. Brittle. H. = 6-6.5. G. = 2.39-2.46. 
Luster vitreous, on c (001) pearly. Colorlees, white, gray, occasionally reddish 
or greenish white. Streak uncolored. Transparent to translucent. or = 
1.504. /3 = 1.510. y = 1.516. 

Comp. - LiA1(Si206)2 or Li20.A1203.8Si02 = Silica 78.4, alumina 16'7, 
lithia, 4.9 = 100. 

P p  etc. - Gently heated emits a blue phos horesoent light. B.B. fuses quietly a t  
4 an gves the reaction for lithia. With borax i t  forms a clear, colorless glass. Not acted 
on by acids. 

Obs. - Petalite occun a t  the iron mine of Uto, Sweden, with lepidolite, tourmaline, 
spodumene, and quartz; on Elba (caston'te). In the United States, a t  Bolton, Mass., with 
scapolite; a t  Peru, Me., with spodumene in albite. The name petalite is from TCTUXOV, a 
leaf, alluding to the cleavage. 

Milarite. HKC~ZAIZ(SIZO&)~. In hexagonal prisms. H. = 5'5-6. G. = 2'55-2'59. 
Colorless to pale green, glassy. From Val Giuf, Grisons, Switzerland. 

Eudidymite. HNaBeSilOs. Monoclinic. In white, glassy, twinned crystals, tabular in 
habit. H. = 6. G. = 2'553. Optically +. Indices, 1'545-1.551. Occurs very spar- 
ingly in elaeolite-syenite on the island Ovre-Aro, in the Langesundfiord, Norway; from Nar- 
sarsuk. Greenland. 

Epididymite. Same composition as eudidymite. Orthorhombic. Tabular 11 c (001). 
Cleavage, b(010) and c(001), perfect. H. = 5.5. G. = 3.55. Optically -. Indices, 
1.565-1.569. Narsarsuk, Greenland. 

RIVAITE. (Ca,N&)Si206 Monoclinic? In fibrous aggregates. H. = 5. G. = 2.55. 
Color, pale lavender to dark blue. Fibers show parallel extinction with positive elongation. 
Easily fus~ble. Insoluble in hydrochloric acid. Found in loose nodules on Vesuvius. 
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Feldspar Group 
a. Monoclinic Section 

a : b : c  
Orthoclase KA1Si308 

P ' 
0'6585 : 1 : 0'5554 116" 3' 

Soda-Orthoclase { (K,Na) A1Si308 
(Na, K) A1S&08 

Hyalophane (K2,Ba)A12Si4012 0'6584 : 1 : 0'5512 115" 35' 
Celsian BaA12Si208 0'657 : 1 : 0'554 115" 2' 

0. Triclinic Section 
Microcline KA1Si30s 

Soda-microcline (K,Na)A1Si308 
Anorthoclase (Na, K) A1Si308 

Albite-anorthite Series. Plagioclase Feldspa~s 
a : b : c  a L? 7 

Albite NaA1Si308 0'6335: 1 : 0.5577 94" 3' 116" 29' 88" 9' 
Oligoclase 0.6321 : 1 : 0'5524 93" 4' 116" 23' 90" 5' 

(7aNaA1si308) 0.6357: 1 : 0.5521 93" 23' 116" 29' 89: 59' m ~ a ~ l ~ ~ i ~ ~ ~  
Labra- 

dorite I 0.6377: 1 : 0.5547 93" 31' 116" 3' 89" 54i' 

Anorthite CaAlzSizOs 0'6347: 1 : 0'5501 93" 13' 115" 55' 91" 12' 

The general characters of the species belonging in the FELDSPAR GROUP 
are as follows: 

1, Crystallization in the monoclinic or triclinic systems, the crystals of the 
different species resembling each other closely in arigle, in general habit, and 
in methods of twinning. The prismatic angle in all cases differs but a few 
degrees from 60" and 120". 

2, Cleavage in two similar directions parallel to the base c (001) and clino- 
pinacoid (or brachypinacoid) b (010), inclined a t  an angle of 90" or nearly 90". 
3, Hardness between 6 and 6.5. 4, XpeciJic Gravity varying between 2'5 and 
2'9, and mostly between 2-55 and 2.75. 5, Color white or pale shades of 
yellow, red or green, less commonly dark. 6, In composition silicates of alu- 
minium with either potassium, sodium, or calcium, and rarely barium, while 
magnesium and iron are al'ways absent. Furthermore, besides the several 
distinct ~pecies there are many intermediate compounds having a certain 
independence of character and yet connected with each other by imensihle 
gradations; all the members of the series showing a close relationship not only 
in composition but also in crystalline form and optical characters. 

The species of the Feldspar Group are classified, first as regards form, and 
second with reference to composition. The monoclinic species include (see 
above) : ORTHOCLASE, potassium feldspar, and SODA-ORTHOCLASE, potassium- 
sodium feldspar; also HYALOPHANE and CELSIAN, barium feldspars. 

The triclinic species include: MICROCLINE and ANORTHOCLASE, potassium- 
sodium feldspars; ALBITE, sodium feldspar; ANORTHITE, calcium feldspar. 

Also intermediate between albite and anorthite the isomorphous sub- 
species, sodium-calcium or calcium-sodium feldspars : OLIGOCLASE, ANDESLNE, 
LABRADORITE. 
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a. Monoclinic Section 
ORTHOCLASE. 
Monoclinic. Axes a : b : c = 0.6585 : 1 : 0.5554; 8 = 63' 57'. 

767 768 769 770 

mm"', 110 A 110 = 61" 13'. en, 001 A 021 = 44" 56)'. 
ZZ', 130 A 130 = 58" 48'. nn', 021 A 021 = 89" 53'. 
ex, 001 A 101 = 50" 16t1. m, 001 A 110 = 67" 47'. 
cy, 001 A 201 = 80" 18'. W, 001 A ill = 55" 143'. 

Twins: tw. pl. (1) a (100), or tw. axis c, the common Carlsbad twins, 
either of irregular penetration (Fig. 772) or contact type; the latter usually 
with b (010) as composition-face, often then (Fig. 773) with c (001) and 
x (i01) nearly in a plane, but. to be distinguished by luster, cleavage, etc. 
(2) n (021), the Baveno twins forming nearly square prisms (Fig. 774), since 
cn = 44" 563', and hence cc_ = 89" 53'; often repeated aa fourlings (Fig. 447, 
p. 171), also in square prisms, elongated ( 1  a axis. (3) c (OOl), the Manebach 

771 n a  773 774 776 

twins (Fig. 775), usually contact-t.wins with c as comp.-face. Also other rarer 
laws. 

Crystals often prismaiic 1 )  c axis; sometimes orthorhombic in aspect (Fig. 
770) since c (001) and x (101) are inclined at  nearly equal angles to the vertical 
axis ; also elongated 1 1  a axis (Fig. 771) with b (010) and c (001) nearly equally 
developed; also thin tabular ) /  b (010) : rarely tabular 1 I a (loo), a face not 
often observed. Often massive, coarsely cleavable to granular; sometimes 
lamellar. Also compact crypto-crystalline, and flint-like or jasper-like. 

Cleavage: c (001) perfect; b (010) somewhat less so; prismatic m (110) 
imperfect, but usually more distinct parallel to one prismatic face than to the 
other. Parting sometimes distinct parallel to a (loo), also to a hemi-ortho- 
dome, inclined a few degrees to the orthopinacoid; this may produce a satin- 
like luster or schiller (p. 251), the latter also often present when the parting 
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is not distind. Fracture conchoidal to uneven. Brittle. H. = 6. G. = 
2'57. Luster vitreous; on c (001) often pearly. Colorless, white, pale yellow 
and flesh-red common, gray; rarely green. Streak uncolored. 

Optically negative in all cases (Fig. 776). Ax. pl. usually I b (OlO), 
sometimes I / b, also changing from the former to the latter on increase of tem- 
perature (see p. 297). For udulariu Bx,., A c axis = - 69" ll', Bx,.~] A 

c axis = -69" 37'. Hence Bx, and the.extinction- 
776 direction (Fig. 776) inclined a few degrees only 

to (I axis, or the edge 6 / c ;  t,hus +3" to +7" 
usually, or up to +lo0 or +12O in varieties rich 
i11 Na20. Dispersion p > zl; also horizontal, 
strongly marked, or inclined, according to position 
of ax. pl. Axial angles variable. Birefringence 
low, y - a = 0.007 - 0.005. For adularia 

cxy = 1.5190, fly = 1'5237, yr = 1'5260. 
:. 2Vy = 69" 43', 2Ey = 121" 6'. 

Comp. - A silicate of aluminium and potas- 
sium, KA1Si3O8 or K20.AI203.6Si02 = Silica 
64.7, alumina 18.4, potash 16.9 = 100. Sodium 

is often also present, replacing part of the potassium, and sometimes exceeds it 
in. amount; these varieties are embraced under the name soda-orthoclase 
(the name barbierite has been proposed for t,his material whose existence, as a 
distinct though rare mineral, seems to have been proven). 

Var. - The prominent varieties depend upon crystalline habit and method of occur- 
rence more than upon difference of composition. 

1. Adularia. The pure or nearly pur.e potassium silicate. Usually in crystals like 
Fig. 770 in habit; often with vicinal planes; Baveno twins common. G. = 2.565. h a m -  
parent or nearly so. Often with a pearly opalescent reflection or schiller or a delicate play 
of colors; some moonstone is here included, but the remainder belongs to albite or other of 
the triclinic feldspars. The original adularia (Adular) 1s from the St. Gothard region in 
Switzerland. Valencianite, from the silver mine of Valencia, Mexico, is adularia. 

2. Sanidine or glassy feldspar. Occurs in crystals, often transparent and gl&y, 
embedded in rhyolite, trachyte (as of the Siebengebirge, Germany), phonolite, etc. Habit 
often tabular 11 b (010) (hence named from uauis, a tablet, or board); also in square prisms 
(b, c); Carlabad twins common. Most varietia contain sohum ar, a prominent constituent, 
and hence belong to the soda-orthoclase. Natronsanidine 1s a sanidine-like soda-ortho- 
clase from a soda liparite from Mitrowitza, Servia. 

Rhyacolite. Occurs in glassy crystals at Monte Somma, Vesuvius; named from puat,  
stream (lava stream). 

3. Isothse is said to be a variety having a different optical orientation than normal 
orthoclase. 

4.  ordinary. In c stals, Carlsbad and other twins common; also massive or cleavable, 
varying in color from wzite to ale yellow, red or green, translucent; sometimes aventunne. 
Here belongs the common f e ld  ar of granitoid rocks or granite veins. Usually contains a 
greater or less percentage of & (sodmrthoclase). Compact cryptocrystalline orthoclase 
makes up the m w  of much felsite, but to a greater or less de ee admixed with uartz; of 
various colors, from white and brown to deep red. Much orwhat has been ca&d ortho- 
clase, or common potash feldspar, has proved to belong to the related tricbmc species, 
microcline. Cf. p. 461 on the relations of the two species. Chesterllte and Amazon stone 
are microcline; also most aventurine orthoclase. Lozoclase contains sodium in considerable 
amount (7.6 N d ) ;  from Hammond, St. Lawrence Co., N. Y. Murchisonite is a flesh- 
red fd& ar similar to  perthite (p. 460), with gold-yeUow reflections in a direction I b (010) 
and naryy par++ to 701 or 801 ( p  457) ; from Dawll~h and Exet~r ,  E land: 

Tbe apherdtlaa noted m some volcan~c rocks, as In the d ohts of%b81dlan Cliff in the 
Yellm~tone Perk, are believed to consist essentially of ortEoclase needles with quartz. 
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These are shown in Figs.,777 and 778 (from Iddings; much magnified) as they appear in 
polarized light (crossed nlcols) . 

Pyx., etc. - B.B..fuses a t  5; varieties containing much soda are more fusible. Loxo- 
clase fuses a t  4. Not acted upon by acids. Mixed with powdered gypsum and heated 
B. B. gives violet potassium flame visible through blue glass. 

DitF. - Characterized by its crystalline form and the two cleavages at  right angles to 
each other; harder than barite and calcite; not attacked by acids; difficultly fusible. Mas- 
sive corundum is much harder and has a higher specific 

Micro. - Distinguished in rock sections by its low reg;zi% (low relief) and lowsnter- 
ference-colors, which last scarcely rise to white of the first order -hence lower than those 
of quartz; also by its biaxial character in convergent light and by the distinct cleavages. 
I t  is colorless in ordinary light and may be limpid, but is frequently turbid and brownish 
from the presence of very minute scales of kaolin due to alteration from weathering; this 
change is especially common in the older granular rocks, as granite and gneiss. 

Artif. - Orthoclase has not been produced artificially by the methods of dry fusion. 
I t  can, however, be crystallized from a dry melt when certaln other substances, like tungstic 
acid, alkaline phosphates, etc., are added. The function of these additions in the reactions 
is not clear. Orthoclase is more easily formed by hydrochemical methods. I t  has been 
produced by heating gelatinous silica, alumina, caust~c potash and water in a sealed tube. 
Orthoclase has also been formed by heating potasslum sillcate and water together with - .  
muscovite. 

Obs. - Orthoclase in its several varieties belongs especiall to the crystalline rocks, 
occurring as an essential constituent of granite, gneiss, syenite, d o  porphyry, further (var., 
sanidine) trachyte, phonolite, etc. In the massive granitoid rocks it is seldom in distinct, 
well-formed, separable crystals, except in veins and cavities; such crystals are more com- 
mon, however, in volcanic rocks like trachyte. 

Adularia occurs in the crystalline rocks of the central and'eastern Alps, associated with 
smoky quartz and albite, also titanite, ~pa t i t e ,  etc: the crystals are often coated with 
chlorite; also on Elba. Fine crystals of orthoclase, often twins, are obtained from Baveno, 
La o Maggiore, Italy; the Fleimstal, Tyrol, Austria, a red variety; Bodenmais, Carlsbad, 
an! Elbogen in Bohemia; Striegau, etc., in Silesia. Also Arendal in Norway, and near 
Shaitansk in the Ural Mts.; Land's End and St. Agnes in Cornwall; the Mourne Mta., 
Ireland, with beryl and topaz. From Tamagama Yama, Japan, with topaz and smoky 
quartz. Moonstone is brought from Ceylon. Crystals of gem quality from Itrongahy, 
Madagascar. Valacianite from Guanajuato, Mexico. Crystals from EganviUe, Ontario. 

In the United States, orthoclase is common in the crystalline rocks of New England, also 
of States south, further Colorado, California, etc. Thus at  the Paris tourmaline locality, 
Me. In N. H., a t  Acworth. In Mass., a t  South Royalston and Barre. In Conn., a t  
Haddam and Middletown, in large coarse crystals. In N. Y., in St. Lawrepce Co., a t  
Rossle; a t  Hammond (lozoclase); in Lewis Co., in white limestone near Natural Bridge; a t  
Amity and Edenville. In Pa., in crystals a t  Leipervdle, Mineral Hill, Delaware Co.; sun- 
atone in Kennett Townshi . In N. C. a t  Washington Mine, Davidson Co. In Col., a t  the 
summit of Mt. Antero, &sffee Co., 'in fine crystals, often twins; a t  Gunnison; Black 
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Hawk; Kokomo, Summit Co., %binson, also a t  other points. Also similarly in Nev. and 
Cal. Large twin cryatals from Barringer Hill, Llano Co., Tcnas. 

Alter. - Orthoclase is frequently altered, especially through the action of carbonated or 
alkaline watcrs; the final result is often the removal of the poknsh and the formation of 
kaolin. Steatite, talc, chlorite, leucite, mica, laumontite, occur as pseudomorphs after 
orthoclase; and cassiterite and calcite often replace these feldspars by some prociw of solu- 
tion and substitution. 

Use. - In the manufacture of porcelain, both in the body of the ware and in the glaze 
on its surface. 

PERTHITE. AS first described, a flesh-red aventurine feldspar from Perth, Onta.rio, 
Canada, called a soda-orthoclase, but shown by Gerhard to consist of.interlaminated ortho- 
clase ant1 albite. Many similar occurrences have since bccn noted, as also those in which 
microcline and albite are similarly interlamina.ted, the latter called microcline-perth.ik, or 
microcline-albite-perthite; this is true in part of the original perthite. When the structure 
is discernible only with the help of the microscope it  is called microperlhile. Briiggcr has 
investigated not only the microperthites of Norway, but also other feldspars characterized 
by a marked schillsr; he assumes the existence of an extremely fine interlamination of albite 
and orthoclase ) /  801, not discernible by the microscope (cryptopcrthite), and connected 
with secondary planes of parting 1) 100 or ; 801, which is probably to be explained as due to 
incipient alteration. 

Hyalophane. (KZrBa)A12(Si03)1 or K z O . B ~ O . ~ M ~ O ~ . S S ~ O ~ .  Silica 51.6, alumina 21'9, 
baryta 16,4 potash 10.1 = 100. In crystals, like adula.ria in habit (Fig. 770, p. 457); also 
masswe. kleavage: c (001) perfect; b (010) somewhat less so. H. =.&6.5. G. = 2.80.5. 
Optically -. CY = 1,542. P = 1'545. 7 = 1'547. Occurs in a granular dolomite in the 
Binnental, Switzerland; also a t  the manganese mine of Jaltobsberg, Sweden. Some other 
feldspars containing 7 to 15 p. c. BaO have been described. 

Celsian. Ba&Si208, similar in composition to anorthite, but containing barium in- 
stead of calcium. Monoclinic. In  crystals showing a number of forms; twinned according 
to Carlsbad, Manebach and Baveno laws. Usualky cleavable massive. H. = 6-6.5. 
G. = 3.37. Extinction on b (010) = 28" 3'. Colorless. Optically + . CY = 1.584. 13 = 
1.589. y = 1.594. From Jakobsberg, Sweden. Name baryla-orlhoclase given to mixtures 
of cclsian and orthoclase. Paracelsian from Candoglia, Piedmont, Italy, is the same spccies. 

6 Triclinic Section 

MICROCLINE. 

Triclinic. Near orthoclase in angles and habit, but the angle bc (010 A 

779 
001) = about 89" 30'. Twins: like 
orthoclase, also polysynthetic twinning 
according to the albite and pericline laws 
(p. 464), common, producing two series of 
fine lamellz nearly a t  right angles to each 
other, hence the characteristic grating- 
structure of a basal section in polarized 
light (Fig. 779). Also massive cleavable 
to granular compact. 

Cleavage : c (00:) perfect ; b (010) some- 
what less so; M (110) sometimes distinct; 
m (110) also sometimes distinct, but less 

easy. Fracture uneven. Brittle. H. = 6-6'5. G. = 2'54-2.57. Luster 
vitreous, on c (001) sometimes pearly. Color white to pale cream-yellow, 
also red, green. .Transparent to translucent. Optically -. Ax. pl. nearly 
perpendicular (82'433") to b (010). Bxo inclined 15" 26' to  a normal to b 
(010). Dispersion p < v about Bxo. Extinction-angle on c (OOl), +15" 
30'; on b (.010), +5" to 6" (Fig. 784, p. 462). Optically -. a = 1.522. 
0 = 1.526. 7 = 1.530: 2 V = 83". 
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The essential identity of orthoclase and microcline has been ur ed by Mallard and B Michel-LBvy on the ground that the properties of the former would be ong to an aggregate 
of submicroscopic twinning lamellae of the latter, according to the albite and pericline laws. 

Comp. - Like orthoclase, KA1Si308 or K20.A1203.6Si02 = Silica 64.7, 
alumina 18.4, potash 16.9 = 100. Sodium is usually present in small amount i 
mmetimes prominent, as in soda-microcline. 

Pyr. - As for orthoclase. 
Diff. -Resembles orthoclase but distinguished by optical characters (e.g., the gratin 

structure in polarized light, Fig. 779); also often shows fine twinning-striations on a b a d  
surface (albite law). 

Micro. - In thin sections like orthoclase but usually to be distinguished by the grating- 
like structure in polarized light due to triclinic twinning. 

Obs. - Occurs under the same conditions as much common orthoclase. The beautiful 
amazonstone from the Ural Mts., also that occurring in fine groups of large crystals of deep 
color in the granite of Pike's Peak, Col., is microcline. Crystals from Ivigtut, Greenland. 
From Antsongombato and Antoboko (amazonstone), Madagascar. Chesterlite from Poor- 
house quarry, Chester Co., Pa., and the aventurine feldspar of Mineral Hill, Pa., belong here. 
A pure variety occurs a t  Magnet Cove, Ark. Ordinary microcline is common at  many points. 

Use. - Same as for orthoclase; sometimes as an ornamental material (amazonstone). 
Anorthoclase. Soda-mjcro~line. A triclinic feldspar with a cleavage-angle, be, 010'A 001, 

varying but little from 90 . Form like that of the ordinary feldspars. Twinning as 
with orthoclase; also polysynthetic according to the albite and pericline laws; but in many 
cases the twinning laminae very narrow and hence not distinct. Rhombic section (see p. 
462) inclined on b (010) 4" to 6" to edge b/c. G. = 2.57-2.60. Cleavage, hardness, luster, 
and color as with other members of the group. Optically -. Extinction-angle on c (001) 
+5" 45' to + 2'; on b (010) 6" to 9.8'. Bx, nearly I y (ZOlj. Dispersion p > v ;  hor- 
izontal distinct. a = 1'523. fl = 1.529. 7 = 1'531. Axial angle variable with tem- 
perature, becoming in part monoclinic in optical symmetry between 86" and 264" C., but 
again triclinic on cooling; this is true of those containing little calcium. 

Chiefly a soda-potash, feldspar NaAlSiaOa and KAISi308, the sodium silicate usually in 
larger proportion (2 : 1, 3 : 1, etc.), as if consisting of albite and orthoclase molecules. Cal- 
cium (CaAl2Si208) is also present in relatively very small amount. 

These triclinic soda-potash feldspars are chiefly known from the andesitic lavas of 
Pantelleria. Most of these feldspars come from a rock, called pantellerite. Also prominent 
from the augite-syenite of southern Norway and from the "Rhomben-porphyr" near Chris- 
tiania. Here is referred also a feldspar in crystals, tabular I c (OOl), and twinned according 
to the Manebach and less often Baveno laws occurring in t b e lithophyses of the rhyolite of 
Obsidian ClitT, Yellowstone Park. I t  shows the blue opalescence in a direction parallel 
with a steep orthodome (cf. p. 457). 

Albite-Anorthite Series. Plagioclase Feldspars * 
Between the isomorphous species 

ALBITE NaA1Si30s Ab 
ANORTHITE CaAl2SizOs An 

there are a number of intermediate subspecies, regarded, as urged by Tscher- 
mak, as isomorphous mixtures of these molecules, and defined according to the 
ratio in which they enter; their composition is expressed in general by the 
formula A b A , .  They are: 

OLIGOCLASE AbsAnl to Ab3Anl 
ANDESINE Ab3Anl to AblAnl 
LABRADORITE AblAnl to A b l h  

and Bytownite A b l h  to AblAn, 
From albite through the successive intermediate compounds to inorthite 

with the progressive change in composition (also specific gravity, meltina - 
* The triclinic feldspars of this series, in which the two cleavages b (010) and c (001) are 

oblique to each other, are often called in general plagioclase (from ~X&~cor, oblique). 
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points, etc.), there is also a corresponding change in crystallographic form, and 
in certain fundamental optical properties. 

Crystalline Form. The axial ratios and angles given on p. 456 show that 

Plagioclase with twinning lamellae. Fig. 780 section 11 c transition appears still 
(001). showing vibration4irections (cf. Fig. 784), ordm- in the ' 

ary 11~ht;  Fig. 781 section in polarized light. vosition of the "rhombic - - - 
section," by which the 

twins according to the pericline law are united as explained below. 
Twinning. The plagioclase feldspars are often twinned in accordance 

with the Carlsbad, Baveno, and Manebach laws common with orthoclase 
(p. 457). Twinning is also almost universal according to the albite law 
- twinning plane the brachypinacoid ; this is usually polysynthetic, i.e., 
repeated in the form of thin larnellz, giving rise to fine striations on the basal 
cleavage surface (Figs. 780, 781). Twinning is also common according to the 
pericline law - twinning axis the macrodiagonal axis b; when polysynthetic 
this gives another series of fine striations seen on the brachypinacoid. 

The composition-plane in this pericline twinning is a plane passing through the crystal in 
such a direction that its intersections with the prismatic faces and the brachypinacoid make 
equal plane angles with each other. The position of this rhombic section and the consequent 
direction of the striations on the brachypinacoid change rapidly with a small variation in 
the angle 7.  In general it may be said to be approximately parallel to the base, but in 
albite it  is inclined backward (+, Figs. 782 and 784) and in anorthite to the front (- Fig. 
783); for the intermediate species its position varies progressively with the composition. 

782 783 784 

Fig. 782, Rhombic section in albite. 783, Same in anorthite. 784, Typical form showing + and - extinction-directions on c (001) and b (010). 

Thus for the angle between the trace of this lane on the brachypinacoid and the edge 
b/c,  r e  hare for Albite +2!?F to +20°; for 01 ?claae +Q0 to +3(0; for Andeaine +lo 
to -2'; for Labradorite -9' to -10"; for Anortf1te -15' to -17'. 
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If the composition- lane is a t  right angles or nearly so to the basal lane, as happens in 
the case of microcline, %e polys nthet~c lamelle then show pmmlnent$ in a basal afctio?, 
together .with thoae due to the a ib te  tw~nning. Hence the gratlng strvctum chanrctenstlc 
of microhe. 1. 786 

Optical Characters. There 
is also a progressive change 
in the position of the ether- 

\ =, 
axes and the optic axial 3 
p l a n e  i n  p a s s i n g  f r o m  
albite to anorthite. This 
is most simply exhibited by 
the position of the planes 
of light-vibration, as observed 
in sections parallel to the 
two cleavages, basal c and 
brachy-pinacoidal b, in other 
words the extinction-angle 1 
formed on each face with the 
edge b/c (cf. Fig. 784). 

The approximate position 
of the ether-axes for the 
different feldspars is shown 
in Fig. 785 (after Iddings). 
The axis Z does not vary wry Projection of the optical directions X, Y and Z upon 
much from the zone bc, b (010). 1, Albite; 2 Oligoclase; 3 Andame; 
010 001, but the axis X 41 h b r d o r i t e ;  51 brtbk- (After Id&@-) 

varies widely, and hence the axial plane has an entirely different position 
in albite from what it has in anorthite. Furthermore albite is optically pos- 

786 
Albib OHg. dndeshe Labrdorife Byt. . dnodita 

Ab 100 90 80 70 60 50 ' 40 30 20 10 0 
A n 0  10 20 30 40 50 60 5'0 80 90 1100 

Extinction Angles on (001) and (010) in the Lime-soda feldspars. (After Iddings.) 
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Optically +. Extinction-angle with edge b/c  = +4" 30' to 2' on c, 
and = +20° to 15' on b (Fig. 782). Dispersion for Bx,, p < v ;  also in- 
clined, horizontal; for Bx,, ' 
p > v ;  inclined, crossed. 
a=1.531. P=le534. y =  
1'540. 2 Y = 77". Bire- 
fringence weak, y - a = 
0.009. 

Comp. - A silicate of 
aluminium and sodium, Pericline 
NaAlSioOS or Na20.A120s. 
6Si02 = Silica 68.7, alumina 19.5, soda 11.8 =100. Calcium is usually 
present in small amount, as anorthite (CaAlzSi2Os), and as this in- 
creases it graduates through oligoclase-albite to oligoclase (cf. p. 466). Potas- 
sium may also be present, and it is then connected with anorthoclase and 
microcline. 

Var. - Ordinary. In crystals and massive. The crystals often tabular I b (010). The d massive forms are usually nearly pure white and often show wavy or curve lamnre. Pet- 
isterite is a whitish adularia-like albite, slightly iridescent, named from ?r5pro~epoi, pigeon. 
Aventurine and moonstone varieties also occur. Pericline from the chlorltlc schists of the 
Alps is in rather large opaque white crystals, with characteristic elongation in the direction 
of the b axis, as shown in Figs. 791 and 792, and commonly twinned with this as the twinning 
axis (pericline law). 

Pyr., etc. - B.B. fuses at  4 to a colorless or white glass, imparting an intense yellow to 
the flame. Not acted upon by acids. 
DB. - Resembles barite in some forms, but is harder and of lower specsc gravity; 

does not effervesce with acid (like calcite). Distinguished optically and by the c o v o n  
twinning striations on c (001) from orthoclase; from the other trichmc feldspars partially 
by specific gravity and better by optical means (see p. 463). 

Artif. - Albite acts, in regard to its artificial formation, like orthoclase, which see. 
Obs. - Albite is a constituent of many igneous rocks, especially those of alkaline type, 

as granite, elreolite-syenite, diorite, etc.; also in the corresponding feldspathic lavas. In 
perlhite (p. 460) it is interlaminated with orthoclase or microcline, and similar aggre a 
tions, often on a microscopic scale, are common in many rocks. Albite is common 9; 
in gneiss, and sometimes in the crystalline schists. Veins of albitic granite are often 
repositones of the rarer minerals and of h e  crystallizations of gems, including beryl, tour- 
maline, allanite, columbite, etc. I t  is found in disseminated crystals in granular limestone. 

Some of the most prominent European localities are in cavities and veins in the granite 
or granitoid rocks of the Swiss and Austrian Alps, associated with adularia, smok quartz, 
chlorite, titanite, apatite, and many rarer species: it is often implanted in paralleyposition 
upon the orthoclase. Thus in the Alps the St. Gothard region. Roc Tourn6 near Modane, 
Savoie; on Mt. Skopi (pericline); Tavetschtal; in Austria a t  Schmirn and Greiner, Tyrol; 
also Pfitsch, Rauris, the Zillertal, Krimml, Schneeberg in Passeir, Tyrol, in slrn le crystals. 
Also in Dauphin6, France, in similar association; Elba. Also Hirschberg in ~8es ia ;  Penig 
in Saxony; with topaz a t  Mursinka in the Ural Mts. and near Miask in the Ilmen Mts.; 
Cornwall, England; Mourne Mts. in Ireland. Fine crystals from Greenland. 

In the United States, in Me., a t  Paris, with red and blue tourmalines, also at  Topsham. 
In Mass., a t  Chesterfield, in lamellar masses (cleavelandite), slightly bluish, also fine granu- 
lar. In N. H., a t  Acworth and Alstead. In Conn., at Haddam; at  the Middletown feld- 
spar quarries, a t  Branchville, in fine crystals and massive. In N. Y., a t  Moriah, Essex 
Co., o a greenish color; a t  Diana, Lewis Co., and Macomb, St. Laurence Co. I n  Pa., a t  
Unionville, Chester Co. In Va., a t  the mica mines near Amelia Court-House in splendid 
crystallizations. In  Col., in the Pike's Peak region with smoky quartz and amazonstone. 

The name albite is derived from albus, white, in allusion to its common color. 
Use. - Same as orthoclase but not so commonly employed; some varieties which 

show an opalescent play of colors when polished form the ornamental material known as 
moonstone. 
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Oligoclase. 

Triclinic. Axes, see p. 456. bc, 010 A 001 = 86" 32'. Twins observed 
according to the Carlsbad, albite, and pericline laws. Crystals not common. 
Usually massive, cleavable to compact. 

Cleavage: c (001) perfect; b (010) somewhat l e s  so. Fracture conchoidal 
to uneven. Brittle. H. = 6-6.5. G. = 2-65-2.67. Luster vitreous to some- 
what pearly or waxy. Color usually whitish, with a faint tinge of grayish 
green, grayish white, reddish white, greenish, reddish; sometimes aventurine. 
Transparent, subtranslucent. Optical characters, see p. 463. 

Comp. - Intermediate between albite and anorthite and corresponding 
to Ab6Anl to Ab2hnl, but chiefly to AbaAnl, p. 461. 

Var. - 1. Ordinary. In crystals or more commonly massive, cleavable. The varieties 
containing soda up to 10 p. c. are called oligoclase-albzte. 2. Aventurzne oligoche, or sun- 
stone, is of a grayish white to reddish gray color, usually the latter, with internal yellowish 
or reddish fire-like reflections proceeding from disseminated crystals of probably either 
hematite or gothite. 

Pyr., etc. - B.B. fuses a t  3.5 to a clear or enamel-like glass. Not materially acted 
upon by acids. 
DB. - See orthoclam (p. 459) and albite (p. 465); also pp. 456, 463. 
Obs. -Occurs in porphyry, granite, syenlte, and also m different effusive rocks, M 

andesite. I t  is sometimes associated with orthoclase in granite or other granite-like rock. 
Among its localities are Danviks-Zoll near Stockholm, Sweden; Pargas in Finland; Shai- 
tansk, Ural Mts.; in syenite of the Vosges Mts., France; at Albula in Grisons, Switzerland; 
Marienbad, Bohemia; in France a t  Chalnnches in Allemont, and Bourgd'Oisar+s, DauphinB; 
as sunstone at Tvedestrand, Norway; a t  Hittero, Norway; Lake Baikal, S~berla. 

In the United States, a t  Fine and Macomb, St. Lawrence Co., N. Y., in good crystals; 
a t  Danbury, Conn., with orthoclase and danburlte; Haddam, Conn.; at $he emery mine, 
Chester, Mass., granular; a t  Unionville, Pa., with euphyllite and corundum winera1 Hill, 
Delaware Co., Pa.; a t  Bakersville, N. C., in clear glassy masses, showing cieavage but no 
twinning. Named in 1826 by Breithaupt from A X ~ r o s ,  little, and KA&ULS, fracture. 

Andesine. 

Triclinic. Axes, see p. 456. bc, 010 A 001 = 86" 14'. Twina as with 
albite. Crystals rare. Usually massive, cleavable or granular, 

Cleavage: c (001) perfect; b (010) less so; also M (110) sometimes 
observed. H. = 5-6. G. = 2.68-2-69. Color white, gray, greenish, yellow- 
ish, flesh-red. Luster subvitreous to pearly. Optical characters, see p. 463. 

Comp. - Intermediate between albite and anorthite, corresponding to 
Ab : An in the ratio of 3 : 2,4 : 3 to 1 : 1, see p. 461. 

Pyr., etc. - Fuses in thin splinters before the blowpi Imperfectly soluble in acids. 
Obs. -Observed in many granular and volcanic rocE; thus occurs in the Andes, a t  

Marmato, Colombia, as an ingredient of the rock called andesite; in the porphyry of 
I'Esterel, Dept. du Var, France; in the syenite of Alsace in the Vosges Mts.; a t  Vapnefiord, 
Iceland; Bodenmais, Bavaria; Frankenstein, Silesia. Sanford, Me., with vesuvianite. 
Common in the igneous rocks of the Rocky Mts. Crystals from Sardinia and Greenland. 

Labradorite. Labrador Feldspar. 

Triclinic. Axes, see p. 456. Cleavage angle bc 010 A 001 = 86" 4'. 
Forms and twinning similar to the other plagioc!ase species. Crystals often 
very thin tabular / ( b (010); and rhombic in outline bounded by y or a (Fig. 
455, p. 172). Also masaive, cleavable or granular; sometime8 cryptocrystal- 
line or hornstone-like. 

Cleavage: c (001) perfect; b (010) less so; M (110) sometimes distinct. 
H. = 5-6. G. = 2.70-2.72. Luster on c pearly, passing into vitreous; else- 
where vitreous or subresinous. Color gray, brown, or greenish; sometimes 
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colorless and glassy; rarely porcelain-white; usually a beautiful change-of 
colors in cleavable varieties, especially I  ( b (010). Streak uncolored. Trans- 
lucent to subtranslucent. Optical characters, see p. 463. 

Play of colors a common character, but sometimes wanting as in some colorless crys- 
tals. Blue and green are the predominant colors; but yellow, fire-red, and pearl-gray also 
occur. Vogelsang regards the common blue color of labradorite as an interference-phenom- 
enon due to its lamellar structure, while the golden or reddish schiller, with the other colors, 
is due to the presence of black acicular microlites and yellow~sh red microscopic lamelk, or 
to the combined effect of these with the blue reflections. Schrauf has examined the inclu- 
sions, their position, etc., and given the names mimoplakite and mimophyllite to two groups 
of them. (See references on p. 181.) 

Comp. - Intermediate between albite and anorthite and corresponding 
chiefly to Ab : An in a ratio of from 1 : 1 to 1 : 3, p. 461. 

The feldspars which lie between labradorite proper and anorthite have been embraced 
by Tschermak under the name bytoumite. The original bytownite of Thomon was a 
greenish white feldspathic mineral found in a boulder near Bytown (now Ottawa) in Ontrt- 
rio, Canada. 

Pyr., etc. - B.B. fuses at  3 to a colorless glass. Decomposed with difficulty by hydro- 
chlor~c acid, generally leaving a rtion of undecomposed mineral. 

Diff. - The beautiful play oEolors is a common but not universal character. Other- 
wise distinguished as are the other feldspars (pp. 459, 465). 

Obs. - Labradorite is an essential constituent of various igneous rocks, especiall of 
the basic kinds, and usually associated with some member of the pyroxene or am higole 
groups. Thus with hypersthene in norite, with diallage in gabbro, with some fPorm of 
pyroxene in diabase, basalt, dolerite, also andesite, tephrite, etc. Labradorite also occurs 
in other kinds of lava, and is sometimes found in them in glassy crystals, as in those of Etna, 
Vesuvius, a t  Kilauea, Hawaiian Islands. 

The labradoritic massive rocks are most common among the formations of the Archaean 
era. Such are part of those of British America, northern New York, Pennsylvania, Arkan- 
sas; those of Greenland, Norway, Finland, Sweden, and probably of the Vosges Mts. 

On the coast of Labrador, labradorite is associated with hornblende, hypersthene, and 
magnetite. I t  is met with in many places in Quebec. Occurs abundantly through the cen- 
tral Adirondack region in northern N. Y.; in the Wichita Mts., Ark. 

Labradorite was first brought from the Isle of Paul, on the coast of Labrador, by Mr. 
Wolfe, a Moravian missionary, about the ear 1770. 

Use. - The varieties showing a play oPcolors are used as ornamental material. 
MASKELYNITE. In  colorless isotropic grains in meteorites; composition nem labradorite. 

ANORTHITE. Indianite. 

Triclinic. Axes a : b : c = 0.6347 : 1 : 0.5501; cr = 93' 13', = 115' 554', 
y = 91° 12'. 

bc, 010 A 001 = 85" 50'. 
mM, 110 A i10 = 59" 29'. 

793 794 

bm, 010 A 110 = 58" 4'. 
em, 001 A 110 = 6.5" 53'. 
cM, 001 A 110 = 69" 20'. 
cy, 001 A 201 = 81' 14'. 

Twins as with albite (p. 462 
and p. 464). Crystals usually z 

prismatic ( 1  c axis (Fig. 793, also 
Fig. 364, p. 146), less often elon- 
gated ( I  b axis, like pericline (Fig. 
794). Also massive, cleavable, 
with granular or coarse lamellar 
structure. 

Cleavage: c (001) perfect; b (010) somewhat less so. Fracture conchoidal 
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to uneven. Brittle. H. = 6-6.5. G. = 2.74--2.76. Color white, grayish, 
reddish. Streak uncolored. Transparent to translucent. 

Optically -. Ax. pl. nearly 1 e (021), ant1 its trace inclined 60" to the 
edge c / e  from left above behind to right in front helow. Extinction-angles 
on c  (OOl), -34" to -42" with edge b / c ;  on b  (OlO), -35" to -43" (Fig. 
784, p. 462). Dispersion p < v, also inclined. 2 V = 78". a = 1'576. 
j3 = 1.584. y = 1'588. Birefringence stronger than with albite. 

Comp. - A silicate of aluminium and calcium, CaAlzSizOs or Ca0.A1203. 
2Si02 = Silica 43'2, alumina 36.7, lime 20.1 = 100. Soda (as NaA1Si30s) is 
usually present in small amount, and as it increases there is a gradual transi- 
tion through bytownite to labradorite. 

Var. - Anorthite was described from the lass crystals of Mte. Somma, Vesuvius; and 
chrisfianile and biotine are the same mineraf. Jhiorsauite is the same from Iceland. In-  
dianite is a white, grayish, or reddish granular anorthitefrorn India, where it occurs as the 
gangue of corundum, first described in 1802 by Count Bournon. Cyclopite occurs in small, 
transparent, and glassy crystals, tabdar  1 1  b (OlO), coating cavities in the dolerite of the 
Cyclopean Islands and near Trezza on Etna. Amphodelite, lepolite, latrobite also belona.to . -  . 
anorthite. 

- 
Pyr., etc. - B.B. fuses at  5 to a colorless glass. Anorthite,from Mte. Somma, and 

indianite from the Carnatic, India, are decomposed by hydrochloric acid, with separatiomof 
gelatinous silica. 

Artif. - Anorthite is the easiest of the feldspars to be formed artificially. Unlike the 
alkalic feldspars it can be easily formed in a dry fusion of its constituents. This method 
becomes pro essively more difficult as the albite molecule is added to the composition. 
Anorthite is gequently observed in slags and is easily produced in artificial magmas. I t  
further is often produced when more conlplex silicates are broken down by fusion. 

Obs. - Occurs in some diorites; occasionally in connection with gabbro and serpentine 
rocks; in some cases along with corundrlm; in many volcanic rocks, andesites, basalts, etc.; 
as a constituent of some meteorites (Juvenas, Stannern). 

Anorthite (christianite and biotine) occurs at  Mount Vesuvius in isolated blocks among 
the old lavas in the ravines of Monte Somma; in the Albani Mts.; on the Pesmeda Alp, 
Monzoni, Tyrol, as a contact mineral; Aranyer Berg, Transylvania, in andesite; in Ice- 
land; near Bogoslovsk in the TJral Mts. In the Cyclopean Islands (cyclopite).  In the lava 
of the island of Miyake, Japan. 

In crystals from Franklin, N. J.; from Phippsburg, Me. 
Anorthite was named in 1823 by Rose from crvop86s, oblique, the crystallizat.on being 

triclinic. 
Anemousite. A feldspar having the composition, Na20.2Ca0.3A120s.9SiO~. This does 

not agree with any possible member of the alb~teanorthite series. 'This is explained by 
assuming the presence in small amount of a sodium-anorthite molecule, Na20.Ale05.2SiOe, 
to which the name carnegieite has been given. Cleavage angle = 85" 59'. G .  = 2'68. 

= 1.555. fl = 1.559. = 1.563. 2 V = 82' 48'. Found as loose crystals on Mte. 
Rosso, Island of Linosa. Name derived from the ancient Greek name of the island. Car- 
negieite is named in honor of Andrew Carnegie. 

11. Metasilicates. RSiO3 

Salts of Metasilicic Acid, H2Si03; characterized by an oxygen ratio of 2 : 1 
for silicon to bases. The Division closes with a number of species, in part of 
somewhat doubtful composition, forming a transition to the Orthosilicates. 

The metasilicates include two prominent and well-characterized groups, 
viz., the Pyroxene Group and the Amphibole Group. There are also others 
less important. 
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Leucite Group. Isometric 
I n  severrtl respects leuciie is allied to the species of the FELDSPAR GROUP, which imme- 

diately precede. 
Leucite KAl (Si03)2 Isometric at 500' 

Pseudo-isometric a t  ordinary temperatures. 
Pollucite . H z C S ~ A ~ ~ ( S ~ O ~ ) ~  Isometric 

LEUCITE. Arnphighne. 
Isometric at 500° C.; pseudo-isometric under ordinary conditions (see p. 

302). Commonly in crystals varying in angle but 
little from the tetragonal trisoctahedron n (21 I) ,  795 

sometimes with a (loo), and d (110) as subordinate 
farms. Faces often showing fine striations due to 
twinning (Fig. 795). Also in disseminated grains; 
rarely massive granular. 

Cleavage: d (110) very imperfect. Fracture 
conchoidal. Brittle. H. = 5.5-6. G. = 2.45-2-50. 
Luster vitreous. Color white, ash-gray or smoke- 
gray. Streak uncolored. Translucent to opaque. 
Usually shows very feeble double refraction: w = 
1.508, e = 1.509 (p. 302). 

Comp. - KAl(Si03)2 or KzO.Al203.4SiO2 = Silica 55'0, alumina 23'5. 
potash 21'5 = 100. 

Soda is present only in small quantities, unless as introduced by alteration; traces of 
lithium, also of rubidium and caesium, have been detected. Leucite and analcite are close1 
related chemically as is shown by the fact that the two species can be converted into eacK 
other when heated with sodium or potassium chlorides or carbonates. 

Pyr., etc. - B.B. infusible; with cobalt solution gives a blue color (aluminium). De- 
composed by hydrochloric acid without gelatinization. 

Ditf. - Characterized by its trapezohedral form absence of color, and infusibility. I t  
is softer than garnet and harder than analcite; the iatter yields water and fuses. 

Micro. - Recognized in thin sections b its extremely low refraction, isotropic charac- 
ter, and the symmetrical arrangement of inckions (Fig. 796; also Fig. 485, p. 180). Larger 

796 

Leucite crystals from the leucitite of the Bearpaw Mts., Montana (Pirsson). These show 
the progressive growth from skeleton forms to complete crystals with glass inclusions. 

crystals are commonly not wholly isotropic and, further, show complicated systems of 
twinning-lines (Fig. 795); the birefringence is, however, very low, and the colors scarcely 
rise above dark gray; they are best seen b introduction of the quartz or gypsum plate 
y.ie1di.g red of the first order. The smaller ieucitea, which lack this twinning or the inclu- 
slons, are only to be distinguished from sodalite or analcite by chemical tests. 

Artif. - Leucite is easily pre ared artificiall by simply fusing together its constitu- 
ents in proper proportion and abowing the meyt to crystallize slowly. The addition of 
potassium vanadate produces larger crystals. Leucite has been formed when microcline 
and biotite were fused together and also when muscovite was fused alone. 

Obs. - Leucite occurs only in igneous rocks, and especially in recent lavas, as one of 
the products of crystallization of ma mas rich in potash and low in silica (for which reason 
this species rather than orthoclase is formed). The larger embedded crystals are commonly 
anisotropic and show twinning lamellae; the smaller ones, forming the groundmass, are 
isotropic and without twinning. Found in leucititea and leucite-basalts, leucitophyr~, 
leucite-phonolitea and leucite-tephrites; also in certain rocks occurring in dikes. Very rare 
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in intruded igneous rocks, only one or two instances being known; but its former presence 
under such conditions is indicated hy pscudomorphs, oftc.n of large sizo (pseudoleucite) 
consisting of nephelite and orthoclase., also of analcitr. 

The prominent localities are, first of all, Vesuvius and Mte. Somma, where it is thickly 
disseminated through the lava in grains, and in large perfect crystals; also in ejected 
masses; also near Rome, a t  Capo di Bove, Rocca Monfina, rtc. Further in leucite-tephrite 
a t  Proceno near Lake Bolsena in ccntral Italy; in Germany about the Laacher See and at 
several points in the Eifel; a t  Itieden near Anclernach; a t  Meiches.in the Vogelsgebirgc; in 
the Kaiserstuhlgebirge; Wiesental, Bohc~nia. Occurs in Brazil, a t  Pinhalzinho. From the 
Cerro de las Virgines, Lower California. In the Ilnitcd States it is present in a rock in 
the Green River Basin at  the Leucite Hills, Wy.; also in the Absaroka range, in north- 
western Wy.; in the Highwood and Bearpaw Mts., Mon. (in part pseudoleucite). On the 
shores of Vancouver Island, where magnificent groups of crystals have been found as drift 
boulders. 

Pseudoleucite (see above) occurs in the phonolite (tinguaite) of the Serra de Tingua, 
Brazil; a t  Magnet Cove, Ark.; near Hamburg, N.J.; Mon.; also in the Cariboo District, 
British Columbia. 

Named from X e v ~ i s ,  white, in allusion to its color. 
Pollucite. Essentially H20.2Csz0.2AI2O3.9SiO2. Isometric; often in cubes; also mas- 

sive. H. = 6'5. G. = 2-901. Colorless. rr. = 1.525. Occurs very sparingly in the island 
of Elba, with petalite (castorite) ; also a t  Hebron and Rumford, Me. 

Ussin$ite. HNaAl(Si03)3. Triclinic. Three cleavages. G. = 2.5. H.  = &7. Color 
reddish vioIet. Indices, 1'50-1'55. Easily fusible. Soluble in hydrochloric acid. Found 
in rolled masses from pegmatite a t  Kangerdluarsuk, Greenland. 

Pyroxene Group 

Orthorhombic, Monoclinic, Triclinic 
Composition for the most part that of a metasilicate, RSi03, with R = 

I1 

Ca,Mg,Fe chiefly, also Mn,Zn. Further RSi03 with R(Fe,Al)zSiOs, less often 
I 

containing alkalies (Na,K), and then RSi03 with RA1(Si03)2. Rarely includ- 
ing zirconium and titanium, also fluorine. 

a. Orthorhombic Section 
a : b : c  or b : a : c  

Enstatite MgSiOa 0'9702 : 1 : 0'5710 1'0307 : 1 : 0'5885 
Bronzite (Mg,Fe)SiOa 

Hypersthene (Fe,Mg)SiOS 0'9713 : 1 : 0'5704 1'0319 : 1 : 0'5872 - - 
The second set of axial ratios, with a = 1, brinp out the similarity of the form to the 

monoclinic species. 

Pyroxene 

6. Monoclinic Section 
a : b : c  P 

1'0921 : 1 : 0'5893 74' 10' 

I .  NON-ALUMINOUS VARIETIES: 
1. DIOPSIDE 1 CaMg(SiOs)z 

Ca(Mg,Fe) (Si0s)a 
Malacolite, Salite, Diallage, etc. 

2. HEDENBERGITE CaFe(Si0s)z 
Maagmhedenbergite Ca(Fe,Mn) (Si0a)a 

3. SCIIEF~EUTE (Ca,M@;) (Fe,Mn) (Si0alp 
Jeff ersonite (Ca,Mg) (Fe,Mn,Zn) (SlO3)2 



I Ca(Mg,Fe) (Si03)~ 
with (Mg,Fe) (A1,Fe)zSiOe 

Leucaugite, Fassaite, ~girite-augite. 
a : b : c  B 

Acmite (Bgirite) ~ i G e  ( ~ i 0 3 ) ~  1'0996 : 1 : 0'6012 73" 11' 
Spodumene LiA1(Si03)z 1'1238: 1 :Oe6355 69" 40' 
Jadeite NaA1(Si03)z 1.103 : 1 : 0'613 72' 444' 

a : b : c  B 
Wollastonite CaSiOo 1'0531 : 1 : 0'9676 84" 30' 
Pectolite HNaCaz(Si03)3 1'1140 : 1 : 0'9864 84" 40' 

y.  Triclinic Section 
a : b : c  a P 7' 

Rhodonite MnSiO3 1.0720 : 1 : 0.6213 103" 18' 108" 44' 81" 39' 
also (Mn,Ca)SiOt 

(Mn,Fe) SiOI 
(Mn,Zn,Fe, Ca) SiO3 

Babingtonite (Ca,Fe,Mn) Si03.Fe2(Si03)3 
1-0691 : 1 : 0.6308 104" 214' 108" 31' 83" 34' 

The rare species Rosenbuschite, LBvenite, Wijhlerite also belong under the monoclinic 
section and Eortdahlite under the triclinic section of this group. 

The PYROXENE GROUP embraces a number of species which, while falling 
in different systems - orthorhombic, monoclinic, and triclinic - are yet 
closely related in form. Thus all have a fundamental prism with an angle of 
93" and 87", parallel to which there is more or less distinct cleavage. Further, 
the angles in other prominent zones show a considerable degree of similarity. 
In composition the metasilicates of calcium, magnesium, and ferrous iron are 

I1 III I 

most prominent, while compounds of the form R (Al,Fe)zSiOe, RAI(Si0,)Z are 
also important. 

The species of the pyroxene group are closely related in composition to  the 
corresponding species of the amphibole group, which also embraces member5 
in the orthorhombic, monoclinic, and triclinic systems. In a number of cases 
the same chemical compound appears in each group; furthermore, a change 
by paramorphism of pyroxene to  amphibole is often observed. In form also 
the two groups are related, as shown in the axial ratio; also in the parallel 
growth of crystals of monoclinic amphibole upon or about those of pyroxene 
(Fig. 461, p. 173). The axial ratios for the typical monoclinic species are: 

Pyroxene a  : b  : c  = 1.0921 : 1 : 0.5893 B = 74" 10' 
Amphibole a  : *b : c  = 1.1022 : 1 : 0.5875 B = 73" 58' 

See further on p. 486. 
The optical relations of the prominent members of the Pyroxene Group, 

especially as regards the connection between the position of the ether-axes and 
the crystallographic axes are exemplikd in the following figures (Cross). 
A corresponding exhibition of the prominent amphiboles is given under thsk 
group, Fig. 826, p. 486. 
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797 
I. II. III. IV. v. VI. 

I, Enstatite, etc. 11, Spodumene. 111, Diopside, etc. IV, Hedenbergite, Augite. 
V, Augite. VI, Acmite. 

a. Orthorhombic Section 
ENSTATITE. 

Orthorhombic. Axes a : b : c = 0.9702 : 1 : 0.5710. 
mml'', 110 A 170 = 88" 16'. TT', 223 A 223 = 40' 161). 
qq', 023 A 023 = 241' 41'. TT'", 223 A 223 = 39" I+'. 

Twins rare: tw. pl. h (014) as twinning lamellae; also tw. pl. (101) as stel- 
late twins crossing at angles of nearly 60°, sometimes six-rayed. Distinct 
crystals rare, habit prismatic. Usually massive, fibrous, or lamellar. 

Cleavage: m (110) rather easy. Parting 1 )  b (010); also a (100). Frac- 
ture uneven. Brittle. H. = 5.5. G. = 3.1-3.3. 
Luster, a little pearly on cleavage-surfaces to vitreous; 
often metalloidal in the bronzite variety. Color 
grayish, yellowish or greenish white, to olive-green 
and brown. Streak uncolored, grayish. Translucent 
to nearly opaque. Pleochroism weak, more marked in 
varieties relatively rich in iron. Optically +. Ax. 
pl. 1 )  b (010). B x ~  c (001). Dispersion p < v weak. 
Axial angle large and variable, increasing with the 

Bamle amount of iron, usually about 90" for FeO = 10 p. c. 
/3 = 1.669; -y - a = 0.009. 

Comp. - MgSi03 or Mg0.Si02 = Silica 60. magnesia 40 = 100. Also 
(Mg,Fe)Sid3 with Mg : Fe 799 800 
= 8 : 1, 6 : 1, 3 : 1, etc. 

Var. - 1. With little or no 
iron; Enswile. Color white, 
yellowish, grayish, or green- 
ish whte; luster vitreous to 
p e a r l y ;  0. = 3.10-3.13. 
Chladnite (Shepardite of Rose), 
which mskea up 90.p. c. of the XC- 
Bishopville meteorite, bdon 
here and is the purest kill!? 
Vicbrite, occurring in the Deesn 
meteoric iron in rosettes of 
acicular crystals, is similar. 

2 .  Femyeruw; Brmzite. Col- 
syiah green to olive- een & Enstatite (Bmnaite) Hypersthene 

pearly to submetallic or bronze-like; this, however, is usually of secondary origin and is 
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not assentid. With the increase of iron (above 12 to 14 p. c.) bronzite paases to h per- 
sthene, the optic axial angle changing so that in the latter X = Bxa 1 a (100). Txis is 
illustrated by F ig .  799, 800. 

Pyr., etc, - B.B. almost infusible, being only slightly rounded on the thin edges; 
F. = 6. Insoluble in hydrochloric acid. 

Artif. - Enstatite is formed from a melt having the proper composition a t  tem ratures 
slightly under 1100". At higher temperatures the monoclinic pyroxenes appear. g s t a t i t e  
has also been formed by fusing olivine with silica. When serpentine is melted i t  breaks 
down into enstatrite and olivine. 

Micro. - In thin sections is colorleas or li t yellow or green; marked relief' prominent P cleavage with parallel extinction; little pleoc roism but becoming stronger with @crease of 
iron; inclusions common lying parallel to brachypinacoid, producing characteristic schiller 
of mineral. 

Obs. - Enstatite (including bronzite) is a common constituent of peridotites and the 
serpentines derived from them; i t  also occurs in crystalline schists. I t  is often sssociated 
in parallel growth with a monoclinic pyroxene, e.g., dialla e. A common minerd in mete- 
oric stones often occurring in chondrules with eccentric ra8ated structure. 

Occurs near Aloystal in Moravia, in serpentine; a t  Kupferberg in Bavaria; a t  B a t e  in 
the Harz Mts., Germany (protobestite); in the so-called olivine bombs of the Dreiser Weiher 
in the Eifel, Germany; in immense crystals, in part altered, at the apatite deposits of 
Kjorrestad near Bamle, Norway; in the peridotite associated with the diamond deposits of 
South Africa. 

In the United States, in N. Y. at  the Tilly Foster magnetite mine, Brewster, Putnam Co., 
with chondrodite and a t  Edwards; Texas, Pa.; bronzite from Webster, N. C.; Bare Hills, 
Baltimore, Md. 

Named from 2vubms,  an opponenl, because so refractory. The name bronzile has 
priority, but a bronze luster is not essential, and is far from universal. 

HYPERSTHENE. 
Orthorhombic. Axes a : b : c = 0.9713 : 1 : 0.5704. 

mm"', 110 A 110 = 88' 20'. oo"', 11 1 A 111 = 52' 23'. 
hh', 014 A 014 = 16" 14'. UU"', 232 A 232 = 72" 50'. 

Crystals rare, habit prismatic, often tabular 1 )  a (100), less often 1 )  b (010). 
Usually foliated massive; sometimes in embedded spherical forms. 

Cleavage: b (010) perfect; m (110) and a (100) distinct but interrupted. 
Fracture uneven. Brittle. H. = 5-6. G. = 3.40-3.50. , Luster somewhat 
pearly on a cleavage-surface, and sometimes metalloidal. Color dark brown- 
ish green, grayish black, greenish black, pinchbeck-brown. Streak grayish, 

Fig.  801, Amblystegile, Laacher See. 802, ML&. 803, Section ( 1  b (010) showing inclu- 
sions; the exterior transformed to actinolite; from Lacroix. 

brownish gray. Translucent to nearly opaque. Pleochroism often strong, 
especially in the kinds with high iron percentage; thus I I X or a axis brownish 
red, Y or b axis reddish yellow, Z or c axis green. Optically -. Ax. pl. 1 )  
b (010). Bx, I a (100). Dispersion p > v. Axial angle rather large and 
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variable, diminishing with increase of iron, cf. enstatite, p. 472, and Figs. 799, 
800, p. 472. 0 = 1.702; 7 - a = 0'013. , 

Hypersthenc often encloses minute tabular scales, usually of a brown color, arranged 
mostly parallel to the basal plane (Fig. 803); also less frequently vertical or inclined 30" to 
c axis; they may be brookite (gothite, hematite), but their true nature is doubtful. They 
are the cause of the peculiar metalloidal luster or schil!er, and are often of secondary origin, 
being developed along the so-called "solution-planes (p. 189). 

Comp. - (Fe,Mg)Si03 with Fe : Mg = 1 : 3(Fe0 = 16'7 p. c.), 1 . 2  
(FeO = 21.7 p. c . )  to nearly 1 : l (Fe0  = 31.0 p. c.). Alumina is sometimes 
present (up to 10 p. c.) and the composition then approximates to the alu- 
minous pyroxenes. 

Of the orthorhombic magnesium-iron metasilicates, those with FeO > 12 to 15 p. c. are 
usually to be classed with hypersthene, which is further characterized by being optically 
negative and havin dispersion p > 21 .  

F'yr., etc. - B.%. f w s  to a black enamel, and on charcoal yields a magnetic mass; 
fuses more easily with increasing amount of iron. Partially decomposed by hydro- 
chloric acid. 

Micro. - In thin sections similar to enstatite except shows distinct reddish or greenish 
color with stron er pleochroism and is optically 

Artif. - ~im$ar to enstatite, which see. 
Obs. - Hypersthene, associated with a triclinic feldspar (labradorite), is common in 

certain granular eruptive rocks, as norite, hyperite, gabbro, also in some andesites (hyper- 
slhene-andesite), a rock shown to occur rather extensively in widely se arated regions. 

I t  occurs a t  Isle St. Paul, Labrador; in Greenland; a t  Farsund and $sewhere in Nor- 
way; Elfdalen in Sweden; Penig in Saxony; Ronsberg in Bahemia; the Tyrol; Neurode 
in bllesia; Bodenmais, Bavaria. Amblystegite is from the Lacher  See, Germany. Sza- 
boile occurs with pseudobrookite and tridymite, in cavities in the andesite of the Aranyer 
Berg, Transylvania, and elsewhere. 

Occurs in the norites of the Cortlandt region on the Hudson river, N. Y.; also common 
with labradorite in the Adirondack Archaean region of northern N. Y. and northward in 
Canada. In the hypersthene-andesites of Mt Shaata, Cal.; Buffalo Peaks, Col., and 
other points. 

Hyperslhenc is named from ;?rip and dCvos, very strong, or tough. 
BASTITE, or SCHILLER SPAR. A n  altered enstatite (or bronzite) having approximately 

the composition of serpentine. I t  occurs in foliated form in certain granular eruptive 
rocks and is characterized by a bronze-like metalioidal luster or schiller on the chief 
cleavage-face b (OlO), which "schillerization" (p. 251) isof secondary origin. H. = 3'54.  
C. = 2.52.7. Color leek-green to olive- and plotachio-$reen, and pinchbeck-brown. 
Pleochroism not marked. Optically -. Doub e refrachon weak. Ax. pl. 11 a (010) 
(hence normal to that of enstatite). Bxa 1 b (010). Dispersion p > v.  The original 
bastite was from Baste near Harzburg m the Harz Mts., Germany; also from Todtmoos 
in the Schwarzwald, Germany. 

PECKHAMITE 2(Mg,Fe)SiOa.(Mg,Fe)Si04. Occurs in rounded nodules in the meteorite 
of Estherville, dmmet Co., Iowa, May 10, 1879. G. = 3.23. Color light greenish yellow. 

,8. Monoclinic Section 
PYROXErn. 

Monoclinic. Axes a : b : c = 1.0921 : 1 : 0.5893; B = 74' 10'. 
mm"', 110 A 170 = 920 50'. CV, 001 A 221 = 480 54'. 
ca, 001 A 100 = 74' 10'. cn, 001 A 110 = 79" 93'. 

cp,, 001 A 101 = PI0 20'. cs, 001 A 111 = 42" 2'. 
ee , 011 A 011 = 59' 6'. uu', 111 A IT1 = 48" 29'. 
zz', 021 A 021 = 97" 11'. ss', T l l  D l  = 59" 11:. 
cu, 001 A 111 = 33" 49+'. oo', 221 A 221 = 84" 11 . 

Twins: tw. pl. (1) a (loo), contact-twins, common (Fig. 810), sometimes 
polysynthetic. (2) c (OOl), as twinning lamellie producing striations on tbe 
vertical faces and pseudocleavage or parting \I c (Fig. 811); very common, 
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often secondary. (3) y (101) cruciform-twins, not common (Fig. 451, .p. 171). 
(4) W (122) the vertical axes crossing a t  angles of nearly 60"; sometimes re- 
peated as a six-rayed star (Fig. 450, p. 171). Crystals usually prismatic in 

804 806 806 807 808 

habit, often short and thick, and either a square prism (a (loo), b (010) prom- 
inent), or nearly square (93", 87") wit11 m (110) predominating; sometimes a 
nearly symmetrical 8-sided prism with a, b, m (Fig. 811). Often coarsely 
lamellar, I (  c (001) or a (100). Also granular, coarse or fine; rarely fibrous 
or columnar. 

Cleavage: m (110) sometimes rather perfect, but interrupted, often only 
observed in thin sections I c axis (Fig. 812). 
Parting ( 1  c (OOl), due to twinning, often 813 

prominent, especially in large crystals and 
lamellar masses (Fig. 811); also ( 1  a (100) 
less distinct and not so common. Fracture 
uneven to conchoidal. Brittle. H. = 5-6. 
G. = 3-2-3.6, varying with the compo- 
sition. Luster vitreous inclining to res- 
inous; often dull; sometimes pearly I /  
c(001) in kinds showing parting. Color 
usually green of various dull shades, varying 
from nearly colorless, white, or grayish ---3 
white to brown and black; rarely bright 
green, as in kinds containing chromium; /' , 
also blue. Streak white to gray and grayish / hz 
green. Transparent to opaque. Pleo- 
chroism usually weak, even in dark-colored 

c b 
varieties; sometimes marked, especially in violet-brown kinds containing 
titanium. (Violaite is name given to a highly pleochroic variety from the 
Caucasus Mts.) 
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Optically +. Birefringence strong, (7 - a) = 0.02 - 0.03. Ax. pl. ( 1  
b (010). Bx. or Z A c axis = +36" in diopside, to +52O in augite (which 
see), or Z A c (001) = 20" to 36", the angle in general increasing with amount 
of iron. For diopside 2 V = 59". a = 1.673. B = 1.680. 7 = 1.702. 

Comp. - For the most part a normal metasilicate, RSi03, chiefly of 
calciurn and magnesium, also iron, less often manganese and zinc. The 
alkali metals potassium and sodium present rarely, except in very small 
amount. Also in certain varieties containing the trivalent metals aluminium, 
ferric iron, and manganese. These last varieties may be most simply con- 
sidered as molecular compounds of Ca(Mg,Fe)Si206 and (Mg,Fe) (A1,Fe)BiOs, 
as suggested by Tschermak. Chromium is sometimes present in small 
amount: also titanium replacing silicon. 

The name Pyroxene is from ?rup,,fire and €eves, siranger, and records Haiiy's idea that 
the mineral was, as he expresses it, a stranger in the domain of fire," whereas, in fact, i t  , 
is, next to the feldspars, the most universal constituent of igneous rocks. 

The varieties are numerous and depend upon variations in composition chiefly; the 
more prominent of the varieties properly rank rts sub-species. 

Artif. - The monoclinic pyroxene, MgSiOt, can be crystallized from a melt having the 
theoretical composition at  temperatures about 1500" or at  a lower tem erature from solu- 
tion in molten calcium or magnesium vanadatc. I t  is the most stabE form of MgSiO*. 
I t  hm no true melting point but at  about 1550" breaks down Into forsterite and silica. 

I. Containing little or no Aluminium 
1. DIOPSIDE. Malacolite, Alalite. Calcium-magnesium pyroxene. For- 

mula CaMg(SiO3)z = Silica 55.6, lime 25-9, magnesia 18.5 = 100. Color 
white, yellowish, grayish white to pale green, and finally to dark green and . 
nearly black; sometimes transparent and colorless, also rarely a fine blue. In  
prismatic crystals, often slender; also granular and columnar to lamellar mas- 
sive. G. = 3.2-3.38. Bx, A c axis = + 36" and upwards. 7 - a = 0.03. 
Iron is present usually in small amount as noted below, and the amount 
increases as it graduates toward true hedenbergite. 

The following belong here: Chromedwpside, contains chromium (1 to 2'8 p. c. CnOa), 
often a bri ht green. 

~ a l a e o k t e ,  as originally described, was a pale-colored translucent variety from Sala, 
Sweden. 

Alalik occurs in broad right-angled prisms, colorless to faint greenish or clear green, 
from the Muss& Alp in the Ala valley, P~edrnont Italy. 

T~aversellite, from Traversella, Piedmont, ltaiy, is similar. 
Vwlan is a fine blue diopside from St. Marcel, Piedmont, Italy; occurring in prismatic 

crystals and massive. 
Canaanite is a grayish-white or bluish-white pyroxene rock occurring with dolomite at  - .  

Canaan, Conn. 
Lavrovite is a pyroxene, colored green by vanadium, from the neighborhood of Lake 

Baikal, in eastern-Siberia. 
Diopside i named from bcs, twice or double, and ;firs, appearance. Malacolite is from 

paXa~o's, soft, because softer than feldspar, with which it waa associated. 
2. HEDENBERGI~.  Calczum-iron pyroxene. Formula CaFe(SiOa)s = 

Silica 48.4, iron protoxide 29'4, lime 22.2 = 100. Color black. In crystals, 
and also lamellar massive. G. = 3.5-3-58. Bx, A c axis = + 48". Man- 
ganese is present in munganhedenbergite to 6.5 p. c .  Color grayish green. 
G. = 3.55. 

Between the two extremes, diopside and hedenberdte, there are numerous transitions 
conforming to the formula Ca(Mg,Fe)Si,Os. As the amount of iron increases the color 
changes from light to dark green to nearly black, the specific grtlvity increases from 3'2 to 
3.6, and the angle Hxa A c axis also from 36" to 48'. 
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The foll~$ng are varieties, coming under these two sub-species, based in part upon 
structure, in art on peculiarities of composition. 

Salik ( s ah t e ) ,  color yayish green to deep p e n  and black; sometimes g r a y i l  and 
ellowish white; in crysta s; also l-ellar (parting 1 1  c (OOl)), and granular mmsive; from 

gala in Sweden. Baikalite, a dark dmgy green variety, in crystals, with parting I( c (OOl), 
from Lake Baikal, in Siberia. 

Coccolite is a manular variety, embedded in calcite, also forming loosely coherent to  
compact aggregates; color var hi&, from white to pale green to dark peen, and then con- 
taining considerable iron; the ratter the original coccolite. Named from rbnxos, a grain. 

DIALLAGE. A lamellar or thin-foliated pyroxene, characterized by a fine lamellar 
structure and parting I( a (100),.with also parting I! b (OlO), and ley often 1 )  c (Yl).. Alsp a 
fibrous structure (1 c axis. Twinning 1 a (loo), often polysynthetlc; mterlamination with b an orthorhombic pyroxene common. olor g r a y ~ h  green to bright grass-green, and deep 
green; also brown. Luster of surface a (100) often pearly, sometimes metalloidal or 
exhibiting schiller and resembling bronzite, from the presence of microscopic inclusions of. 
secondary origin. Bx, A c axis = + 39 to 40'; 6 = 1'681; 7 - a =Oe024. H. = 4; 
G. = 3.2-3.35. In composition near diopside, but often containing alumina and some- 
times in considerable amount, then properly to be classed with the augitei. Often changed 
to amphibole, see smaragdite, and uralite, p. 490. Named from GcaXXay$, difference, 
in allusion to the dissimilar planes of fracture. This is the characteristic pyroxene of 
gabbro, and other related rocks. 

Omphacite. The granular to foliated pyroxenic constituent of the garnet-rock called 
eclogite often interlaminated with amphibole (smaragdite); color grass-green. Contains 
some d 0 3 .  

3. SCHEFFERITE. A manganese pyroxene, sometimes also containing 
much iron. Color brown to black. 

In crystals, sometimes tabular )I c (00_1), also with p (T~l).~romine$ more often:longated 
in the direction of the zone b (010) : p (101), rarely prismatic, ( 1  c a m .  Twins, m t h  a (100) 
as tw. pl. very common. Also crystalline, massive. Cleavage prismatic, very distinct. 
Color yellowish brown to reddish brown; also black (iron-scheffrite).(Optically +. 
Bxa or Z A c axis = 44' 25:'. The iron-schefferite from Pajsber Sweden, is black in 
color and has Z A c axis = + 49" to 59" for different zones in tke same crystal. The 
broml iron-schefferite (urbanite) from Llngban, Sweden, hrts Z A c axis = 69" 3'. It 
resembles garnet in appearance. 

Jeffersonile is a manganese-zinc pyroxene from Franklin Furnace, N. J. (but the zinc 
may be due to impurity). In large, coarse cr stals with edges rounded and faces uneven. 
Color greenish black, on the exposed surface ciocolate-brown. 

Blanfmdite. A pyroxene containing some sodium, manganese and iron. Strongly pleo- 
chroic (rose-pink to sky-blue). Found with manganese ores in the Central Provinces, 
India. 

Clinoaslatite has been suggested as the name for the monoclinic magnesium pyroxene. 

11. Aluminous 

4. AUGITE. Aluminous pyroxene. Composition chiefly CaMgSi20s with 
(Mg,Fe) (Al,Fe)zSiOa, and occasionally also containing alkalies and then gradu- 
ating toward acmite. Titanium is also sometimes present. Here belong: 

a .  LEUCAUGITE. Color white or grayish. Contains alumina, with lime and magnesia, 
and little or'no iron. Looks like diopside. H. = 6.5; G. = 3-19. Named from X ~ U K ~ S ,  
white. 

b. FASSAITE. Includes the pale to dark, sometimes deepgreen crystals, or istachirp 
een and then resembling epidote. The aluminous kinds of &+age also being here. 

gamed from the locality in the Fassatal, Tyrol. Pygom 1s from rrupyupa, a tower. 
c. AUQITE. Includes the greenish or brownish black and black kinds, occurring most1 

in eruptive rocks. It is usually in short rismatic crystals, thick and stout, or tabular f 
a (100); often twins (Figs. 809, 810). &rric iron is here present, in a relatively large 
avount, and the angle Bx, A c axis becomes + 50" to 52'. 6 = 1.717; 7 - a = 0.022. 
Ti02 is present in some kinds, which are then pleochroic. Named from avyij, luster. 

d .  ALKALI-AUGITE. Here belong varieties of augite characterized by the presence of 
alkalies, especially soda; they approximate in composition and optically to acmite and 
aegirite (Bxa A c axis = 60°, Fig. 814), and are sometimes called aegirite-augite (cf. Fig. 818, 
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p. 480). Known chiefly from rocks rich in alkalies, as elreolite-syenite, phonolite, leu- 
citite, etc. 

Pyr., etc. - Varying widely, owing to the wide variations in composition in the diffep 
ent varieties, and often by insensible gradations. 

814 Fusibility, 3.75 in diopside; 3.5 in salite, baikalite, 
and omphacite; 3 in jeffersonite and augite; 2.5 in 
hedenbergite. Varieties rich in iron afford a mag- 
netic globule when fused on charcoal, and in general 
the fusibility varies with the amount of iron. Many 
varieties give with the fluxes reactions for man- 
ganese. Most varieties are unacted upon by acids. 

Diff. - Characterized by monoclinic crystallization 
snd the rismatic angle of 87" and 93", hence yield- 
ing near$ square prisms; these may be mistaken for 
scapolite if terminal faces are wanting or ~ndistinct 
(but sca olite fuses easil B. B. with intumescence). 
The obtquc parting (( c (OOl), Fig. 811) often 
distinctwe, also the common dull green to gray and 
brown colors. Amphibole differs in prismatic angle 
(55;" and 124B0) and cleavage, and in having com- 
rnon columnar to fibrous varieties, which are rare 
with pyroxene. (See also p. 486.) 

Micro. - The common rock-forming pyroxenes 
are distinguished in thin sections by their high relief; usually greenish to olive tones of 
color; distinct system of interrupted cleavage-cracks crossing one another a t  nearly right 
angles in sections I c axis (Fig. 812); high interference-colors; general lack of leo- 
chroism; large extinction-angle, 35" to 50' and higher, for sections 11 b (010). ~ h e ? a s t -  
named sections are easily recognized by showing the highest interference colors; yielding 
no o tical figures in convergent 1' ht aud having parallel cleavage-cracks, the latter in 
the &ection of the vertical axis. Bee also aegirite, p. 480. 

A zonal bandin8 is common, the successive laminae sometimes differing in extinction- 
angle and pleochrolsm; also the hour-glass structure occasionally distinct 
(hg. 815, from Lacroix). 

Obs. - Pyroxene is a very common mineral in igneous rocks, being the 
most important of the femomagnesian minerals. Some rocks consist almost 
entirely of yroxene. I t  most commonly occurs in volcanic rocks but is 
found also, gu t  less abundantly, in connection with granitic rocks. I t  is 
a common mineral in crystalline limestone and dolomite, in serpentine and 
metamorphic schists; sometimes forms large beds or veins, especially in 
A r c h a n  rocks. It occurs also in meteorites. The p oxene of limestone 
is mostly white and l i f t  green or gray in color, faEug under dio side 
(malacohte, salite, cocco 'te); that of most other metamorphic rock  is 
sometimes white or colorless, but usually green of different shades, from 
pale green to greenish black, and occasionally black; that of serpentine IS 
sometimes in fine crystals, but often of the foliated green kind called 
daallage; that of eruptlve focks is usually the black to greenlah black augite. 

In  limestone the associations are often amphbole, scapol~te, veauv~anlte, garnet, ortho- 
clase, titagte, apatite, phlogopite, and sometimes brown tourmaline, chlorite, talc, zircon, 
spinel, rutde, etc.; and in other metamorphic rocks mostly the hame. In eru tlve rocks it 
may be in distinct embedded crystals, or in grains "thout external crystalEne form; it 
often occurs with similarly diaaeminated ch solite (olivine), crystals of orthoclase (Bani- 
dine), labradorite, leucite, etc.; also with a xombic  pyroxene amph~bole, etc. 

Pyroxene, bas an essential rock-making mineral, especlalfy common in basic eruptive 
rocks. Thus, as su  'te, with a triclinic feldspar (usugly labradorite), magnetite, often 
c olite, in basalt, fwaltic lavaa and diabbase; In andes~te; a180 in trachyte; in peridotite 
a F p i k r i t e ;  with nephelite in phonolite. Further wlth ebeolite, orthoclase, e l . .  1n 
e b t ~ y e n i t e  and augitwyenite. also as diallage in gabbro; in many peridotitesand the 
serpentin- formed from them; as diopside (malacoljte) in c ryg tahe  schists. In llmbur 
ite, augitite and pyroxenite, pyroxene is preaent as the prominent constituent, w v e  felt: 
spar is absent; i t  may also form rock masses alone near1 free from associated minerals. 

D i a H  ( U t e ,  ~ua i te )occurs  m fine crystals on tge Muss? Alp in the Ala valley in 
Piedmont, I d y ,  8ssoc1akI m t h  garnets (hessonite) and ta!c In velns traveming serpentme; 
ln fine cryst& at  Travemeh, Piedmont; a t  Zermatt In Swtzerland; Schwarwnsteln In the 
Zillertal, Ober-Sulebachtal, and elsewhere in Tyrol and In the Salzburg ~ 1 ~ s ;  ~eichenstein, 



SILICATES 

Silesia, Germany; OberSulzbachtal and elsewhere in Tyrol and in the Salzburg Alps; 
Reichenstein Lake; RezbBnya, Hungary; Achmatovsk in the Ural Mts., with almandite, 
clinochlore: Lake Baikal (baikalite) in eastern Siberia; Pargas in Finland; a t  Nordmark, 
Sweden. 

Hedenbrgite is from Tupaberg and Nordrnark, Sweden; Arendal, Norway. Mangan- 
hedenbergite from Vester fhlfberg, Sweden; schefferite from Lingban, Sweden. 

A*te (including fassaite) occurs on the Pesmeda Alp, Mt. Monzoni, and elsewhere@ the 
Fassatal, Tyrol, as a contact formation; a t  Carlsbad and Teplitz,.Boh&; nu++? Ha, 
Piedmont, Italy; the Laacher See, Elfel and Sasbach in the Kalserstuhl, ~ e r m d  m 
Italy a t  Vesuvius, white rare, green, brown, yellow to black, Frascati, Etna; tlie Asore 
Cape Verde Islands; the Hawaiian Islands, and many other regions of volcanic rocks. i Cd 

In  North America, occurs in Me., a t  Raymond and Rumford, dio ide, salite, etc.  & P" Vt., a t  Thetford, black augite, with chrysolite, in bowlders of bzyalt. n Cow., a t  Canqan, 
white crystals, often externally changed to tremohte, ln dolomite; also the pyrox'enic rock 
called canaanite. In N. Y. ,  a t  Warwick, fine crystals; in Westchester Co., white, a t  the. 
Sing Sing quarries; in Orange Co., in Monroe, a t  Two Ponds, crystals, often large, in l ime  
stone; near Greenwood furnace, and also n.em Edenville; in Lewis Co., a t  Diana, white 
and black crystals; in St. Lawrence Co., a t  Fine, in large crystals; a t  De Kalb, fine diopsidq; 
also at Gouverneur, Rossie, Russell, Pitcairn; a t  Moriah, coccohte, in limestone. In N. J., 
Franklin Furnace, Sussex Co., good crystals, also jeffrsonite. In  Pa., near Attleboro, 
crystals and granular; in Pennsbury, at Burnett's quarry, diopside; at the French Creek 
mines, dhester Co., chiefly altered to fibrous amphibole. In Tenn., at the Ducktown mines. 

In Canada, a t  Calumet Island graylsh green crystals in limestone; in Bathurst, cobr- 
less or white crystals; a t  ~renvihe ,  dark green crystals, and granular; Burgess, Lanark 
Co.; Renfrew Co. with apatite, titanite, etc.; crystals from Adams Lake, Ontario; Orford 
Sherbrooke Co., white crystals, also of a chrome-green color with chrome garnet; a t  ~ u l f  
and Wakefield, white crystals with nearly colorless garnets, honey-yellow vesuvianite, etc. 
At many other points in the Archaean of Quebec and Ontario, especially in connection with 
the apatite deposits. 

Pyroxene undergoes alteration in different ways. A change of molecular constitution 
without essential change of composition, i.e., by paramorphism (using the word rather 
broadly), may result in the formation of some variety of amphibole. Thus, the white 
pyroxene crystals of Canaan, Conn., are often changed on the exterior to  tremolite; sim- 
ilarly with other varieties a t  many localities. See uralite, p. 490. Also changed to steatite, 
serpentine, etc. 

PI~EONITE, is the name given to a pyroxene with small and variable axial angle from 
Pigeon Point, Minn. 

ACMITE. EGIRITE. 
Monoclinic. Axes : a : b : c = 1.0996 : 1 : 0.6012; #I = 73' 11'. 
Twins: tw. pl. a (100) very common; crystals often polysynthetic, with 

enclosed twinning lamellze. Crystals long prismatic, vertically striated or 
channeled; acute terminations very characteristic. 

The above applies to ordinary acmite. For cegirite, crystals prismatic, bluntly termi- 
nated; twins not common; also in groups or tufts of slender acicular to capillary crystals, 
and in fibrous forms. 

Cleavage: m (110) distinct; b (010) less so. Fracture uneven. Brittle. 
H. = 6-6.5. G. = 3-5&3 '55. Luster vitreous, inclining to resinous. Streak 
pale yellowish gray. Color brownish or reddish brown, green; in the fracture 
blackish green. Subtransparent to opaque. Optically -. Ax. pl. 1 1  b (010). 
Bx, or X A c axis = -I-29 acmite, to 6' aegirite. a = 1-763. #I = 1.799. 
y = 1.813. 

Var. - Incluaes a n i t e  in ahappointed crystals (Fig. 816) often twins. B% A c axis 
= 5F-6". Also mgirite (Fig. 817) in crystals bluntly terminated, twins rare, Bx, A c axis 
= 23"-34". 

Crysfals of acmite often show a marked zonal structure, green within and brown on the 
exterior, particularly 11 a (loo), b (OlO), p (101) s (111). The brown portion (acmite) is 
feebly pleochroic, the green (segirite) strongly pieochro~c. Both have absorption X > Y > 2, but the former has X light brown with tinge of green, Y greenish yellow with tinge of 
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brown, Z brownish ellow the latter has X deep grass-green, Y lighter grasween,  Z yel- 
lowish brown to yelfowish! 

With some authors (vom Rath, etc.) s = (011) and X A c axis = - 2" to - 6 O ,  as in 
Fig. 819. Fig. 818 shows the optical orientation according to Brogger. 

816 
111 

Comp. - Essentially NaFe(Si03)z or NazO.Fez03.4SiOZ = 
Silica 52'0, iron sesquioxide 34.6, soda 13'4 = 100. Ferrous 

iron is also present. 
Pyr. etc. - B.B. fuses a t  2 to a lustrous black mag- 

netic coloring the flame deep yellow; with the 
fluxes reacts for iron and sometimes manganese. Slightly 
acted upon by acids. 

Acmite can be produced artificially by fusing 
to ether its constituent oxldes but usually under such 

conditions only a $ass containing crystals of magnetite is formed. 
Obs. - The original amite occurs in a pegmatite vein; at Rundemyr, 

east of the little lake called Rokebergskjern, in the parish of Eker, near 
Acrnite Kongsberg, Norway. I t  is in slender crystals, sometimes a foot long, 

embedded in feldspar and quartz. 
Bgirite occurs especially in igneous rocks rich in soda and containing iron, commonly in 

rocks containing leucite or nephelite; thus in aegirite-granite, nephelite-syenite, and some 
varieties of phonolite; often in such cases iron-ore gains are wanting in the rock, their 
place being taken;by aegirite crystals. 
n the sub-var~ety of phonolite 

called tinguaite, the rock has often 818 819 
a deep greenish color due to the X = B Z  X =Bx. 

abundance of minute crystals of 
aegirite. Large crystals are found 
in the pegmatite facies of nephelite- 
syenites as in West Greenland, 
Southern Norway, the peninsula 
Kola in Russian Lapland, D~ t ro  in 
Trs;nsylvania. 

Prominent American occurrences - Y-z 
are the following: Magnet Cove, 
Ark. (large crystals); Salem and 
Quincy, Mass.; Libertyville,. N. J. 
(dike); Trans Pecos distr~ct In 
Texas; Black Hills, S. D.; Cripple 
Creek, Col.; Bearpaw Mts., Judlth . .  i 
Mts. and the Crazy Mts. in Mon.; X 

. X 
also vanadium-bearing sgirites from 
Libby, Mon., also a t  Montreal, Canada. 

Acmite is named from iixIrl), point, in allusion to the pointed extremities of the crystals; 
Bgirite is from Bgk, the Icelandic god of the sea. 

SPODUMENE. Triphane. 

Monoclinic. Axes a : b : c = 1.1238 : 1 : 0.6355; /3 = 69" 40'. 
Twins: tw. 1. a (100). Crystals prismatic (mm"' 110 A 110 = 93" O'), 

often flattened [ a (100); the vertical planes striated and furrowed; crystals 
sometimes very arge. Also m d v e ,  cleavable. 

Cleavage m (110) perfect. A lamellar structure 1 I a (100) sometimes very 
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prominent, a crystal then separating into thin plates. Fracture uneven 
to subconchoidal. Brittle. H. = 6.5-7. G. = 3.13-3.20. Luster vitreous, 
on cleavage surfaces somewhat pearly. Color greenish white, grayish white, 
yellowish green, emerald-green, yellow, ame- 880 811 
thystine purple. Streak white. Transparent 
to translucent. Pleochroism strong in deep 
green varieties. Optically +. Ax. pl.. 1 1  
b (010). Bx, A c axis = + 26". Dispersion 
p > v ,  horizontal. 2 V = 58". a = 1.651. 
fi = 1.669. y = 1.677. 

Hiddenile has a yellow-green to emerald-green color; 
the latter variety is used as a gem. In small (f to 2 
inches long) slender prismatic crystals. faces often 
etched. 

Kunzite is a clear lilac-colored variety found near 
Pala, San Diego Co., California, and also at  Vanakarata, 
Madagascar. The unaltered material from Branchville, 
Conn., shows the same color. Used as a gem stone. Norwich, Mass Hidaenite 

Comp. - I,iA1(Si03)z or LizO.Alz03.4SiOz = 
Silica 64.5, alumina 27.4, lithia 8.4 = 100. Generally contains a little 
sodium; the variety hiddenite also chromium, to which the color may 
be due. 

Pyr., etc. - B.B. becomes white and opaque, swells u imparts a pur le-red color 
(lithia) to the &me (sometimes obscured by sodium), and rises at  3.5 to a cgar or white 
glass. Not acted upon by acids. Kunzite shows strong phosphorescence with an orange- 
pink color when excited by an oscillating electric discharge, by ultra violet rays, X-rays, or 
radium emanations. 
DB. - Characterized by its perfect parting ( 1  a (100) (in some varieties) as well as 

by prismatic cleavage; has a higher specific gravity and more pearly luster than feldspar 
or scapolite. Gives a red h e  B.B. Less fusible than amblygonite. 

Alter. - Spodumene undergoes very commonly alteration. First b the action of solu- 
tions containing soda it is changed to a mixture of eucryptite, L ~ A I s ~ ~ ; ,  and albite, NaAl 
Silo.. Later through the influence of potash salts the eucryptite is changed to muscovite. 
 hi; resulting mixtire of albite and muscovite is known- as cymatolil< having a wavy 
fibrous structureandsilkv luster. These alteration products are well shown in thespecimens - -  -~ ~~ 

from ~ranchville, ~ o n n . "  
Artif. -An artificial spodumene has been obtained topether with other silicates by 

fusing together lithium carbonate, alumina and silica. T h ~ s  spodumene differs, however, 
from the natural mineral in its opt~cal properties and has been called f3-s 
natural mineral, or s~odumene, is transformed into the 6 modification on Tpdumae. eating to 1000'. The 

Obs. - Spodumene occurs i n ~ a t i t e  veins, sometimes in crystals of very great size. 
Crystals from the Etta  tin mine, . D., with faces up to 40 feet in length have been reported. 
Occurs on the island of Uto, Sweden; a t  Killine Bay, Ireland; in small transparent crystals 
of a pale yellow in Brazil, province of Minas Beraes. Variously colored spodumene from 
Madagascar. 

In the United States, in granite a t  Goshen, Mass.; also at  Chesterfield, Chester, Hunt- 
ington (formerly Norwich), and Sterling, Mass.; a t  Windham, Me., with garnet and stau- 
rolite and at  Peru, with beryl, triphylite, petalite. In Conn., a t  Branchville, the crystals 
often of immense size; near Stony Point, Alexander Co., N. C. (hiddaite) ; in S. D. at  the 
Etta tin mine in Pennington Co. Kunzite from Pala, Cal. 

The name spodumene is from urolds,  mh-calmed. Hiddenile is named for W. E. 
Hidden and Kunzite for Dr. G. F. Kunz. 

Use. - The colored transparent varieties are used as gem stones; see above. 

JADEITE. 
Monoclinic. Axes, see p. 471. Cleavage and optical characters like 

pyroxene. Usually massive, with crystalline structure, sometimes granular, 
also obscurely columnar, fibrous foliated to closely compact. 
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Cleavage: prismatic, at angles of about 93" and €47'; also ( 1  a (100) diffi- 
cult. Fracture splintery. Extremely tough. H. = 6.5-7. G. = 3.33-3.35. 
Luster subvitreous, pcarly on surfaces of cleavage. Color apple-green to 
nearly cmerald-green, bluish green, leek-green, greenish white, and nearly 
white; sometimes white with spots of bright green. Optically +. Bx, A 
c axis = 30" to 40". 2 1' = 72". P = 1.654. Streak uncolored. Trans- 
lucent to subtranslucent. 

Comp. - Essentially a metasilicate of sodium and aluminium corre- 
sponding to spodumene, NaA1(Si03)2 or Na20.A1203.4Si02 = Silica 59.4, 
alumina 25.2, soda 15-4 = 100. 

Chloromelanile is a dark grren to nearly black kind of jadeite (hence the name), contain- 
ing iron sesquioxide and not conforming exactly to the above formula. 

Pyr., etc. - B.B. fuses readily to a, transparent blebby glass. Not attacked by acids 
after fusion, and thus differing from saussurite. 

Obs. -- Occurs chiefly in eastern Asia, thus in the Mogoung district in Upper Burma, 
in a valley 25 miles southwest of Meinkhoom, in rolled masses in a reddish clay; in Yung- 
chang, province of Yunnan, southern China; in Thibet. Much uncertainty prevails, how- 
ever, as to the exact localities, since jadeite and nephrite have usually been confused with 
each other. May occur also on the American continent, in Mexico and South America; 
perhaps also in Europc. 

Jadeite has long been highly prized in the East, especially in China, where it is worked 
into ornaments and utensils of great variety and beauty. I t  is also found with the relics of 
earlv man. thus in the remains of the lake-dwellers of Switzerland, a t  various points in 
 rake, i n ' ~ e x i c o ,  Greece, E pt, and Asia Minor. 

A pyroxene, resembling jayeite in structure and consisting of the molecules of jadeite, 
diopside, and acmite in nearly equal proportions, occurs a t  the manganese mines of St. 
Marcel, Italy. 

Use. - As the material jade, is used as an ornamental stone. See below. 
JADE is a general term used to include various mineral substances of tough, compact 

texture and nearly white to dark green color used by early man for utensils and ornaments, 
and still highly valued in the East especially in China. I t  includes properly two species 
only; nephrite, a variety of amphibole (p. 489), either tremolite or actinolite, with G. = 
2.95-3.0. and jadeile, of the pyroxene group and in composition a soda-spodumene, with 
G. = 3.3-3.35 easily fusible. 

The jade 01 China belongs to both species, so also that of the Swiss lake-habitations and 
of Mexico. Of the two, however, the former, nephrite, is themore common and makes the 
jade (ax stone or Punamu stone) of the Maoris of New Zealand; also found in Alaska. 

  he name jade is also sometimes loosely used to embrace other minerals of more or less 
similar characters, and which have been or might be ~irqilarly used - thus sillirnanite, pec- 
tolite, serpentine; also vesuvianite, garnet. Bowemte IS a jadelike variety of serpentme. 
The "jade tenace" of de Saussure is now called saussurite. 

WOLLASTONITE. Tabular Spar 

Monoclinic. Axes a : b : c = 1.0531 : 1 : 0.9676; P = 84" 30'. 
mm" ', 
hh"', 
vg', 
m, 

110 A 110 = 92" 42'. 
540 A a 0  = 79" 58'. 
011 A oil  = 87" 51'. 
001 A 101 = 40" 3'. 
001 A 301 = 74" 59'. 
001 A TO1 = 45" 5'. -- 

Diana, N. Y. Twins: tw. pl. a (100). Crystals commonly 
tabular 1 ( a (100) or c (001) ; also short prismatic. Usually cleavable mas- 
sive to fibrous, fibers parallel or reticulated; also compact. 

Cleavage: a (100) perfect; also c (001); t (101) less so. Fracture uneven. 
Brittle. H. = 4-5-5. G. = 2.8-2.9. Luster vitreous, on cleavage surfaces 
pearly. Color white, inclining to gray, yellow, red, or brown. Streak white. 
Subtransparent to translucent. Optically -. Bx, /\ c axis = + 32'. Dis- 
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pemion p > v,  inclined distinct. Ax. pl. ( 1  b (010). 2 E = 70"; a = 1'621. 
8 = 1'633. 7 = 1'635. 

Comp. - Calcium metasilicate, CaSiO, or CaO.SiOz = Silica 51'7, lime 
48'3, = 100. 

When wollastonite is heated above 1190" C. it  develops a basal cleavage, becomes pseudo- 
hexagonal, optically positive, nearly uniaxial but probably monoclinic. This material has 
beencalled ~seudowollastonite. 

Pyr., etc. - B.B. fuses quietly to a white, almost glassy globule. With hydrochloric 
acid decom~osed with se~aration of silica; most variet~es effervesce slightly from the pres- 
ence of caliite. Often phosphoresces. ' 

Micro. -In thin sections wollastonite is colorless with a moderate relief and medium 
birefringence. The plane of the optic axes is usually normal to the elongation of the 
crystals. 

Artif. - Wollastonite may be obtained artificially by heating a glass of the composition 
CaSiOs to between 800" and 1000". At higher temperatures the pseudowollastonite modi- - 
fication is obtained. 

Obs. - Wollastonite is found especially in granular limestone, and in regions of granite, 
as a contact formation: it is verv rare in eruptive rocks. I t  is often associated with a lime 
garnet, diopside, etc. 

Occurs in Hungary in the copper mines of Cziklowa in the Banat; a t  Pargas in Finland; 
a t  Harzburg in the Harz Mts., German ; a t  Auerbach Hesse, Germany, in granular lime- 
stone; a t  Vesuvius, rarely in h e  crystag; on the islands of Elba and Santorin. 

In the United States, in N. Y., at Willsborough; Diana, Lewis Co.; Bonaparte Lake, 
Lewis Co: In Pa., Bucks Co., 3 m. west of Attleboro; in Cal., a t  Crestmore. In Canada, 
a t  Grenvllle; a t  St. J6r6me and Morin, Quebec, with apatite. 

Named after the Endish chemist, W. H. Wollaston (1766-1828). 
Alamosite. Lead metasccate, ~ b s i o s .  Closely related to wollastonite in crystal 

forms. Monoclinic. In radiating fibrous a y g a t e s  Cleavage (1 b (010). G. = 6.5. 
H. = 4.5. Colorless or white. Refractive in ex aboud 1.96. Found near Alamos, Sonora, 
Mexico. 

PECTOLITE. 

Monoclinic. Axes a : b : c = 1.1140 : 1 : 0.9864; P = 84" 40'. 
Commonly in close aggregations of acicular crystals; elongated 1 1  b axis, 

but rarely terminated. Fibrous massive, radiated to stellate. 
Cleavage: a (100) and c (001) perfect. Fracture uneven. Brittle. H. = 5. 

G. = 2.68-2.78. Luster of the surface of fracture silky or subvitreous. 
Color whitish or grayish. Subtranslucent to opaque. Optically +. Ax. pl. 
and Bx, I b (010); Bx, nearly I a (100). 2 V = 60'. 8 = 1.61. 

Comp. - HNaCa&3iOa)B or H~O.Na20.4CaO.6SiOz = Silica 54.2, lime 
33.8, soda 9-3, water 2.7 = 100. 

Pectolite is sometimes classed with the hydrous species allied to the zeolites. 
F'yr., etc. - In the closed tube yields water. B.B. fuses a t  2 to a white enamel. De- 

composed In part b~ h drochloric acid with separation of silica as a jelly. Often gives out 
light when broken m t i e  dark. 

Obs. - A secondary mineral occurring like the zeolites mostly in basic eruptive rocks, 
in cavities or seams; occasionaiy in metamorphic rocks. Found in Scotland near Edin- 
burgh; at Kilsyth, Corstorphine Hill (walkerite); Island Skye. Also at Mt. Baldo and Mt. 
Monzoni in the Tyrol; a t  Niederkirchen, Bavaria (osmelite). 

Occurs also a t  Bergen y, Paterson and Great Notch, N. J.; Lehigh Co., Pa.; compact 
a t  Isle Royale, Lake Supenor; a t  Magnet Cove, Ark., in elaeolite-syenite (manganpectolite 
with 4 p. c. MnO); compact, massive in Almka, where used, like jade, for implements. 

Sehizolite. Like manganpectolite, HNa(Ca,Mn)l(SiOa)s, but t,riclinic. In prismatic: 
crystals. Two cleavages. H. = 5-5'5. G. = 3.0-3.1. Color light red to brown. From 
the nephel~ne syenite of Julianehaab, southern Greenland. 

Rosenbuschite. Near pectolite, but contains zirconium. Index, 1.65. From Nomay. 
In nephelite-syenite-porphyry, Red Hill, Moultonboro, N. H. 
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W6hlerite. A zirconium-silicate and niobate of Ca, Na, etc. In  prismatic, tabular 
crystals, yellow to brown. Indices, 1.700-1.726. Occurs in elseoliteayenite, on several 
islands of the Langesund fiord, near Brevik, in Norway. In syenite from Red Hill, N. H. 

Livenite. A complex zirconuim-silicate of Mn, Ca, etc., containing also F,  Ti, Ta. etc. 
In  yellow to brown prismatic crystals. Index, 1.750. Found on the island Lhven in the 
Langesund fiord, southern Norway; also elsewhere in elaeolite-syenite. 

7 .  Triclinic Section 
RHODONITE. 

Triclinic. Axes a : b : c = 1.07285 : 1 : 0.6213; a! = 103" 18'; p = 108" 
44'; 7 = 81" 39'. 

Crystals usually large and rough with rounded edges. Commonly tabular 
1 1  c (001); sometimes resembling pyroxene in habit. Commonly massive, 
cleavable to compact; also in-embedded grains. 

Cleavage: m (110), M (110) perfect; c (001) less perfect. Fracture con- 
choidal to uneven; very tough when compact. H. = 5-5-6.5. G. = 3.4- 
3.68. Luster vitreous; on cleavage surfaces somewhat pearly. Color light 
brownish red, flesh-red, rose-pink; sometimes greenish or yellowish, when 
impure; often black outside from exposure. Streak white. Transparent to 
translucent. Optically -. /3 = 1.73. 

Comp. - Manganese metasilicate, MnSiOa or MnO.SiOz = Silica 45.9, 
manganese protoxide 54.1 = 100. Iron, calcium (in bushmite), and occasion- 
ally zinc (in fowlerite) replace part of the manganese. 

Franklin Furnace, N. J 

ab, 100 A 010 = 94" 26'. 
ac, 100 A 001 = 72" 361'. 
bc, 010 A 001 = 78" 423'. 
urn, 100 A 110 = 48' 33'. 

mM, 110 A 170 = 92" 283'. 
cn, 001 A 251 = 73' 52'. 
ck, 001 A 221 = 62" 23'. 
kn, 221 A 221 = 86" 5'. 

Pyr., etc. - B.B. blackens and fuses with s l i ~ h t  intumescence a t  2'5; with the fluxes 
'ves reactions for manganeee; fowlerlte gives m t h  soda on charcoal a reaction for zinc. 

Rightly acted u n by acids. The calciferous varieties often effervesce from mechamcal 
admixture of caf&m carbonate. powder, artly dissolves in hydrochloric acld, and 
the insoluble part becomes of a wh1t.e color. &arkens on exposure to the air, and some 
times becomes nearly black. 

Diff. - Characterized by its pink color; distinct cleavages; hardness; fusibility and 
manganese reactions B.B. 

Obs. - Occurs in Sweden a t  Lbgban, Wermland, in iron-ore beds in broad cleavage- 
plates, and also granular massive, and a t  the Pajaberg Iron mines near Fhpstad (paisbmgite) 
sometimes in small brilliant crystals; in the district of Ekaterinburg in the Ural Mts., mas- 
sive like marble, whence it is obtained for ornamental urposes; m t h  tetrahedrite at ICap- 
nik and RezbLnya, Hun . St. Marcel, Piedmont. Paly; Mexico ((hustumite, containing 
CaO). In crystah f r o m E k e n  H111, New South Wale. 

Occurs in Cummington, Mass.; on Osgood's farm, Blue Hill Bay, Me.; fowlerite (con- 
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t i n ing  ZnO) a t  Mine Hill, Franklin Furnace, and Sterling Hi, near Ogdensburgh, N. J., 
usually embedded in calcite and sometimes in fine crystals. 

Named from p d o v ,  a rose, in allusion to the color. 
Rhodonite is often altered chiefly by oxidation of the MpO (as in mmceline,' dyssnile); 

also by hydration (stratopeite, nwtocite, etc.); further by introduction of CO* (aUagzte, 
photicife, etc.). 

Use. - Rhodonite a t  times is used as an ornamental stone. 
Pyroxmangite. A triclinic, manganese-iron pyroxene. In cleavage masses. Indices, 

1.75-1.76. H. = 5-54 .  G. = 3'8. Color, amber to dark brown. Easily fusible to black 
magnetic globule. Alters to skemmtite. Found near Iva, Anderson Co., South Carolina. 

Babiigtonite. (Ca,Fe,Mn)SiOs with Fe~(Si0s)a. In small black triclinic crystals, near 
rhodonite In angle (axes on p. 471). H. = 5'5-6. G. = 3'35-3'37. Index, 1.72. From 
Arendal, Norway; a t  Herbornseelbach, Nassau, Germany; a t  Baveno, Italy. From Somer- 
ville and Athol, Mass.; in the zeolite deposits of Passaic Co., N. J. 

Hiortdahlite. Essentially (Nacr,Ca)(Si Zr)Oe, with also fluorke. In  pale yellow tab- 
ular crystals (triclinic). Index, 1'695. 6ccurs sparingly on an lsland in the Langesund 
fiord, southern Norway. 

Sobralite. A triclinic pyroxene. Optically + . Colorless. From eulysite rock a t  
Sodermanland, Sweden. 

3. Amphibole Group 

Orthorhombic, Monoclinic, Triclinic 
Composition for the most part that of a metasilicate, RSi03, with R = 

Ca,Mg,Fe chiefly, also Mn,Na,K2,H2. Further often containing aluminium 
and ferric iron, in part with alkalies as NaAl(Si03)2 or NaFe(SiO3)z; perhaps 

11 I11 

also containing R & ~ i ~ s .  

a. Orthorhombic Section 

a  : b  
Anthophyllite (Mg, Fe) SiO3 0.5138 : 1 

GEDRITE (Mg,Fe) SiO3 with (Mg,Fe) ALSiOs 

Amphibole 

,@. Monoclinic Section 

a : b : c  B 
0.5511 : 1 : 0.2938 73' 58' 

I .  NONALUMINOUS VARIETIES. 
1. TREMOLITE CaMga (SiO3)r 
2. ACTINOLITE Ca(Mg,Fe)3(Si03)4 

Nephrite, Asbestus, Smaragdite, etc. 
Cummingtonite (Fe,Mg)gi03 
Dannemorite (Fe,Mn,Mg)Si03 
Griinerite FeSiO3 

3. RICHTERITE (K2,N@Mg,Ca,Mn)4(SiO3)4 

11. ALUMINOUS VARIETIES. 
4. HORNBLENDE 

Edenite 
Pargasite and I Chiefly Ca(MglFe)s(SiO3)4 with 
Common Hornblende NatAl2(SiOs)r and (Mg,Fe)2(A1,Fe)4Si2012 
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Glaucophane NaA1 (Si03)~. (Fe,Mg) 8i03 
a : b : c  

Riebeckite 
P 

2NaFe(Si03),.FeSi03 0.5475 : 1 : 0'2925 = 76" 10' 
Crocidolite NaFe(Si03)2.FeSi03 
Arfvedsonite Na~(Ca,Mg)3(Fe,Mn)14(A1,Fe)2Si~,046 

0'5509 : 1 : 0'2378 = 73" 2' 

7 .  Triclinic Section 
Bnigmatite. 

The only species included under the triclinic section is the rare and im- 
perfectly known renigmatite (cossyrite). 

The AMPHIBOLE GROUP embraces a number of species which, while falling 
in different systems, are yet closely related in form - as shown in the common 
prismatic cleavage of 54" to 56" - also in optical characters and chemical com- 
position. As already noted (see p. 471), the species of this group form chem- 
ically a series parallel to that of the closely allied Pyroxene Group, and between 
them there is a close relationship in crystalline form and other characters. 
The Amphibole Group, however, is less fully developed, including fewer 
species, and those known show less variety in form. 

The chief distinctions between pyroxene and amphibole proper are the following: 
Prismatic angle with pyroxene 87' and 93"; with amphibole 56" and 124"; the prismatic 

cleavage being much more distinct in the latter. 
With pyroxene, crystals usually short prismatic and often complex, structure of massive 

kinds mostly lamellar or granular; with amphibole, crystah chiefly long prismatic and 
simple, columnar and fibrous massive kinds the rule. 

The specific gravity of most of the pyroxene varieties is higher than of the like varieties 
of amphibole. In composition of corresponding kinds, magnesium is present in larger 
amount in amphibole (Ca : Mg = 1 : 1 in diopside, = 1 : 3 in tremolite); alkalies more 
frequently play a prominent part in amphibole. 

The optical relations of the prominent members of the group, as regards 
the position of the ether-axes, is exhibited by the following figures (Cross) ; 
compare Fig. 797, p. 472, for a similar representation for the corresponding 
members of the pyroxene group. 

826 
' I. 11. 111. IV. v .  VI. 

I 

I .  Anthophyllite. 11. Glaucophane: 111. Tremolite, etc. IV. Hornblende. 
V. Arfvedsorute. VI. Riebeckite. 

a. Orthorhombic Section 
APU"l'0PHYLLITE. 

Orthorhombic. Axial ratio a : b = 0-5137 : 1. Crystals rare, habit pris- 
matic (mm"' 110 r\ 110 = 54" 23). Commonly lamellar, or fibrous massive; 
fibres often very slender; in aggregations of prisms. 
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Cleavage: prismatic, perfect; b (010) less so; a (100) sometimes distinct. 
H. = 5-54 .  G. = 3-1-3.2. Luster vitreous, somewhat pearly on the 
cleavage face. Color brownish gray, yellowish brown, clove-brown, brownish 
green, emerald-green, sometimes metalloidal. Streak uncolored or grayish. 
Transparent to subtranslucent. Sometimes pleochroic Usually optically +; also + for red, - for yellow, green. Ax. pl. always / (  b (010). Bx. 
usually 1 c (001) ; also 1 c (001) for red, 1 a (100) for yellow, green. 2 V = 
84". a = 1.633. P = 1.642. y = 1.657. 

Comp. - (Mg,Fe) SiOs, corresponding to enstatite-bronzite-hypersthene 
in the pyroxene group. Aluminium is sometimes present in considerable 
amount. There is the same relation in optical character between anthophyl- 
lite (+) and gedrite ( - ) as between enstatite and hypersthene (cf. Figs. 799 
803, p. 472). 

Var. - ANTHOPHYLLITE, Mg : Fe = 4 : 1, 3 : 1, etc. For 3 : 1, the percentage compo- 
sition is: Silica 55.6, iron protoxide 16.6, magnesia 27'8 = 100. Anthophyllite sometimes 
occurs in forms resembling asbestus. 

Aluminous, GEDRITE. Iron is present in larger amount, and also aluminium; it hence 
corresponds nearly to a hypersthene, some varieties of which are highly aluminous. 

Ferroanthophyllite is a name given to an iron anthophyllite from Idaho and elsewhere. 
Hydrous anthophyllites have been repeatedly described, but in most cases they have been 

shown to be hydrated monoclinic amphiboles. 
Pyr., etc. - B.B. fuses with difficulty to a black magnetic enamel; with the fluxes gives 

react~ons for iron; unacted upon by acids. 
Micro. - In  sections colorless, non-pleochroic. Parallel extinction. Commonly fibrous. 
Artif. - Anthophyllite is formed artificially when magnesium metasilicate is heated 

considerably above its melting point and then quickly cooled. 
Obs. - Anthophyllite occurs in mica schist near Kongsberg in Norway: at  Hermann- 

schlag, Moravia. In the United States, a t  the Jenks corundum mine, Franklin, Macon Co., 
N. C.; from Rockport, Mass. A colorless or pale red variety from Edwards N. Y., has 
been called uallb-ite. The original gedrite is from the valley of H6as, near ~ e d r e s ,  France. 
Named from anthophyllum, clove, in allusion to the clove-brown color. 

8. Monoclinic Section 
AMPHIBOLE. Hornblende. 
Monoclinic. Axes a : b : c = 0.5511 : 1 : 0.2938; P = 73' 58'. 

mm"', 110 A IT0 = 55" 49'. rr', 011 A o i l  = 31" 32'. 
ca, 001 A 100 = 73" 58'. ii, 031 A a 1  = 80' 32'. 
cp, 001 A To1 = 310 0'. pr, To1 A 011 = 340 25'. 

Twins: (1) tw. pl. a (loo), common as contact-twins; rarely polysyn- 
827 829 830 831 

thetic. (2) c (OOl), as tw. lamells, occasionally producing a parting analogous 
to that more common with pyroxene (Fig. 461, p. 173). Crystals commonly 
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prismatic; usually terminated by the low clinodome, r (Oil), sometimes by 
r and p (101) equally developed and then suggesting rhombohedra1 forms (as 
of tourmaline). Also columnar or fibrous, coarse or fine, fibres often like flax; 
rarely lamellar; also granular massive, coarse or fine, and usually strongly 
coherent, but sometimes friable. 

Cleavage: m (110) highly perfect; a (loo), b (010) sometimes distinct. 
Fracture subconchoidal, uneven. Brittle. H. = 5-6. G. = 2.9-3.4, vary- 
ing with the composition. Luster vitreous to pearly on cleavage faces; fibrous 
varieties often silky. Color between black and white, through various shades 
of green, inclining to blackish green; also dark brown; rarely yellow, pink, 
rose-red. Streak uncolored, or paler than color. Sometimes nearly trans- 
parent; usually subtranslucent to opaque. 

Pleochroism strongly marked in all the deeply colored varieties, as described 
beyond. Absorption usually Z > Y > X. Optically -, rarely + . Ax. pl. 
( 1  b (010). Extinction-angle on b (OlO), or Z A c axis = + 15" to 18" in most 
cases, but varying from about lo up to 37"; hence also Bx, A c axis = - 75" 
to - 72", etc. See Fig. 832. Dispersion p < v. Axial angles variable; see 
beyond. 

Optical characters, particularly indices of refraction, birefringence and extinction angles 
vary with change in composition, particularly with the total amount of iron present. In 
eneral the indices and extinction angles increase with increase of iron content while the 

kirefringence decreases. 

Comp. - In part a normal metasilicate of calcium and magnesium, 
RSi03, usually with iron, also manganese, and thus in general analogous to the 
pyroxenes. The alkali metals, sodium and potasslum, also present, and more 
commonly so than with pyroxene. In part also aluminous, corresponding to 
the aluminous pyroxenes. Titanium sometimes is present and also rarely 
fluorine in small amount. 

The alumini~~m is in part present as NaA1(Si03)2, but many amphiboles containing 
aluminium or ferric iron are more bmic than a normal metasilicate; they may sometimes be 

I1 I11 

explained as containing R(Al,Fe)2SiOa, but the exact nature of the compound is often 
doubtful. The amphibole formulas are in many cases double the corresponding ones for 

832 833 

yroxene. Thus, for most tremolite and aetinolite, Ca : Mg(Fe) = 1 : 3, and hence tremo- 
Ete is CaMgsS&On, while diopaide is CeMgSi20e, etc. 
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Rammelsberg has shown that the composition of most aluminous amphiboles may be 
expressed in the general form mRSiOs.nAl~Os; while Scharizer, modifying this view, pro- 
poses to regard the amphiboles as molecular compounds of Ca(Mg,Fe)&i,Olz (actinohte), 

I I1 1x1 

and the orthosilicate (Rn,R)sRzSiaOln, for which he uses Breithaupt's name synlagmalile, 
originally given to the Vesuvian hornblende. 

Penfield concludes that (1) amphibole is a metasilicate, (2) that fluorine and hydroxyl 
are isomorphous with the protoxldes add (3) that the presence of sesquioxides is explained 
by their introduction into the molecule in the form of various bivalent radicals. 

The crystallographic position here adopted is that suggested by Tschermak, which best 
exhibits the relation between amphibole andgyroxeme. Some authors retain the former 
position, according to which p = (OOl), r = ( I l l ) ,  etc. Fig. 833 shows the corresponding 
optical orientation. 

I. Containing little or no Aluminium 
1. TREMOLITE. Grammatite, nephrite in part. Calcium-magnesium 

amphibole. Formula CaMg(Si04)3 = Silica 57.7, magnesia 28.9, lime 13.4 = 
100. Ferrous iron, replacing the magnesium, present only sparingly, up to 
3 p. c. Colors white to dark gray. In distinct crystals, either long-bladed or 
short and stout. In  aggregates long and thin columnar, or fibrous; also com- 
pact granular massive (nephrite, below). G. = 2.9-3.1. Sometimes trans- 
parent and colorless. Optically -. Extinction-angle on b (OlO), or Z A 
c axis = +16" to 18", hence Bx, c axis = - 74" to - 72". 2V= 80" to 
88". a = 1.609. 0 = 1.623. -y = 1.635. 

Tremolite was named by Pini from the Tremola valley on the south side of the St. 
Gothard. 

Winchile is the name given to a blue amphibole near tremolite from the manganese mines 
of Central India. 

2. ACTINOLITE. Calcium-magnesium-iron amphibole. Formula Ca(Mg,Fe), 
(SiO&. Color bright green and grayish green. In crystals, either short+ 
or long-bladed, as in tremolite; columnar or fibrous; granular massive. 
G.  = 3-3.2. Sometimes transparent. The variety in long bright-green 
crystals is called glassy actinolite; the crystals break easily across the prism. 
The fibrous and radiated kinds are often called asbestifom actinolite and 
radiated actinolite. Actinolite owes its green color to the ferrous iron present. 

Pleochroism distinct, increasing as the amount of iron increases, and hence 
the color becomes darker; Z emerald-green, Y yellow-green, X greenish yellow. 
Absorption2 > Y > X, Zillertal. Optically -. Extinction-angle on b (OlO), 
Z A c axis = + 15" and Bx, A c axis = - 75". 2V = 78'; p < v ;  .a = 
1.611. 0 = 1.627. -y = 1.636. 

Named actinolite from U K T ~ S ,  a ray, and Mas, stone, a translation of the German 
Strahlstein or ~adiated stone. Name changed to aclinote by Haiiy, without reason. 

NEPHRITE. Jade in part. A tough, compact, he-grained tremolite (or actinolite). 
breaking with a splintery fracture and glistening luster. H. = 66.5. G. = 2.963.1. 
Named from a supposed efficacy in diseases of the kidney, from v ~ + p i s ,  kidney. I t  varies 
in color from white (tremolite) to dark green (actinolite), in the latter, iron protoxide being 
present up to 6 or 7 p. c. The latter kind sometimes encloses distinct prismatic crystals of 
actinolite. A derivation frpm an original p roxenic mineral has been suggested in some 
cases. Nephrite or jade was brought m the &rm of carved ornaments from Mexico or Peru 
soon after the discovery of America. A similar stone comes from Eastern Asia, New Zea- 
land and Alaska. See jadeite, p. 481; jade, p. 482. 

SzOhenyiite is an amphibole occurring with jadeite from Central Asia. 
ASBESTUS. Asbestos. Tremolite, actinolite, and other varieties of amphibole, excepb 

ing those containing much alumina, pass into fibrous varieties, the fibers of which are some- 
times very long, fine, flexible, and easily separable by the fingers, and look like flax. These 
kinds are called asbeslus (from the Greek for inwmbl~stible). The colors vary from white to 
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green and wood-brown. The name amianlhus is a plied usually to the finer and more silky 
kinds. Much that is popularly called rsbestus is cRrysotile, or fibmus aerpentinq containing 
12 to 14 p. c. of water. Byssolile is a stiff fibrous variety. 

Mo.untain leather is in thin flexible sheets, made of interlaced fibers; and mountain cork 
the same in thicker pieces; both are so light as to float on water, and they are often hydrous, 
color white to gray or yellowish. Mountain wood is compact fibrous, and gray to brown in 
color, looking a little like dry wood. 

SMARACDITE. A thin-foliated variety of amphibole, near actinolite in composition but 
carrying sorrle alumina. I t  has a light grass-green color, resembling much common green 
diallage. In many cases derived from pyroxene (diallage) by uralitization, gee below. I t  
retains much of the structure of thc diallage and also often encloses remnants of the original 
mineral. It forms, along with whitish or greenish saussurite, a rock called saussuritc- 
gabbro, t,he cuphotide of t,he Alps. The original mineral is from Corsica, and the rock is 
:he uerde d i  Corsica dnro of the arts. 

URALITE. Pyroxene altered to ~rrnphibolc. The crystals, when distinct, retain the 
form of the original mineral, but 11a.ve the cleavage of amphibole. The change usually 
commences on the surfact!, transforming the outer layer into an aggregation of slender 
amphibole prisms, parallel in position to each other and to the parent pyroxene (cf. Fig. 
803, p. 473). When the change is complete the entire crystal is made up of a bundle of 
amph~bole needles or fibers. The color varies from white (tremolite) to pale or deep green, 
the latter the more common. In composition uralite a prars to conform nearly to actinolite, 
as also in optical characters. The most prominent c l k g e  in composition in passing from 
the original pyroxene is that corresponding to the difference existing between the two species 
in general, that is, an increase in the magnesium and decrease in calcium. The change, 
therefore, is not strictly a case of paramorphism, although usually so designated. Uralite 
was originally described by Rose in a rock from the Ural Mts. I t  has since been observed 
from many localjties. The microscopic study of rocks has shown the process of "uralitiza- 
tion" to be very common, and some authors regard many hornblendic rocks and schists to 
represent alterrd pyroxenic rocks on a large scale. 

CUMMINGTONITE. Amphibole-Anthophyllite. Iron-3f.lngr~esiurn Amphibole. Here be- 
long certain varieties of a~nphibole resembling anthophyllite and essentially identical with 
it in composition, but optically monoclinic. From Kongsberg, Norway; Greenland. The 
original cummingtonite is gray to brown in color; usually fibrous or fibro-la.mellar, often 
radiated. G .  = 3'1-3'32; from Cummington, Mass. 

DANNEMORITE. Iron-iManqa7~ese Amphibole. Color yellowish brown to greenish gray. 
Columnar or fibrous, like tremolite and asbestus. Contains iron and manganese. From 
Sweden. Juddile is a manganese amphibole found a t  Kgcharwdhi, India. 

GRUNERITF.. Iron-Amphibole. Asbestiform or lamellar-fibrous. Luster silky; color 
brown; G. = 3.713. Formula FcSiO:,. 

3. RICHTERITE. Sodtz~m-Magnesium-Manganese Amphibole. (K2,N&,Mg, 
Ca,Mn)4(Si03)4. 

In elongated crystals, seldom terminated. G. = 3.09. Color brown, yellow, rose-red. 
Transparent to translucent. Z A c axls = + 17"-20"; p = 1'63; -y - a = 0.024. From 
Fajsherg and Llngban, Sweden. Characterized by the presence of manganese and alkalies 
in relatively large amount. 

Imerinite is a soda-amph~hole, related to soda-r~chterite from the province Imerina, 
Madagascar. 

Breislakite orrurs in wool-like forms a t  Vesuvius and Ca o di Bove, Italy. Color dark 
brown to black, pleochroism strongly marked. Inferred totelong near richterite. 

11. Aluminous. 

4. ALUMINOUS AMPHIBOLE. Hornblende. Contains alumina or ferric 
iron, and usually both, with ferrous iron (sometimes manganese), magnesium, 
calcium, and alkalies. The kinds here included range from the light-colored 
edenile, containing but little iron, through the light to dark green pargasile, 
to the dark-colored or black hornblende, the color growing darker with increase 
in amount of iron. Extinction-angle variable, from 0' to 37', see below. 
Pleochroism strong. Absorption usually Z < Y < X. 

EDENTTE. Aluminous Magneszum-Calcium Amphibole. Color white to gray and pale 
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green, and also colorless; G. = 39-3.059. Resembles anthophyllite and tremolite. 
Named from the locality a t  Edenville, N. Y. To this variety belong various pale-colored 
amphiboles, having less than 5 p. c. of iron oxides. 

Koksharovite is a variety from the neighborhood of Lake Baikal, Siberia, named after the 
Russian mineralogist, von Koksharov. 

Soretite is an aluminous amphibole from the anorthite-diorite rocks of Koswinsky in the 
northern Ural Mts. 

COMMON HORNBLENDE, PARGASITE. Colors bright or dark green, and bluish green to 
grayish black and black. G. = 3.05-3.47. Pargasite is usually made to include green and 
bluish green kinds, occurring in stout lustrous crystals, or granular; and Common horn- 
b lade  the greenish black and black kinds, ,whether in stout crystals or long-bladed,. c o l v -  
nar, fibrous, or massive granular. But no hne can be drawn between them. The extmct~on- 
angle on b (OIO), or Z A c axis = + 15: to 25" chiefly. Absorption Z > Y > X .  

Pargasite occurs a t  Pargas, Finland, in blush green and grayish black crystals. Z c 
axis = + 18"; &? = 1'64; 7 - a = 0'019; 2V = 59". Pleochroism: Z greenish blue; Y 
emerald- een; X greenish yellow. 

The K r k  brown to black hornblades from basaltic and other igneous rocks vary some- 
what widely in optical characters. The angle Z A c axis = 0" to + 10" chiefly; &? = 1.725; 
7 - a = 0.072 (maximum). Pleochroism: Z brown, Y yellow, X yellow-green, but 
variable. 

Speziaite, from Traversella, Italy, is an iron amphibole with strong pleochroism; X = 
green, Y = yellow-brown, Z = azure-blue, Z A c axis = 23". 

The Kaiafo~-ite of Norway(Br0gger) has Z A c axis = 30" to 60"; absorption Y > Z > X; 
pleochroism: Z yellow, Z violet, X yellow-brown; it  approximates toward arfvedsonite 
(p. 494). 

Kupffrite, from a graphite mine in the Tunkinsk Mts., near Lake Baikal, Siberia, is a 
deep green amphibole (aluminous) formerly referred to anthophyllite. 

Syntagmatite is the black hornblende of Vesuvius. 
Bergamaskite is an iron-amphibole containing almost no magnesia. From Monte Altino, 

Province of Bergamo, Italy. 
Kaersutite is a titaniferous amphibole from Kaersut Umanaks fiord, North Greenland. 
Hastingsite is an amphibole low in silica and high ih iron and soda, from the ne~helite- 

syenite of -Dungannon, Hsstings Co., Ontario. 
- 

Philipstadite from Philipstad, Sweden, is an iron-magnesium amphibole showing unusual 
pleochroism. 

Pyr. -Essentially the same as for the corresponding varieties of pyroxene, see p. 478. 
Diff. - Distinguished from pyroxene (and tourmaline) b its distinct prismatic cleav- 

age, yielding angles of 56" and 124". Fibrous and columnar Lrms are much more common 
than with pyroxene, lamellar and foliated forms rare 
(see also pp. 478, 486). Crystals often long, slender, 834 
or bladed. Differs from the fibrous zeolites in not 
gelatinizing with acids. Epidote has a peculiar green 
color, is more fusible, and shows a different cleavage. 

Micro. - In rock sections amphibole generally OiO 
shows distinct colors, green, sometimes olive or brown, 010 
and is strongly pleochroic. Also recognized by its 
high relief; generally rather high interf erence-colors; 
by the very perfect system of cleavage-cracks crossing 
a t  angles of 56" and 124" in sections I c axis (Fig. 
834). In sections 11 b (010) (recognized by yielding no axial figure in convergent light, by 
showing the highest interference-colors, and by having parallel cleavage-cracks, 11 c axis), 
the extinction-direction for common hornblendes makes a small angle (12"-15") with the 
cleavage-cracks (i.e., with c axis); further, this direction is positive Z (different from com- 
mon pyroxene and regirite, cf . Figs. 813 and 818). 

Artif. - Experiments on the artificial production of the amphiboles have shown that 
in general they are unstable at high temperatures and that their formation in igneous rocks 
is due either to the rapid cooling of the magma, to the presence of water or to some unusual 
conditions of pressure, etc. In general when the amphlbolea are fused they are transformed 
into the corresponding pyroxenes. 

Obs. - Amphibole occurs only s aringly in volcanic rocks but is found in many crys- 
talline limestones, and granitic an$ schistose rocks. T r m l i t e ,  the magnesia-lime vari- 
ety, is especially common in limestones, particularly magnesian or dolomitic; aetinolite (also 
nephrite), the magnesia-lime-iron variety, in the crystal line schists, in steatitic rocks and 
with serpentine; and dark green and black hornblende, occurs in both igneous and meta- 
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nlorphic rocks. I t  is found in granites, syenites, diorites and some varieties of peridotite, in 
gneissea and the hornblende schists. 

Hornblende-rock, or amphibolite, consists of massive hornblende of a dark greenish black 
or black color, and has a granular texture. Occasionally the green hornblende, or actino- 
lite, occurs in rock-masses, as at St. Francis, in Canada. Hornblende-schist has the same 
composition as amphibolite, but is schistose or slaty in structure. I t  often contains a little 
feldspar. In some varieties of i t  the hornblende is in part in minute needles. Granite and 
syenite often contain hornblende, and with diorite it is a common constituent. This is 
also true of the corresponding forms of gneiss. In these cases it is usually present in small, 
irregular masses, often fibrous in structure; also as rough bladed crystals. 

Prominent foreign localities of amphibole are the following: Tremolite (grammatite) 
In dolomite a t  Canipolongo, Switzerland; also at Orawitza, Rezbhnya, Hungary; Gulsjo, 
Wermland, Sweden. Actinolife in the crystalline schists of the Central and Eastern Alps, 
especially at  Greiner in the Zillertal, Tyrol; at Zoblitz in Saxony; Arendal, Norway. 
Asbestus at  Sterzing, Zillertal, and elsewhere in Tyrol; in Savoie, France; also in the island 
of Corsica. Pargasite at Pargas, Finland; Saualpe in Carinthia. Hornblende at  Arendal, 
Longsberg and Kargero, Norway; in Sweden and Finland ; at Vesuvius ; Aussig and Tep- 
litz, Bohemia; etc. Nephrite, which in the form of '' jade" ornaments and utensils is widely 
distributed among the relics of early man (see 'ade, p. 482), is obtained at  various points in 
Central Asia. The most important source is that in the Karakash valley in the Kuen Lun 
IMts., on the southern borders of Turkestan; also other localities in Central Asia. In  New 
Zealand. Nephrite ha,s been found in Europe as a rolled mass a t  Schwemmsal near Leipzig; 
in Swiss Lake habitations and similarly elsewhere. 

In the United States, in Me., black crystals occur at  Thomaston; pargasite a t  Phipps- 
burg. In Ver., actinolite in the steatite quarries of Windham and New Fane. In Mass., 
tremolite a t  Lee; black crystals a t  Chester;. asbestus a t  Pelham; cummingtonite a t  Cum- 
mington. In Conn., in large flattened wh~te  crystals and in bladed and fibrous forms 
(tremolite) in dolomite, a t  Canaan. In N. Y., Warwick, Orange Co.; near Edenville; near 
Amity; a t  the Stirling mines, Orange Co.; in short green crystals a t  Gouverneur, St. 
Lawrence Co.; with pyroxene at  R.ussell; a black variety at  Pierrepont; a t  Macomb; Pit- 
cairn; tremolite a t  Fine; in Rossie, 2 miles north of Oxbow; in large white crystals a t  
Diana, Lewis Co.; asbestus near Greenwood Furnace. Hudsonite from Cornwall, N .  Y., 
formerly classed as a pyroxene has been shown to be an amphibdle. In  N. J., tremolite or 
gray amphibole in good crystals a t  Bryam, and other varieties of the species at  Franklin and 
Newton, radiated actinolite. In  Pa., actinolite a t  Mineral Hill, in Delaware Co.; a t  Union- 
ville; a t  Kennett, Chester Co. In Md., actinolite and asbestus a t  the Bare Hills in serpen- 
tine; asbestus is mined a t  Pylesville, Harford Co. In Va., actinolite a t  Willis's Mt., in 
Buckingham Co.; asbestus at Barnet's Mills, Fauquier Co. Nephrite occurs in Alaska. 

In Canada, tremoli'te is abundant in the Laurentian Iimatones, a t  Calumet Falls, Litch- 
field, Pontinc Co., Quebec; also a t  Blythfield, Renfrew Co., and Dalhousie, Lanark Co. 
Black hornblende a t  various localities in Quebec and Ontarlo w ~ t h  pyroxene, apatlte, 
titanite, etc., as in Renfrew Co. Asbestus and mountain cork a t  Bucklngham, Ottawa Co., 
Quebec; a bed of actinolite a t  St. Francis, Beauce Co., Quebec; nephrite has been found 
in British Columbia and Northwest Territory. 

GLAUCOPHANE. 
Monoclinic; near amphibole in form. Crystals prismatic in habit, usually 

indistinct; commonly massive, fibrous, or columnar to granular. 
Cleavage: m (110) perfect. Fracture conchoidal to uneven. Brittle. 

H. = 6-6.5. G. = 3.103-3-113. Luster vitreous to pearly. Color azure-blue, 
lavender-blue, bluish black, grayish. Streak grayish blue. Translucent. 
Pleochroism strongly marked: Z sky-blue to ultramarine-blue, Y reddish or 
bluish violet, X yellowish green to colorless. Absorption Z > Y > X .  Opti- 
callv +. Ax. ~ 1 .  I I b (010). Z A c axis = 4O to Go, rarely higher values. 2V = 

450.~ = 1.651. ' ' P = l'e638. 7 = 1.638. 
Comp. - Essentially NaAl(SiO,)z.(Fe,Mg)SiOa. If Mg : Fe = 2 : 1, the 

formula requires: Silica 57.6, alumina 16.3, iron protoxide 7.7, magnesia 8.5, 
soda 9.9 = 100. 

Obs. - Occurs as the hornblendic constituent of certain crystalline schists, called 
glaueophane-schists, or glaucophanite; dso more or less prominent in mica schists, am- 
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phibolites, gneiss, eclogites, etc. I t  is often associated with mica, garnet, diallage and 
omphacite epidote and zoisite, etc. First described from the island of Syra, one of the 
Cyclades; 'since shown to be rather widely distributed, as on the southern slope of the Alps 
(gastaldite), Corsica, Japan, etc. Rhodusite is a fibrous variety from the Island Rhodus 
and Asskys river, Minassinsk, Siberia. Holmquistite is a lithium-bearing variety from the 
Island of Uto. 

In the United States, glaucophane schists have been described from the Coast Ranges 
of California, as a t  Sulphur Bank, Lake Co. 

Glaucophane is named from r A a v r t s ,  bluish peen, and +abeubai, to appear. 
Crossite. An amphibole intermediate in composition between glaucophane and 

riebeckite, being optically more nearly related to the latter. Occurs in lath shaped crystals. 
Color blue. Strongly pleochroic. Found in the crystalline schists of the Coast Ranges of 
California. 

RIEBECKITE. 

Monoclinic. Axes a : b : c = 0.5475 : 1 : 0.2925; /3 = 76" 10'. In em- 
bedded prismatic crystals, longitudinally striated. Cleavage: prismatic (56") 
perfect. Luster vitreous. Color black. Pleochroism very strongly marked: 
Z green, Y (= b axis) deep blue, X (nearly / c axis) dark blue. Optically -. 
Extinction-angle small, X A c axis = 4"-5" (f ?). Axial angle large. /3 = 
1.687. 

I11 

Comp. - Essentially 2NaFe(Si03)2.FeSi03 = Silica 50.5, iron sesqui- 
oxide 26.9, iron protoxide 12.1, soda 10.5 = 100. I t  corresponds closely to 
acmite (aegirite) among the pyroxenes. 

Obs. - Originally described from the granite and syenite of the island of Socotra in the 
Indian Ocean, 120 m. N. E. of Cape Guardafui. the eastern extremity of Africa; occurs in 
groups of prismatic crystals, often radiating and closely resembling tourmaline; also in . 
granophyre blocks found a t  Ailsa Crag and a t  other points in Scotland and Ireland. A simi- 
lar amphihole occurs at Mynydd Mawr, Carnarvonshire, Wales. Also another in granu- 
lite in Corsica. Found at Narsarsuk, Greenland. From pegmatite a t  Quincy, Mass. A 
so-called arfvedsonite from St. Peter's Dome, Pike's Peak region, Col., occurring with astro- 
phyllite and zircon, is shown by Lacroix to be near riebeckite. Extinction-angle on b, 
X /\ c axis = 3" to 4'. A soda amphibole, related to riebeekite, from Bababudan Hills, 
Mysore, India, has been named bababudanite. 

CROCIDOLITE. Blue Asbestus. 

Fibrous, asbestus-like; fibers long but delicate, and easily separable. Also 
massive or earthy. Cleavage: prismatic, 56". H. = 4. G. = 3.20-3.30. 
Luster silky; dull. Color and streak lavender-blue or leek-green. Opaque. 
Fibers somewhat elastic. Pleochroism: Z green, Y violet, X blue. Optically +. Extinction-angle on b (010) inclined 18" to 20" with c axis. 2E = 95" 
approx. y - a = 0.025. 

111 

Comp. - NaFe(Si03)2.FeSi03 (nearly) = Silica 49.6, iron sesquioxide 
22.0, iron protoxide 19.8, soda 8.6 = 100. 

Magnesium and calcium replace part of the ferrous iron, and hydrogen part of the 
sodium. 

Pyx., etc. - B.B. fuses easily with intumescence to a black magnetic glass, colorin the 
flame yellow (soda). With the fluxes gives reactions for iron. Unacted upon by aci8;s. 

Obs. -Occurs in South Africa, in Griqualand-West, north of the Orange river, in a 
range of quartzose schists called the Asbestos Mountains. In a micaceous porphyry near 
Framont, in the Vosges Mts. At Golling in Salzburg, Austria. In the United States, a t  
Beacon Pole Hill, near Cumberland, R. I. Emerald Mine, Buckingham, and Perkin's Mill, 
Templeton, Ottawa Co., Ontario, Canada. 

Abriaehanite is an earthy amorphous form occurring in the Abriachan district, near 
Loch Ness, Scotland. Crocidolite is named from KOOKILS, woof, in allusion to its fibrous 
structure. 
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The South African mineral is largely altered by both oxidation of the iron and infiltra- 
tion of silica, resulting in a compact siliceous stone of delicate fibrous structure, chatoyant 
luster, and bright yellow to brown color, popularly called tigdr-eye (also cat's-eye). Many 
varieties occur forming trarisitions from the original blue mineral to the final product; also 
varieties depending upon t,he c,xt,ent to which the original mineral has pcnetrated the quartz. 

ARFVEDSONITE. 

Monoclinic. Axes a : b : c = 0,5569 : 1 : 0,2978; p = 73" 2'. 
Crystals long prisms, often tabular 1 I b (010), but seldom distinctly termi- 

nated; angles near those of amphibole; also in prismatic aggregates. Twins: 
tw. pl. a (100). 

Cleavage: prismatic, perfect; b (010) less perfect. Fracture uneven. 
Brittle. H. = 6. G. = 3.44-3.43 Luster vitreous. Color pure black; in 
thin scales deep green. Streak deep bluish gray. Opaque except in thin 
splinters. Pleochroism strongly marked: Z deep greenish blue, Y lavender, 
X pale greenish yellow. Absorption Z > Y > X; sections 1 )  a (100) are deep 
greenish blue, 1 1  b (010) olive-greea. Optically - . Axial angle, large. a = 
1'687. /3 = 1'707. y = 1'708. Extinction-angle on b (OlO), with caxis = 14". 

Comp. -- A slightly basic metasilicate of sodiurn, calcium, and ferrous 
iron chiefly. 

The supposed arfvedsonite from Greenland has bcen shown to be agirite; that from 
Pike's Peak, Col., has been referred to riebeckite. 

Pyr., etc. - B.B. fuscs at 2 with intumescence to a black magnetic globule; colors the 
flame yellow (soda); with the fluxes givn reactions for iron and manganese. Not acted 
upon by acids. 

Micro. - In thin sections shows brown- or gray-green or gray-violet colors; strongly 
pleochroic in blue and green tints; negative elongation. 

Obs. - Arfvedsonite and amphiboles of similar character, cont,aining much iron and 
soda, are constituents of certain igneous rocks which are rich in alkalies, as nephelite-syenite, 
certain porphyries, etc. Large and distinct crystals are found only in the pegmatite veins 
in such rocks, as a t  ICangerdluarsuk, Narsarsuk, Greenland, where the associated minerals 
are sodalite, eudialyte, feldspar, etc. Arfvedsonite occurs also in the nephellte-syenites and 
related rocks of the Christiania region in southern Norway; on the Kola peninsula in 
Russian Lapland; Dungannon township, Ontario; Trans Pecos district, Texas. The re- 
lated brownish pleochroic amphiboles (cf. barkevikite) occur in similar rocks at  Montreal, 
Canada; Red Hill, N. H.; Salem, Mass.; Magnet Cove, Arlr.; Black Hills, 8. D.; Square 
Butte, Mon. St. Peter's Dome, Col., etc. 

Osannite from an amphibole-gneiss a t  Cevadaes, Portugal, and l'schernichhile from a 
magnetite bearing quartzite in thc northern Ural Mts., are near arfvedsonite. 

BARKEVIKITE. An amphibole near arfvedsonite but more basic. In prismatic crys- 
tals. Cleavage: prismatic (55" 44;'). G. = 3.428. Color deep velvet-black. Pleochro- 
ism marked, colors brownish. Extinction-angle with c axis on b (010) = 13f0. Occurs a t  
the w6hlcrite locality near Barkevik, on the Langesund fiord, and elsewhere in southern 
Norway. In large crystals at  Lugar, Ayrshire, Scotland. 

Enigmatite. Cossyrite. Essentially a titano-silicate of ferrous iron and sodium, but 
containing also aluminium and ferric iron. In prismatic, triclinic cfystals. Cleavage: 
prismatic, distinct (66"). G. = 3-74-3.80. Color black. Bnigmat~te 1s from the sodalite- 
syenite of Tunugdliarfik and Kangerdluamuk, Greenland. Cossyrite occurs in minute 
crystals embedded in the liparite lavas of the island Pantellaria (ancient name Cossyra) ; 
also widespread in the rocks of East Africa. Rhbizite is like aenigrnatite but contains much 
less ferrous oxide and alkalies with increase in alumina, ferric oxidc, etc. From basaltic: 
rocks in the Rhon district and elsewhere in Germany and Bohemia. 

WEINBEROERITE Perhaps NaAHiO4.3FeSiO3. Orthorhombic. I n s  herical aggregates 
of radiating fibers, Black color. From a meteoric iron at  Codai (!anal, Palni Hib ,  
Madras, India. 



SILICATES 

BERYL. 
Hexagonal. Axis c = 0.4989. . 
Crystals usually long prismatic, often striated vertically, rarely trans- 

versely; distinct terminations exceptional. Occasionally in large masses, 
coarse columnar or granular to compact. 

Cleavage : c (0001 ) , imperfect and indistinct. Fracture conchoidal to 
uneven. Brittle. H, = 7.5-8. G. = 2.63-2-80; usually 2.69-2.70. Lus- 
ter vitreous, sometimes resinous. Colors emerald-green, pale green, pa~sing 
into light blue, yellow and white; also pale rose-red. Streak white. Trans- 
parent to subtranslucent. Dichroism more or less distinct. Optically -. 
Birefringence low. Often abnormally biaxial. w = 1.5820, a = 1.5765, 
aquamarine. 

836 836 837 

~p,oooi A ioii = 290 56)'. CS, 00g1 A 1121 = 44' 56'. 
co, 0001 A 1122 = 26' 31 . pp', 1011 A 0111 = 28' 54f '. 

Var. - 1. Emerald. Color bright emerald-green, due to the presence of a little chro- 
mium; highly prized as a gem when clear and free from flaws. 

2. Ordinary; Beryl. Generall in hexagonal prisms, often coarse and lar e; green the 
common color. The principal kin& are : (a) colorless; (b) bluish green, ca~e8Wwmrin.e; 
(c) apple-green; .(d) greermh yellow to iron-yellow and honey-yellow; sometimes a clear 
bright yellow as in the golden beryl (a yellow gem variety from Southwest Africa has been 
called helwdor); (e) pale yellowish green; Cf) clear sapphire blue; (g) pale sky-blue; (h) 

ale violet or reddish; (i) rose colored called morganite or oorobyevite;. ( j )  o aque 
grownish yellow, of waxy or greasy luster. The orienlal emerald of jewelry is emeragd-col- 
lored sapphire. 

Comp. - Be3Alz(Si03)s or 3BeO.AlzO3.6SiOz = Silica 67.0, alumina 19.0, 
glucina 14.0 = 100. 

Alkalies (Na20, Li20, CssO) are sometimes present replacing the beryllium, from 0.25 
to 5 p, c.; also chemically comblned water, including whlch the formula becomes H2Be& 
Si~pOtr. 

Pyr., etc. - B.B. alone, unchanged or, if clear, becomes milky white and clouded; a t  
a high temperature the edges are rounded, and ultimately a vesicular scoria is formed. 
Fusibility = 5.5, but somewhat lower for beryls rich in alkalies. Glass with borax, clear 
and colorless for beryl, a fine green for emerald. Unacted upon by acids. 

Diff. -Characterized by its green or greeniah blue color, glass luster and hexagonal 
form; rarely massive, then easily mistaken for quartz. ~istinguisKed from a atite by its 
hardness, not being scratched by a knife, also harder than green tourmaline; $om chryso- 
beryl by its form; from euclase and topaz by its imperfect cleavage. 

Artif. -Crystals of beryl have been produced artificially by fusing a mixture of silica, 
alumina and glucina with boric oxide as a flux. 

Obs. -Beryl is a common accessory mineral in granite veins, especially in those of a 
pegmatitic character. Emeralds occur in clay slate, in isolated crystals or in nests, near 
Muso, etc., 7 5  m. N.N.E. of BogotA, Colombia. Emeralds of less beauty, but larger, occur 
in Siberia, on the river Tokovoya, N. of Ekaterinburg, embedded in mica schist. Emeralds 
of large size, though not of uniform color or free from flaws, have been obtained in Alex- 
ander Co., N. C. 
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Transparent beryls are found in Siberia, India and Brazil. In Siberia they occur at 
Mursinka and Shaitanka, near Ekaterinburg; near Miask with topaz; in the mountains of 
Adun-Chalon with topaz, in E. Siberia. A clear aquamarine crystal weighing 110.5 kg. 
was found at  Narambn.ya, Minas Geraes, Brazil. Beautiful crystals also occur at  Elha; 
the tin mines of Ehrenfriedersdorf in Saxony, and Schlnckenwald in Bohemia. Other local- 
ities are the Pvlournc Mts., lkeland; yellowish green a t  Rubislaw, near Aberdeen, Scotland 
(davidsonite); Limo~es in France; B~nbo and Broddbo in Sweden; Tamela in Finland; 
Pfitsch-Joch, Tyrol; Bodenmais and Kabenstein In Bavaria; in New South Wales, Pink, 
alkali-rich beryls are found in BIadagascar. 

In the United States, beryls of gigantic dimensions have been found in N. H., a t  Acworth 
and Grafton, and in Mass., at Royalston. In Me., a t  Albany; Norway; Bethel; a t  
Hebron, a cresium beryl (Cs20, 3.60 1). c.1, associated with pollucite; in Paris, with black 
tourmaliric; a t  Topsham, pale grec3n or ycllowish; at  Stowe and Stoneham. In Mass., at 
Barre; at Goshen (goshenite), and a t  Chesterfield. In Conn., a t  Haddam, and at  the Mid- 
dletown and Portland feldspar quarries; at Ne\v Milford, of a clear golden yellow to dark 
amber color; Branchville. In Pa., : ~ t  Lciperville and Chester; at Mineral Hill. In Va., 
a t  Amelia. Court House, somctimcs white. In N. C., in Alexander Co.. near Stony Point, 
fine.emeralds; in Mitchell Co.: Morganton, Burke Co., and elsewhere. In Ala., Coosa 
GO., of a light yellow color. In Col., near the summit of Mt. Antero, beautiful aquamarines. 
In 8. D., in the Black Hills in la,rge crystals. Rose-pink crystals, often showing prominent 
pyramid faces, from San Diego Co., Cal., also colorless and aquamarine. 

Use. - The transparent mineral is used as a gem stone; see above under Varietie.~. 
Eudialyte. Essentially :r lnetltsilicate of Zr,Fe(Mn),Ga,Na, etc. In red to brown 

tabular or rhombohedra1 crystals; also massive. H.  = ,5-5.5. G.  = 2.9-3.0. Optically +. w = 1'606. c = 1.611. From Iiangcrdluarsuk, West Greenland, etc., with arfved- 
sonite and sodalitc; a t  Lujaor on the Iiola peninsula, Rus~ian Lapland, in elaeolite-syenite, 
there forrmng a main constituc?nt of the roclr-mass. Eucolile, from islands of the Langesund 
fiord in Norway, is similar (but optically -). Eudialyte and eueolite also occur at  Magnet 
Cove, in Arlr., of a rich crimson to pe,ach-blossom red color, in feldspar, with elaeolite and 
aegirite. 

Elpidite. Na:O.Zr02.6Si02.3H20. - Massivc, fibrous. H. = 7. G. = 2'.54. Color 
white to brick-red. Biaxial, +. Indices = 1.560-1.574. Southern Greenland. 

ASTHOLITE. (Na,K)zFe(A1,Fe)2(Si03)s.H10?. In globular forms with radiating 
structurc. H. = 3'5. G. = 2'8. Color green. Fusible, 3'5. Found in a diabase tuff 
near Neumark, Germany. 

- 

The following are rare species of complex composition, all from the Lange- 
sund fiord region of southern Norway. 

Catapleiite. H4(Na2,Ca)ZrSi30,,. In thin tabular hexagonal prisms. H. = 6. G. = 
2.8. Color light yellow to ycllowish brown. Biaxial, +. Indices, 1'591-1'627. Nalron- 
catapleiile, or soda-catapleiite, contains only sodium; color blue to gray and white; on heat- 
ing the blue color disappears. 

Cappelenite. A boro-silicate of yttrium and barium. In greenish brown hexagonal 
crystals. 

Melmocerite. A fluo-silicate of the cerium and yttrium metals and calcium chiefly 
(also B, Ta, etc.). In  brown to black tabular rhombohedra1 crystals. 

Caryocerite. Near melanocerite, containing Tho?. 
Steenstrupine (from Greenland) is allied to the two last-named species. Rhombohe- 

dral. H. = 4. G. = 3.4. Color dark brown to nearly black. Optically -. 
Tritomite. A fluo-silicate of thorium, the cerium and yttrium metals and calcium, 

~ t h  boron. In dark brown crystals of acute triangular pyramidal form. 

The followine: are also from the same region: --.. - '.> - 
Leuco hanite. Na(BeF)Ca(Si03)2. In glassy greenish tabular cryst,als (orthorhombic- 

sohenoida?). H. = 4. G. = 2.96. Optically -. Indices, 1.571-1.598. 
Meliphanite. A fluo-silicate of beryllium, calcium, and sodium near leuco hanite. In  

low square pyami& (tetragonal). Color yellow. H. = $5.5. G. = 3.01. Bptically - . 
Indices, 1'593-1'612. 
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Custerite. Ch(OH,F)SiOa. Monoclinic. In  fine granular maaaes. Cleavages par- 
allel to base and pnsm, all making nearly 90" with each other. Twinning plane c (001). 
showing in twin lamdae. H. = 5. G. = 2'91. Color greenish gray. Trans arent. 
Optically +. B u  nearly perpendicular to c (001). Indices, 1.58-1.60. Difficultly Pusible. 
Decom~osed by hydrochloric acid. Found in limestone contact zone at  the Empire mine, 
~ u s t e r  *Co., Idaho. 

Didymolite. 2Ca0.3A120s.9Si02. Monoclinic. In small twinned crystals. H. = 4-5. 
G. = 2.71. Color dirk gray. Opaque. Index 1'5. Difficultly fusible. Insoluble. Found 
as contact mineral in limestone from Tatarka River, Yenisei District, Siberia. 

IOLITE. Cordierite. Dichroite. 

Orthorhombic. Axes a : b : c = 0.5871 : 1 : 0.5585. 
Twins: tw. pl. m (110), also d (130), both yielding pseudo-hexagonal forms. 

Habit short prismatic (mm"' = 
60" 50') (Fig. 838). As embedded 888 839 

grains; also massive, compact. 
Cleavage: b (010) d i s t i n c t ;  

~ (100)  and c(001) indistinct. Crys- 
tals often show a lamellar structure 
1 1  c (OOl), especially when slightly 
altered. Fracture subconchoidal. 
Brittle. H. = 7-7.5. G. = 2.60- 
2.66. Luster vitreous. Color va- 
rious shades of blue, light or dark, 
smoky blue. Transparent to trans- S.,' + '9 
lucent. P 1 e o c h r o i s m strongly 
marked except in thin sections. x 
Axial colors variable. Thus: 
Bodenmais Z ( = b axis) dark Berlin-blue. Y ( = a axis) light Berlin-blue. X ( = c a m )  
yellowish white. 

Absorption Z > Y > X.  Pleochroic halos common, often bright yellow; 
best seen in sections I I c axis. Exhibits idiophanous figures. Optically -. 
Ax. pl. ( 1  a (100). Bx. I c (001). Dispersion feeble, p < v. 2V = 70" 23' 
(also 40" to 84"). Indices variable, from 1.534 to 1.599. 

Comp. - Hz(Mg,Fe)4A18Si10037 or Hz0.4(Mg,Fe) 0.4A120~.10Si02. 
If Mg : Fe = 7 : 2, the percentage composition is: Silica 49.4, alumina 

33.6, iron protoxide 5.3, magnesia 10.2, water 1.5 = 100. Ferrous iron re- 
places part of the magnesium. Calcium is also present in small amount. 

Pyr., etc. - B.B. loses transparency and fuses a t  5-5'5. Only partially decomposed by 
acids. Decomposed on fusion with alkaline carbonates. 

Dii. - Characterized by its vitreous luster, color and pleochroism; fusible on the edges 
unlike quartz; less hard than sapphire. 

Micro. - Recognized in thin sections by lack of color; low refraction and low inter- 
ference-colors; it is very similar to quartz, but distinguished by its biaxial character; m 
volcanic rocks commonly shows distinct crystal outlines and a twinning of three individuals 
like aragonite. I n  the gneisses etc., i t  is in formless grains, but the common occurrence of 
jnclusions, especially of sillimadte needles, the pleochroic halos of a yellow color around small 
inclusions, particularly zircons and the constant tendency to alteration to micaceous pinite 
seen along cleavages, help to distinguish it. 

Obs. - Occurs in granite, gneiss (ccndien'te-gneiss), hornblendic, chloritic and talcose 
schist, and allied rocks, with quartz, orthoclase or albite, tourmaline, hornblende, andalu- 
site, sillimanite, garnet, and sometimes beryl. Less commonly in or connected with igne- 
ous rocks, thus formed directly from the magma, as in andesite, etc.; also in ejected masses 
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(in fragments of older rocks); further formed as a contact-mineral in connection with erup- 
tive dikes, as in slates adjoining granite. 

Occurs at  Bodenmais, Bavaria, in granite, with pyrrhotite, etc.; Orijarvi, in Finland 
(sleinheilite); Tunaberg, in Sweden; from Switzerland; in colorless crystals from Brazil; 
Ceylon affords a transparent variety, the saphir d'eau of jewelers; from Ibity, Madagascar; 
from Greenland. 

In the united States, a t  Haddam, Conn., associated with tourmaline in a granitic vein in 
gneiss. In large altered crystals from Litchfield, Conn. At Brimfield, Mass.; a t  Richmond, 
N. H. 

Named Iolite from ' b u ,  uiolet, and XOos, stone; L)ichroite (from Glxpws, two-colored), 
from its dichroism; Cordierite, after Cordier, the French geologist (1777-1861). 

Alteration. The alteration of iolite takes place so readily by ordinary ex osure, that 
the mineral is most commonly found in an altered state, or enclosed in the aEered iolite. 
This change may be a simple hydration; or a reinoval of part of the protoxide bases by car- 
bon dioxide; or the introduction of oxide of iron; or of alkalies, forming pinite and mica. 
The first step in the change consists in a division of the prisms of iolite into plates parallel 
to the base, and a pearly foliation of the surfaces of these plates; with a change of color to 
grayish green and greenish gray, and sometimes I~rownish gray. As the alteration proceeds, 
the foliation becomes more compIet,e; afterward it may be lost. The mineral in this al t~red 
condition has marly names: as h?jdrous iolite ( including honsdorfite and auralite) from Abo, 
Finland; fahlunile from Falun, Sweden, also pyrargillite from Helsingfors; esmarkite and 
praseolite from near Brevik, Norway, also raumite from Raumo, Finland, and peplolile from 
Ramsberg, Sweden; chlorophyllite from Unity, Me.; aspasiolile and polychroilite from 
Xragero. There are further alkaline kinds, as pinite, calaspilite, gigantolile, iberite, belong- 
ing to the Mica Group. 

Use. - Iolite is sometimes useti as a gem. 

Jurupaite. H*(Ca,Mg)pSi*Or. Monoclinic? Radiating fibrous. White. H. = 4. 
G. = 2'75. n = 1'57. Crestmore, Cal. 

The following are rare lead, zinc, and barium silicates: 
Bqsilite. Pb3Si207. Rhomhohedral. In embedded masses with curved lamellar 

structure. Cleavage: basal. H.  = 3. G. = 6.11-6.55. Color white; tarnishing on 
exposure. From the Harstig mine, Pajsberg. and Lingban, Sweden. 

Molybdophyllite. (Pb,Mg)Si04.H20. Hexagonal. In irregular foliated masses with 
erfect basal cleavage. H. = 3-4. G. = 4.7. Colorless to pale green. u = 1.81. 

jbifficultly fusible. From Lhngban, Sweden. 
Ganomalite. Pb4(PbOH)zCaa(Siz07)3. In prismatic crystals (tetragonal); also mas- 

sive, granular. H. = 3. G. = 5.74. Colorless to gray. Indices, 1.83-1.93. From 
Lbngban, Sweden; also Jakobsberg. 

Nasonite. Closely related to yammalite. Pbr(PbCl)aCa,(Si207)3. Probably tetragonal. 
Massive, granular cleavable. H. = 4. G. = 5.4. White. Fusible. From Franklin, N. J. 

Margarosanite. Pb(Ca,Mn)2(Si08)3. Triclinic. Slender prismatic cryetals and cleav- 
able granular. Three cleavages, one perfect. Colorless and transparent with pearly lus- 
ter. H. = 2.53. G. = 3.99. Easily fusible. From Franklin, N. J., and Gngban, Sweden. 

Hardystonite. C~ZnSi20,. Tetragonal. In granular masses. Three cleavages. 
H. = 3 4 .  G. = 3'4. Color white. From Fr'ranklin, N. J. 

Hydotekite. Appmxhately (Pb,Ba,Ca)B2(Si08)lz. Massive; coarse1 crystalline. 
a. = 5-5.5 G. = 3.81. Color whlte to pearly gray. From Lfingban, sweaen. 

Bq l i t e .  Ba4ALSiar,. In groups of colorless prismatic orthorhombic crystals. 
H. = 7. G. = 4.03. Luster greasy. Optically +. fl = 1'685. Occurs w t h  hedyphane 
in crystalline limestone a t  LLngban, Sweden. 

11 111 

Taramelute. BarFe&Silo03~. Orthorhombic? Fibrous. Color reddish, brown. 
H. = 5.5. G. = 3.9. Strong pleochroism, almost black to flesh-red. Found in lime- 
stone at  Candoglia, Italy. 

Roeblin ite. 5(H2C'aSi0J.2(CaPbS04). In denee, white, compact, crystalline masses. 
H. = 3. 2. = 3.433. From Franklin Furnace, N. J. 
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'111. Orthosilicates. &Si04 

Salts of Orthosilicic Acid, H4Si04; characterized by an oxygen ratio of 
1 : 1 for silicon to bases. 
The following list includes the more prominent groups among the Ortho- 

silicates. 
A number of basic orthosilicates are here included, which yield water upon ignition' 

also others which are more or less basic than a normal orthosilicate, but which are 01 
necessity introduced here in the classification, because of their relationship to other normal 
salts. The MICA GROUP is SO closely related to many, Hydrous Silicates that (with also 
Talc, Kaolinite, and some others) it is described later wlth them. 

Nephelite Group. Hexagonal. Scapolite Group. Tetragonal- 
Sodalite Group. Isometric. pyramidal. 
Helvite Group. Isometric-tetrahe- Zircon Group. Tetragonal. 

dral. Danburite Group. Orthorhom- 
Garnet Group. Isometric. bic. 
Chrysolite Group. Orthorhombic. Datolite Group. Monoclinic. 
Phenacite Group. Tri-rhombohe- Epidote Group. Monoclinic. 

dral. 

Nephelite Group. Hexagonal 
I 

Typical formula RAlSiO4 
Nephelite KzNa6AlsSis034 c = 0.8389 

Soda-nephelite (artif .) NaAlSiO4 
Eucryptite LiA1Si04 Kaliophilite KAlSiO4 

Cancrinite HeNaeCa(NaC03)2Al~(Si04)p 2c = 0'8448 
Microsommite (Na,K) I O C ~ ~ A ~ ~ Z S ~ I ~ O ~ S C ~ ~  2c = 0'8367 

The species of the NEPHELITE GROUP are hexagonal in crystallization and 
I 

have in part the typical orthosilicate formula RA1Si04. From this formula 
nephelite itself deviates somewhat, though an artificial soda-nephelite, 
NaA1Si04, conforms to it. The species Cancrinite and Microsommite are 
related in form and also in composition, though in the latter respect some- 
what complex. They serve to connect this group with the sodalite group 
following. 

NEPHELITE. Nepheline. Elreolite. 
Hexagonal-hemimorphic (p. 101). Axis c = 0.83893. 
In  thick six- or twelve-sided prisms with plane or modified summits. 

Also massive compact, and in embedded grains; structure sometimes thin 
columnar. 

Cleavage : m (1 10) distinct; c (001) imperfect. Fracture subconchoidal. 
Brittle. H. = 5.5-6. G. = 2.55-2.65. Luster vitreous to greasy; a little 
opalescent in some varieties. Colorless, white, or yellowish; also, when mm- 
sive, dark green, greenish or bluish gray, brownish red and brick-red. Trans- 
parent to opaque. Optically -. Indices: w = 1-542, a = 1.538. 

Var. - 1. Ne~helite. Glassy. - Usually in small glassy crystals or grains, transparent 
with vitreous luster, first found on Mte. Somma, Vesuvius. Characteristic particularly of 
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younger eruptive rocks and lavas. 2. Eholite. - In large coarse crystals, or more com- 
monl massive, with a greasy luster, and reddish greenish, brownish or gray in color. 
~ s u a z y  clouded by minute inclusions. ~haractprisiic of granular crystalline rocka, syenite, 
etc. 

Comp. - NaAlSi04. This is the composition of the artificial mineral. 
Natural nephelite always contains silica in varying excess and also small 
amounts of potash. The composition usually approximates to NasKzA18SisOsr. 

Synthetic experiments, yielding crystals like nephelite with the composition NaAISiOr, 
lead to the conclusion that a natural soda-nephelite would be an orthosilicate with this 
formula, while the higher silica in the potash varieties may be explained by the presence, 
in molecular combination, of KAlSi04 and NaAISiJOB (albite in hexagonal modification). 
The variation in composition may be more simply explained by considering normal nephe- 
lite, NaAISi04, to take up in solid solution silica or other silicate molecules. The other 
species of the group are normal orthosilicates, viz., eucryptite LiA1Si04. and kaliophilite, 
XAlSiOn. m., etc. - B.B. fuses quietly at  9'5 to a colorless glass, coloring the flame yellow. 
Gelatinizes with acids. 

Diff. -Distinguished by its gelatinizing with acids from scapolite and feldspar, as 
also from apatite, from which it differs too in its greater hardness. Massive varieties have 
a characteristic greasy luster. 

Micro. - Recognized in thin sections by its low refraction; very low inbrference- 
colors, which scarcely rise to gray; parallel extinction when in crystals; faint negative 
uniaxial cross yielded by basal sections in converging light. The negative character is best 
told by aid of the gypsum plate (see p. 266). Micro-chemical tests serve to distinguish non- 
characteristic particles from similar ones of alkali feldspar; the section is treated with dilute 
acid, and the resultant gelatinous silica, which coats the nephelitr particles, stained with 
eosine or other dyc. 

Artif. - Nephelite is easily prepared artificially by fusing its constituents together in 
the proper proportions. 

Obs. - Nephelite is rather widely distributed (as shown by the microscopic study of 
rocks) in igneous roclcs as the product of crystallization of a magma rich in soda and at  the 
same time low in silica (which last prevents the soda from being used up in the formation 
of albite). I t  is thus an essential corn nent of the nephelite-syenites and phonolites where 
it is associated with alkali feldspars cgefly. I t  is also a constituent of more basic augitic 
rocks such as nephelinitc, nephelite-basalts, nephelite-tephrites, theralite, etc., most of 
which are volcanic in origin. The variety eholite is associated with the granular plutonic 
rocks, while the name nephelite was originally used for the fresh glassy crystals of the 
modern lavas; the terms have in this sense the same relative significance as orthoclase and 
sanidine. Modern usage, however, tends to drop the name elaeolite. 

The original nephelite occurs in crystals in the older lavas of Mte. Somma, Vesuvius, with 
mica, vesuvianite, etc.; at Capo di Bove, near Rome; in the basalt of Katzenbuckel, near 
Heidelberg, Germany; Aussig in Bohemia; Lobau in Saxony. Occurs also in massive forms 
and large coarse crystals (eholile) in the nephelite-syenites of Southern Norway, especially 
along the Langesund fiord; similarly in west Greenland; the pemnsula of Kola, Russia; 
Miask in the Ilmcn Mts. (in the rock miascite); Sierra Monchique, Portugal (in the rock 
foyaite); Ditr6, Hungary (in the rock dit~oite); Pousac, France; Brazil; South Africa. 

Elaeolite occurs massive and crystallized at  Litchfield, Me., with cancrinlte; Salem, 
Mass.; Red Hill, N. H.; in the Ozark Mts., near Magnet Cove, Ark.; elreolite-syenite 
is also found near Beemersville, northern N. J.; near Montreal, Canada; a t  Dungannon 
township, Ontario, in enormous crystals. Nephelite rocks also occur a t  various points as 
the Transpecos district Texas; Pilot Butte, Texas; also in western North Amerlca, a; in 
Col. a t  Cripple creek;' in Mon., in the Crazy Mts., the Highwood, Bearpaw and .Judith 
Mts.; Black Hills in S. D.; Ice River, British Columbia. 

Named nephelite from v e r X 7 ,  a cloud, in allusion to its becomin cloudy when immersed 
in strong acid; eholite is from i * ~ i o v ,  D(l, in allus~on to IL. +greasy fuster. 

Gieseckile is a pseudomorph after nephelite. I t  occurs In Greenland in six-sided green- 
ish gray prisms of greasy luster; also a t  Diana in Lewis Co., N. Y. Dysyntribite from 
Diana is similar to gieseckite, as is also liebenerite, from the valley of Fleims, in Tyrol, 
Austria. See further FINITE under the MICA GROUP. 

Eucryptite. IliAlSiO,. I n  symrnetricdy arranged crystals (hexa onal), embedded, 
in albite and derlved from the alteration of spodumene at  Branchville, 8onn. (see Fig. 488, 
p. 181). G. = 2.667. Colorless or white. 



SILICATES 501 

Kaliophilite. KAlSiO,. Phacellite. Phacelite. Facellite. In  bundles of slender 
acicular cr stals (hexagonal), also in fine threads, cobweb-like. H. = 6. G. = 2.493- 
2.602. coLrless. Occurs in ejected masses at  Mte. Somma, Vesuvius. 

CANCRINITE. 
Hexagonal. Axis c = 0-4224; and mp 1070 A 1011 = 64", pp' 101 1 A 

0111 = 25" 58'. Rarely in prismatic crystals with a low terminal pyramid. 
Usually massive. 

Cleavage: prismatic, m (10i0) perfect; a (1130) less .so. H.. = 5-6. 
G. = 2.42-2.5. Color white, gray, yellow, green, blue, reddish. Streak 
uncolored. Luster subvitreous, or a little pearly or greasy. Transparent to 
translucent. Optically -. w = 1.524. e = 1.496. 

Comp. - HeNa&a(NaCO3)2Als(Si04)V or 3H20.4NazO.Ca0.4Al2O3. 
9Si02.2C02 = Silica 38.7, carbon dioxide 6.3, alumina 29.3, lime 4.0, soda 
17.8, water 3.9 = 100. 

Pyr., etc. - I n  the closed tube gives water. B.B. loses color, and fuses (F. = 2) with 
intumescence to a white blebb glass, the very easy fusibility distinguishing i t  readily from 
nephelite. EBervesces with gydrochloric acid, and forms a jelly on heating, but not 
before. 

Micro. - Recognized in thin sections by its low refraction; quite high interference- 
colors and negative uniaxial character. Its common association with nephelite, sodalite, 
etc., are valuable characteristics. Evolution of COz with acid distinguishes it from all other 
minerals except the carbonates, which show much higher interference-colors. 

A@. -,Cancrinite has been prepared artificially by heating under pressure a mixture 
of sodum slhcate, alumina and sodium carbonate; also by the treatment of nephelite and 
labradorite by sodium carbonate at  high temperatures. 

Obs. - Cancrinite occurs only in igneous rocks of the nephelite-syenite and related 
rock groups. I t  is in part believed to be original, i.e., formed directly from the molten mag- 
ma; in part held to be secondary and formed a t  the expense of nephelite by infiltrating 
waters holding calcium carbonate in solution. Prominent localities are Miask in the Ilmen 
Mts., Russia, in coarse-grained nephelite-syenite; similarly a t  Barkevik and other localities 
on the Langesund fiord in southern Norway; in the parish of Knolajkvi in northern Finland 
(where, associated with orthoclase, aegirite and nephelite, i t  composes a mass of cancrinite- 
syenite); a t  Ditrb, Transylvania, etc.; in nephelite-syenite of Sarna and Alno in Sweden, 
and in Brazil; also in small amount as an occasional accessory component of many phono- 
litic rocks at  various localities. 

In  the United States a t  Litchfield and West Gardiner, Me., with elaeolite and blue soda- 
lite. Named after Count Cancrin, Russian Min~ster of Finance. 

SULPHATIC CANCRINITE with nearly one-half the COz replaced by SO, is found in an 
altered rock on Beaver Creek, Gunnison Co., Col. Has lower refractive indices and bire- 
fringence than cancrinite. 

Microsommite. Near cancrinite; perhaps (N~,K)IoC~~A~~ZS~~~O~SC~~). In minute 
co!arless prismatic cr stals (hexagonal. See Fig. 30, p. 19). From Vesuvius (Monte 
Somma). H. = 6. 6. = 2.42-2.53. w = 1.521. e = 1.529. 

Davyne. Near microsommite. From Mte. Somma; Laacher See, Germany. = 
1'518. e = 1,521. 

Sodalite Group. Isometric 
Sodalite Na4(AlCl)Al~(Si0~)~ 
Haiiynite (Nh,Ca)2(NaS04.Al)A12(Si04)3 
Noselite Na4(NaS04.Al)A12(Si04)3 
Lazuri te Na4(NaS3.A1)A12(Si04)3 

The species of the Sodalite Group are isometric in crystallization and per- 
haps tetrahedral like the following group. In composition they are peculiar 
(like cancrinite of the preceding group) in containing radicals with C1, SO4 and 
S, which are elements usually absent in the silicates. These are shown in the 
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formulas written above in the form suggested by Brogger, who shows that 
this group and the one following may be included with the garnets in a broad 
group characterized hy isometric crystallization and a close resemblance in 
composition. See further under the GARNET GROUP propcr, p. 505. 

The formulas are also often written as if the compound consisted of a sili- 
cate ant1 chloridc (sulphate, sulphide) - thus for sodalite, 3NaA1Si04 + NaCl, 
etc. 

SODALITE. 

Isometric, perhaps tetrahedral. Common form the dodecahedron. 
Twins: tw. pl. o ( I l l ) ,  forming hexagonal prisms by elongation in the direction 
of an octahedral axis (Fig. 406, p. 165). Also massive, in embedded grains; in 
concentric nodules resembling chalcedony, formed from elaeolite. 

Cleavage: dodecahedral, more or less distinct. Fracture conchoidal to 
uneven. Brittle. H. = 5.5-6. G. = 2.14-2'30. Luster vitreous, sometimes 
inclining to greasy. Color gray, greenish, yellowish, white; sometimes blue, 
lavender-blue, light red. Transparent to translucent. Streak uncolored. . - 
n = 1'4827. 

Comp. - Na,(A1C1)A12(SiO~)s = Silica 37'2, alumina 31'6, soda 25.6, 
chlorine 7.3 = 101.7, deduct (0 = 2C1) 1.7 = 100. Potassium re~laces a 
small part of the sodium. ~ h k  formula may also be written 3 ~ a L l ~ i 0 ,  + 
NaCl. 

Pyr., etc. - In the closed tube the blue varieties become white and opaque. B.B. 
fuses with intumescence, at  3'54, to a colorless glass. Soluble in hydrochloric acid and 
yields gelatinous silica upon evaporation. 
DS. - Distinguished from much analcite, leucite and hauynite by chemical tests alone; 

dissolving the mineral in dilute nitric acid and testing for chlorine is the simplest and 
best. 

Micro. - Recognized in thin sections by its very low refraction, isotropic character and 
lack of good cleavage; alm, in most cases, by its lack of color. In uncovered rock sections 
the minerals of this group may be distinguished from each other by covering them with a 
little nitric acid which is allowed to evaporate slowly. With sodalite crystals of sodium 
chloride will form; with hauynite crystals of gypsum; with noselite crystals of both com- 
pounds after the addition of calcium chloride; lazurite will evolve hydrogen sulphide which 
will blacken silver. 

Artif. - Sodalite can be obtained by fusing nephelite with sodium chloride; also by the 
action of sodium carbonate and caustic soda upon muscovite a t  500". I t  has been pro- 
duced also in various artificial magmas a t  temperatures below 700". 

Obs. - Sodalite occurs only in igneous rocks of the nephelite-syenite and related rock 
groups, as a product of the crystallization of a ma a rich in soda; also as a product asso- 
ciated with enclosed masses and bombs eeected witansuch magmas in the form of lava, as a t  
Vesuvius. Often associated with nephejite (or elzolite), eancrinitc and euclialyte. With 
snnidine it forms a sodalitetrachyte at  Scarrupata in Ischla, Italy, in crystals. In Sicily, 
Val di Noto, with nephelite and analcite. At Vesuvius, in bombs on Monte Somma in white, 
translucent, dodecahedral crystals; massive and of a gray color at  the Kaiserstuhl and near 
Lake Laach, Germany. A variety from Monte Somma containing 2 per cent of molybde- 
num trioxide has been called molybdosodalite. At Ditr6, Transylvania, in an elaeolite- 
syenite. In the foyaite of southern Portugal. At Miask, in the Ilmen Mts., Russia; in 
the augite-syenite of the Langesund-fiord region in Norway. Further in West Greenland 
in sodalite-syenite; the peninsula of Kola, Russia. 

A blue massive variety occura a t  Litchfield and West Gardiner, Me. Occurs in the 
theralite of thecrazy Mts., Mon., also a t  Square Butte, Kighwood Mts., and in the Bear- 
paw Mts., in tmgua~te. Occurs also in the ebolite-syenite of Brome, Brome Co., and of 
Montreal and Belaeil, province of Quebec; a t  Dungannon, Ontario in large blue masses 
and in small pale pink crystals. At Kicking Horse Pass, Bristish ~oiumbia.  

Hackmanite. A sodalite containing about 6 cent of the molecule Na~[Al(NaS)]AIx 
(Si04)a from a rock called lawite from the Tawa va ey on the Kola peninsula, Lapland. 



E ~ A ~ I T E .  Haiiyne. 
Isometric. Sometimes in dodecahedrons, octahedrons, etc. 
Twins : tw. pl. o (1 11) ; contact-twins, also polysynthetic; penetration- 

twins (Fig. 405, p. 165). Co~nmonly in rounded grains, o ten looking like 
crystals with fused surfaces. 

Cleavage: dodecahedral, rather distinct. Fracture flat conchoidal to 
uneven. Brittle. H. = 5.56. G. = 24-2.5. Luster vitreous, to some- 
what greasy. Color bright blue, sky blue, greenish blue ; asparagus-green, 
red, yellow. Streak slightly bluish to colorless. Subtransparent to translu- 
cent; oftcn enclosing symmetrically arranged inclusions (Fig. 840). n = 
1'4961. 

Comp. - NazCa(NaS04.A1)Alz(Si04)3. This is analogous to the garnet 
formula (Brogger) where the place of the R3 is taken by Nat, Ca and the 
group Na-0-SO2-0-Al. The percentage composition is: Silica 32.0, sulphur 
trioxide 14.2, alumina 27.2, lime 10'0, soda 16.6 = 100. The ratio of N e  : Ca 
also varies from 3 : 2; potassium may be present in small amount. The 
formula may also be wr tten 2(Naz,Ca)A1,(Si04) + (Na ,Ca)S04. 

Pyr., etc. - In the closed tube retains its color. B.B. in the forceps fuses a t  4'5 to a 
white glass. Soluble in hydrochloric acid and yields gelatinous silica upon evaporation. 
The solution gives a test for the sulphate radical with barium chloride. 

Micro. - Similar to sodalite, which see. 
Artif. - Has been produced artificially in the same ways as with sodalite with the use 

of a sulphate instead of a chloride. 
Obs. - Common in certain igneous rocks, thus in haiiynophyre, in honolite, tephrite; 

very commonly associated with nephelite and leucite. Occurs in the Fesuvian lavas, on 
Mte. Somma; a t  Melfi, on Mt. Vultur, Naples; in the lavw of the Campagna, Rome, &o 

840 
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Section of crystals of haiiynite (after Mi3hl) 

in a basalt tuff near Albano, Italy; a t  Niedermendig, in the Eifel, Germany; thephonolites 
of Hohentwiel, Baden, Germany. 

Noselite or Nosean. Near haiiynite, but contains little or no lime. Color grayish, 
bluish, brownish; sometimes nearly o aque from the presence of inclueions (cf. .Fig. 840). 
n = 1.495. Not uncommon in phonoEte. In Germany at  Andernach, the Laicher See, 
and elsewhere. 

LAZURITE. LAPI&LAZULI. Lrtsurite. 
Isometric. In cubes and dodecahedrons. Common-y massive, compact. 
Cleavage: ddecahedral, imperfect. Fracture uneven. H. = 5-5.5. 

G.  = 2.38-2.45. Luster vitreous. Color rich Berlin-blue or azure-blue, 
violet-blue, greenish blue. Translucent. n = 1.500. 

Comp. - Essentia ly Na4(NaS .'Al)A12(Si04)3, but containing also in mo- 
lecular combination haiiynite and sodalite. The percentage composition of 
this ultramarine compound is as follows: Si iea 31.7, alumina 26.9, soda 
27.3, sulphur 16-9 = 102.9, or deduct (0 = S) 2.9 = 100. 

The heterogeneous character of what had long passed as a simple mineral under the name 
Lapis-lazuli was shown by Fischer (1869), Zirkel (1873), and more fully by Vogelsang (1873). 
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Thr ordinary natural lapis lazuli is shown by Bro$ger,and Backstrom to contain lazuritc 
or haiiynite (sometimes changed to a zeolite), a dlopslde free fr0.m iron, amphibole (kok- 
sharovite), mica (muscovite), calcite, pynte; also in some var~eties in relatively small 
amount scapolite, plagioclasc, orthoclase (microperthite?),, apatite, titanite, zircon, and 
an undetermined mineral optically + and probably uninx~al. Regarded by Bragger as 
a rcsult of contact mrtamorphism in limostone. 

Micro. -- Similar to sodalite, which see. 
Pyr etc. - Heated in the closed tube gives off some moisture; the variety from Chile 

glows 4 t h  a beetle-green light, but the color of the mineral remains blue on cooling. Fuses 
easily (3) with intumescence to a white glass. Soluble in hydrochloric acid and yields gelati- 
nous silica upon evaporation and evolves hydrogen sulphide. 

Obs. - Occurs in Badakshan, India, in the valley of the Kokcha, a branch of the Oxus, 
a feu, miles above Firgamu. Also at  thc south end of Lake Baikal, Siberia. Further, in 
Chilr in thc Andes of Ovalle. I n  ojt:cterl masses at  Monte Somma, Vesuvius, rare. From 
Siberia and Persia. 

Use. - The richly colored varieties of lapis lazuli are highly esteemed for costly vases 
and ornamental furniture; also employcd in the manufacture of mosaics; and when pow- 
dered constitutes the rich and durable paint called ~~Ztramarine. This has been replaced, 
however, by nrtificial ultramarine, now an important commercial product. 

Helvite Group. Isometric-tetrahedral 
Helvite (Mn,Fe)z(MnzS)Be3(SiO,), 
Danalite (Fe,Zn,Mn)d (Zn,Fe)nS)Be3(Si04)s 
Eulytite Bi4(Si0J3 
Zunyite (A~(OH,F,C~>Z>,AIZ(S~O~)~ 

The HELVITE GROUP includes several rare species, isometric-tetrahedral in 
crystallization and in composition related to the species of the SODALITE 
GROUP and also to those of the GARNET GROUP which follows: 

HELVITE. 
Isometric-tetrahedral. Commonly in tetrahedral crystals; also in spheri- 

cal masses. 
Cleavage: octahedral in traces. Fracture uneven to conchoidal. Brittle. 

H. = 6-6.5. G. = 3.16-3-36. Luster vitreous, inclining to resinous. Color 
honey-yellow, inclining to yellowish brown, and siskin-green, reddish brown. 
Streak uncolored. Subtransparent. n = 1.739. Pyroelectric. 

Comp. - (Be,Mn,Fe)&3i3OIzS. This may be written (Mn,Fe)2(Mn2S)Be3 
(Si04)S analogous to the Garnet Group, the bivalent group -Mn-S-Mn taking 
the place of a bivalent element, R, and 3Be corresponding to 2A1, cf. p. 505. 
Composition also written 3(Be,Mn,Fe)2Si04.(Mn,Fe)S. 

Pyr., etc. - Fuses at  3 in R.F. with intumescence to a yellowish brown opaque bead, 
becoming darker in R.F. With the fluxes gives the manganese reaction. Soluble In hydro- 
chloric acid, giving hydrogen sulphide and yielding gelatmous silica upon evaporation. 

Obs. - Occurs at  Schwarzenberg and Breitenbrunn, in Saxony; at  Kapnik, Hungary; 
also in the pegnmtite veins of the augite-syenite of the Lan und fiord, Norway; in the 
Ilmen Mte., Russia, near Mi& in pegmatite. 1n the ~ n i t e d g a t e s ,  with spessartite, a t  the 
mica mines near Arndia Court-How, Amelia Co., Va.; etc. Named by Werner, m allu- 
sion to its yellow color, from 'AM, the sun. 

Danalite. (Be,Fe,Zn,Mn)rB&QIzS. In octahedrons; usually massive. H. = 5'6-6. 
G. = 3.427. Color flesh-red to gray. Occurs in small grains in the Rockport 
Cape Ann, Maas.; at  the imn mine at  Bartlett, N. H.; El Paso Co., Col. In  En&?:{ 
Redruth, Cornwall. 

Mytite. B4SiaI2. Usually in minute tetrahedral crystals; also in spherical forms. 
H. = 4.5. G. = 6.106. Color .+rk hair-brown to gra ish, straw-yellow, or colorless. 
n = 2.05.. Found with native bwmuth near Schneeberg, gaxony; also at Joh-georgen- 
stadt, Germany, in crystals on quartz. 
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Zunyite. - A highly basic; orthosilicate of aluminium, (Al(OH,F,Cl)t)~~S&Ol~. In 
minute transparent tetrahedrons. H. = 7. G. = 2.875. From the ZMi mine, near Si- 
verton, San Juan Co., and on Red Mountain, Ouray Co., Col. 

4. Garnet Group. Isometric 

r i 2 ( ~ i 0 4 ) 3  or 3RO.FhO3.3Si02. 
I1 n u m 111 111 

R = Ca,Mg,Fe,Mn. R = Al,Fe,Cr,Ti. 
Garnet 

A. GROS~ULARITE Ca3A12(Si04)3 E. ANDRADITE Ca3FeZ(Si04)s 
B. PYROPE Mg3Alz(SiOa)3 Also (Ca,Mg)3Fez(SiO&, 
C. ALMANDITE Fe3Al~(Si04)~ Ca3Fez((Si,Ti)04)3 
D. SPESSARTITE Mn3A12(Si04)3 F. UVAROVITE Ca3Cs(SiO4)3, 

Schorlomite Ca3(Fe,Ti)n( (&,Ti) 04)3 

The GARNET GROUP includes a series of important sub-species included 
under the same specific name. They all crystallize in the normal class of 
the isometric system and are alike in habit, the dodecahedron and trapezo- 
hedron being the common forms. They have also the same general formula, 
and while the elements present differ widely, there are many intermediate 
varieties. Some of the garnets include titanium, replacing silicon, and thus 
they are connected with the rare species schorlomite, which probably also has 
the same general formula. 

Closely related to the GARNET GROUP proper are the species of the Sodalite and IIelvite 
Groups (pp. 501, 504). All are characterized by isometric cr stallization, and all are 
o~t$milicate~, with similar chemical structure. Thus the formu6 of the Garnet Gmup ia 

gaK(~i0~)a ; .  to this Sodalite conforms if written Nar(AlCl)Als(Si04)a, where Na, and the 
bivalent rahcal AlCl are equivalent to Ra; similarly for Noselite (Haiiynite) if the presence 
of the bivalent group NaS04-A1 is assumed. 

En the Helvite Group, which is characterized by the tetrahedral character of the species 
(perha true also of the Sodalites), the chemical relation is less close but probabl exists, 
aa exhicted by writing the formula of Helvite (Mn,Fe)(M+)Bez(SiO4)a, where the &valmt 
group -S-Mn-S- enters, and 3Be may be regarded as talung the place of 2A1. 

GARNET. 

Isometric. The dodecahedron and trapezohedron, n (211), the common 1 

simple forms; also these in combination, or with the hexoctahedron s (321). 
Cubic and octahedral faces rare. Often in irregular embedded grains. Also 
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massive; granular, coarse or fine, and sometimes friable; lamellar, lamellae 
thick and bent. Sometimes compact, cryptocrystalline like nephrite. 

Parting: d (110) sometimes rather distinct. Fracture subconchoidal to 

844 846 846 

uneven. Brittle, sometimes friable when granular massive; very tough when 
compact cryptocrystalline. H. = 6.5-7.5. G. = 3.15-4-3, varying with the 
composition. Luster vitreous to resinous. Color red, brown, yellow, white, 
apple-green, black; some red and green, colors often bright. Streak white. 
Transparent to subtranslucent. Often exhibits anomalous double refraction, 
especially grossularite (also topazolite, etc.), see Art. 429. Refractive index 
rather high, and varying directly with the composition. The different pure 
molecules have  approximate!^ the following indices. 

Pyrope 1.705, Grossularite 1'735, Spessartite 1.800, Almandite 1'830, Uvarovite 1.870, 
Andradite 1.89.5. 

11 I11 
Comp. -An orthosilicate having the general formula R31t2(Si04)3, or 

3R0.&03.3Si02. The bivalent element may be calcium, magnesium, ferrous 
iron or manganese; the trivalent element, aluminium, ferric iron or chro- 
mium, rarely titanium; further, silicon is also sometimes replaced by titanium. 
The different garnet molecules are isomorphous with each other although 
there are apparently definite limits to their miscibility. The greater majority 
will be found to have two or three component molecules; in the case, however, 
where three are present one is commonly in subordinate amount. The index 
of refraction and specific gravity vary directly with the variation in composition. 

Var. - There are three prominent groups, and various subdivisions under 
each, many of these blending into each other. 

I. Aluminium Garnet, including 
A. GROSSULARITE Calcium-Aluminium Garnet Ca3A1Z(Si04)3 
B. PYROPE Magnesium-Aluminium Garnet Mg3Alz(Si04)3 
C. ALMANDITE Iron-Aluminium Garnet Fe3A12(Si04) 3 

D. SPESSARTITE Manganese-Muminium Garnet Mn3A12(Si04)3 
11. Iron Garnet, including 

E. ANDRADITE Calcium-Iron Garnet CaJ3ez(SiOda 
(1) Ordinary. (2) Magnesian. (3) Titaniferous. (4) Yttriferous. 

111. Chromium Garnet. 
F. UVAROV~TE Calcium-Chromium Garnet Ca3Cr~(Si04)3 

The name Garnet is from the Latin grandus, meaning like a gmin, and directly from 
pomegranate, the see& of which are amall, numerous, and red, in allusion to the aspect of 
the crystals. 
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A. GROSSULARITE. Essonite or Hessonite. Cinnamon-stone. Calcium- 
aluminium Garnet. Formula 3Ca0.A1203.3Si02 = Silica 40-0, alumina 22.7, 
lime 37.3 = 100. .Often containing ferrous iron replacing the calcium, and 
ferric iron replacing aluminium, and hence graduating toward groups C and 
E. G. = 3.53. Color (a) colorless to white; (b) pale green; (c) amber- 
and honey-yellow; (d) wine-yellow, brownish yellow, cinnamon-brown; (e) 
rose-red; rarely (j) emerald-green from the presence of chromium. Often 
shows optical anomalies (Art. 429). 

The original grossularite (wiluite in part) included the pale green from Siberia, and was 
so named from the botanical name for the gooseberry; G. = 3.42-3*72. Cinnamon-sfone, 
or essonite (more properly hessonite), included a cinnamon-colored variety from Ceylon, 
there called hyacinth; but under this name the yellow and yellowish red k~nds are usually 
included; named from {uuwv, inferior, because of less hardness than the true hyacinth 
which it resembles. Succinite is an amber-colorcd lund from the Ala valley, Piedmont, 
Italy. Romanwvite is brown. 

Pale green, yellowish, and yellow-brown garnets are not invariably grossularite; some 
(including topaaolitc, demantoid, etc.) belong to the group of Calcium-Iron Garnet, or 
Andradite. 

B. PYROPE. Precious garnet in part. Magnesium-aluminium Garnet. 
Formula 3Mg0.A1203.3Si02 = Silica 44.8, alumina 25.4, magnesia 29.8 = 
100. Magnesia predominates, but calcium and iron are also present; the 
original pyrope also contained chromium. G. = 3.51. Color deep red to 
nearly black. Often perfectly transparent and then prized as a gem. The 
name pyrope is from avpw?ris, fire-like. 

Rhodolile, of delicate shades of pale rose-red and purple, brilliant by reflected light, 
corresponds in composition to two parts of pyrope and.one of almandite; from Macon Co., 
N. C. 

C. ALMANDITE. Almandine. Precious garnet in part. Common garnet 
in part. Iron-aluminium Garnet. Formula 3Fe0.A1203.3Si02 = Silica 36.2, 
alumina 20.5, iron protoxide 43.3 = 100. Ferric iron replaces the aluminium 
to a greater or less extent. Magnesium also replaces the ferrous iron, and 
thus it graduates toward pyrope, cf. rhodolite above. G. = 4.25. Color fine 
deep red, transparent, in precious garnet; brownish red, translucent or sub- 
translucent, in common garnet; bhck. Part of common garnet belongs to 
Andradite. 

The Alabandic carbuncles of Pliny were so called because cut and polished a t  Alabanda. 
Hence the name almandine or almandite, now in use. 

D. SPESSARTITE. Spessartine. Manganese-aluminium Garnet. Formula 
3Mn0.A1203.3Si02 = Silica 36.4, alumina 20.6, manganese protoxide 43.0 = 
100. Ferrous iron replaces the manganese to a greater or less extent, and 
ferric iron also the aluminium. G. = 4.18. Color dark hyacinth-red, some- 
times with a tinge of violet, to brownish red. 

E. ANDRADITE. Common Garnet, Black Garnet, etc. Calcium-iron 
Garnet. Formula 3Ca0.Fez03.3Si02 = Silica 35-5, iron sesquioxide 31.5, lime 
33-0 = 100. Aluminium replaces the ferric iron; ferrous iron, manganese 
and sometimes magnesium replace the calcium. G. = 3.75. Colors various: 
wine-, topaz- and greenish yellow, apple-green to emerald-green; brownish 
red, brownish yellow; grayish green, dark green; brown; grayish black, black. 

Named Andradite after the Portuguese mineralogist, d'Andrada, who in 1800 described 
and named one of the included subvarieties, Allochroite. Chemically there are the follow- 
ing varietiw: 
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1. Simple Calciunviron Garnet, in which the protoxides are wholly or almost ~&olly 
lime. Includes: (u) Topazolite, having the color and transparency of topaz, and also 
sometimes green; crystals often showing a vicinal hexoctahedron. Demantoid, a grass-green 
to emerald-green variety with brilliant diamond-like luster, used as a gem. (b) Colophonite, 
a coarse granular kind! brownish yellow to dark reddish brown in color, resinous in luster, 
and usually with iridescent hues; namcd after the resin colophun?~. (cj Jfelanite (from 
~ i . A a s ,  black), black, either dull or lustrous; but all black garnet is not here included. 
Pyreneite is grayish black melanite. (d)  Dark peen garnet, not distinguishable from some 
allochroite, except by chemical trials. 

2. Manganesian Calci~~nz-iron C k c r ~ ~ e t .  ic~j Itothoflte. The original allochroite was a 
manganesian iron-garnet of brown or reddish brown color, and of finegrained massive 
structure. Rothofite, from Lbngban, Sweden, is similar, yellowish brown to liver-brown. 
Other common kinds of manganesian iron-garnet are light and dark, dusky green and black, 
and often in crystals. Polyadelphile is a massive brownidh yellow kind, from Franklin Fur- 
nace, N. J .  Bredbergite, from Sala, Sweden, contains a large amount of magnesia. (b)  Ar 
lome (properly haplome) has its dodecahedra1 faces striated parallcl to thc shorter diagonal, 
whence Hauy inferred that the fundamental form was thc cubc; and as this form is simpler 
than the dodecahcdron, he gave it a name derived from t i . ~ A b o s ,  simplc. Color of the origi- 
nal aplome (of unknown locality) dark hrown; also found yellowish green and brownish 
green at  Schwarzenberg in Saxony, and on the Lena in Siberia. 

3. Tilanifero~~s. Contains titanium and robably both Ti02 and Ti&; formula hence 
3CaO.(Fc1Ti,A1)~0r.3(Si,Ti)Ol. I t  thus gragates toward schorlomite. Color black. 

4. Yftr~eroics Calcium-iron Garnet. Contains yttria in small amount; rare. 

F. UVAROVITE. Ouvarovite. Uwarowit,. Ca1citc.m-chromiurn Garnet. 
Formula 3Ca0.Cr203.3Si02 = Silica 35.9, chromium sesquioxide 30.6, lime 
33-5 = 100. Aluminium takes the place of the chro~l~ium in part. H. = 7.5. 
G .  = 3.41-3.52. Color emerald-green. 

Pyr. etc. - Most variet,ies of garnet fuse ettsily to a light brown or black glass; F. = 3 
in almandite, spessartite, and grossularite; 3.5 in andradite and pyrope; but uvarovite, the 
chrome-garnet, is almost infusible, F. = 6. Andradite and alrnanditc fuse to a magnetic 
globule. Reactions with thc fluxes vary with the bases. Almost all kinds react for iron; 
strong manganese reect.ion in spessartite, and less rnarkecl in other varictics; a chromium 
reaction in uvarovite, and in most pyrope. Some varieties are partially decomposed by 
acids; all except uvarovite nft,er ignition become soluble in hydrochloric acid, and generally 
yield gelatinous silica on evaporation. Decomposed on fusion with alkaline carbonates. 

The density of garneta is largely diminished by fusion. Thus a Greenland garnet fell 
from 3.90 to 3'05 on fusion, and a Vilui grossularite from 3.63 to 2.95. 

Diff. - Charactcrieed by isometric crystallization, usually in isolated crystals, dodc- 
cahedrons or trapesohedrons; massive forms rare, then usually granular. Also distin- 

shed by hardness, vitreous luster, and in the c a m o n  kinds the fusibility. Vesuvianite 
uses more easily, zircon and quarts arc infusible; the specific gravity is higher than for P 

tourmaline, from which it differs in forin; it is much harder than sphalerite. 
Micro. - Distinguished in thin sections bv its very high relief; lack of cleavage; iso- 

tropic character; usuallv shows a p:de pink color; sometimes not readily told from some of 
thc spinels. 

Artif. -While members of the garnet group have been formed artificially their synthc- 
sis is ditficult. Ap arently they can be produced only under exact conditions of tempera, 
ture and pressure t t a t  ;re difficult to reproduce. Natural garnets when fused break down 
into various other minerals. 

Obs. - Grossularile is especially characteristic of metamorphosed impure calcareous 
rocks, whether altered by local igneous or general metamorphic processes; it is thus com- 
monly found in the contact zone of intruded igneous rocks and in the crystalline schists. 
Almandite is characterist,ic of the mica schists and metamorphic rocks containing alumina 
and iron; i t  occurs also in some igneous rocks as the result of later dynamic and mctamor- 
phi0 processes; it forms with the variety of amphibole called smaragdite the rock cclogite; 
Pyrope is especially characteristic of such basic igneous rocks as are formed from magmas 
containing much ma nesia and iron with little or no alkalies, as the peridotites, dunites, 
etc.; also found in t%e serpentines formed from these rocks; then often associated with 
spinel, chromite, etc. Spessartite occurs in granitic rocks, in quartzite, in whetstone schists 
(Belgium); it has been noted with tows  in l~thophyses in rhyolite (Colorado). The black 
variety of andradite, meknife, is common in eruptwe rocks, especially with nephelite, leucite, 
thus in phonolites, leucitophyres, nephelinltes: In such cases often tltanlferous or associated 
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with a titaniferous garnet, sometimes in zonal intergrowth; it  also occurs as a product of 
contact metamorph~sm. Demanloid occurs in serpentine. Uvarovile belongs particularly 
with chromite in ser entine; it occurs also in granular limestone. 

Garnet crystals often contain inclusions of foreign matter, but only in part due to altera- 
tion; as, vesuvianite, calcite, epidote, quartz (Fig. 486, p. 180); at  times the garnet is a 
mere shell, or perimorph, surrounding a nucleus of another species. A black garnet from 
Arendal, Norway, contains both calcite and epidote; 
crystals from Tvedestrand, Norway, are wholly calcite 

M? 
within there being but a thin crust of garnet. Crystah 
from hast Woodstock, Me., are dodecahedrons with e 
thin shell of cinnamon-stone enclosing calcite; others from 
Raymond, Me., show successive layers of garnet and 
calc~te. Many such cases have been noted. 

Garnets are often altered, thus to chlorite, serpentine; 
even to limonite. Crystals of pyrope are sometimes 
surrounded by a chloritic zone (kelyphite of Schrauf) 
not homogeneous, as shown in Fig. 847. 

Among prominent foreign. localities of garnets, besides 
those already mentioned, are the following- Gaoss- 
ULARITE: Fine cinnzmon-stone comes from Ceylon; on 
the Mussa-Alp in the Ala valley in Piedmont, Italy, with 
clinochlore and diopside; at  Zermatt, Switzerland; 
pale yellow at  Auerbach, Germany; brownish (romanzovite) a t  Kimito in Finland; honey- 
 ello ow octahedrons in Elba; pale greenish from the banks of the Vilui in Siberia, in serpentine 
with veauvianite; also from Cziklowa and Orawitza in the Banat, Hungary; with vmu- 
vianite and wollastonite in ejected masses at  Vesuvius; in white or colorless crystals in 
Tellemark, in Norway; also dark brown at  Mudgee, New South Wales; dark honey-yellow 
a t  Guadalcazar, and clear pink or rose-red dodecahedrons a t  Xalostoc, Morelos, Mexico, 
called variously, landerile, xaloslocite and rosolite. 

PYROPE: In  serpentine (from peridotite) near Meronitz and the valley of Krems in 
Bohemia (used as a gem); at  Zijblitz in Saxony; in the Vosges Mts.; in the diamond hg- 
gings of South Africa ('f Cape rubies "). ALMANDITE: Common in granite, gneiss, eclogite, 
etc., in many localities m Saxon Silesia, etc.; a t  Eppenreuth near Hof, Bavmia; in large 
dodecahedrons at Falun in ~ w d d n ;  hyacinth-red or brown in the Zillertal, Tyrol, Austria. 
Precious garnet comes in fine crystals from Ceylon, Pegu, British India, Brazil, and Green- 
land. SPESSARTITE: From Aschaffenburg in the Spessart, Bavaria; a t  St. Marcel, Pied- 
mont, Italy; near Chanteloube, Haute Vienne, France, etc. 

ANDRADITE: The beautiful green demantoid or "Uralian emerald" occurs in transparent 
greenish rolled pebbles, also in crystals, in the gold washings of Nizhni-Tagilsk in the Ural 
Mts.; green crystals occur at  Schwarzenberg, Saxony; brown to green at  Morawitza and 
Dognacska, Hungary; emerald-green at  Dobschau, Hungary; in the Ala valley, Piedmont, 
Italy, the yellow to greenish lopazolile. Allochroile, apple-green and yellowish, occurs a t  
Zermatt, Switzerland; black crystals (melanite), also brown, a t  Vesuvius on Mte. Somma; 
near BarBges in the Hautes-PyrBnBes, France, (pyreneite). A p h e  occurs a t  Schwarzen- 
berg in Saxony, in brown to black crystals. Other localities are Pfitschtal, Tyrol, Austria; 
Lgngban, Sweden; Pitkaranta, Finland; Arendal, Norway. UVAROVITE: Found at  Sara- 
novskaya near Bisersk, also in the vicinity of Kyshtyrnsk, Ural Mts., in chromic iron; at  
Jordansmiihl, Silesia; Pic Posets near VBnasque in the Pyrenees on chromite. 

In North Ameriqa, in Me., beautiful crystals of cinnamon-stone (with vesuvianite) occur 
a t  Parsonsfield, Phlppsburg, and Rumford, at  Raymond. In N. H., a t  Hanover, small 
clear crystals in gneiss; a t  Warren, cinnamon garnets; at Grafton. In Ver., a t  New Fane, 
in chlorite slate. In Mass., in gneiss a t  Brookfield; in fine dark red or nearly black trape- 
zohedral crystals a t  Russell, sometimes very large. In Conn., trapezohedrons, in mica 
slate, a t  Reading and Monroe; dodecahedrons a t  Southbury and Roxbu at  Haddam, 
crystals of spessartite. In N. Y. ,  brow? cr tals a t  Cmvn Point, Essex %; colophonite 
as a large vein a t  Willsboro Essex Co.; In &idletown, Delaware Co., large brown crystals; 
a cinnamon variety a t  ~ m i t ~ .  In N. J., a t  Ftanklin, black, brown, ellow, red, and green 
dodecahedra1 garnets; also near the Franklin Furnace (polyadelphiter In Pa., in Chester 
CO., a t  Pennsbury, fine dark brown crystals; near Knauertown; at  Cheater, brown; in 
Concord, on Green's Creek, resembling pyrope; in Leiperville, red; at  Mineral H!l, fine 
brown; a t  Avondale quarry, fine hessonite; uvarovite a t  Woods' chrome mine, Lancaster 
Co- In Va., beautiful transparent spessartite, used as a gem, at  the mica mines a t  Amelia 
Court-House. In N. C., fine cinnamon-stone a t  Bakersville; red garnets in the gold wash- 
ings of Burke, McDowell, and Alexander counties; rhodolile in Macon Co.; also mined near 
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Morgantown and Warlich, Burke Co., to be used as "emery," and aa "garnet-paper:" I n  
Ky., fine pyrope in the peridotite of Ellls Co. In Ark., a t  Magnet Cove, a t~tanlferous 
melanite with schorlomite. Large dodecahedral crystals altered to chlorite occur at  the 
Spurr Mt. iron mine, Lake Superior, Mich. In Col., a t  Nathrop, fine spessartite crystals 
in lithophyses in rhyolite; in large dodecahedral crystals a t  Ruby Mt., Salida, Chaffee Co., 
the exterior altered to chlorite. In  Arm, yellow-green crystals In the Gila caiion; pyrope 
on the Colorado river in the western part of the territory. N. M., fine pyrope on the 
Navajo reservation with clirysolite and a chrome-pyroxene. In Cal., green with copper 
ore, Hope Valley, E l  Dorado Co.; uvarovite, in crystals on chromitc, a t  New Idria. Fine 
crystals of a rich red color and an inch or more in diameter occur in the mica schists a t  
Fort Wrangell, mouth of the Stickeen river, in Alaska. 

In Canada, a t  Marmora, dark red; a t  Grenville, a cinnamon-stone; an emerald-green 
chrome-garnet, a t  Orford, Quebec, with millerite and calcite; fine colorless to pale olive- 
green, or brownish crystals, a t  Wakefield, Ottawa Co., Quebec, with white pyroxene, honey- 
yellow vesuvimite, etc., also others bright green carrying chromium; dark red garnet in 
the townships of Villeneuve (spessartite) and Templeton; a t  Hull, Quebec. 

Use. - The various colored and tmnspsrent garnets are used as semiprecious gem 
s,ones. At times the mineral is also used as an abrasive. 

Schorlomite. Probably analogous to garnet, 3Ca0.(Fe,Ti)203.3(Si,Ti)Oz. Usually 
massive, black, with conchoidal fracture and vltreous luster. H. = 7-7.5. G. = 3.81- 
3.88. From Magnet Cove, Ark.; in nepheline-syenite on Ice River, British Columbia. 

Partschinite. (Mn,Fe)&Si,Orr like spessartite. In small dull crystals (monoclinic). 
H. = 65-7. G. = 4.006. Color yellowish, reddish. From the auriferous sands of Ol4h- 
pian, Transylvania. 

A icolite. Same as for eulytite, BiSi9012, but monoclinic. In globular or semi- 
ob ar forms. From Johanngeorgenstadt, Germany. gl If 

Chrysolite Group. R2SiOd. Orthorhombic 
mm'! hh ' 

110 A 110 011 A oi l  a : b  : C  

Monticellite CaMgSi04 46" 54' 59" 52' 0.4337 : 1 : 0.5758 
Forsterite MgzSiOr 49" 51' 60" 43' 0.4648 : 1 : 0.5857 
Chrysolite (Mg,Fe)zSiO4 49" 57' 60" 47' 0.4656 : 1 : 0.5865 

Hortonolite (Fe,Mg,Mn)sSi04 
Fayalite FezSi04 49" 15' 60" 10' 0.4584 : 1 : 0.5793 
Knebelite (Fe,Mn)&iO4 
Tephroite MnzSiO4 49" 24' 61" 25' 0.4600 : 1 : 0.5939 

The CHRYSOLITE GROUP includes a series of orthosilicates of magnesium, 
calcium, iron and manganese. They all crystallize in the orthorhombic system 
with but little variation in axial ratio. The prismatic angle is about 50°, and 
that of the unit brachydome about 60"; corresponding to the latter threefold 
twins are observed. The type species is chrysolite (or olivine), which contains 
both magnesium and iron in varying proportions and is hence intermediate 
between the comparatively rare magnesium and iron silicates. 

In form, the s ecies of the Chrysolite Group, RaSiO,, are.closely rela* in an e to 
Chrysoberyl, &04; also somewhat l e .  cloaely to the speclea of the Dmapore &oPp, 
H2Al&,, etc. There is also an interesting relation between the chrysolites and the hurmtea 
(see p. 535), 
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CHRYSOLITE. Olivine. Peridot. 

Orthorhombic. Axes a : b : c = 0.46575 : 1 : 0.5865. 
mm"', 110 h 110 = 49" 57'. 

, ss', 120 A 120 = 94" 4'. 
848 849 

dd', 101 /\ 701 = 103" 6'. 
kk 021 h 0% = 99" 6'. 
ee"tl , 111 A IT1 = 40" 5'. 
' 121 A 131 = 72" 13'. 

Twins rare : tw. pl. h (01 with angle between 
basal planes of the two individuals = 60" 47', 
penetration-twins, sometimes repeated; tw. pl. w 
(012), the vertical axes crossing at an angle of 
about 30'. Crystals often flattened ( 1  a (100) or b (010), less commonly 
elongated I I c axis. Massive, compact, or granular; in embedded grains. 

Cleavage: b (010) rather distinct; a (100) less so. Fracture conchoidal. 
Brittle. H. = 6.5-7. G. = 3.27-3.37, increasing with the amount of iron; 
3.57 for hyalosiderite (30 p. c. FeO). Luster vitreous. Color green - com- 
monly olive-green, sometimes brownish, grayish red, grayish green, becoming 
yellowish brown or red by oxidation of the iron. Streak usually uncolored, 
rarely yellowish. Transparent to translucent. Optically +. Ax. pl. ( 1  
c (OOl), Bx 1 a (100). Dispersion p < V ,  weak. Axial angle large. a! = 
1.662. = 1.680. 7 = 1.699. 

Var. - Precioils. - Of a pale yellowish y e n  color, and transparent. G. = 3.441, 
3.351. Occasionally seen in masses as large as a turkey's egg," but usually much smaller. 
It has long been brought from the Levant for jewelry, but the exact localit is not known. 

Common; Olivine. - Dark yellowish green to ollve- or bottle-green. 9. = 3-26-3.40. 
Disseminated in crystals or grains in basic igneous rocks, basalt and basaltic lavas, etc. 
Hyaloaiierite is a highly ferruginous variety. 

Comp. - (Mg,Fe)2SiOc or 2(Mg,Fe)0.SiOz. The ratio of Mg : Fe 
varies widely, from 16 : 1, 12 : 1, etc., to 2 : 1 inhyalosiderite, and hencepass- 

ing from forsterite on the one side to 
860 fayalite on the other. No sharp line can 
a 
t 

be drawn on either side. Titanium dioxide 
.E is sometimes present replacing silica; also 

tin and nickel in minute quantities. 
Pyr., etc. - B. B. whitens, but is infusible & 

most cases; hyalosiderite and other varieties rich 
--+I in iron fuse to a black magnetic globule; some kinds 

turn red upon heating. With the fluxes gves 
/ ' reactions for iron. Some varieties give reactions 

, 100 i \, for titanium and manganese. Soluble in hydro- 
&' 

'. chloric acid and yields gelatinous silica upon 

-i '9 evaporation. 

z =BZa DifI. - Characterized by its infu~ibilit,~, the 
yellow-men color, granular form and cleavage 
(quartz has none). 

Micro. - Recognized in thin. sections by its high relief: lack of color; its few but 
marked rough cleavage-cracks; high interference-colors, which are usually the brilliant 
and pmnounced tones of the second order; parallel extinction; biaxial character; charac- 
teristic outlines (usually with acute terminations) when in distinct crystals (Fig.  85&852), 
its frequent association with iron ore and augite and its very common alteration, in a geater 
or less degree to serpentine, the first stages 6eing marked by the separation of iron-ore 
grains along the lines of fracture (Fig. 853). 

Arfif. -The different members of the Chrmolite Group have been easily synthesized 
in vanous ways. They are often observed m slags. 



512 DESCRIPTIVE MINERALOGY 

Obs. - Chrysolite (olivine) has two distinct methods of occurrence: (a) in igneo~~s 
rocks, as peridotite, norite, basalt, diabase and gabbro, formed by the crystallization of 
magmas low in silica and rich in magnesia; from an accessory component in such rocks 

861 862 863 
Y 
t K 

I ? 

b r j. 
Y 

the olivinc nvay increase in amount until i t  is the main rock constituent as in the dunites; 
also (b) as the product of metamorphism of certain sedimentary rocks containing magnesia 
and silica, as in impure dolomites. In the dunites and peridotites of i eous origin the 
c h~so l i t e  is commonly associated with chmmite, spinel, pyrpp!, etc. wEch are valuable 
inhcations also of the origin of serpentine8 derived from ohvlne. i n  the metamorphic 
rocks the above are wanting, and carbonates, as dolomite, breunnerite, magnesite, etc., 
are the common associations; chrysolitic rocks of this latter kind may also occur altered 
to serpentine. 

Chrysolite also occurs in grains, rarely crystals, embedded in some meteoric irons. 
Also present in meteoric stones, frequently in spherical forms, or chondrules, sometimes 
made up of a multitude of grains with like (or unhke) optical orientation enclosing glass 
between. 

Among the more prominent localities are: Vesuvius In lava and on Monte Somma in 
ejected masses, with sugite, mica, etc. In Germany observed in the so called sanidine 
?mbs a t  the Laacher See; at  Forstberg near Mayen in the Eifel and forming the mass of 

olivine bombs" in the Dreiser Weiher near Daun in the same region; at  Sasbach in the 
hiserstuhl, Baden (hyalo&mite). In crystals of gem-quality from Egypt. In Sweden, 
with oredeposits, as a t  Lhngban, Pajsberg, Persberg, etc, In ser entine at  Snarum, Nor- 
way, in large crystals, themselves altered to the same mmeral. Eornmon in the volcanic 
rocks of Sicily, the Haweiian Islands, the Azor,~,  etc. 

In the Umted States, m Thetford and Norw~ch, Ver., in boulders of coarsely crystallized 
basalt, the crystals or maases several inches through. In olivine-gabbro of Waterville, In 
the White Mte., N. H.; a t  Webate:, in Jackson Co., N. C., with ser entine and chromite; 
with chromite in Laudon Co.] Va.; III Lancaater Co., Pa. In small cyear olive-green g r a m  
with garnet at  some points m h. and N. hl. In basalt in Canada, near Montreal, a t  
Rougemont and Mounts Ro a1 and MontarvlUe, and in eruptive rocks at other points. 

Altcr~tion of chrysoliteo&n takes p l a~g  through the oxidation of the iron; the mineral 
becomes brownish or reddwh brown and indescent. The process may end in leaving the 
cavity of the c stal &XI with lifnonite, or red oxide of iron. A very common kind of 
alteration is to g e  h y e w  mape~lum shcate, serpentine, wrlh the partial removal of the 
iron or its separation In the o m  of grains of magnetite, also as iron sesquioxide; this 
cha e has often taken lace on a lasge saale. Bee further under serpentine, p. 573; 

8rysol i te  is name$ from w& goEd, and A h .  The hyalosiderite, from uahor, 
glass. and ~ i b ~ p o r ,  ivm. The chrysolith~ of Pliny waa probably our topaz; and his topaz 
bur ch7yaoZite. 

Use. - The clear, fine green varieties are used a s  a gem stone; usually called peridot. 
IDDING~ITE. From the rock cfqrmeloite of Carmelo Bay, Gal.; a silicate resembling an 

altered chrysolite, exact composit~on undetermined. Bas. been noted as pse$omorph 
after Ghryeolite in a basalt from the Mitfelgebirge, Boherma. Orfhorhombrc, foh ted  and 
cleavable. G. = 2.839. Color brown. 
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The pxial ratios of the other members of the Chrymlite Group are given in the table on 
p. 510. The species are briefly characterized as follows: 

Monticellite. CaMgSi04. Occurs in colorless to gray crystals on Mte. Somma. Vegu- 
vius; in masses (batrachite) on Mt. Monzonl, Tyrol, Italy; in crystals or grains in lime- 
stone at  Magnet Cove, Ark. G. = 3'03-3'25. Optically -. Indices, 1'651-1'668. 

Glaucochroite. CaMnSiO,. In  embedded prismatic crystals. Crystal constants and 
optical properties near those of Chrysolite Group. Color, delicate bluish green. Found 
at  Franklin Furnace, N. J.  H. = 6. G. = 3'4. 

Forsterite. M@SiO4. Occurs in white c ~ s t a l s  a t  Vesuvius; in greenish or yellom'sh 
embedded grains at Bolton, Mass. (boltontte). G. = 3.21-3.33. Optically +. P = 1.659. 

Hortonolite. (Fe,Mg,hln)pSi04. In rough dark-colored crystals or masses. Occurs a t  
the iron mine of Monroe, Orange Co., N. Y .; Iron Mine Hill, Cumberland, R. I. G. = 3.91. 
Optically - . Indices, 1'768-1.803. 

Fayalite. FezSi04. From the Mournc Mts., Ireland; the Azores; the Yellowstone 
Park; Rockport, Mass., etc. From Cuddia Mida, Island of Pantelleria, Italy. Crystals 
and massive, brown to black on exposure. G. = 4'1 Optically -. Indices, 1.824-1.874. 
Manganjayalite is a manganese variety found at  Sodermanland, Sweden. 

Knebelite. (Fe,Mn),SiOl. From Dannemora, and elsewhere in Sweden. G. = 4.1. 
Tephroite. Mn2Si04; also with zinc, in the variety roeppcn'tp. From Sterling Hill and 

Franklin Furnace, N. J.; also from Sweden; from Benderneer, New South Wales. Color 
flesh-red to ash-gray. G. = 4'1. Optically -. Index about 1.80. 

Phenacite Group. R2Si04. Tri-rhombohedral, 
rr' C 

Willemite ZnzSi04 64" 30' 0.6775 
Troostite (Zn,Mn)zSi04 

Phenacite BezSi04 63" 24' 0.6611 

The PHENACITE GROUP includes the above orthosilicates of zinc (man- 
ganese) and beryllium. Both belong to the tri-rhombohedra1 class of the 
trigonal division of the hexagonal system, and have nearly the same rhombo- 
hedral angle. The rare species trimerite, MnSi04.BeSi04, which is pseudo- 
hexagonal (triclinic) is probably to be regarded as connecting this group with 
the preceding Chrysolite Group. 

The following rare species are related: 
rr ' C 

Dioptase HzCuSiOI Tri-rhombohedra1 54" 5' 0'5342 
Friedelite H7(MnC1)Mn4(Si04)4 . 56" 17' 0'5624 
Pyrosmalite H7( (Fe,Mn)C1)(Fe,Mn)4(Si04)4 53" 49' 0'5308 

These species are very near to each other in form, as shown in the above axial ratios; 
they further approximate to the species of the Phenacite Group proper. They are also 
closely related among themselves in composition, since they are all acid orthosilicates, and 
have the general formula H2RSiC4 = HBR4(Si04)4, where (e.g. for Friedelite) in the latter 
form the place of one hydrogen atom is taken by the univalent radical (MnCl). 

WILLEM.ITE. 

Tri-rhombohedral. Axis c = 0.6775; rr' (1011) A (T101) = 64" 30'; ee' 
(0112) A (1012) = 36" 47'. 

In hexagonal prisms, sometimes long and slender, again short and stout; 
rarely showing subordinate faces distributed according to the phenacite type. 
Also massive and in disseminated grains; fibrous. 

Cleavage: c (0001) easy, Moresnet; difficult, N. J.; a (1120) easy, ,N. J. 
Fracture conchoidal to uneven. Brittle. H. = 5.5. G. = 3.89-4.18. Luster 
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vitreo-resinous, rather weak. Color white or greenish yellow, when purest; 
apple-green, flesh-red, grayish white, yellvwish brown often dark brown 

864 866 866 867 

$,3 * b  
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Colorado 

l'igs. 854-857, New . l e r ~ c ~ ~ .  c (oi lz) ,  s (1123), r~ (2iT3), x (3x31). 

when impure. Streak uncolored. Transparent to opaque. Optically + . 
w = 1.693, t = 1,712. 

Comp. - Zinc orthosilicate, ZnzSiOl or 2ZnO.SiOz = Silica 27.0, zinc 
oxide 73.0 = )00. Manganese often replaces a considerable part of the zinc 
(in troostite), and iron is also present in small amount. 

Pyr., etc. - B.B. in the forceps glows and fuses with difficulty to a white enamel; the 
varieties from New Jersey fuse from 3.5 to 4. The powdered mineral on charcoal in R.F. 
gives a coating, yellow while hot and white on cooling, which, moistened with solution of 
cobalt, and treated in O.F., is colored bright green. With soda the coating is more readily 
obtained. Soluble in hydrochloric acid and yields gelatinous silica upon evaporation. 

Obs. - From Altenherg near Moresnet, Belgium; at  Stolberg, near Aix-la-Cha ellc. 
From Musartut, Greenland; Mindouli, French Congo; Kristiania, Norway. In &. J. 
a t  Mine Hill Franklin Furnace, and a t  Sterling Hill, two miles distant. Occurs with rincite 
and franklidte, varying in color from white to pale honey-yellow and light green to dark 
a+-gra and flesh-red; sometimes in lor e reddish crystals (troostile). Rare a t  the Memitt 
mme, gcorro Co., N. M.; also a t  the 8edalia mine, Salida, Col. Named by Uvy after 
William I., King of the NetherlonZls. 

Use. - An ore of zinr. 

PHENACITE. 

Tri-rhombohedral. Axis c = 0.6611; rr' (1011) A (1101) = 63" 24'. 
Crystals commonly rhombohedra1 in habit, often lenticular in form, the 

868 869 860 

Miask. Florissant, Col. Mt. Antero, Col., Pfd. 

prisms wanting; also prismatic, sometimes termbated by the rhornbohcdron 
of the third series, x (see further, pp. 110-1 12). 
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Cleavage: a (1130) distinct; r (1011) imperfect. Fracture conchoidal. 
Brittle. H. = 7-5-8. G. = 2.97-3.00. Luster vitreous. Colorless; also 
bright, wine-yellow, pale rose-red; brown. Transparent to subtranslucent. 
Optically +. w = 1'6540; e = 1'6697. 

Comp. -Beryllium orthosilicate, Bepsi04 or 2Be0.Si01 = Silica 54-45, glu- 
cina 45'55 = 100. 

w., etc. - Alone remains unaltered; with borax fuses with extreme slowness, unless 
pulvenzed, to a transparent glass. With soda affords a white enamel; with more, intu- 
mesces and becomes infusible. Dull blue with cobalt solution. 

Obs. - Occurs a t  the emerald and chrysoberyl mine of Takovaya, 85 vents east of Eka- 
terinburg, Ural Mts.; also in the Ilmen Mts., near Miask, Russia; near Framont in the 
Vosges Mts.; Kragero, Norway; at the Cerro del Mercado, Durango, Mexico; crystals 
from San Miguel di Piracicaba, Minas Geraes, Brazil. 

In Col., on amazon-stone, at Topaz Butte, near Florissant, 16 miles from Pike's Peak; 
also on quartz and beryl at Mt. Antero, Chaffee county. Occurs at Chatham, N. H. 
Named from +;YcY(, a deceiver, in allusion to its having been mistaken for quartz. 

Trimerite. (Mn,(=a)2SiO4.BezSiO4. In  thick tabular prismatic crystals, pseudo- 
hexagonal (triclinic) in form and angle. H. = 6-7. G. = 3'474. Color salmon-pink to 
nearly colorless in small crystals. Optically -. Indices, 1.715-1.725. From the Hmt ig  
mine, Wermland, Sweden. 

Dioptase. HzCuSi04 or, Hz0.Cu0.Si02. Commonly in prismatic crystals (ssp 0251 
A 2021 = 84" 33f'). Also in crystalline aggregates; massive. Cleavage: T (10i1) per- 
fect. Fracture conchoidal to uneven. H. = 5. G. = 
3.28-3.35. Luster vitreous. Color emerald-green. Opti- 
cally +. w = 1.654. c = 1.707. 861 862 

Occurs in druses ~f well-defined crystals on quartz 
occupying seams in a compact limestone west of the hili 
of gold Altyn-Tube washings at in several the Kirghiz points in Ste &beria; pe, Russia; at Rezbhn in the a,  @ 
Hungary. From Copiapo, Chile, on quartz with otter ,a a 
copper ores. In fine crystals at the Mine Mindouli, two ; .. . 
leagues east of Comba, in the French Congo State. Also ; ,-- ! ,,' 
at the copper mines of Clifton, Graham Co., and from s; Metcalfe and near Florence, Ariz. 

PlanchBite. H~CU~(CU.OH)~(S~O~) ,~ .  Fibrous, often 
mammillary. Blue color. G. = 3.4. Found associated with dioptase, etc., at Mindouli, 
French Congo. 

Friedelite. H I ( M ~ C ~ ) M ~ ~ S ~ , O ~ ~ .  Crystals commonly tabular 1 1  c (0001); also massive, 
cleavable to closely compact. H. = 4-5. G. = 3.07. Color rose-red. From the man- 
ganese mine of Adervielle, vallBe du Louron, Hautes PyrBnBes, France; from Sjo mine, 
Wermland, Sweden; from Franklin Furnace, N. J. 

Pyrosmalite. H7((Fe,Mn)Cl)(Fe,Mn)4Si,01s. Crystals thick hexagond risms or 
tabular; also massive, foliated. H. = 4-4.5. G. = 3.W3.19. Color blackis: green to 
pale liver-brown or gray. Index about 1.66. From the iron mines of Nordmark in Werm- 
and and at Dannemora, Sweden. 

Scapolite Group. Tetragonal-pyramidal 
Meionite c = 0.4393 Mizzonite, Dipyre c = 0'4424 
Wernerite c = 0.4384 Marialite c = 0'4417 

The species of the SCAPOLITE GROUP crystallize in the pyramidal class of 
the tetragonal system with nearly the same axial ratio. They are white or 
grayish white in color, except when impure, and then rarely of dark color. 
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Hardness = 54 .5 ;  G. = 2.5-2.8. In composition they are silicates of 
aluminium with calcium and sodium in varying amounts; chlorine is also 
often present, sometimes only in traces. Iron, magnesia, potash are not 
present unless by reason of incllisions or of alteration. Carbon dioxide and 
sulphur trioxide have been noted in certain analyses. I t  has been suggested 
that these radicals enter into the composition in the same manner as thc 
chlorine. 

The Scapolites are analogous to the Feldspars in that they form a series 
with a gradual variation in composition, the amount of silica increasing with 
the increase of the alkali, soda, being 40 p. c. in meionite and 64 p. c. in mari- 
alite. A corresponding increase is observed also in the amount of chlorine 
present. Furthermore there is aIso a gradual change in specific gravity, in 
the strength of the double refraction, and in resistance to acids, from the easily 
decomposed meionite, with G. = 2.72, to marialite, which is only slightly 
attacked and has G. = 2.63. Tsrhermak has shown that the variation in 
composition may be explained by the assumption of two fundamental end 
compounds, viz. : 

By the isomorphous combination of these compounds the composition of 
the species mentioned above may be explained; no sharp line can, however, 
be drawn between them. 

Optically thtx series is characterized by the decrease in the strength of the double refrac- 
tion in passing from meionite to marialite. Thus (Lacroix) for meionite o - e = 0'036; 
for typical wernerite 0'03-0'02; for dipyre 0.015. 'B~w - . 

' 1 
The tetragonnl species melilite and gehlenite are near the Sc8polites .in 

angle. The more common vesuvianite is also related. 

MEIONITE. 

Tetragonal. Axis c = 0.43925. In prismatic crystals (Fig. 201;~. 86), 
either clear and glassy or milky white; also in crystalline grains and massive. 
Cleavage: a (100) rather perfect, m (110) somewhat less so. Fracture con- 
choidal. Brittle. H. = 5.5-6 G. = 2.70-2.74. Luster vitreous. Color- 
less to white. Trans~arent to translucent; often cracked within. Optically 
-. w = 1.597; E = '1.560. 

C0Dlp. - Ca4A16Si6025 or 4Ca0.3AlzOa.6SiOz = Silica 40.5, alumina 34.4, 
lime 25'1 = 100. 

The varieties included here range from nearly pure meionite to those consisting of 
meionite and marialite in the ratio of 3 : 1, i.e., Me : Ma = 3 : 1. No sharp hne can be 
drawn between meionite and the following species. 

Obs. - Occurs in small crystals in cavities, usual1 in limestone blocks, on Monte 
Somma, Vesuvius. Also in ejected masses at  the ~ a a c x e r  See, Germany. A mineral in 
an amphibole-gneiss from the Black Forest, Germany, which ia like meionite except for a 
basal cleavage has been called pseudmeionite. 

WERNERITE. COMMON SCAPOLITE. 

Tetragonal-pyramidal. Axis c = 0.4384. 
Crystals prismatic, yually coarse, with uneven faces and often large. The 

symmetry of the pyramidal class sometimes shown in the development of the 
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faces z (311) and zl (131). Also massive, granular, or with a faint fibrous 
appearance; sometimes columnar. 

ee', 101 011 = 32' 59'. 86'3 864 
TI-', 111 A i l l  = 43" 45'. 
mr, 110 A 111 = 58" 12'. 
zz"', 311 A 311 = 29" 43'. 

Cleavage: a (100) and m (110) rather dis- 
tinct, but interrupted. Fracture subconchoidal. 
Brittle. H. = 5-6. G .  = 2.6G2.73. Luster 
vitreous to pearly externally, inclining to res- 
inous; cleavage and cross-fracture surface 
vitreous. Color white, gray, bluish, greenish, 
and reddish, usually light; streak uncolored. 
Transparent to faintly subtranslucent. Optically -. o = 1.570. E = 1.549. 

Comp. - Intermediate between meionite and marialite and corresppnd- 
ing to a molecular combination of these in a ratio 3 : 1 to 1 : 2. The silica 
varies from 46 to 54 p.c., and as its amount increases the soda and chlorine 
also increase. Scapolites with silica from 54 p. c. to 60 p. c. are classed with 
mizzonite; they correspond to Me : Ma from 1 : 2 to 1 : 3 and upwards. 

The percentage composition for a common compound is as follows: 
Me : Ma 3 : 1 SiOz 46'10 A1zO3 30'48 CaO 19'10 NsnO 3'54 C1 1.01 =100'23 

Pyr., etc. - B.B. fuses easily with intumescence to a white blebby glass giving a strong 
sodium flame color. Imperfectly decomposed by hydrochloric acid. 

Diff. - Characterized by its square form and prismatic cleavage (90"); resembles 
feldspar when massive, but has a characteristic fibrous appearance on the cleavage surface; 
i t  is also more fusible, and has a higher specific gravity; also distinguished by fusibility 
with intumescence from pyroxene (which see, p. 478). 

Micro. - Recognized in thin sections b its low refraction; lack of color; rather high 
interferencocolors reaching the yellows angreds of the first order, sections showing which 
extinguish parallel to the cleavage; by the distinct negative axial cross of basal sections 
which show the cleavage-cracks crossing a t  right angles. 

Obs. -Occurs in metamorphic rocks, crystalline schists, gneisses, amphibolites and 
most abundantly in granular limestone near its junction with the associated granitic or 
allied rocks; sometimes in beds of magnetite accompanying limestone. It is often asso- 
ciated with a light-colored pyroxene, amphibole, garnet, and also with apatite, titanite 
zircon; amphibole is a less common associate than pyroxene, but in some cases has resulted 
from the alteration of pyroxene. Sca lite has been shown also to be frequently a com- 
ponent of basic igneous rocks, especiag those rich in plagioclases containing much lime; 
i t  is regarded as a secondary product through a certain kind of alteration. The scapolites 
are easily altered; pseudormorphs of mica, more rarely other minerals, are com- 
mon. 

Prominent localities are a t  Pargas, Finland, where it occurs in limestone; Arendal in 
Norway, .and Mals'ij in Wermland, Sweden, where it occurs with magnetite in limestone. 
Passauite is from ~bernzell,  near Passau, in Bavaria. The ale blue or gray scapolite from 
Lake Baikal, Siberia, is called glaucnlib. In the United gates ,  occurs in Ver., a t  Marl- 
borough, massive. In  Mass., a t  Bolton; a t  Chelmsford. In N. Y. in Orange Co., Essex 
Co., ,Lewis Co.; Grasse Lake, Jefferson Co.; a t  Gouverneur, in limestone. In N. J., a t  
Franklin and Newton. In Pa., a t  the Elizabeth mine, French Creek, Chester Co. 

In Canada, a t  Calumet Island, masslve; a t  Grenville; Templeton; Wakefield, Ottawa 
Co,; a t  Bedford and Bathurst, Ont : Scapolite rocks occur a t  several points. 

Mizzonite. Dipyre. Here are included scapolitcs with 54 to 57 p. c. SiOz, correspond- 
ing to a molecular combination from Me : Ma = 1 : 2 to Me : Ma = 1 : 3. Miwonite 
occurs in clear crystals in ejected massw on Mte. Somma, Vesuvius. 

Dipyre occurs in elongated square risrns, often slender, sometimes large and coarse in 
limestone and crystalline schists, chief& from the Pyrenees; also in diorite a t  Bamle, dor- 
way; Saint-Nazaire, France; Algeria. Cmeranite from the Pyrenees is a more or l e ~  
altered form of dipyre. 
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Marialite. Theoretically NaAlsSiPzrCl, see p. 516. Indices, 1441-1.554. The 
actual mineral corresponds to Me : Ma = 1 : 4. I t  occurs in a basalt tuff, a t  Pianura, 
near Naples. 

Sarwlite. (Ca,N~)3A12(SiOl)a. In small tetragonal crystals. H. = 6. G. = 2.545- 
2.932. Color flesh-red. Indices, 1.640-1'656. From Monte Somma, Vesuvius. 

MELILITE. 

Tetragonal. Axis c = 0.4548. Usually in short square prisms (a (100)) 
or octagonal prisms (a, m (110)), also in tetragonal tables. 

Cleavage: c (001) distinct; a (100) indistinct. Fracture conchoidal to 
uneven. Brittle. H. = 5. G. = 2.9-3.10. Luster vitreous, inclining to 
resinous. Color white, pale yellow, greenish, reddish, brown. Pleochroism 
distinct in yellow varieties. Sometimes exhibits optical anomalies. Opti- 
cally -.  w = 1.634. r = 1'629. 

I1 I11 
Comp. - Perhaps R12R4SiP03B or N&(Ca,Mg) 11(A1,Fe)4(SiOS9 for meli- 

lite. If Ca : Mg = 8 : 3, and A1 : Fe = 1 : 1, the percentage composition is: 
Silica 37.7, alumina 7.1, iron sesquioxide 11.2, lime 31 -3, magnesia 8.4, soda 4.3 
= 100. Potassium is also present. 

The composition of the melilite-gehlenite group can be explained as isomorphow mix- 
tures of the three com ounds, sarwlite, 3CaO.AlzOa.3SiOz or soda-sa~colite 3Naz0.AlnOa. 
3SiOz; dkermanik, ~ C ~ B . ~ M ~ O . P ~ O ~ ;  velardefiite, BCa0.A1208.Si02. The last is noted io 
large amount in ehlcnite from the Velardelia mlning district, Mexico. 

Artif. - ~ e l . k  iite has been formed artificially by fusing together its constituent 
oxides. I t  is found in slags and has been produced in various artificial magrnm. 

Pyr., etc. - R.B. fuses at  3 to n yellowish or greenish glass. With the fluxes reacts for 
iron. Soluble in hydrochloric acid and yields gelatinous silica upon evaporation. 

Micro. - Distinguished in t,hin sections b its moderate refraction; very low interfer- 
ence-colors, showing often the "ultra blue" (8apo di Bove); parallel extinction; negative 
character; usual development in tables parallel to the base and very common "peg struc- 
ture" due to parallel rod-like inclusions penetrating the crystal from the basal planes 
inward: this, however, is not always easily seen. 

Obs. - Melilite is a component of certain igneous rocks formed from magmas very low 
in silica, rather deficient in alkalies, and containing considerable lime and alumina. In 
such cases melilite appears to crystallize in the place of the more acid plagioclase. 

Melilite of yellow and brownish colors is found at  Capo di Bove, near Rome, in leucito- 
phyre with nephelite, aug i t~ ,  hornblende; a t  Vesuvius in duIl yellow crystals (smnertillite); 
not uncommon in certain basic eruptive rocks, as the melilite-basalts of Hochbohl near Owen 
in Wrttemberg, of the Swabian Alp, of Gorlitz, the Erzgebirge, Germany; also in the 
nephelite basalts of the Hegau, of Oahu, Hawaiian Islands, etc.; perovskite is a common 
associate. Occurs as chief constituent of rock on Beaver Creek, Gunnison Co., Col. Com- 
mon in furnace slags. Melilite is named from ~ i X r ,  honey, in allusion to the color. 

Humboldtilite occurs in cavernous blocks on Monte Somma, Vesuvius, with greenish mica, 
also apatite, augite; the crystals are often rather large, and covered with a calcareous coab 
ing; lws common in transparent lustrous crystals with nephelite, sarcolite, etc., in an 
augitic rock. Zurlite is im ure humboldtilite. Deeckeite is a pseudomorph after melilite 
with the co~position (H,~N~)~(M~,c~)(Y,F~)z(s~~o~)s.~HIO, found in a melllite basalt 
from the Kaiserstuhl, Baden, Germany. 

Cebollite. H2CasAlpSi301s. Orthorhombic (?). Fibrous. H. = 5. G. = 2'96. Color 
white to greenmh gray. Indicw, 1.59-1-63. Fusible a t  5. Soluble in acids. Found as 
an alterat~on product of melilite near Cebolla Creek, Gunnlson CO., Col. 

Gehlenite. Ca3AlzSizOlo. Crystals usually short square prisms. Axis c = 0.4001. 
G. = 2.9-3.07. .Different shades of aykh een to liver-brown. Fmm Mount Monzoni, 
~n the F a w a d ,  m Tyrol, Austria. g o m  ~ X r d e j l a  mining district, Mexico. 

FUQQERITE Corresponds to a member of the gehlenitefikermanite series, 3 hk : 10 geh. 
From Monzonite of Moneonital, Tyrol, Austrla. 
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AICERYANITE. Tetragonal, isomorphous with melilite and gehlenite. Found jn certain 
slags. See further under Melilite. 

VESWIANITE. Idocrase. 

Tetragonal. Axis c = 0.5372. 
ce, 001 A 101 = 28" 15'. pp', 111 A ill = 50' 39'. 
cp, 001 A 111 = 37' 131'. ssvll, 311 A 3T1 = 31" 38'. 
ct, 001 A 331 = 66" 18'. 

Ala Zermatt Sandford, Me. 

Often in crystals, prismatic or pyramidal. Also massive; columnar, 
straight and divergent, or irregular; granular massive ; cryptocrystalline. 

Cleavage: m (110) not very distinct; a (100) and c (001) still l e ~  so. 
Fracture subconchoidal to uneven. Brittle. H. = 6.5. G .  = 3.35-3-45. 
Luster vitreous; often inclining to resinous. Color brown to  green, and the 
latter frequently bright and clear; occasionally sulphur-yellow, and also pale 
blue. Streak white. Subtransparent to faintly subtranslucent. Dichroism 
not usually strong. Optically - ; also + rarely. Birefringence very low. 
Sometimes abnormally biaxial. Indices variable, from 1.715 to 1.720. 

Comp. - A basic calcium-aluminium silicate, but of uncertain formula; 
perhaps Ca~[Al(OH,F)]Alz(Si04)s. Ferric iron replaces part of the aluminium 
and magnesium the calcium. Fluorine and titanium may be present. 

I I 
Another general formula has been proposed, %Ca~Al~Si60~~, in which % 
may be C ~ ~ , ( A ~ O H ) ~ , ( A ~ O Z H ) ~ ,  or H4. 

Pyr., etc. - B.B. fuses a t  3 with intumescence to a greenish or brownish glass. With 
the fluxes gives reactions for iron, and some varieties a strong manganese react~on. Cvpnne, 
a blue variety, gives a reaction for copper with salt of phosphorus. Partially decomposed 
by hydrochloric acid, and completely when the mineral has been pre.viously ignited. 

Dii. - Characterised by ~ t s  tetragonal form and easy fusibility. Resembles some 
brown varieties of garnet, tourmaline, and epidote. 
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Micro. - Recognized in thin sections by its high refraction producin a very strong 
relief and'its extremely low birefringence; * also in general by its cbllor, pfeochroism, and 
uniaxial negative character; the latter, on account of the low birefringence, being difficult 
to determine. The low bircfringr:ncct, however, aids in distinguishing it from epidote, with 
which a t  times it may hc: confounded. 

Obs. - Vcsuvianite was first found among the ancient ejections of Vesuvius and the 
dolomitic blocks of Montc Sornma, whence its name. I t  commonly occurs ss a contact 
niincral from the a,lteration of impure limestones, then usually associated with lime garnet 
(grossularite), phlogopitc, diopside, wollastonite; also epidote; a.lso in serpentine, chlorite 
schist, gneiss and rclated rocks. 

Prominent localities arc Vcsuvius; the Albani Mts.; in Switzerland a t  Zermatt, ctc.; 
the Rtussa Alp in the Alit valley, in Piedmont, Italy; Mt. Monzoni in the Fassatal, Austria; 
nt Orawitza arid Dognaczka, Hungary; Haslau ncar Eger in Bohemia (egerun); 'near 
dordansmiihl, Silesia; on the Vilui river, near Lake Baikal, Siberia (sometimes called wiluile 
or viluite, like the grossular garnet from the same region); Achmatovsk, Ural Mts.; in 
Norway; at  Arendal, "colopho?zile"; a t  Egg, near Christiansand; at  Morelos, Mexico. 

In North America, in Me. a t  Phippsburg and Rumford; a t  Sandford. In N. H., a t  
Warren wit11 cinnamon-stone. In N. Y., 1lea.r Amity. In  N. J., at  Newton. In Lewis 
and Clark Co., hilon. In C:d. ncar San Carlos in Inyo Co.; a t  Crestmore, Riverside Co. 
In Canada, a t  Calumet I~alls, Litchfield, Pontiac Co.; a t  Grenville in calcite; a t  Templet,on, 
Ottawa Co., Quebec. A lavender-colored variety, known ns mungan-vesuvianile comes 
from near Black Lake, Quehcc:. 

Culijornite is a closely compact variety of an olivegreen to a grass-green color from 
Siskiyou, Frcsno. and T~ilarc Cos., C:I.I. 

- 

Zircon Group. RS~O~.  Tetragonal 
Zircon ZrSi04 c = 0'6404 
Thorite ThSiOl c = 0'6402 . 

This group includes the orthosilicates of zirconium and thorium, both 
alike in tetragonal crystallization, axial ratio and crystalline habit. 

These species are sometimes regarded aa oxides and then included in the RUTILE GROUP 
(p. 425), to which they approximate closely in form. A similar form belongs also to the 
tantalate, Tapiolite, and to the phosphate Xenotime; further, compound groups consisting 
of crystals of Xenotimeand Zircon in parailel position are not uncommon (Fig. 462, p. 173). 

ZIRCON. 
Tetragonal. Axis c = 0.64037. 

ee', 101 A 011 = 44" 50' 
ee", 101 A 101 = 65' 16'. 
~ p ' ,  111 A ill = 56' 40)'. 
UU', 331 A 931 = 83O 9'. 

mp 110 A 111 = 47" 50'. 
mu, 110 A 331 = 20° 12)'. 
X X V ~ ~ ,  311 A 311 = 32' 57). 
ax, 100 A 311 = 31" 43'. 

----- 
* Fre uantly miner&, which, like vesuvianite melilite and zoisite, are doubly refract- 

ing but o? extremely low birefringence and possibk (where they are p o s ~ t ~ v e  for one color 



SILICATES 

Twins: tw. pl. e (101), geniculated twins like rutile (Fig. 412, p. 166). 
Commonly in square prisms, sometimes pyramidal. Also in irregular forms 
and grains. 

876 876 877 

Colorado 

Cleavage : m (1 10) imperfect; p (1 11) less distinct. Fracture conchoidal. 
Brittle. H. = 7.5. G. = 4.684.70 most common, but varying widely to 4.2 
and 4.86. Luster adamantine. Colorless, pale yellowish, grayish, yellowish 
green, brownish yellow, reddish brown. Streak uncolored. Transparent to 
subtranslucent and opaque. Optically +. Birefringence high. w = 1.9239, 
e = 1.9682, Ceylon. Sometimes abnormally biaxial. 

Hyacinth is the orange, reddish and brownish trans arent kind used for gems. Jar on 
is a name givrn to the colorless or smoky zircons of Eeylon, in allusion to the fact t fa t  
while resembling the diamond in luster, they are comparatively worthless; thence came 
the name zircon. 

Comp. - ZrSi04 or ZrOz.SiOz = Silica 32.8, zirconia 67.2 = 100. A 
little iron (Fez03) is usually present. 

Pyr., etc. -Infusible: the colorless varieties are unaltered, the red become colorless, 
while dark-colored varieties are made white; some varieties glow and increase in density 
by ignition. Not perceptibly acted upon by salt of phosphorus. In  powder decomposed 
when fused with soda on the platinum wire, and if the product is dissolved in dilute hydro- 
chloric acid it gives the orange color characteristic of zirconia when tested with turmeric 
paper. Not acted upon by acids except in fine powder with concentrated sulphuric acid. 
Decomposed by fusion with alkaline carbonates and bisulphates. 

Diff. - Characterized by the prevailing square pyramid or square prism; also by its 
adamantine luster, hardness, high specific gravity, and infusibility; the dlamond is optically 
isotropic. 

Micro. - Recognized in thin sections by its very high relief; very high interference- 
colors, which approach white of the higher order except in very thin sections; positive 
uniaxlal character. It is distinguished from cassiterite and rutile only by its lack of color, 
and from the latter also in many cases by method of occurrence. 

Artif. -Zircon has been prcpared artificially by heating zirconium oxide with quartz 
in gaseous silicon fluoride. 

Obs. - A common accessory constituent of igneous roch, especially those of the more 
acid feldspathic groups and particularly the kiuds derived from magmas containing much 
soda, as granite, s en~te, diorite, etc. I t  is one of the earliest minerals to crystallize from a 
cooling magma. f s  generally present in minute crystals, but in pegmatitic facies often in 
large and well-formed crystals. Occurs more rarely elsewhere, as in granular limestone, 
chloritic and other schists; gneiss; sometimes in iron-ore beds. Crystals are common in 
most auriferous sands. Sometimes found in volcanic rocks, probably in part as inclusions 
derived from older rocks. 

Zircon in distinct crystals is so common in the pegmatitic forms of the nephelite-syenite 

but negative for another), do not show a p a y  color between crossed nicols but a curious 
blue, a t  times an intense Berlin blue, which m quite distinct from the other blues of the color 
scale and is known as the "ultra blue." 
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and augite-syenite of southern Norway (with zgirite, etc.) that this rock there and else- 
where hrts sometimes been called a "zircon-syenite." 

Found in alluvial sands in Ceylon; in the gold regions of the Ural Mts.; in Norway, a t  
Laurvik, a t  Arendal, in the iron mines, a t  Frcdrikevlirn, and in veins in the augite-sy~nite 
of the Langesund fiord; Pfitschtal, Tyrol, Austria; in Germany in lava at  Niedermendig in 
the Eifel, red crystals; from Madagascar; from Minas Geraes, Brazil. 

In North America, in Me., a t  Litchfield; in N. Y., in Moriah, Essex Co., cinnamon- 
red; near the outlet of Two Ponds, Orange Co., with scapolite, pyroxene and titantite; a t  
Warwick, chocolate-brown, near Amity; in St. Lawrence Co.. in the town of Hammond; 
at  Rossie, Fine, Pitcairn. In  Pa., near Reading. In N. C., abundant in the gold sands of 
Burke, McDowell, Yolk, Rutherford, Henderson, and other counties. I n  Col., with astro- 
phyllite, etc., in the Pike's Peak region in El Paso Co.; at Cheyenne Mt. In Cal., in auri- 
ferous gravels. 

In Canada, a t  Grenville, hrgenteuil Co.; in Templeton and adjoining townships in 
Ottawa Co., Q~iebec; in Renfrew Co., sometimes very large; in North Burgess, Lanark Co. 

Use. - Zircon ill its t.ransparent varieties serves frequently as a genl stone; also as a 
source of zirconium oxide used in the manufacture of the incandescent gas mantles. 

Multzcon is an altered zirco~i. (lyrtolite is related but contains uranium, yttrium and 
other rare elements. 

N d g i t e  is apparently zircon with yttrium, niobium-tantalum, thorium, and uranium 
oxides. Occurs in spheroidal aggregatcs ncar Takoyama, Mino, Japan. Color green, gray, 
brown. H.  = 7.5. G. = 4.1. 

Thorite. Thorium silicate, ThRiOa, like zircon in form; usually hydrated, black in 
color, and then with G. = 4.5-5; also orange-yellow and with G. = 5'19-5'40 (orangite). 
From the Brevik region and Arendal, Norway. 

Auerlite. Like zircon in form; supposed to be a silico-phosphate of thorium. Hender- 
son Co., N. C. 

11 111 IU III 

Danburite-Topaz Group. Orthorhombic. RR2(Si04)2 or (RO)RSi04 
Danburite CaBz(SiOd)2 a : b : c = 0'5444 : 1 : 0'4807 
Topaz [A1(F,0H)2]A1Si04 a : b : c = 0'5285 : 1 : 0'4770 
Andalusite (A10)A1Si04 3 b : a : 3 c = 0'5070 : 1 : 0'4749 

or a : b : c = 0'9861 : 1 : 0'7025 

Sillimanite AlzSiO6 Orthorhombic a : b = 0'970 : 1 
A12Si05 Triclinic C y mite 

u : b : c = 0.8994 : 1 : 0.7090; a = 90" 5*', @ = 101" 2', y = 105" 443'. 

DANBURITE. 

Orthorhornbic. Axes a : b : c = 0.5444 : 1 : 0.4807. 

. 878 
mm"', 110 A IT0 = 57" 8'. dd', 101 A 101 = 82" 53'. 
ZZ', 120 A T20 = 85" 8'. ww', 041 A dl = 125" 3'. rB Habit prismatic, resembling topaz. Also in indistinct 

embedded crystals, and disseminated masses. 
Cleavage: c (001) very indistinct. Fracture uneven ' 

to subconchoidal. Brittle. H. = 7-7.25. G. = 2.97- 
3.02. Color pale wine-yellow to colorless, yellowish white, 
dark wine-yellow, yellowish brown. Luster vitreous to 
greasy, on crystal surfaces brilliant. Transparent to 
translucent. Streak white. Optically -. 2V = 88". 
a = 1.632. 0 = 1.634. y = 1.636. 

Comp. - Ca&(SiOS2 or CaO.BzOs.2SiO2 = Silica 48'8, boron trioxide 
28.4, lime 22.8 = 100. 
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Pyr., etc. - B.B. fuses a t  3'5 to a colorless glass, and imparts a green color to the 0. F.  
(boron). Not decomposed by hydrochloric acid, but sufficiently attacked for the solution 
to 've the reaction of boric acid with turmeric paper. When previously ignited gelatinizes 
w i g  hydrochloric acid. Phosphorescoe on heating, giving a reddish light. 

Obs. -Occurs at  Danbury, Conn., with microcline and oligoclase in dolomite. At 
Russell, N. Y., in fine crystals. On the Piz Valatscha, the northern spur of Mt. Skopi 
south of Dissentis in eastern Switzerland, in slender prismatic crystals and elsewhere In 
Switzerland. In crystals from Takachio, Hinga, and from Obira, Bungo, Japan. From Mt. 
Bity and Maharitra, Madagascar. 

BARSOWITE. This doubtful species, occurring with blue corundum in the Ural Mts., is 
by some authors classed with danburite; composition CaMzSiz08 like anorthite. 

TOPAZ. 

Orthorhombic. Axes a : b : c = 0.52854 : 1 : 0.47698. 

Brazil Japan Durango Ural 

mm"', 110 A IT0 = 55' 43'. yy', 041 A 031 = 124" 41'. uu', 111 A 711 = 78' 20'. 
11, 120 A 120 = 89" 49'. ci, 001 A 223 = 34" 14'. uu"', 111 A IT1 = 39" 0'. 
dd', 201 A 201 = 122" 1'. cu, 001 A 111 = 45" 35'. oo' 221 A 221 = 105' 7'. 
XX', 043 A 033 = 64' 55'. co, 001 A 221 = 63' 54'. oorir 221 A 221 = 4Q0 373'. 
f ,  021 A 021 = 87' 18'. 

Crys ta l s  commonly prismatic, m (1 10) 883 
predominating; or 1 (120) and the form 
t h e n  a nearly square prism resembling 
andalusite. Faces i n  the prismatic  zone 
often vertically striated, and of ten  show- 
i n g  vicinal planes. Also firm columnar;  
granular, coarse or 'fine. 

Cleavage: c (001) highly perfect. m m 
F r a c t u r e  s u b c o n c h o i d a l  to uneven. 
Brittle. H. = 8. G. = 3.4-3-6. Luster 
vitreous. Color straw-yellow, wine- 
yellow, white, grayish, greenish, bluish, Urn1 Japan 
reddish. Streak uncolored. Trans- 
parent to subtranslucent .  Optically +. Ax. pl. 1 b (010). Bx I c (001). 
Axial angles variable. 2V = 49" to 66". Refract ive indices, Brazil:  

For D a = 1.62936 6 = 1.63077 r = 1.63747 :. 2V = 49' 31' 
Var. -Ordinary. In prismatic crystals usually colorless or pale yellow, less often 

pale blue, pmk, etc. The yellow of the Brazilian crystals is changed by heating to a pale 
rose-pink. Often contains inclusions of liquid CO?. 

Physalite, or yrophysalite, is a coarse nearly opaque variety, from Finbo, Sweden; 
intumecoe when ieated, hence its name from bwraAir, bubble, and r b  jire. Pyenite has 
a columnar, very compact structure. Rose made out that the cleavage was the same, and 
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the form probably the same; and L)es Cloizeaux showed that the optical characters were 
those of topaz. 

Comp. - (A1F)&04; usually containing hydroxyl  and t h c n  [Al(F,OH)]2 
SiOa o r  as given o n  p. 522. The former requires Silica 32.6, a lumina .55.4, 
fluorine 20.7 = 108-7, deduct  ( 0  = 2 F )  8-7 = 100. 

Pr, etc. - R.B. infusible. E'ciscd in the closed tube, with potassiun~ bisulphate gives 
the c aracteristic fluorine reactions. With cobalt solution the puIverized mineral gives a 
fine blue on heating. Only partially attacked by sulphuric acid. A variety of topaz from 
Brazil, when heated, assumes a pink or red hue, resembling the Balas ruby. 
D8. - Characterized by its prismat,ic crystals with angles of 56" (124") or 87' (93'); 

also by the perfect basal cleavage; hardness; infusibility; yields fluorine B.B. 
Artif. - Topaz has been made artificially by heating a mixture of silica and aluminium 

fluoride and then igniting this mixture in silicon fluoride gas. 
Obs. - Topaz occurs especially in the highly acid igneous rocks of t,he granite family, 

as granite and rhyolite, in veins and cavities, where it appears to be the result of fumarole 
action after the crystallization of the magma; sonletimes also in the surrounding schists, 
gneisses, etc., as a result of such action. In these occurri.nces often accompanied by fluor- 
tie, cassiterite, tourmaline. Frequently occurs in tin-hearing pegmatites. Topaz altcrs 
aesily into a compact mass of muscovitr. 

Fine topaz comes from Russia from thc Ural Mts., from Alabashka, in the region of 
Ekaterinburg; from Miask in the Ilmen Mts.; also the gold-washings on the River Sanarka 
in Govt,. Orenburg; in Nerchinsk, beyond Lake Raikal, in the Adun-Chalon Mts., etc.; in 
the province of Minas Geraes, Brazil, at Ouro Preto and Villa Rica, of deep yellow color; in 
Germany at  the tin mines of Zinnwald and Ehrenfriedersdorf, and smaller crystals a t  
Schneckenstein and Altenberg; sky-blue crystals in Cairngorm, Aberdeenshire, Scotland; 
the Mourne mountains, Ireland; on the island of Elba. Physalite occurs in crystals of 
great size, at Fossum, Norway; Finho, Sweden. Pycrkite is from the tin mine of Altenbwg 
in Saxony; also of Schlackenwald, Zinnwald, ctc. Fine crystals occur at  Durango, Mexico, 
with tin ore; at &an Luis Potosi in rhyolite. Mt. Aischoff, Tasmania, with tin ores; 
similarly in New SoutJh Wales. In Japan in pegmatite from Otani-yama, Province of Omi, 
near Kioto. 

In the United States, in NIc, a t  Stoneham, in alhitic granite. In Conn., a t  Trumbull, 
with fluorite; a t  Willimantic. In N. C . ,  at Crowder's Mountain. In Col., in fine crystals 
colorless or pale blue from the Pike's 1't:nk region; at Nathrop, Chaffee Co., in wine-colored 
crystals with spessartite in lithophyses in rhyolite; similarly in the rhyolite of Chalk Mt. 
In Texas in fine crystals a t  Streeter. In Utah, in fine transparent colorless crystah w ~ t h  
quartz and sanicline in the rhyolite of the Thomas Range, 40 miles north of Sevier Lake. 
In Col. in Ramona Co. 

The name topaz is from s o ~ h ~ o s ,  an island in the Red Sea, as stated by Pliny. But 
the topaz of Pliny was not the true topaz, as it "yielded to the file." Topaz was Included 
by Pliny and earlier writers, as well as by many later, under the name chrysolite. 
" use.--- As a gem stone. ' 

ANDALUSITE. 

Orthorhornbic. Axes a : 6 : c = 0.9861 : 1 : 0.73245. 
mm"', 110 A 170 = 89" 12'. 
ssl,  011 A o i l  = 70" lo'. 

whitish, rose-red 

Usually i n  coarse prismatic forms, t h e  
prisms nearly square  i n  form. Massive, 
imperfectly columnar;  sometimes radiated 
and granular. . 

Cleavage: m (110) distinct,  sometimes 
perfect (Brazil); a (100) less perfect; 
6 (010) in traces. F r a c t u r e  uneven, sub- 
conchoidal. Brittle. H. = 7.5. G = 3.16 
-3.20. Luster vi t reous;  of ten weak. Color  

, flesh-red, violet, pearl-gray, reddish brown,  olive-green. 
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Streak uncolored. Transparent to  opaque, usually subtranslucent. Pleo- 
chroism strong in some colored varieties. Absorption strong, X > Y > 2. 
Sections normal to an optic axis are idiophanous or show the polarization- 
brushes distinctly (p. 288). Optically -. Ax. pl. 
1 1  b (010). Bx I c (001). 2V = 85". a = 1'632. 887 
@ = 1.638. -y = 1'643. 1- 

Var. - Chiastolite, or Macle is a variety in stout crystals 
having the axis and angles of a different color from the rest, "' 

t 
owing to a regular arrangement of carbonaceous impurities 
through the interior, and hence exhibiting a colored cross, or 
a tesselated appearance in a transverse section. Fig. 888 
shows sections of a crystal. Viridine is a green variety con- 
taining some iron and manganese from near Darmstadt, Ger- 
many. 

Comp. - A12Si0, = (AlO)AlSi04 or Al,03.SiOz = 
Silica 36.8, alumina 63.2 = 100. Manganese is ,,/' 
sometimes present, as in manganandalusite. ' 

8' i '\ 

etc - B.B. infusible. With cobalt solution gives a '9 

1 .ft 
X 

blue co or a er ignition. Not decomposed by acids. De- 
composed on fusion with caustic alkalies and alkaline carbonates. 

DB. - Characterized by the nearly square prism, pleochroism, hardness, infusibility; 
reaction for alumina B.B. 

Micro. - Distinguished in thin sections by its high relief; low interference-colors, 
which are only slightly above those of quartz; negative biaxial character; negative exten- 
sion of the crystals (diff. from sillimanite); rather distinct prismatic cleavage and the con- 
stant parallel extinction (diff. from pyroxenes, which have also greater birefringence); also 
b its characteristic arrangement of impurities when these are present (Fig. 888). The 
pcochroism, which is often lacking, is, when present, strong and characteristic. 

888 

Obs. - Most common in argillaceous schist, or other scnists imperfectly crystalline; 
also in gneiss mica schist and related rocks; rarely in connection w ~ t h  serpentine. The 
variety chiastblite is commbnly a contact mineral in clay-slates, e.g., adjoining granitic dikes. 
Sometimes associated with sillimanite with parallel axes. 

Found in Spain, in Andalusia; in Austria in the Tyrol, Lkem Alp; in Saxony, a t  Brauns- 
dorf; Bavaria at Wunsiedel, etc. In  Brazil, province of Mlnas Geraes, In fine crystals and 
as rolled pebb!es. Remarkable crystals of chiastolite from Mt. Howden, near Bimbomie, 
South AWtralia. 

In North America, in Me., a t  Standish. N. H., White Mtn. Notch; Mass., at We+ 
ford; Lancaster, both varieties; Sterling, chiastolite. Conn., a t  Litchfield and Washing- 
ton. Pa., in Delaware Co., near Leiperville, large crystals; Upper Providence. 

Named from Andalusia, the first locality noted. The name macle is from the Latin 
macuk, a spot. Chiastolite is from X L ~ U T O F ,  arranged diagonally, and hence from chi, 
the Greek name for the letter X. 

Use. -When clear and transparent may serve as a gem stone. 
Guarinite. 2 K,Na)?0.8Ca0.5(Al,Fe,Ce)203.10SiO2. Orthorhombic. In minute thin 

tables, flattened 11 b (010), nearly tetragonal in form H. = 6 5 .  0. = 2 8 3 . 3 .  Color 
sulphur-yellow, honey-yellow. Pleochroic, canaryYeiow to c o l o r l ~ .  Found in a pay+ 
trachyte on Mte. Somma, Vesuvius. Axial ratio and optical properties agree close y w ~ t h  
those of danburite. 
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SILLIMANITE. Fibrolite. 

Orthorhombic. Axes o : b = 0.970 : 1. mm"' 110 A 110 = 88" 15', 
hh' 230 A 230 = 69". Prismatic faces striated and rounded. Commonly in 
long slender crystals not distinctly terminated; often in close parallel groups, 
passing into fibrous and columnar massive forms; sometimes radiating. 

Cleavage: b (010) very perfect. Fracture uneven. H. = 6-7. G. = 
3.23-3.24. Luster vitreous, approaching subadamantine. Color hair-brown, 
grayish brown, grayish white, grayish green, pale olive-green. Streak un- 
colored. Transparent to translucent. Pleochroism sometimes distinct. 
Optically +. Double refraction strong. Ax. pl. 1 )  b (010). Bx 1 c (001). 
Dispersion p > v. Axial angle and indices variable. 2V = 20" (approx.). 
a = 1.638. fi = 1.642. y = 1.653. 

Comp. - Al,SiO, = (-4l0)A1SiO4, like andalusitc. Silica 36'8, alumina 
63'2 = 100. 

Sillimanitc is the most stable of the three aluminium silicates. Both andalusite and 
cyanite are converted into sillimanite when strongly heated. 

Pyr. - Same as andalusite. 
Diff. - Characterized by its fibrous or co111mnnr form; perfect cleavage; infusibility; 

reaction for alumina. 
Micro. - In thin sections recognized by its form, usually with transverse fractures; 

parallel extinction; high interference-colors. 
Artif. - Sillirnanite has been made artificially by fusing its oxides together. Both 

andalusite and cyanite are converted into sillimanlte when stronglv heated. 
Obs. - Often present in the quartz of gneisses and sometimesdpnites in very slender, 

minute prisms commonly aggregated together and sometimes intergrown with andalusite; 
iolite is also a common associate; rarely as a contact mineral; often occurs with corundum. 

Observed in many localities, thus near Moldau in Bohemia; a t  Fassa in Tyrol, Austria 
(bucholzite); in the Carnatic, India, with corundum Vbrolite); a t  Bodenmais, Bavaria. 
Freiberg, Saxony; in France, near Pontgibaud and other points in Auvergne; forms rolled 
masses in the diamantiferous sands of Minas Geraes, Brazil. 

In the United States, in Mass., a t  Worcester. In Conn.; near Norwich, with zircon, 
monazite and corundum; a t  Wilimantic. In N. Y., a t  Yorktown, Westchester CO.; In 
Monroe, Orange Co., (monrolite). In  Pa., a t  Chester on the Delaware, near Queensbury 
forge; in Delaware Co.; Del., a t  Brandywine Springs. With corundum in N. C. 

Named Pbrolite from the fibrous massive variety; sillimanite, after Prof. Benjamin 
Silliman of New Haven (177S1864). 

Bamlite, xenolite, wgrthite probably belong to sillimanite; the last is altered. 

CYANITE. Byanite. Disthene. 

Triclinic. Axes a : b : c = 0.8994 : 1 : 0.7090; a = 90" 5+', f i  = 101" 2', 
y = 105" 443'. oc, 100 A 001 = 78P 30'; bc, 010 A 001 = 86" 45'. 

889 Usually in long bladed crystals, rarely terminated. Also 
coarsely bladed columnar to subfibrous. 

Cleavage: a (100) very perfect; b (010) less perfect; also 
arting I I c (001). H. = 5-7.25; the least, 6 5 ,  on a (100) 
[ c axis; 6-7 on a (100) I I edge a (loo)/ e (001) ; 7 on 
b (010). G. = 3.56-3.67. Luster vitreous to pearly. 
Color blue, white; blue along the center of the blades or 
crystals with white margins; also gray, green, black. 
Streak uncolored. Translucent to transparent. Pleo- 
chroism distinct in colored varieties. Optically - . 

Ax. pl. nearly 1 a (100) and inclined to edge alb on a about 30°, and 
about 71" on b (OlO), cf. Fig. 889. 2V = 82". a = 1.717. P = 1'722. 
y = 1'729. 
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Comp. - Empirical formula A12Si06 or A1203.Si02, like andalusite and 
sillimanite. Perhaps a basic metasilicate, (A10)2Si03. 

Pyr., etc. Same as for andalusite. At a high temperature cyanite assumes the physical 
characters of sillimanite. 

DB. - Characteriaed by the bladed form; common blue color; varying hardness; in- 
fusibility; reaction for alumina: 

Obs. - Occurs principally m gnei?s and mica schiet (both the ordinary variety with 
muscovite and also that with paragonlte) often accompanled by garnet and sometimes by 
staurolite; also in eclogite schist. It is often associated with corundum. 

Found in transparent crystals at Monte Campione in the St. Gothard region in Switzer- 
land in paragonite schist; on Mt. Greiner, Zillertal, and in the Pfitschtal (rhretin'fe, white) 
in Tyrol, Austria; in eclogite of the Saualpe, Carinthia; Horrsjoberg in Wermland, Sweden; 
Villa Rica, Brazil, etc. 

In  Mass., a t  Chesterfield, with garnet in mica schist. In Conn., at Litchfield, Washing- 
ton, Canton, Barkhamstead, etc. In Ver., a t  Thetford. In Pa., in Chester Co. and in 
Delaware Co. In Va., Buckingham Co. In N. C., with rutile, lazulite, etc., a t  Crowder'a 
Mt., Gaston Co.; in Gaston and Rutherford counties associated with corundum, damourite; 
beautiful clear green in Yancey Co. Named from ~ v n v L s ,  blue. 

Datolite Group. Monoclinic 
I1 111 I1 111 

Basic Orthosilicates. HRRSiOs or R31t2(Si06)2. Oxygen ratio for R : Si = 3 : 2. 
I1 111 

R = Ca,Be,Fe, chiefly; R = Boron, the yttrium (and cerium) metals, etc. 
a : b : c  P 

Datolite 0'6345 : 1 : 1'2657 89" 51' 
HCaBSi06 or Ca(BOH)Si04 

Homilite 0'6249 : 1 : 1'2824 89" 21' 
CazFeB2Si2010 or CazFe(BO)2(Si04)2 

2 a  : b  : 4 c  P 
Euclase 0'6474 : 1 : 1'3330 79" 44' 

HBeAlSi06 or Be(A10H)Si04 a  
Gadolinite 0'6273 : 1 : 1'3215 89". 263' 

BezFeYzSi2010 or Be~Fe(Y0)2(Si04)~ 

The species of the DATOLITE GROUP are usually regarded as basic ortho- 
silicates, the formulas being taken in the second form given above. They all 
crystallize in the monoclinic system, and all but Euclase conform closely in 
axial ratio; with the latter there is also a distinct morphological relationship. 

DATOLITE. 

Monoclinic. Axes a  : b  : c  = 0.6345 : 1 : 1.2657; /3 = 89' 519'. 
mm"', 110 A 110 = 64" 47'. en, 001 A 111 = 66" 57'. 
ac, 100 A 001 = 89" 51'. n, 001 A 110 = 89" 53'. 
az, 100 A 101 = 45" 0'. ce, 001 A T12 = 49' 49'. 
gg', 012 A 012 = 640 39)'. nn', 111 A 111 = 59" 44'. 
mxmxl, 011 A o i l  = 1030 23'. CC', T12 A iT2 = 480 194'. 

Crystals varied in habit; usually short prismatic with either rn (110) or 
m (011) predominating; sometimes tabular ( 1  x (201); also of other types, 
and often highly modified (Figs. 890-893). Also botryoidal and globular, 
having a columnar structure; divergent and radiating; sometimes massive, 
granular to compact and crypto-crystalline. 

Cleavage not observed. Fracture conchoidal to uneven. Brittle. 



528 DESCHIPTIVE MINERALOGY 

H. = 5-5.5. G. = 2.9-3.0. Luster vitreous, rarely subresinous on a surface of 
fracture. Color white; sometimes grayish, pale green, yellow, red, or ame- 
thystine, rarely dirty olive-green or honey-yellow. Streak white. Trans- 

890 891 

Bergen Hill 

parent to translucent; rarely opaque white. Optically -. 2V = 7 4 O .  a = 
1.625. /3 = 1.653. 7 = 1.669. 

Bergen Hill 
Y 

Andreasberg 

Var. - 1 .  Ordinary. In glassy crystals of varied habit, usually with a greenkh tinge. 
The an as in the primatic and clinodome zones vary but little, e. g., 110 A 110 = 64" 47, 
while 0 k' 1 A 011 = 66" 37', etc. 2. Com t muaaiue. U'hite opaque cream-colored, pink; 
breaking with the surface of orcdain or G g e w o o d  ware. From the Lake Superior region. 
3. Bobyoidal; Botryolite. gadiated columnar, having a botryoidal surface, and containing 
more water than the crystals, but optically identical. 

Comp. - A  basic orthosilicate of boron and calcium; empirically 
HCaBSiOs or H~O.2CaO.&O8.2SiOz; this may be written Ca(B0H)SiOd = 
Silica 37.6, boron trioxide 21.8, lime 35.0, ,water 5.6 = 100. 

Pyr., etc. - In  the closed tube 'ves off much water. B.B. fuves a t  2 with intumescence 
m a clear ghs, coloqng the +me$ldght green: Celatiniaea wfth hydrochloric acid. 
DB. - Charactenzed by lts glassy, greenish, complex crystals; easy fusibility and 

green flame B. B. 
Obs. - Datolite i s  found chlefly as a yoon mineral in veins and cavities in basic % eruptive rocks, often associated with c&~te, pre t e  and various zeolites; sometima 

-ai+ted with danburite; also in gueiss, dionte, and serpentine; in metallic veins; Born? 
times m beds of iron ore. Found in Scotland, in trap, at  the Kilpatrick Hills etc.; m 
s bed of ~ ~ t i t e  a t  A r ~ d a l F  M o ~ a y  (b&$e); at  Ut6 III Sweden; at  ~nd rea sbe r~ ,  
Germany, in &abase and m vans of s&vm OFe$; m R h a h  Bavana (the humbddtile); a t  
the Seisser Alp, Tyrol, Austria, and at Theias, near Claussen, Hungary; in geodes in amygda- 
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loid; in Italy, in granite a t  Baveno near Lago Maggiore, a t  Toggiana in Modena, in serpen- 
tine, a t  Monte Catini in Tuscany. 

In  the United Stat- not uncommon with the diabase of Conn. and M w .  Thus a t  
the Rocky Hill quarry, Hartford, Conn.; a t  Middlefield Fa* and Roaring Brook, Conn.; 
Westfield. Mass. In N. J., a t  Beraen Hill and Great Notch m splendld crystals; a t  Pater- 
son, ~a s sa i c  Co. Both crystals and-the o aque compact variety, ih the Lake Superior region. 

Named from 6us&r9ub, lo divide, &uding to the granular structure of a massive 
variety. 

Homilite. (Ca,Fe)aB2SiPlo or (Ca,Fe)r(BO)z(Si0')2. C y h l s  often tabular 1) 
c (001); angles near those of datolite. H. = 5. G. = 3.38. CO or black blackish brown. 
Index about 1.68. Found on Stokij and other islands, in the Langesund eord, Norway. 

Euclase. HBeAlSiOr or Be(A1OH)SiOr. In prismatic crystals. Cleavage ( 1  b (010) 
perfect. H. = 7.5. G. = 3'053'10. Luster vitreous. Colorless to pale green or blue. 
Optically +. 13 = 1.655. From Brazil, in the province of Minas Geraes; in the aurif- 
erous sands of the Orenburg district, southern Ural Mts., near the river SanArka; in the 
Glossglockner region of the Austrian Alps; from Epprechtstein, Fichtelgebirge, Bavaria. 

Gadolinite. Be2FeYzSiZOlo or Be2Fe(YO)t(Si04)2. Crystals, often rismatic, rough 
and coarse; commonly in masses. Cleavage none. Fracture conchoifal or splintery. 
Brittle. H. = 6.5-7. G. = 4'0-4'5; normally 4.36-4.47 (anisotropic), 4.244.29 (isotropic 
and amorphous from alteration). Luster vitreous to greasy. Color black greenish black, 
also brown. From near Falun and Ytterby, Sweden; Hitteri', Norway; also in Llano Co., 
Texas, in nodul .~  masses and rough crystals, sometimes up to 40 or 60 pounds in weight. 
Crystals from Kumak, East Greenland. 

The yttrium earths or "gadolinite-earths" (partly replaced by the oxides of cerium, 
lanthanum and didymium) form a complex group which contains considerable erbium, 
also several new elements (ytterbium, scandium, etc.) of more or less definite character. 

Yttrialite. A silicate of thorium and the yttrium metals chiefly. Massive; amor- 
phous. G. = 4.575. Color on the fresh fracture olive-green, changing to orange-yellow 
on surface. Associated with the gadolinite of Llano Co., Texas. 

Rowlandite. An yttrium silicate, occurring massive with gadolinite of Llano Co., 
Texas; color drab-green. 

Thal6nite. An yttrium silicate. In tabular or prismatic monoclinjc crystals. H. 
= 6.5. G. =- 4'2. Color flesh-red. 13 = 1.74. Found in Sweden a t  Osterby in Dale- 
carlia and a t  Askagen in Wermland. 

Thortveitite. A silicate of the yttrium metals, (Sc,Y)zsi~O,. Orthorhombic. In  radi- 
ating groups of large tapering crystals. Prismatic cleavage. H. = 6-7. G. = 3-57. 
Color grayish green to white when altered. Usually translucent. Difficultly fusible. 
Found in pegmatite in Iveland parish, Satersdalen, Norway. 

Mackintoshite. Silicate of uranium, thorium, cerium, etc. Massive. Color black. 
Llano Co., Texas. 

Epidote Group Orthorhombic and Monoclinic 
II III n 111 111 

Basic ~ r t hos i l i c a t e s ,  Hl%R3Si3013 or &(ROH)Rt(Si04)s 
I1 I1 111 I11 III 

R = Ca,Fe; R = Al,Fe,Mn,Ce, etc. 

Zoisite 

U. Orthorhombic Section 
a : b : c  

Ca.dAlOH)Al~(Si04)3 0'6196 : 1 : 0'3429 
p. Monoclinic Section 

a : b : c  
Epidote 1 m C ~ ( A I O H ) A I z ( S i O r ) ~  

nCa  ( F e O H )  Fez(Si04)3 1'5787 : 1 : 1'8036 64' 37' 
Piedrnontite Ca2(AIOH)(A1,Mn)z(Si04)a 1'6100 : 1 : 1.8326 64" 39' 
Allanite (Ca,Fe)z(AIOH) (A1,Ce,FeIp 

(SiO4)s 1'5509 : 1 : 1'7691 64" 59' 
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The EPIDOTE GROUP includes the above complex orthosilicates. The 
monoclinic species agree closely in form. To them the orthorhombic species 
zoisite is also related in angle, its prismatic zone corresponding to the mono- 
clinic orthodomes, ctc. Thus we have: 

Zoisite n~ni"',  110 A 110 = 63" 34'. Epidote cr, 001 A i01 = 63" 42'. 
 it', 021 A 0% = 68" 34'. mm', 110 A 710 = 70' 4', etc. 

There seems to be, however, a ~uonoclinic calcium compound, having the com- 
position of zoisite, but monoclinic and strictly isomorphous with ordinary 
cpidote; it is calleci clin,ozoisite. 

ZOISITE. 

Orthorhombic. Axes n : b : c = 0.6196 : 1 : 0.34295. 
n~m"', 110 A l i 0  = 63O 34'. f, 011 A 011 = 37" 52'. 
dd', 101 A io1 = 57" 56'. no"', 111 A lil = 330 24'. 

Crystals prismatic, deeply striated or furrowed vertically, and seldom 
distinctly terminated. Also massive; columnar to compact. 

I Cleavage: b (010) very perfect. Fracture uneven to subconchoidal. 
Brittle. H. = 6-6.5. G. = 3.25-3.37. Luster vitreous; on the cleavage- 
face, b (010), pearly. Color grayish white, gray, yellowish brown, greenish 
gray, apple-green; also peach-blossom-red to rose-red. Streak uncolored. 
Transparent to subtranslucent. 

I Pleochroism strong in pink varieties. Optically +. Ax. pl. usually ) /  b 
(010); also 1 1  c (001). Bx I a (100). Dispersion strong, p < v; also p > v. 
Axial angle variable even in the same crystal. 2V = 0"-60°. a = 1.700. 
0 = 1.703. 7 = 1.706. 

Var. - 1. Ordz7urry. Colors gray to white and brown; also green. Usually in indistinct 
prismatic or columnar forms; also in fibrous aggregates. G .  = 3'226-3'381. Unwnite is a 
very pure zoisite. 2. Rose-red or Thulite. Fragile; pleochroism strong. 3. Compact, 
massive. Includes the essential part of most of the mineral .material known aa saussutite 
(e.g., in saussurite-gabbro), which has arisen from the alteration of feldspar. 

Comp. - HCazAl3Si3Ol3 or 4Ca0.3A1203.6SiOz.HzO = Silica 39.7, alu- 
mina 33.7, lime 24.6, water 2-0 = 100. The alumina is sometimes replaced 
by iron, thus graduating toward epidote, which has the same general for- 
mula. 

Pyr., etc. - 13.13 swclls u and fuses a t  3-3'5 to a white Plebby mass. Not decom- 
posed by acids; when previousyy ignited gelatinizes with hydrochloric acid. Givea off water 
when strongly ignited. 
DB. -Characterized by the columnar structure; fusibility with intumescence; re- 

sembles some amphibole. 
Micro. - Distinguished in thin sections by its high relief and very low interference- 

colors; lack of color and biaxial character. From epidote it is distinguished by its lack of 
color and low birefringence; from vesuvianite by its color and biaxial character. Thin 
sections fre uently show the "ultra blue" (p. 520) between cfossd nicols. 

Obs. -8ccurs especially in those crystalline schists whlch have been formed by the 
dynamic metamorphism of basic igneous rocks containing plagioclase rich in lime. Com- 
monly accompanies some one of the amphiboles (actinolite, smara dite, glauco hane, etc.); 
thus in amphrbolite, gl?ucophane schist, eclogite; often .as?ckt tdai th coruolum. 

The original zoisite is that of the eclogite of the Saualpe in Carmthia (saualpits). Other 
localities are: Rauris in Salzburg; Sterzing, etc., in Tyrol, Austria; the Fichtelgebirge in 
Bavaria; Marschendorf in Moravia; Sasstal in Switaerbd;  the island of Syra, one of the 
C clades, in glauco hane schist. In  crystals from .Chesterr, Mass.. Thulite occurs a t  
d e p p a n  m ~ellernarften, Norway, and at  Traversella in Pldmont, Italy. 



SILICATES 53 1 

EPIDOTE. Pistacite. 

.Monoclinic. Axes a : b : c = 1.5787 : 1 : 1.8036; /3 = 64' 37'. 
mmul, 110 A 110 = 1090 56'. cl, 001 A 201 = 890 26'. 
ca, 001 A 100 = 64' 37'. w, 001 A 011 = 58" 28'. 
ce, 001 A 101 = 34" 43'. cn, 001 A i l l  = 75" 11'. 
et, 001 A  TO^ = 63" 42'. an"', 100 A lii = 69' 2'. 
ar', 100 A 101 = 51' 41'. nn"', 111 A 117 = 70" 29'. 

896 897 

Twins: tw. pl. a (100) common, often as embedded tw. lamella Crystals 
usually prismatic 1 1  the ortho-axis b and terminated a t  one extremity only; 
passing into acicular forms; the faces in the zone a (100)/c (001) deeply 
striated. Also fibrous, divergent or parallel; granular, particles of various 
sizes, sometimes fine granular, and forming rock-masses. 

Cleavage : c (001) perfect; a (100) imperfect. Fracture uneven. Brittle. 
H. = 6-7. G. = 3-25-3.5. Luster vitreous; on c (001) inclining to pearly 
or resinous. Color pistachio-green or yellowish green to brownish green, 
greenish black, and black; sometimes clear red and yellow; also gray and 
grayish white, rarely colorless. Streak uncolored, grayish. Transparent to 
opaque : generally subtranslucent. 

Pleochroism strong: vibrations ( 1  Z green, Y brown and strongly absorbed, 
X yellow. Absorption usually Y > Z > X ;  but sometimes Z > Y > X in 
the variety of epidote common in rocks. Often 
exhibits idiophanous figures; best in sections X=BZ,, 898 
normal to an optic axis, but often to be observed 
in natural _crystals (Sulzbach), especially if flat- 
tened 1 1  r (101). (See p. 288.) Optically -. 
Ax. pl. I I b (010). Bx .,., A c axis = - 2' 56'. 
Hence Z I a (100) nearly. Dispersion inclined, 
strongly marked; of the axes feeble, p > v. 
Axial angle large. a = 1.729. ,9 = 1.754. 7 = 
1.768. 

Var. - Epidote has ordinarily a peculiar yellowish green 
(pjstachio) color. seldom found in other minerals. .But 'S 
this color passes into dark and light shades - black on one X 
side and brown on the other; red, yellow and colorless 
varieties also occur. 

Var. 1. Ordinary. Color green of some shade, as described, the pistachio tint rarely 
absent. (a) In crystals. (b) Fibrous. (c) Granular massive. (d) S.corza is epidote sand 
from the gold washings in Transylvania. The Arendal, Norway, ep~dote (Arendalde) is 
mostly in dark green crystals; that of Bourg dlOisans, Dauphin6, France, (ThaElite, Del- 
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phinile, Oisanile) in yellowish green cr stals, sometimes transparent. Puschkinile includes 
crystals from the auriferous sands of haterinburg, Ural M t s  Admalile is ordinary c ~ i -  
dote from Achmatovsk, Ural Mts. A variety from Garda, IIoste Island, Terra del Fuegu, 
is colorless and resembles zoisite. 

2. The Bucklandite from Achmatovsk, lira1 Mts., described by Hermann, is black with 
a tinge of green, and differs from ordinary epidote in having the crystals nearly symmetrical 
and not, like other epidote, lengthened in the direction of the ortho-axis. G. = 3.51. 

3. Withamile. Carmine-red to straw-yellow, strongly pleochroic; deep crimson and 
straw-yellow. H. = 6-6'5; G. = 3.137; in small radiated groups. From Glencoe, in 
Argyleshire, Scotland. Sometimes referrecl to piedmontitc, but contains little MnO. 

4. Tamanile is a chromium-bearing epldote from Tawman, Kachin Hills, Upper Burma. 
Deep green color and strong pleochroism, emerald-green to bright yellow. 

Comp. - HCaz(AllFe)3Si3013 or H20.4Ca0.3(A1,Fe3)203.6SiOz, the ratio 
of aluminium t'o iron varies commonly from 6 : 1 to 3 : 2. Percentage com- 
position: 

For Al : Fe = 3 : 1 SiOz 37'87, AlzOa 24'13, Fez03 12'60, CaO 23'51, H10 1'89 = 100 
Clinozoisile is an epidote without iron, having thc composition of zoisite; jouqueile is 

c b a b l y  the same from an anorthite-gneiss in Ceylon. Picroepidole is supposed to contain 
g in place of Ca. 
Pyr., etc. - In the closed tube gives water on strong ignition. B.B. fuses with in- 

tumescence at  3-3'5 to a dark brown or black mass which is generally magnetic. Reacts 
for iron and sometimes for manganese with the fluxes. Partially decomposed by hydro- 
chloric acid, but when previously ignited, gelatinizes with acid. Decomposed on fusion . - 
with alkaline carbonate& 

- 

DZ. -Characterized often by its peculiar yellowish green (pist,achio) color; readil 
fusible and yields a maznetic globule B.B. Prismatic forms often loneitudinallv striatez 
but they haGe not the aGgle, cleavage or brittleness of tremolite; tourmaine has Go distinct 
cleavage, is l m  fusible (in common forms) and usually shows its hexagonal form. 

Micro. - Rerognized in thin sections by its high refraction; strong interference-colors 
rising into those of the third order in ordinary sections; decided color and striking pleochro- 
ism; also by the fact that the plane of the optic axes lies transversely to the elongation of 
the crystali. 

- 

Obs. - Epidote is commonly formed by the metamorphism (both local igneous and of 
general dynamic character) of impure calcareous sedimentary rocks or igneous rocks con- 
taining much lime. It thus often occurs in gneissic rocks, mica schist, amphibole, schist, 
ser entine; so also In quartzites, sandstones and l~rncstones altered by neighboring ~gneous ~ c L .  Often accompanies beds of magnetite or he,matite in such rocks. Has also been 
found in granite (Maryland), and regarded as an orlginal mineral. 

I t  is often associated with quartz, feldspar, actinol~te, axinlte, chlorite, etc. I t  some- 
times forms with quartz an epldote rock, called epdosile. A similar rock exlsts a t  Mel- 
bourne in Canada. A gneissoid rock consisting of flesh-colored orthoclase, quartz and 
epidote from the Unaka Mts. (N. C. and Tenn.) has been called unakyte. 

Beautiful crystallizations come from Bourg dlOisans, Dauphine, France; the Ala valle 
and Travemlla, in Piedmont. Italy; Elba; Zermatt, Switzerland; Ziilertal in ~ym[ 
Austria; also in fine crystals from the Knappenwand in the Untersulzbachtal, Pinzgau, 
Austria, associated with asbestus, adularia, apatite, titanite, scheelite; further at Striegau, 
Silesin; Zoptnu, Moravia; Arendal, Norway; the Achmatovsk mine near Zlatoust, 
Ural Mts. 

In North America, occurs in N. H., a t  Franconia and Warren. In Mass., a t  Hadlyme 
and Chester in crystals in gneiss a t  Athol, in syenitic gneiss, in fine crystals; Newbury, 
in limestone. In Conn., a t  Haddam, in large splendid crystals. In N. Y., near Amit . 
Monroe, Orange Co.; Warwick, pale yellowish green, with titanite and yroxene. id 
N C., a t  Hamptonls, Yancey Co.; White's mill, Gylton Co.; FranYin, &on CO.; in 
crystals and crystalline maases in qwrtn a t  White Phns ,  Alexander Co. In Mich.,.in the 
Lake Su erior region, at  many of the mines. Crystals from Seven Devils mining dlstrlct, 
Idaho; From Riverside, Cal.; from Sulser, Prince of Wales Island, Alsska. 

Epidole was named by Haiiy from the Greek ini6ours, increase, translated by him, 
"qui A recu un accroissement," the base of the prism (rhomboidal prism) having one side 
longer than the other. Pixlacite, from rru+aKur, the piekachw-nut, refers to the color. 

Pjedrnontite. Similar in angle to ordinary epidote, but contains 5 to 15 p. c. MnzOa. 
H. = 6.5. G.=3.404. Color reddish brown and reddish black. Pleochroism strong. 
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Absorption X > Y > 2. Optically +. Ax. pl. 1 1 ,  b (010). B&., A c axis = + 82" 34', 
X A c axis = - 6" to - 3". @ = 1.73. Occurs with manganese ores a t  St. Marcel, Pied- 
mont, Ital In  crystalline schists on Ile de Groix, France; in glaucophane-schist in Japan. 
~ c c a s i o n a i ~  in quartz porphyry, as in the antique red porphyry of Egypt, aleo that of 
South Mountain, Pa. 

Hancockite. Belon s in Epidote Group containing, PbO, MnO, CaO, SIO, MgO, 
A1203, Fez03 MnzOs. Erystals whch are very small and lath shaped show characteristic 
epidote habit and closely related angles. Brownish red. H. = 6-7. G. = 4.0. Found 
a t  Franklin, N. J. 

ALLANITE. Orthite. 
Monoclinic. Axes, p. 529. In angle near epidote. Crystals often tabu- 

lar I I a (100) ; also long and slender to acicular prismatic by elongation ) I axis b. 
Also massive and in embedded grains. 

Cleavage: a (100) and c (001) in traces; also m (110) sometimes observed. 
Fracture uneven or subconchoidal. Brittle. H. = 5.5-6. G. = 3.04.2. 
Luster submetallic, pitchy or resinous. Color brown to black. Subtranslu- 
cent to opaque. Pleochroism strong: Z brownish yellow, Y reddish brown, 
X greenish brown. Optically -. Ax.. pl. / I  b (010). Bxa A c axis = 323" 
approx. j3 = 1.682. Birefringence vanable. Also isotropic and amorphous 
by alteration analogous to gadolinite. 

Var. - Allnnite. The original mineral was from East Greenland, in tabular crystals 
or plates. Color black or brownish black. G. = 3'50-3-95. Bucklandite is anhydrous 
allanite in small black crystals from a magnetite mine near Arendal, Norway. Bagation- 
ite occurs in black crystals which are like the bucklanhte of Achmatovsk (epidote). 

Orthite included, in its original use, the slender or acicular prismatic crystals, containin 
some water, from Finbo, near Falun, Sweden. But these graduate into massive forms, an! 
some orthites are anhydrous, or as nearly so as most allanite. The name is from 6pt96r 
straight. 

I1 I11 

Comp. - Like epidote HRR,Si301a or Hz0.4RO.3IhO3.6SiO1 with jk 
111 

= Ca and Fe, and R = Al,Fe, the cerium metals Ce, Di, La, and in smaller 
amounts those of the yttrium group. Some varieties contain considerable 
water, but probably by alteration. 

Pyr., etc. - Some varieties give much water in the closed tube, and all kinds yield a 
small amount on strong ignition. B.B. fuses w i l y  and swells up (F. = 2.5) to a dark, 
blebby, magnetic glass. With the fluxes reacts for iron. Most varieties gelatinize with 
hydrochloric acid, but if previously ignited are not decomposed by acid. 

Obs. - Occlirs in albitic and common feldspathic anite, gneiss, sycnite, zircon syenite, 
porphm.  Thus in Greenland; Norway; Sweden; Eriegau, Silesia. Also in white lime- 
stone as a t  Auerbach on the Bergstrase, Germany; often in mines of magnetic iron. Rather 
common as an accessor constituent in many rocks, as in andesite, dionte, dacite, rhyolite, 
the tonalite of Mt.  jame el lo, Austria, the scapolite rocks of Odegaarden, Norway, etc. 
Sometimes inclosed as a nucleus in crystals of the isomorphous species, epidote. From 
Madagascar. 

At Vesuvius in ejected masses with sanidine, sodalitc, nephelite, hornblende, etc. 
Similarly in trachytic ejected masses a t  the Laacher See, German (bucklandile). 

In Maa. ,  at the Bolton uarry. In N. Y., Moriah, Essex Zo., with magnetite and 
apatite; at Monroe, Orange 80 In N. J., a t  Franklin Furnace with felds ar and mag- 
netite. In  Pa., a t  South ~ o u n i a i n ,  near Bethlehem, in large crystals; a t  g m t  Bradford; 
near Eckhardt's furnace, Berks Co., abundant. In Va., in large masses in Amherat Co.; 
also in Bedford, Nelson, and Amelia counties. In N. C., a t  many points. At the Devil's 
Head Mt., Douglas Co., Col. In Texas in Llano Co. 
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AXINITE. 

Triclinic. Axes a : b : c = 0.4921 : 1 : 0.4797; (Y = 82" 54', 0 = 91" 52', 
7 = 131' 32'. 

Dauphine Poloma Bethlehem, Pa. 

am, 100 A 110 = 15" 34'. 
aM, 100 A 110 = 28" 55'. 

as, 100 A 201 = 21' 37'. 

MT, 170 A 111 = 45" 15'. 
mr, 110 A 111 = 64" 22'. 
ms, 110 A 201 = 27' 57'. 

Crystals usually broad and acute-edged, but varied in habit. Also mas- 
sive, lamellar, lamella? often curved; sometimes granular. 

Cleavage: b (010) distinct. Fracture conchoidal. Brittle. H. = 6.5-7. 
G. = 3.271-3.294. Luster highly glassy. Color clove-brown, plum-blue, 
and pearl-gray; also honey-yellow, greenish yellow. Streak uncolored. 
Transparent to subtranslucent. Pleochroism strong. Optically - . Ax. pl. 
and Bx, approximately I x (111). Axial angles variable. 2V = 65"-70". 
@ = 1-68 (approx.). Pyroelectric (p. 307). 

Comp. - A boro-silicate of aluminium and calcium with varying 
11 I11 

amounts of iron and manganese. Formula, RTR&2(Si04)8. R = Calcium 
chiefly, sometimes in large excess, again in smaller amount and manganese 
prominent; iron is present in small quantity, also magnesium and basic hydro- 
gen. 

Pyr., ete. - B.B. fuses readily with intumescence, imparts a pale green color to the 
O.F., and fuses a t  2 to  a dark green to black glass; with borax in O.F. gives an amethystine 
bead (manganese), which in R.F. becomes yellow (iron). Fused with a mixture of bisul- 
phate of potash and fluorite on the platinum loop colors the flame green (boric acid). Not 
decomposed by acids, but when previously ignited, gelatinizes with hydrochloric acid. 

Obs. - Axinite occurs in clove-brown crystals, near Bourg d'oisans in. Dauphin6, 
France; at Andreasberg, Harz Mts., Germany; Striegau, Silesia; on Mt. Skopl, in eastern 
Switzerland; Elba; at the silver mines of Kongsberg Norway; Nordmark, Sweden; near 
Miask in the Urd  Mts: in Cornwall, England, of a dark color, a t  the Botallack rmne near 
St. Just, etc. . From ~ b i r a ,  Japan. 

In the Umted States, a t  Phippsburg, Me.; Franklin Furnt~ce N. J., honey- ellow; a t  
Bethlehem, Pa.; m Cal. a t  B o ~ l l ,  Sari Ihego Co., at ~ i v e m d e ,  Riverside d., and a t  
Consumers Mme: Amador Co. 

Named from a!&, an aze, in allusion to the form of the crystals. 

PREHNITE. 
Orthorhombic-hemimorphic. Axes a : b : c = 0.8401 : 1 : 0.5549. 
Distinct individual crystals rare; usually tabular I I c (001) ; sometimes 

prismatic, mm"' (110) A (110) = 80" 4'; again acute pyramidal. Commonly 



in groups of tabular crystals, united by c (001) making broken forms, often 
barrel-shaped. Reniform, globular, and stalactitic with a crystalline surface. 
Structure imperfectly columnar or lamellar, strongly coherent; also compact 
granular or impalpable. 

Cleavage: c (001) distinct. Fracture uneven. Brittle. H. = 6-6.5. 
G .  = 2.80-2-95. Luster vitreous; on base weak pearly. Color light green, 
oil-green, passing into white and gray; often fading on exposure. Sub- 
transparent to translucent. Streak uncolored. 

Comp. - An acid orthosilicate, H2Ca2A12(Si04)3 = Silica 43'7, alumina 
24.8, lime 27-1, water 4.4 = 100. 

Prehnite is sometimes classed with the zeolites, with which it is often associated; the 
water here, however, has been shown to go off only a t  a red heat, and hence plays a differ- 
ent part. 

Pyr., etc. - In the closed tube yields water. B.B. fuses at  2 with intumescence to a 
blebby enamel-like glass. Decomposed slowly by hydrochloric acid without gelatinizing; 
after fusion dissolves readily with gelatinization. 

Diff. - B.R. fuses readily, unlike beryl, green quart%, and chalcedony. Its hardness is 
greater than that of the zeolites. 

Obs. - Occurs chiefly in basic eruptive rocks, basalt, diabase, etc., as a secondary min- 
eral in veins and cavities, often associated with some of the zeolites, a h  datolite, pectolite, 
calcite, but commonly one of the first formed of the series; also less often in granite, gneiss, 
svenite, and then frequently associated with epidote; sometimes associated with native 
cbpper,' as in the Lake Superior region. 

At St. Christophe, near Bourg d'Oisans in DauphinB, France; Fassatal, Tyrol Austria; 
the Ala valley in Piedmont, Italy; in the Harz Mts. near Andreasberg, Germany; in granite 
at  Striegau, Silesia; Arendal, Norway; Bdelfon in Sweden (edelite); a t  Corstorphine Hill, 
near Edinbweh. Scotland: Mourne Mts.. Ireland. 

In the ~ & e d  Statcs, finely crystalliz;d a t  Farmington, Conn.; Paterson and Bergen 
Hill, N. J.; in syenite, a t  Somerville, Mass.; on north shore of Lake Superior, and the 
copper region. 

Named (1790) after Col. Prehn, who brought the mineral from the Cape of Good Hope. 
Harstigite. An acid orthosilicate of manganese and calcium. In small colorless pris- 

matic crystals. H. = 5'5. G. = 3.049. Indices, 1.678-1.683. From the Harstig mine, 
near Pajsberg, Wermland, Sweden. 

Cuspidine. Contains silica, lime, fluorine, and from alteration carbon dioxide; formula 
perhaps CazSi(0,Fz)r. In minute spear-shaped crystals. H. = 5-6. G. =2.853-2.860. 
Color pale rose-red. Indices, 1.590-1'602. From Vesuvius, in ejected masses in the tufa 
of Monte Somma. From Franklin, N. J. 

IV. Subsilicates 

The species here included are basic salts, for the most part to be referred 
either to the metasilicates or orthosilicates, like many basic compounds already 
included in the preceding pages. Until their constitution is definitely settled, 
however, they are more conveniently grouped by themselves as SUBSILICATES. 
It may be noted that those species having an oxygen ratio of silicon to bases 
of 2 : 3, like topaz, andalusite, sillimanite, datolite, etc., also calamine, car- 
pholite, and perhaps tourmaline, are sometimes regarded as salts of the hypo- 
thetical parasilicic acid, HsSi06. 

The only prominent group in this subdivision is the HUMITE GROUP. 
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Humite Group 
Prolectite a : b : c  /3 

[Mg(F,0H)]zMg[Si04],? Monoclir~ic 1'0803 : 1 : 1'8861 90" 
Chondrodite 

[Mg(F,0H)]zMgy[Si04]2 Monocliriic 1'0863 : 1 : 3'1447 90" 
Humite b : a : c  

[Mg(F,0H)]zMg,[Si04]3 Orthorhombic 1'0802 : 1 : 4'4033 - 
Clinohumite 

[Mg(F,0H)]2Mg7[Si04]4 Monoclinic 1'0803 : 1 : 5'6588 90" 

The species here included form a remarkable series both as regards crys- 
talline form and chemical composition. In crystallization they have senqihly 
the same ratio for the lateral axes, while the vertical axes are almost exactly 
in the ratio of the numbers 3 : 5 : 7 : 9 (see also below). Furthennore, 
though one species is orthorhombic, the others monoclinic, they here also 
correspond closely, since the axial angle /3 in the latter cases does not sensibly 
differ from 90". 

In composition, as shown 1)y Penfield and Howe (also Sjogren), the last 
three species are basic orthosilicates in each of which the univalent group 
(MgF) or (MgOH) enters, while the Mg atoms present are in the ratio of 
3 : 5 : 7. The composition given for Prolectite is theoretical only, being 
that which would be expected from its crystallization. In physical 
charactcrs these species are very similar, and several of them may occur 
together at  the same locality and even intercrystallized in parallel 
lamellae. 

The species of the group approximate closely in angle to chrysolite and chrysoberyl. 
The axid ratios may be compared as follows: 

Prolectite.. . . . . . . . . . . . . . . . . . . .  a : b : 5 c = 1.0803 : 1 : 0'6287 
Chondrodite. . . . . . . . . . . . . . . . . . . .  . a  : b : ; c = 1.0863 : 1 : 0'6289 
Humitc.. . . . . . . . . . . . . . . . . . . . . . . .  .b : a : + c = 1.0802 : 1 : 0.6291 
Clinohumite.. . . . . . . . . . . . . . . . . . . . .  .a : b : & c = 1.0803 : 1 : 0'6288 
Chry~olite. . . . . . . . . . . . . . . . . . . . . .  b : 2a : c = 1.0735 : 1 : 0'6296 
C:hrysol~eryl.. . . . . . . . . . . . . . . . . . . .  .b : 2a : c = 1,0637 : 1 : 0'6170 

CHONDRODITE - HUMITE - CLINOHUMITE. 

Axial ratios as given above. Habit varied, Figs. 902 to 910. Twins 
common, the twinning planes inclined 60°, also 30°, to c  (001) in the brachy- 
dome or clinodorne zone, hence the axes crossing at  angles near 60"; often 
repeated as trillings and as polysynthetic lamellae (cf. Flg. 609, p. 299). Also 
twins, with c  (001) as tw. plane. Two of the three species arc often twinned 
together. 

Cleavage: c  (001) sometimes distinct. Fracture subconchoidal to uneven. 
Brittle. H. = 6-6.6. G. = 3.1-3-2. Luster vitrrous to resinous. Color 
white, light yellow, honey-yellow to chestnut-brown and garnet- or hyacinth- 
red. Pleochroism sometimes distinct. Optically +. 

Chondrodate. .4bsorption X > Z > Y .  Optically +. Ax. pl. and Bxs I b (010). 
BG A c axis = X A c axis = + 25' 52' Brewster; 28' 56' Kafveltorp; 30" approx., Mte. 
 omm ma. p = 1.619; y - a = 0.031. 2V = 80". 

Humite. Ax. pl. 1 1  r (001). Bx I a (100). = 1.643. y - a = 0'035. 
Clinohumite. Ax. PI. and Bx, I h (010). Bx, A c axis = + 11°-120; 73" approx., 

Brewster. 2V = 76". /3 = 1.670. y - a = 0.038. 
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Figs. 902, 903, Chondrodite, Chondrodite, Sweden 

907 

Projection on (001) 

Projection on (a) 
Figs. 905, 906, Chond~di te ,  Mte. S o m a  Hum&, Sweden 

910 

Projection on (OiO) 

Clinohumite, Mte. Somma Clinohumite, Brewster Humite, Vesuvius 

Comp. - Basic fluosilicates of magnesium with related formulas as 
shown in the table above. Hydroxyl replaces part of the fluorine, and iron 
often takes the place of magnesium. 

Pyr., etc. - B.B. infusible; some varieties blacken and then burn white. Fused with 
potassium bisulphate in the closed tube gives a reaction for fluorine. With the fluxes 
a reaction for iron. Gelatiniaea with acids. Heated with sulphuric acid gives off silicon 
fluoride. 
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Obs. - C;hondrodite, humite, and rlinohumite all occur at  Vesuvius in the ejected 
masses both of limestonc. or fclclspat,hic type found on Monte Somma. They are associated 
with chrysolite, biotite, pyroxene, magnetite, spinel, vesuvianite, calcite, etc.; also less 
often with sanidine, rneionite, nephelitc. Of the three species, humite is the rarest and 
clinohumite of most frcquent occurrence. They seldom all occur together in the same 
mass, and only rarely two of the species (as humite and clinohumite) appear together. 
Occasionally clinohumite interpenetrates crystals of humite, and parallel intergrowths with 
chrysolite have also becn observed. 

Chondrodile occurs at  Mte. Somma, Vesuvius, as above noted; at Pargas, Finland, honey- 
yellow in limestonc; at  Bafveltorp, Nya-Kopparberg, Sweden, associated with chalcopyrite, 
galena, sphal~ritc. .At Brewster, N. Y., at  the Tilly Foster magnetic iron mine i~ deep 
garnet-red crystals. Also prohably a t  numcrous points wherc: the occurrence of chon- 
drodte" has been reported. 

Hurnite also occurs at the Ladu minc near Filipstadt, Sweden, with r~iagnetite in crl-s- 
talline limestone. In crystalline limestone with clinohumite in Andalusia, Spain. Also in 
large, coitrsr, partly altered cryst,als at  the Tilly Foster iron-mine at  Brewster, N. Y. Noted 
at  Franklin Furnace, N. J .  

Clinohumite occurs :tt Mte. Rotnma anti in Andalusia; in crystalline limestone near 
Lake Baikal in East Siberia; a t  Brewster, N. Y., in rare but highly modified crystals. 

H~droclimhi~mite is a titaniferous vnrietv (originally called lilanoliuine) from Ala - .  
Valley, Piedmont, Italy. 

Proleclile is from thc I<o mine, Nordmark, S,yeden; very rare; imperfectly known. 
Numerous othcr localities of "chondrodite have been noted. chieflv in c~s ta l l ine  

limestone; most of them are probably to be referred to the species chondrodite,"but the 
identity in many cases is yet to be proved. At Brewster large quantities of massive "chon- 
drodite" occur associated with magnetite, enstatitc, ripidolite, and from its extensive 
alteration serpentine has been formed on a large scale. The granular mineral is common 
in limestone in Susses Co., N .  J . ,  and Orange Co., N. Y., associated with spinel, and occa- 
sionally with pyroxene and corundum. Also in Mass., at Chelmsford, with scapolite; 
a t  South Lee, in limestone. In Canada, in limestone at St. Jerome, Grenville, etc., 
abundant. 

The name chondrodite is from ~ L v ~ ~ o s ,  o gain., alluding to the granular structure. 
Humite is from Sir Abraham Hume. 

Leucophcznicite. MnS(MnOH)2(Si04)3, similar to the humite type of formula. 
Monoelin~c. In striated crystals elongated arallel to ortho-axis. Massive. H. = 5'5-6. 
G. = 3.5. Color light purplish red. ~usibre. From Franklin, N. J. 

ILVAITE. Lievrite. k7enitr. 

Orthorhombic. Axes a : b : c = 0.6665 : 1 : 0'4427. 
911 mml", 110 A lio = 670 22'. w', 101 A To1 = 670 11'. 

SS', 120 A i20 = 73" 45'. 001, 111 A 111 = 62" 33'. 

Commonly in prisms, with prismatic5 faces vertically striated. 
Columnar or compact massive. 

Cleavage : b (010), c (001) rather distinct. Fracture uneven. 
Brittle. H. = 5-56.  G. = 3-99-4.05. Luster submetallic. 
Color iron-black or dark grayish black. Streak black, inclining 
to green or brown. Opaque. 

Comp. - CaFez(FeOH) (Si04)2 or H20.Ca0.4Fe0.Fez03. 
4Si02 = Silica 29.3, iron sesquioxide 19.6, 'iron protoxide 35.2, 
lime 13.7, water 2.2 = 100. Manganese may replace part 

of the ferrous iron. 
w., etc. - D.D. fuses quietly a t  2.5 to a black magnetic bead. With the fluxes reacts 

for iron. Some varieties give also a reaction for manganese. Gelatinizes with hydro- 
chloric acid. 

Obs. - Found on Uba in dolomite; on Mt. Mulatto near Predarzo, Tyrol, Austria, in 
granite; Schneeberg, Saxony; Foesum, in Norway. h crystah from Slorwut ,  South 
Greenland. Reported as formerly found at  Cumberland, R. I.; also at  Milk Row quarry, 
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Somerville, Mass. In fine crystals from South Mountain mine, Owyhee Co., Idaho. Named 
Ilvaite from the Latin name of the island (Elba). 

Ardennite. Dewalquite. A vanadio-silicate of aluminium and manganese; also con- 
taining arsenic. In prismatic crystals resembling ilvaite. H. = 6-7. G. = 3'620. Yel- 
low to yellowish brown. Index about 1.79. Found at  Salm Chateau in the Ardennea, 
Belgium. 

Lhgbanite. Manganese silicate with ferrous antimonate; formula doubtful. Rhom- 
bohedral-tetartohedral. In iron-black hexagonal prismatic crystab. H. = 6.5. 
G. = 4'918. Luster metallic. From LBngban, Sweden. 

The following are rare lead silicates. See also p. 498. 
Kentrolite. Probably 3PhO.2MnzO3.3Si0~. In minute prismatic crystals; often in 

sheaf-like forms; also massive. H. = 5. G. = 6'19. Color dark reddish brown; black 
on the surface. From southern Chile; Lbngban and Jakobsberg, Sweden; Bena Padru, 
near Ozieri, Sardinia. 

Melanotekite. 3Pb0.2Fe203.3SiO2 or (Fe403)Pb~(Si04)3. Orthorhombic; prismatic. 
Massive; cleavable. H. = 6.5. G. = 5'73. Luster metallic to greasy. Color black to 
blackish gray. Occurs with native lead a t  Lbngban, Sweden. Also in crystals resembling 
kentrolite at  Hillsboro, N. M. 

Bertrandite. HzBe,Si*Oe or H20.4BeO.2SiO2. Orthorhombic-hemimorphic. In small 
tabular or prismatic crystals. H. = 6-7. G. = 2'59-2'60. Colorless to pale yellow. 
Optically -. 6 = 1.603. Usually occurs in feldspathic veins, often with other be Ilium 
minerals as a result of the alteration of beryl. At the quarries of Barbin near x n t e s ,  
France; Pisek Bohemia; Irkutka Mt., Altai Mts., Russia; Iveland, Southern Norway; 
Cornwall, ~ n ~ i a n d ;  Mt. Antero, Chaffee Co., Col., with phenacite; Amelia Court-House, 
Va.; Oxford Co., Me. 

CALAMINE. Smithsonite. Hemimorphite. 

Orthorhombic-hemimorphic. Axes a : b : c = 0.7834 : 1 : 0.4778. 
~nm"', 110 A 1 O i  = 76" 9'. 
SS', 101 A i01 = 62' 46'. 912 913 
11' 301 A 301 = 122' 41'. 
eel 011 A 0i1 = 51' 5'. 
ii', 031 A 031 = 110" 12'. 
vt~"', 121 A 121 = 78' 26'. 

Crystals often tabular / 1 b (010) ; also pris- 
matic; faces b vertically striated. Usually 
implanted and showing one extremity only. 
Often grouped in sheaf-like forms and form- 
ing drusy surfaces in cavities. Also stalac- 
titic, mammillary, botryoidal, and fibrous 
forms; massive and granular. 

Cleavage : m (1 10) perfect; s (101) less so; 
c (001) in traces. Fracture uneven to subconchoidal. Brittle. H. = 4.5-5, 
the latter when crystallized. G. = 3.40-3.50. Luster vitreous; c (001) 
subpearly, sometimes adamantine. Color white; sometimes with a delicate 
bluish or greenish shade; also yellowish to brown. . Streak white. Trans- 
parent to translucent. Optically +. 2V = 46". a = 1.614. = 1.617. 
-y = 1 %36. Strongly pyroelectric. 

Comp. - HtZnSi06 or (Zn0H)zSiOs or HtO.2ZnO.SiO2 = Silica 25.0, 
zinc oxide 67.5, water 7.5 = 100. The water goes off only at a red heat; 
unchanged a t  340" C. 

Pyr., etc. - In the closed tube decrepitates, whitens, and ives off water. B.B. almost 
infumble (F. = 6). On charcoal with soda gives a coating wiich is yellow while hot, and 
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white on cooling. Moistened with cobalt solution, and heated in O.F., this coating assumes 
a bright meen color, but the ignit.ed mineral itself becomes blue. Gelatinizes with acids 
evenwhen previously ignited. 

Diff. - Charact,erized by its infusibility; reaction for zinc; gelatinization with acids. 
Resembles some srnithsonite (which effervesces with acid), also prehnite. 

Obs. - Citlamine and sn,ithsonite are usually found assohated in veins or beds in 
stratified calcareous rocks accompanying sulphides of zinc, iron and lead. Thus at  Aix-la- 
Chapclle, Germany; Raibel and Bleiberg, in Carinthia; Moresnet in Belgium; Rezbdnya, 
and Sehemnitz, Hungary. At Roughten Gill, in Cumberland; at  Alston Moor, white; 
near Matlock, in Derbyshire; Leadhill, Scotland; a t  Xerchinsk, in eastern Siberia. From 
Santa Eulalia, Chihuahua, Mexico. 

In the United States occurs at  Sterling Hill, near Ogdcnsburg, K. J., in fine clear crystal- 
line masses. In Pa., at the Perkiomen and Phenixville lead mines; at  Friedensville. 
Abundant in Vn.. at Austin's mines in Wvthe Co. With the zinc de~osits of southwestern 
Missouri, es eciilly about Granhy, hoth'as crystallized and massiv'e calamine. Crystals 
from ~cadviEe, Col.; from Organ Mts., N. M. ; Elkhorn Mts., Mon. At the Emma mine, 
Cottonwood Cafion, ITtah. 

The name Culamin,e (with Galmei of the Germans) is commonly supposed to be a cor- 
ruption of C d n i a .  Agricola says it is from calamus, a reed, in allusion to the slender 
forms (stalactitic) common in the cadmin for7~ncu.m. 

Use. - An ore of zinc. 
Clinohedrite. H2C:tZnSiOs. Monoclinic-clinohedral (see Figs. 352, 353, 138). 

H. = 5.5. G. = 3.33. Colorless or white to amethystine. Index, 1.67. ~ r o m  b a n d ; ,  N. J. 
Stokesite. -Perhaps H4CaSnSi3011. Orthorhombic. Prismatic cleava e H. = 6. 

G. = 3.2. Colorless. p = 1.61. From Roscommon Cliff, St. Just, ~ornwayl.. 
Carpholite. H4hfn.ilnSipOlo. In radiated and stellated tufts. G. = 2'935. Color 

straw- to wax-yellow. Biaxial, -. 19 = 1.63. Occurs at  the tin mines of Schlaggenwald, 
Bohemia; Wippra, in the Harz hlts., on quartz, etc. 

Lawsonite. H4CaA1,SinOlo. In prismatic orthorhombie crystals; mm"', 110 A IT0 
= 67" 10'. G. = 3'09. Luster vitrcor~s to Colorless, pale bluc to gra ish blue. 
Optically +. 0 = 1.669. Occurs in c r y s t a l ~ ~ ~ % h i s t s  of the Tiburn peninsda, Marin 
Co., Cal.; also in the schists of Pontgibaud, France, and New Caledonia. 

Hibschite. Samc :IS for lutusmlilc, H82aA1~Si2010. In minute isometric crystals, usually 
octahedrons. H. = 6. G. = 3.0. Colorless or pale yellow. Refractive index, 1'67. In- 
fusible. From the phonolitc of Marienberg, Bohemia,. Associated with melanite. 

Cerite. A silicate of thc cerium metals chieflv, with water. Crystals rare; con~monly 
massive; granular. H. = 5.5. G. = 4.86. Color between clove-brown and cherry-red 
to gray. Indices, 1.83-193. Occurs a t  Bastniis, near Riddarhyttsn, Sweden. 

Toernebohmite. A silicate of the cerium metals, chiefly, Rs(0H) (Si04)2. Monoclinic? 
Color, green to ol~ve. 6 = 1'81. Biaxial, +. Strong dispersion, p < u. Pleochroie, rose 
to blue-green. From Bastnls, near Riddarhyttan, Sweden. 

Beckelite. Ca.8t,!Ce,La,Di)&3i301i. Isometric Crystals small, often microscopic. Cubic 
cleavage. H. = 5. G. = 4'1. Color yellow. Infusible. Occurs with nephelinc syenite 
rocks near Mariupol, Russia. 

Hellandite. A basic silicate chiefly of the cerium metals, aluminium, manganese and 
calcium. Monoclinir. Prismatic habit). H. = 5.5. G. = 3.7. Color hrown. Fusible. 
Found in pegmatite near KragerB, Norway. 

Bazzite. A silicate of scandium with other rare earth metals, iron and a little soda. 
Hexagonal. In minute prisms, often barrel shaped. H. = 65 .  G. = 2.8. Color azure- 
blue. Transparent in small individuals. Optically -. Refractive indices, o = 1.626. 
B = 1.605. Strongly dichroic, w = pale greenish yellow, s = azure-blue. Infusible. In- 
soluble in ordinary acids. Found at  Baveno, Italy. 

ANGARALITE. 2(Ca,Mg)0.5(A1,Fe)203.6Si02. In thin tabular hexagonal(?) crystals. 
G. = 2.62. Color black from carbonaceous impurities. Uniaxial, +. In contact zone of 
limestone, southern part of Yenisei District, Siberia. 

TOURMALINE. 
Rhombohedral-hemimorphic, &s c = 0.4477. 

cr. 0001 h loil  = 27" 20'. rr', 1011 h 1101 = 46" 52'. uu', 3251 A 7521 = 66" 1'. 
eo', 0001 A 0221 = 45" 57'. oo', 0221 A 2021 = 77" 0'. uuV, 3251 A '5321 =42" 36'. 
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Crystals usually prismatic in habit, often slender to acicular; rarely 
flattened, the prism nearly wanting. Prismatic faces strongly striated ver- 

914 616 916 917 

tically, and the crystals hence often much rounded to barrel-shaped. The 
cross-section of the prism three-sided (m, Fig. 921), six- 
sided (a), or nine-sided (m and a). Crystals commonly 
hemimorphic. Sometimes isolated, but more com- 
monly in parallel or radiating groups. Sometimes mas- 
sive compact; also columnar, coarse or fine, parallel 
or divergent. 

Cleavage: a (1120)~ r (10T1) difficult. Fracturesub- 
conchoidal to uneven. Brittle and often rather friable. 

A 
H. = 7-7-5. G. = 2-98-3-20. Luster vitreous to res- 
inous. Color black, brownish black, bluish black, '' 

112 
8 r / Q  

most common; blue, green, red, and sometimes of rich 
shades; rarely white or colorless; some specimens red internally and green 
externally; and others red a t  one extremity, and green, blue or black at  
the other; the zonal arrangement of different colors widely various both as 
to the colors and to crystallographic directions. Streak uncolored. Trans- 
parent to opaque. 

Strongly dichroic, especially in deepcolored varieties; axial colors varying 
widely. Absorption for w much stronger than for E, thus sections 1 I c axis trans- 
mit sensibly the extraordinary ray only, and hence their use (e.g., in the tour- 
maline tongs (p. 243) ) for giving polarized light. Exhibits idiophanous figures 
(p. 288). Optically -. Birefringence rather high, o - = 0.02. Indices: 
oy = 1.6366, 5 = 1.6193 c010rless variety; wr = 1.6435, e = 1.6222 blue- 
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green. Sometimes abnormally biaxial. Becomes electric by friction; also 
strongly pyroelectric. 

Var. --Ordinar?/. In cryst:tls as above described; black much the most common. 
(a) Rubellite; the red, sometimes transparent; the Siberian is mostly violet-red (siberite), 
the Brazilian mse-red; that of Chesterfield and Goshen, Mass.,.pale rose-red and opa ue; 
that of Paris, Me., fine ruby-red and transparent. (b) Indicolzte, or i.ndigolitc; the due, 
either pale or bluish black; named from the indigo-blue color. (c) Brazilian Sapphire (in 
jewelry); Berlin-blue and transparent. (d) Brazilian Emerald, Chrysolite (or Peridot) of 
Brazil; green and transparent. ( e )  Peridot of Ceylon; honey-yellow. ( j )  Achroite; color- 
less tourmaline, from F>lba. (g) Bphrizite; black tourmaline, from Iiragcro, Norway. 
( h )  Columnar :tnd black; coarse columnar. Resembles somewhat common hornblende, 
but has a more resinous fracture, and is without distinct cleavage or anything like a fibrous 
appearance in the texture; it often has the appearance on a broken surface of some kinds of 
soft coal. 

Comp. - A complex silicate of boron and aluminium, with also either 
magnesium, iron or the alkali metals prominent. A general formula may be 
written as H9A13(B.0H)2Si4019 (Penfield and Footc) in which the hyrogen 
may be replaced by the alkalies and also the bivalent elements, Mg,Fe,Ca. 
Fluorine is commonly present in small amounts. 

The varieties based upon composition fall into three prominent groups, between which 
there are many gradations: 

I. ALKALI TOURMALINE. Contains sodium or lithium, or both; also potassium. 
G. = 3.0-3.1. Color red to green; also colorless. From pegmatites. 

2.  IRON TOURMALINE. G. = 3.1-3.2. Color usually deep black. Accessory mineral 
in siliceous igneous rocks and in mica schists, etc. 

3. MAGNESIUM TOTJRMALINE. G. = 3.0-3.09. Usually yellow-brown to brownish 
black; also colorless. From limestone or dolomite. 

A chromiwm tourtpaline also occurs. G. = 3'120. Color dark green. 
Pyr., etc. - The magnesia varieties fuse rather easily to a white blebby glass or slag; 

the iron-magnesia varieties fuse with a strong heat to a blebby slag or enamel; the iron 
varieties fuse with difficulty, or, in some, only on the edges; the iron-magnesia-lithia 
varieties fuse on the edges, and often with great difficulty, and some are infusible; the lithia 
varieties arc infusible. With the fluxes man varieties give reactions for iron and man- 
ganese. Fused with a mixture of $isulphate and fluorir ar gives a distinct re- 
action for boric acid. Not decomposed by acids. Crystals, wpccialry of the lighter colored 
varieties, show strong pyroelectricity. 

Diff. -Characterized by its crystallization, prismatic forms usual, which are three-, 
six-, or nine-sided, and often with rhombohedra1 terminations; massive forms with colum- 
nar structure; also by absence of cleavage (unlike amphibole and epidote); in the common 
black kinds by the coal-like fracture; by hardness; by difficult fusibility (common kinds), 
compared with garnet and vesuvianite. The boron test is conclusive. 

Micro. - Readily distinguished in thin sections by its ,somewhat high relief; rather 
strong interference-colors; negative uniaxial character; decided colors In ordinary light in 
which basal sections often exhibit a zonal structure. Also, especially, by its remarkable 
absorption whcn the direction of crystal elongation is 1 to the vibration-plane of the lower 
nicol; this with its lack of cleavage distinguishes it from biotite and amphibole, whlch alone 
among rock-making minerals  how similar strong absorption. 

Obs. - Commonly found in granite and peiases aa a result of f u ~ a r o l e  action or. of 
mineralizing gases in the fluid magma, espec~ally in the pegmatite veins associated .with 
such rocks; at  the periphery of such masses or in the schists, or altered limeston~s~ gnelsses, 
etc., immediately adjoining them. I t  marks especially the boundaries of granitic masses, 
and its associate minerals are those characteristic of such occurrences; quartz, albite, 
microcline, muscovite, etc. The variety in granular limestone or dolomite is common1 
brown; the bluish-black variety sometimes associated with tin ores; the bmwn 
titanium; the lithium variety is often associated with lepidolite. Red or green varieties, 
or both, occur near Ekaterinburg in the Ural M t s .  Elba; Campolongo in Tessin, Smtzer- 
land; Penig, Saxony; also the rovince Minas beraes, Brazil; yellow and brown from 
Ceylon; dark brown varieties goom Eibenstock, Saxony; the Zillertal Tyrol, Bwtna;  
black from Arendpl, Nqrway; Snarum and KragerG, Norway; pale yeilowish brown at  
Windisch Kappel in Carinthla; fine black crystals occur in Cornwall at different localities. 
Variously colored from Madagascar. 
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In the United States, in Me. at  Paris and Hebron, magnificent red and green tourmalines 
with lepidolite, etc.; also blue and pink varieties; and at  Norway; pin!< at  Rumford, em- 
bedded in lepidolite; a t  Auburn in clear crystals of a delicate pink or lilac with lepidolite, 
etc.; a t  Albany, green and black. In Mass., a t  Chesterfield, red, green, and blue; at 
Goshen, blue and green; a t  Norwich, New Braintree and Carlisle, good black crystals. In 
N. H., Grafton, Acworth; at Orford, browmsh black In steatite. In  Conn., a t  Monroe, 
dark brown in mica-slate; a t  Haddam, black In mica slate; also fine pink and green; at  
Ncw Milford, black. In  N. Y., near Gouverneur, brown crystals, with tremolite, etc., 
in granular hmestone; black near Port Henry, Essex Co.; near Edenville; s lendid black 
wsbals at  Pienepont, St. Lawrence Co.; colorless and glassy at  De Kalb; $ark brown at 
McComb. In N. J., a t  Hamburg and Newton black and brown crystals in limestone, 
with spinel; also grass-green crystals in crystalline limestone near Franklin Furnace. In 
Pa., a t  Newlin, Chester Co.; near Cnionville, yellow; at Chester, fine black; Middle- 
town, black; Marple, green in talc; near New Hope on the Delaware, large black crystals. 
A chrome variety from the chromite beds in Montgomery Co., Md. In N. C., -4lexander 
Co., in fine black crystals with emerald and hiddemte. In Cal., fine groups of rubellite in 
lepidolite from Mesa Grande, Pala, etc. in San D~ego CO. 

In Canada, in the provlnce of Quebec, yellow crystals in limestone a t  Calumet Falls, 
Litchfield, Pontjac Co.; at Hunterstown; fine brown crystals at  Clarendon, Pontiac Co.; 
black a t  Grenvllle and Argenteuil, Argenteuil Co. In  Ontario, in fine crystals a t  North 
Burgess, Lanark Co.; Galway and Stoney Lake in Dummer, Peterborough Co. 

The name turmalin from Turamali m Cingalese (applied to zircon by jewelers of Cey- 
ion) was introduced into Holland in 1703, with a lot of gems from Ceylon. 

Use. - The variously colored and transparent varieties are used as gem stones; see 
under "Var." above. 

Dumortierite. -4 basic aluminium borosilicate, perhaps 8!20~.&0r.6SiO~.HaQ (Schaller). 
The water and boric oxide have bccn considered as varlable In amount and basic m charac- 
ter with the general formula! (A10)1aAl~(SiO~)~ (Ford). 

Orthorhomblc. Prlsmatlc angle approximately 60". Usually in fibrous to columnar 
aggregates. Cleavage: a (loo), distinct; also prismatic, imperfect. H. = 7. G. = 3.26- 
3.36. Luster vitreous. Color bright smalt-blue to greenish blue. Transparent to trans- 
lucent. Pleochroism very strong: X deep-blue or nearly colorless, Y yellow to red-violet 
or nearly colorless, Z colorless or pistachio-green. Exhibits idiophanous figures, analogous 
to andalusite. Optically -. Ax. pl. ( 1  b (010). Bx l c (001). a = 1'678. 8 = 1.686. 
7 = 1.689. 

Recognized in thin section by its rather high relief; low interference-colors (like those 
of quartz); occurrence in slender prisms, needles or fibers, with negative optical extension; 
parallel extinction; biaxial character and especially by its remarkable pleochroism. 

Found embedded in feldspar in blocks of gneiss a t  Cha onost, near Lyons, France; 
from Wolfshau, near Schmiedeberg, Silesia; in the iolite o f t he  gneiss of Tvedestrand, 
Norway; Rio de Janeiro, Brazil. In the United States, i t  occurs near Harlem, New York 
Island, in the pegmatoid portion of a biotite-gneiss; in a quartzose rock at  Clip, Yuma Co., 
Arizona; from San Diego Co., Cal.; Woodstock, Wash. 

STAUROLITE. Staurotide. 
Orthorhombic. Axes a : b : c = 0.4734 : 1 : 0.6828. 

mm"', 110 A 110 = 50" 40'. cr, 001 A 101 = 55" 16'. 
rr', 101 A f01 = 110" 32'. m ~ ,  110 A 101 = 42' 2'. 

922 923 924 

Twins cruciform: tw. pl. x (032), the crystals crossing nearly at right 
angles; tw. pl. z (232), crowing at an angle of 60' approximately; tw. pl. 
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Y (230) rare, also in repeated twins (cf. Figs. 397, p. 164; 439, 440, Wl,fp. 170). 
crystals commonly prismatic and flattened ( 1  b axis; often with rough surfaces. 

Cleavage,: b (010) distinct, hut interrupted; m (110) in traces. Fracture 
subconchoidal. Brittle. H. = 7-7.5. G. = 3.65-3.77. Subvitreous, inclin- 
ing to resinous. Color dark reddish brown to brownish black, and yellowish 
brown. Streak uncolored to grayish. Translucent lo  nearly or quite opaque. 

926 Pleochroism distinct: Z (=  c axis) hyacinth-red 

ziBx= 
t'o blood-red, X, Y yellowish red; or Z gold-yellow, 
X, Y light yellow to colorless. Optically +. Ax. 
pl. ( 1  a (100). Bx I c (001). 2V = 88" (ap- 
pro~. ) .  LY = 1.736. 0 = 1.741. y = 1.746. 

Comp. - HBeAl5SisOl,, which may be writ- 
t en  (A10)4(AIOH)Fe(SiO~)z or H20.2Fe0.5Al2O3. 
-2Si02 = Silica 26.3, alumina 55.9, iron protoxide 
15.8, water 2.0 = 100. Magnesium (also man- 
ganese) replaces a little of the ferrous iron; ferric 
iron part of the aluminium. 

~Vordtr~~arlcile from Nordmark, Sweden, contains man- 
ganese in large anrounts. 

\ Pyr., etc. - B.R. infusible, excepting t,hc manganesian 
S variety, which fuses casily to a black magnetic glass. 

Z With the fluxes gives rcactions for iron, and sometimes 
for manganesc. Inrperfectly decomposed by sulphuric acid. 

D8. - Characterized by the obtuse prism (unlike andalusite, which is nearly square); 
by the frequency of twinning forms; by hardness and infusibility. 

Micro. - Under the microscope, sections show a decided color (yellow to red or brown) 
and stron pleochroism (yellow and red); also characterized by strong refraction (high 
relief), ratter bright interference-colors, parallcl extinction and bisxial character (generally 
p t i v r  in the direction of elongation). Easily distinguished from rutile (p. 427) by its 
iaxlal character and lower interference-colors. 

Obs. - Usually found in crystalline schists, as mica schist, argillaceous schist, and 
gneiss, as a result of regional or contact metamorphism; often associated with garnet, silli- 
manite, cyanite, and tourmaline. Somctirnes encloses symmetrically arranged carbon- 
aceous impurities like andalusite (p. 524). Other impurities are also often present, especially 
silica, sometimes up to 30 to 40 p. (I.; also garnet, mica, and perhaps magnetite, brookite. 

Occurs with c anitc in paragonitc schist, a t  Mt. Campione, Switzerland; in the Zillertal, 
Tyrol, Austria; Eoldenstein in Moravia; Aschaffenburg, Bavaria; in large twin crystals in 
the mica schists of Brittany and Scotland. In the province of Minas Geraes, Brazil. 

Abundant throughout the mica schists of New England. In Me., a t  Windham. In 
N. H., brown at  Franconia; a t  Lisbon; on the shores of Mink Pond, loose in the soil. In 
Mass., a t  Chesterfield, in fine crystals. In Cnnn., a t  Bolton, Vernon, etc.; Southbury with 
garnets; a t  Litchfield, black crystals. I n  N. C., near Franklin, Macon Co.; also in Madi- 
son and Clay counties. In Ga., in Fannin Co., loose in the soil in fine crystals. In large 
crystals from Ducktown, Tenn. 

Named from usaupis, a cross. 
Use. -Occasionally a transparent stone is cut for a gem. 
Kornerupine. Kear MgA12SiOs. In fibrous to columnar aggregates, resembling silli- 

manite. H. = 63.5. G. = 3'273 kornerupine; 3.341 prisrnatine. Colorlass to wh~tq, or 
brown. Binxial, -. Indices, 1.669-1.682. 

Kornerupine occurs at  Fiskernas on the west coast of Greenland. Prismatine is from 
Waldheim, Saxony. Found in large. clear crystals of a sea-green color and gem quality 
from ncar Betroka, Madagascar. 

Sapphirine. Mg6AlI2Si20?,. In indistinct tabular crystals. I!sually in disseminated 
grains, or aggregations of grams. H. = 7.5. C. = 3.42-3'48. Color pale to dark blue or 
green. Biixial, -. Indices, 1'705-1'711. From Piskerniis, southwestern Greenland. 
Occurs near Betroka, Madagascar. From St. Urbain, Quebec. 

Grandidierite. A basic silicate of aluminium, ferric iron, magnesium, ferrous iron, etc. 
Orthorhombic. In elongated crystals. Two cleavages. G. = 3.0. Color blush green. 
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8 = 1.64. Strongly pleochroic. Found in pegmatite at  Andrahomana in southern 
Madagascar. 

Serendibite. 10(Ca,Mg)0.5A120~.B~O~.6Si~~ In irregular grains showing polysyn- 
thetic twinning; probably monochnlc or trlchic. H. = 6'7. G. = 3.4. Color blue. 
Pleochroism marked. Refractive index, 1.7. Infusible. From Gangapitiya near Am- 
bakotte, Ceylon. 

Silicomagnesiofluori~. A fluosilicate of calcium and magnesium, perhaps, HzCa.Mg, 
Si207F1,,. Radiating fibrous in spherical forms. H. = 2.5. G. = 2'9. Color ash-gray, 
light greenish or bluish. Fusible. From Lupikko, near Pitkliranta, Finland. 

Grothine. A silicate of calcium with aluminium and a littlc iron of uncertain compo- 
sition. Orthorhombic. In  small tabular crystals. Colorless. Transparent. G. = 3'09. 
Optically +. Infusible. Decomposed by sulphuric acid. Found with microsommile on 
l~mevtone near Nocera and Sarno, Campagna, Italy. 

ALOISIITE. Luigite. A basic silicate containing ferrous oxide, lime, magnesia, and 
soda. Amorphous. Color, brown to violet. Acts as a cement in a tuff found a t  Fort 
Portal, Uganda. 

POCHITE. H10F~Mn2Si&29. Amorphous. H. = 3.5-4. G. = 3.70. Color reddish 
brown. Opaque. Found in iron ore near Varei, Bosnia. 

SILICATES 

Section B. Chiefly Hydrous Species 

The SILICATES of this second sect'ion include the true hydrous compounds, 
that is, those which contain water of crystallization, like the zeolites;' also the 
hydrous amorphous species, as the clays, etc. There are also included certain 
species - as the Micas, Talc, Kaolinite - which, whilethey yield water upon 
ignition, are without doubt to be taken as acid or basic metaailicates, orthosili- 
cates, etc. Their relation, however, is so close to other true hydrous species 
that it appears more natural to include them here than to have placed them 
in the preceding chapter with other acid and basic salts. Finally, some 
species are referred here about whose chemical constitution and the part 
played by the water present there is still much doubt. The divisions recog- 
nized are as follows: 

I. Zeolite Division 
1. Introductory Subdivision. 2. Zeolites 

11. Mica Division 
1. Mica Group. 2.  Clintonite Group. 3. Chlorite Group 

111. Serpentine and Talc Division 
Chiefly Silicates of Magnesium. 

IV. Kaolin Division 
Chiefly Silicates of Aluminium; for the most part belonging to the group 

of the clays. 
V. Concluding Division 

Species not included in the preceding divisions; chiefly silicates of the 
heavy metals, iron, manganese, etc. 
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I. Zeolite Division 
1. Zr~troductory Subdivision 

Of the species here included, sevctral, as Apophyllite, Okcnite, etc., while not strictly 
ZEOLITES, are closely related to them in compos~tlon and method of occurrence. Pectolite 
(p. 483) and Prehnite (p. 534) are also sometimes classed here. 

Inesite. Ha(Mn,Ca)&i&O1~.3Hfi. Crystals small, prismatic; aho fibrous, radiated and 
spherulitic. 11. = 6. C. = 3'029. Color rose- to flesh-red. Occurs at  the manganese 
mines near Dillenburg, Germany. Rhodolilile is the same species from the Harstig mine, 
Pajsberg, Sweden. From Jakobsberg and Lhngban, Sweden; Villa Corona, Durango, Mexico. 

Hillebrandite. Ca2Si04.H20. Orthorhombic; radiating fibrous. H. = 5'5. G. = 2'7. 
Refractive Index = 1.61. Color white. Fusible with difficulty. Found i? contact zone 
between limestone and dioritc in the Vclardciia mining district, Mexico. 

Crestmoreite. Probably 4HzCnSiOa.3Hz0. Compact. Color, snow-white. H. = 3. 
G. = 2'2. B = 1.59. An alterat~on product of Willseile. From Crestmore. Riverside Co., 
Cal. 

Riversideite. 2CaSiOb.HI0. In compact fibrous veinlets. Silky luster. H. = 3.  
G.  = 2'64. Indices, 1 'S9-1 .GO. Easily fusible. From Crestmore, Riverside Co., Cal. 

Ganophyllite. 7MnO.AlpO3.8RiO?.liH2O. In short prismatic crystals; also foliated, 
micaceous. Color brown. H. = 4-4'5. G. = 2'84. Biaxial, -. Indices, 1.705-1.730. 
From the Harstig mine, near Pajsherg, Sweden. 

Lotrite. 3(Ca,Mg)0.2(~il,Fe)P0334SiOY.2H~0. hlassive, in an aggregate of small 
grains and 1eavc.s. Oncl cleavage. H. = 7'5. G.= 3.2. Color green. Refractive index, 
1'67. Found in small veins in a chlorite schist in the valley of the Lotru, Transylvania. 

Okenite. H2CaSi?Oe.H20. Commonly fibrous; also compact. H. = 4.5-5. G. = 2'28- 
2.36. Color white, with a shade of yellow or blue. Biaxial, -. Index, 1.556. Occurs in 
basalt or related eruptivc rocks; as in the Faroe Islands; Iceland; Disko, Niorkornat, etc., 
Greenland; Poona, India. From Crcstmore, Riverside C'o., Cal. 

G rolite. HzCasSiaOr.Hz0. Rhombohedrnl-tetartohedral. In white concretions, 
lamelfar-radiate in structure. Optically -. w = 1.56. From the Isle of Skye, with 
stilbite, laumontitc, etc.; in India, etc. Wit,h apophyllite of New Almaden, California; 
also Nova Scotia. Pound also at  various places in Bohemia; from Scotland and the Faroe 
Islands; Sao Paulo, Brazil. Reyerile from Greenland is similar to gyrolite. Zeophyllile is 
a similar species which may be ident,ical with gyrolite. Rhombohedral. In spherical 
forms with radiating foliated structui-r. Perfect basal cleavage. H. = 3. G. = 2'8. 
Color white. w = 1.56. From various localities in Bohemia and elsewhere. 

APOPHYLLITE. 
Tetragonal. Axis c = 1.2515. 

926 927 928 

up, 100 A 111 = 52' 0'. 
pp', 111 A '111 = 76' 0'. 

Habit varied; in square prisms (a (100)) usually short and terminated by 
c (001) or by c and p ( I l l ) ,  and then resembhng a cube or cubo-octahedron; 
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also acute pyramidal (p (111)) with or without c and a; less often thin tabu- 
lar I I c. Faces c often rough; a bright but vertically striated; p more or less 
uneven. Also massive and lamellar; rarely concentric radiated. 

Cleavage: c (001) highly perfect; m (110) less so. Fracture uneven. 
Brittle. H. = 4.5-5. G. = 2.3-2-4. Luster of c pearly; of other faces 
vitreous. Color white, or grayish; occasionally with a greenish, yellowish, or 
rose-red tint, flesh-red. Transparent; rarely nearly opaque. Birefringence 
low; usually +, also -. Often shows anomalous optical characters (Art. 
439, Fig. 617). Indices, 1.535-1.537. 

Comp. - H7KCa4(Si03)8.43Hz0 or Kz0.8Ca0.16Si02.16Hz0 = Silica 
53'7, lime 25.0, potash 5.2, water 16.1 = 100. A small amount of fluorine 
replaces part of the oxygen. 

The above formula differs but little from HzCaSizOe.H,O, in which potassium replaces 
part of the basic hydrogen. The form often accepted; Hz(Ca,K)Si~Os.HzO, corresponds 
less well with the analyses. 

Pyr., etc. - In the closed tube exfoliates, whitens, and yields water, which reacds acid. 
B.B. exfoliates, colors the flame violet (potash), and fuses to a white vesicular enamel. 
F. = 1'5. Decomwsed bv hvdrochloric acid, with separation of slimy silica. 
DB. - ~haracierized by its tetra~gonal form, the square prism a i d  pyramid the com- 

mon habits; by the perfect basal cleavage and pearly luster on this surface. 
Obs. - Occurs commonly as a secondary mineral in basalt and related rocks, with 

various zeolites, slso datolite, pectolite, calcite; also occasional1 in cavities in granite, 
gneiss, etc. Greenland, Iceland, the Faroe Islands, and British 1nJa ,  especially at Poonah, 
afford h e  specimens of apophyllite in amy daloidal basalt or diabase. Occurs also a t  
Andreasberg, Harz Mts., Germany, of a deecate pink; Radautal in the Harz Mts.; a t  
Orawitza, Hungary, with wollastonite; Uto, Sweden; on the Seisser Alp in Tyrol, Austna; 
Guanajuato, Mexico, often of a beautiful pink upon amethyst. 

In the United States large crystab occur a t  Ber en Hill, Paterson West Paterson, 
and Great Notch, N. J.: in Pa., at the French ~ree! mines, Chester 60.; a t  the Cliff, 
Phaenix and other mines, Lake Superior region; Table Mt. near Golden, Col.; in Cal., 
a t  the mercury mines of New Almaden often stained brown by bitumen; also from Nova 
Scotia a t  Cape Blomjdon, and other points. 

Named by Haiiy in allusion to its tendency to exfoliate under the blowpi el from &T& 
and +SXXov, a leaf. Its whitish pearly aspect, resembling the eye of a fish after goiling, gave 
rise to the earlier name lchthyophthalmite, from ~ X O ~ S ,  Jish, &@aA~6s1 eye. 

2. Zeolites 
The ZEOLITES form a family of well-defined hydrous silicates, closely re- 

lated to each other in composition, in conditions of formation, and hence in 
mode of occurrence. They are often with right spoken of as analogous to 
the Feldspars, like which they are all silicates of aluminium with sodium and 
calcium chiefly, also rarely barium and strontium; magnesium, iron, etc., are 
absent or present only through impurity or alteration. Further, the com- 
position in a number of cases corresponds to that of a hydrated feldspar; while 
fusion and slow recrystalhation result in the formation from some of them of 
anorthite (CaAlzSiz08) or a calcium-albite (CaAlzSiaOla) as shown by Doelter. 
The Zeolites do not, however, form a single group of species related in crystal- 
lization, like the Feldspars, but include a number of independent groups 
widely diverse in form and distinct in composition; chief among these are 
the monoclinic PHILLIPSITE GROUP; the rhombohedra1 CHABAZITE GROUP, 
and the orthorhombic (and monoclinic) NATROLITE GROUP. A transition in 
composition between certain end compounds has been more or less well- 
established in certain cases, but, unlike the Feldspars, with these species cal- 
cium and sodium seem to replace one another and an increase in alkali does not 
necessarily go with an increase in silica. 
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Like other hydrous silicates they are characterized by inferior hardness, 
chiefly from 3.5 to 5.5, and the specific gravity is also lower than with corre- 
sponding anhydrous species, chiefly 2.0 to 2.4. Corresponding to these charac- 
ters, they are rather readily decomposed by acids, many of them with gela- 
tinization. The intumescence B.B., which gives the name to the family (from 
r t i v ,  to boil, and XIOos, stone) is characteristic of a large part of the species. 

The Zeolites are all secondary minerals, occurring most commonly in 
cavities and veins in basic igneous rocks, as basalt, diabase, etc.; less fre- 
quently in granite, gneiss, etc. In these cases the lime and the soda in part 
have been chiefly yielded by the feldspar; the soda also by el~olite, sodalite, 
etc.; potash by leucite, etc. The different species of the family are often asso- 
ciated together; also with pectolite and apophyllite (sometimes included with 
the zeolites), datolite, prehnite and, further, calcite. Many of the zeolites 
have been produced synthetically by various hydrochemical reactions. In 
general they appear to have been formed in nature by reactions upon the feld- 
spar or feldspathoid minerals. 

ptilolite. RAlzSil00~~.5HzO. Here R = Ca : K2 : Na2 = 6 : 2 : 1 approx. I n  short 
capillary needles, aggregated in delicate tufts. Colorless, white. Biaxial, +. Indices, 
1.48CL1.485. Occurs upon a bluish chalcedony in cavities in a vesicular augite-andesite 
found in fragments in the conglomerate beds of Green and Table mountains, Jefferson Co., 
and from Silver Cliff, Custer Co., Col., also from Elba and Iceland. 

Mordenite. 3RA12SiloO?r.20Hy0, where R = Kn : Nap : Ca = 1 : 1 : 1. In minute 
crystals resembling heulandite in habit and angles; also in small hcmispherical or reniform 
concretions with fibrous structure. H. = 3 4 .  G. = 2.15. Color white, yellowish or 
pinkish. Occurs near Morden, King's Co., Nova Scotia, in trap; -also in western Wyoming 
near Hoodoo Mt., on the ridge forming the divide between Clark's Fork and the East Fork 
of the Yellowstone river. Also from Seiseralpe, Tyrol, Austria and the Faroe Islands. 

HEULANDITE. Stilbittl some authors. 

Monoclinic. Axes n : b : c = 0.4035 : 1 : 0.4293; P = 88" 344'. 
mm"', 110 A IT0 = 43" 56'. cs, 001 A 201 = 66" 0'. 

930 cl,  0 0 1 A 2 0 1 = 6 3 ° 4 0 ' .  cs, 001 A 021 = 40" 38i'. 

Crystals sometimes flattened I ( b (OlO), the surface of pearly 
luster (Fig. 930; also Fig. 21, p. 12); form often suggestive of 
the orthorhombic system. since the angles cs and ct differ but 
little. Also in globular forms; granular. 

Cleavage: b (010) perfect. Fracture subconchoidal to un- 
even. Brittle. H. = 3.54.  G. = 2.18-2.22. Luster of b 
strong pearly; of other faces vitreous. Color various shades 
of white, pmsing into red, gray and brown. Streak white. 
Transparent to subtranslucent. Optically +. Ax. pl. and 
Bx,, 1 b (010). Ax. pl. and Bxo for some localities nearly 1 I c 

(001); also for others nearly 1 c in white light. Bxo A c axis = + 579". 
Axial angle variable, from 0" to 92"; usually 2Er = 52". a = 1.498. 
0 = 1:499. 7 = 1.505. 

Comp. - H4CaA12(Si03)6.3Hz0 or 5Hz0.Ca0.A1203.6Si02 = Silica 59'2, 
alumina 16'8, lime 9'2, water 148  = 100. 

Strontia is usudy  resent, sometimes up to 3 6  p. c. 
Pyr. - As with stdEite, p. 551. 
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Obs. - Heulandite occurs principally in basaltic rocks, associated with chabazite, stil- 
bite and other zeolites; also in gneiss, and occasiondly in metalliferous veins. 

The finest specimens of this species come from Berufiord, and elsewhere in Iceland; 
the Faroe Islands; in British India, near Bombay; also in railroad cuttmgs in the Bhor 
and Thul Chits. Also occurs in the Kilpatrick Hills, near Glasgow; on the Island of 
Skye; Fassatal, Tyrol, Austria; Andreasberg, Harz R'fts., Germany; Viesch and elsewhere, 
Switzerland. 

In  the United States, in diabase a t  Bergen Hill, West Paterson and Great Notch, N. J.; 
on north shore of Lake Superior; with hayden~te a t  Jones's Falls near Baltimore (beau- 
rnon!ite), Md. At Peter's Point, Nova Scotia; also at  Cape Blomidon, and other points. 

Named after the English mineralogical collector, H. Heuland, whose cabinet was the 
basis of the classical work (1837) of Uvy.  

Brewsterite. H4(Sr,Ba,Ca).412(8i03)8.3H~0. In prismatic crystals. H. = 5. G. = 2'45. 
Color white, inclining to yellow and gray. Biaxial, +. Index, 1.45. From Strontian 
in Argyleshire, Scotland; near Freiburg in Breisgau, Germany. 

Epistilbite. Probably like heulandite, H ~ C ~ A ~ P ( S ~ O ~ ) ~ . ~ H ? O .  Crystals monoclinic, 
uniformly twins; habit prismatic. In radiated spherical ag regations; also granular. 
G. = 2-25. Color white. Biaxial, - . Indices, 1.502-1.512. 8ccurs with scolecite at  the 
Berufiord, Iceland; the Faroe Islands; Poona India; in small reddish crystals, a t  Mar- 
garetville, Nova Scotia, etc. Reissite is from dantorin Island. 

Phillipsite Group. Monoclinic 
a : b : c  B 

Wellsite (Ba,CalKz)AlzSiaO10.3HzO 0.768 : 1 : 1.245 53" 27' 
Phillipsite (Kz,Ca)Al~Si~0,2.4$Hz0 0.7095 : 1 : 1.2563 55" 37' 
Harmotome (Kz,Ba)Al~Si~Ol4.5H2O 0.7032 : 1 : 1.2310 55" 10' 
Stilbite (Naz,Ca)Al~Si60,~.6H~O 0.7623 : 1 : 1.1940 50' 50' 

The above species, while crystallizing in the monoclinic system, are remark- 
able for the pseudo-symmetry exhibited by their twinned forms. Certain of 
these twins are pseudo-orthorhombic, others pseudo-tetragonal and more com- 
plex twins even pseudo-isometric. 

Fresenius has shown that the species of this group may be regarded as forming a series, 
in which the ratio of RO : MzOa is constant (=  1 : 11, and that of SiOz : H20 also chicfly 
1 : 1. The end compounds assumed by him are: 

R A l ~ S i ~ 0 ~ ~ . 6 H ~ 0 ;  RaAl4SirO1a.6HaO. 
Here R = Ca chiefly, in phillipsite and stilbite, Ba in harmotome, while in wellsite Ba, 
Ca, and Kz are present; also in smaller amounts Naa, ST,. The first of the above compounds 
may be regarded as a hydrated calcium albite, . 
the second as a hydrated anorthite. Pratt 
and Foote, however, show that the anorthite 931 932 
end com ound more probably has the for- 
mula R & S ~ Z O ~ . ~ H ~ O  (or this doubled). The 
formulas given beyond are those correspond- 
ing to reliable analyses of certain typical 
occurrences. 

Wellsite. RAlZSis0,,.3HaO with R = Ca : 
B a : K , = 3 : 1 : 3 ;  8r and Naalsopresent 
in small amount. Percentage composition: 
SiO2 42.9, A1203 24.3, BaO 6.6, CaO 7.3, KzO 
6'1, HzO 12% = 100. Monoclinic (axes above); 
in complex twins, analogous to those of 
phi111 site and harmotome (Figs. 931, 932). 
~ r i t t g .  No cleavage. A. = 4 - 4 5  G. = 2.278-2.366 Luster vitrpous. Colorless to 
white. Optically +. Bx l b (010). Birefringence weak. 

Occurs a t  the Buck Creek (Cullakanee) corundum mine in Clay Co., N. C.; in isolated 
crystals attached to feldspar, also to hornblende and corundum; intimately associated with 
chabazite. Also found a t  K U ~ Z Y  near S~mferopol, Crimea, R ~ i a .  



550 DESCRIPTIVE MINERALOGY 

PHILLLPSITE. 

Monoclinic. Axes a : b : c = 0.7095 : 1 : 1.2563; p = 55" 37'. 
~nrn'", 110 A IT0 = 60" 42'. cm, 001 A 110 = 60" 50'. 
aj, I00 A 701 = 34" 23'. ee', 011 A 011 = 92" 4'. 

933 Crystals uniformly penetration-twins, but often 
simulating orthorhombio or tetragonal forms. Twins 
sometimes, but rarely, simple (1) with tw. pl. c (ool), 
and then cruciform so that diagonal parts on b (010) 
belong together, hence a fourfold striation, I I edge 
b!na, may be often observed on b. (2) Double twins, 
the simple twins just noted united with e (011) as 
tw. pl., and, since ee' varies but little from 90°, 
the result is a nearly square prism, terminated 
by what appear to be pyramidal faces each with a 
double series of striations away from the medial line. 
See Figs. 452-454, p. 172; also Fig. 400, p. 164. 

Faces b (010) often finely striated as just noted, hut striations sometimes 
absent and in general not so distinct as with harmotome; also m (110) 
striated / I  edge blm. Crystals either isolated, or grouped in tufts or spheres, 
radiated within and bristled with angles at surface. 

Cleavage: c (OOl), b (OlO), rather distinct. Fracture uneven. Brittle. 
H. = 44.5.  G. = 2.2. Luster vitreous. Color white, sometimes reddish. 
Streak uncolored. Translucent to opaque. Optically +. Ax. pl. and Bx, 
1 b (010). The ax. pl. lies in the obtuse angle of the a-c axes, and is usually 
inclined to a axis about 15" to 20°, or 75" to 70" to the normal to c (001). The 
position, however, is variable. 2H,., = 71"-84". Indices, 1.48-1.57. 

Comp. - In some cases the formula is (Kz,Ca)AlzSi4012.4Hz0 = Silica 
48.8, alumina 20.7, lime 7.6, potash 6.4, water 16.5 = 100. Here Ca : Kp 
= 2 : 1 .  

Pyr., etc. - R.B. cru~nbles and fuses at  .3 to a white enamel. Gelatinizes with hydro- 
chlonc ac~d.  

Obs. - In translucent crystals in basalt, a t  the.Giantls Causeway. Ireland; at  Capo di 
Bove, near Rome; Aci Castello and elsewhere In Sicily; among the lavas of Mte. Somma, 
Vesuvius; in Germany a t  Stempel, near Marburg; Annerod, near Giessen; in the Kaiser- 
stuhl, with faujasite, at Salesl, Bohemia; in the ancient, lavm of the Puy-de-Dbme, France; 
from Richmond, Victoria. Pseudo hillipsite, found near Rome, Italy, differs from phillips- 
ite only in the manner in which it Toses water on heating. 

HARMOTOME. 
Monoclinic. Axes a : b : c = 0.7031 : 1 : 1.2310; /3 = 934 

55" 10'. 
Crystals uniformly cruciform penetration-twins with c 

(001) as tw. pl.; either (1) simple twins (Fig. 934) or (2) 
united as fourlings with tw. pl. e (011). These double 
twins often have the aspect of a square prism with diag- 
onal pyramid, the latter with characteristic feather-like 
striations from the medial line. Also in more complex 
groups analogous to those of phillipsite. 

Cleavage: b (010) easy, c (001) less so. Fracture 
uneven to subconchoidd. Brittle. H. = 4.5. G. = 2.44- 
2.50. Luster vitreous. Color white; paming into gray, 
yellow, red or brown. Streak white. Suhtransparent to translucent. 
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Ax. pl. and Bx, I b (010). Ax. pl. in obtuse angle a-c axes and inclined about 
65" to a axis and 60" to c axis. Optically +. 2V = 43'. a = 1.503. /3 = 
1.505. -y = 1.508. 

Comp. - In part Hz(Kz,Ba)AlzSi5Ols.4H2O or (Kz,Ba)O.Al2O3.5SiOz. 
5H20 = Silica 47.1, alumina 16.0, baryta 20.6, potash 2.1, water 14-1 = 100. 

s Pyr., etc. - B.B. whitens, then crumbles and fuses wit'hout intumescence a t  3'5 t,o a 
white translucent glass. Some varieties phosphoresce when heated. Decomposed by 
hydrochloric acid without gelatinizing. 

Obs. - Occurs in basalt and similar eruptive rocks, also phonolite, trachyte; not infre- 
quently on gneiss, and in some metalliferous veins. At Strontian, in Scotland; in a metal- 
liferow vein at  Andreasberg in the Harz Mts., Germany; at  Rudelstadt, Silesia; Oberstein, 
Germany, on agate in siliceous geodes; at Kongsberg, Norway. 

In the United States, insmall brown crystals with stilbite on the gneiss of New York 
Island; near Port Arthur, Lake Superior. 

Named from &pw6s, joint, and ripvsni, to cut, alluding to the fact that the pyramid 
(made by the prismatic faces in twinning position) divides parallel to the plane that passes 
through the terminal edges. 

STILBITE. Desmine. 
Monoclinic. Axes a : b : c = 0.7623 : 1 : 1.1940; /3 = 50' 50'. 
Crystals uniformly cruciform penetration-twins with tw. pl. c (OOl), analo- 

gous to phillipsite and harmotome. The apparent form a rhombic pyramid 
whose faces are in fact formed by the prism faces of the two individuals; the 
vertical faces being then the pinacoids b (010) and c (001) (cf. 
Figs. 613415, p. 299). Usually thin tabular ( 1  b (010). These 936 
compound crystals are often grouped in nearly parallel position, 
forming sheaf-like aggregates with the side face (b), showing 
its characteristic pearly luster, often deeply depressed. Also 
divergent or radiated; sometimes globular and thin lamellar- 
columnar. 

Cleavage: b (010) perfect. Fracture uneven. Brittle. 
H. = 3-54. G. = 2.094-2-205. Luster vitreous; of b (010) 
pearly. Color white; occasionally yellow, brown or red, to 
brick-red. Streak uncolored. Transparent to translucent. 
Optically -. Ax. pl. / I  b (010). Bx, inclined 5" to axis a in 
obtuse angle a-c axes; hence Bxa A c axis = - 55' 50'. 2V = 
33' (approx.). a = 1.494. /3 = 1.498. y = 1.500. 

Comp. -For most varieties H4(Na2,Ca)AlzSi6018.4H.@ or 
(Na?,Ca)O.A1~0~.6Si02.6H~O = Silica 57.4, alumina 16-3, lime 7.7, soda 
1.4, water 17.2 = 100. Here Ca : N s  = 6 : 1. 

Some kinds show a lower percentage of silica, and these have been called hypostilbite. 
Pyr., etc. - B.B. exfoliates, swells up, curves into fan-like or vermicular forms, and 

fuses to a white enamel. F.  = 2-.2.5. Decomposed by hydrochloric acid, without gelati- 
nizing. 

DifT. -Characterized by the frequency of radiating or sheaf-like forms; by the pearly 
luster on the clinopinacoid. Does not gelatinize with acids. 

Obs. - Stilbite occurs mostly in cavities irl amygdaloidal basalt, and similar rocks. I t  
is also found in some metalliferow veins, and in granite and gneiss. 

Abundant on the Faroe Islands; in Iceland; on the Isle of Skye, in amy daloid; also in 
Dumbartonshire, Scotland, in red crystals; the Giant's Causeway, 1relm8; a t  Andreas- 
berg in the Harz Mts., Germany, and Kongsberg and Arendal in Norway, with iron ore; 
on the S e i ~ e r  Alp in Tyrol, Austria, and at the Puflerloch (pufla*); on the granite of 
Striegau, Silesia. A comrnon mineral In the Deccan trap area of B n t ~ h  India. 

In North America, sparingly in small crystals a t  Chester and at  the Somerville syenite 
quarries, Mass.; at Phillipstown N. Y.; and at  Bergen Hill, West Patemon and Great 
Notch, N. J.; also at  the ~ ich i&oten  Islands, Lake Superior. In  Nova Scotia a t  Part- 
ridge Island, also at Isle Haute, Two Islands, Digby Neck, Cape Blomidon, etc. 

The name stilhite is from u+iXpv, luster, and desmine from 6icp7, a bundle. 
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Flokite. H8(Ca,Nit:)AlzSisOze.2H~0. hlonoclinic. In  slender prismatic cryst,als. 
Perfect cleavages parallel to (100) and (010). H. = 5. G. = 2.10. Colorless and trans- 
parent. Indices, 1472-1.474. Fuses with intumescence. From Iceland. 

Gismondite. Perhaps CaAl2Si2O8.4H?O. In pyramidal crystals, pseudo-tet(ragona1. 
H. = 4'5. G. = 2.265. Colorless or white, bluish white, grayish, reddish. Biaxial? -. 
Index, 1.539. Occurs in thc leucitophyre of Mt. iilbano, near Rome, at  Capo di Bove, 
and elsewhere, ctc.; on,thc Gorner glacier, near Zermatt, Switzerland; Schlauroth near 
Gorlitz in Silesia; Balesl, 13ohemia, etc. 

LAUMONTITE. Leonhardite. Cuporcianite. 

Monoclinic. Axes u : b : c = 1.1451 : 1 : 0.5906; P = 68" 46'. 
Twins: tw. pl. a (100). Common corm the prism m (mm'" 110 A 170 = 

93" 44') with oblique termination e, 201 (ce 001 A 201 = 56" 55'). Also 
columnar, radiating and divergent. 

Cleavage: b (010) and m (110) very perfect; a (100) imperfect. Fracture 
uneven. Not very brittle. H. = 3 . 5 4 .  G. = 2.25-2.36. Luster vitreous, 
inclining to pearly upon the faces of cleavage. Color white, passing into 
yellow or gray, sometimes red. Streak uncolored. Transparent to trans- 
lucent; becoming opaque and usually prllverulent on exposure. Ophically -.  
Ax. pl. 1 1  b (010). Bx, A c axis = + 65" to 70". Dispersion large, p < v;  
inclined, slight. 2Er = 52" 24'. a = 1.513. = 1.524. y = 1.525. 

Comp. - H4CaAlzSi40,4.2H20 = 4H20.Ca0.A1203.4Si02 = Silica 51.1, 
alumina 21.7: lime 11.9, mat'er 15.3 = 100. 

Var. - Lronhadite is n launiontite which has lost part of its water (to one molecule), 
and the same is probably true of cnporcianite. Schneiderite is laumontite from the serpen- 
tine of Monte Catini, Italy, which has undergone alteration through the action of magnesian 
solutions. 

Pyr., etc. - B.B. swells up and fuses at 2'5-3 to n white enamel. Gelatinizes with 
hydrochloric acid. 

Obs. -Occurs in t,he cavities of basalt and similar eruptive rocks; also in porphyry 
and syenite, and occasionally in veins traversing clay slate with calcite. 

Its principal localities are the Faroe Islands; Dislio in Greenland; in Bohemia, at Eule 
in clay slate; St. Gothard in Switzerland; Raveno, Italy; Nagyag, Transylvania; tile 
Fassatal, Tyrol, Austria; the Kilpatrick hills, near Glasgow, Scotland; the Hebrides, and 
the north of Ireland. In India, in the Deccan trap area, a t  Poona, etc. 

Peter's Point, Nova Scotia, affords fine specimens of this species. Found a t  Phipps- 
burg, Me. Abundant in many places in the copper veins of Lake Superior in trap, and on 
Isle Royale; on north shore of Lake Su erior, between Pigeon Bay and Fond du Lac. 
Found also a t  Bergen Hill, N. J.; at  the filly Foster iron mine, Brewster, N. Y. 

Laubanite. C&2A12Si60~6.6H20. Resemblesstilbite. H. = 4.5-5. G. = 2'23. Color 
snow-white. Occurs upon phillipsite in basalt a t  Lauban, Silesia. 

Chabaaite Group. Rhombohedra1 
rr' c 

Chabazite (Ca,Naz)AlzSirO12.6Hz0 85" 14' 1'0860 
Gmelinite (Na2Ca)A12E;i401z.6H20 68" 8' 0'7345 or 3c = 1.1017 
Levynite CaAlzSi3Olo.5Hz0 73" 56' 0'8357 +c = 1'1143 

The Chabaaite Group includes these three rhombohedra1 species. The 
fundamental rhombohedrons have different angles, but, as shown in the axial 
ratios above, they are closely related, since, taking the rhombohedron of 
Chabaaite as_ the basis, that of Gmelinite has the symbol (2023) and of 
Levynite (3034). 

The variation in composition often observed in the first two species has led to the rather 
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plausible hypothesis that they are to be viewed as isomorphow mixtures of the feldspar-like 
compounds 

(Ca,Naa)A12SizOs.4H20, (CalNaa)Al2SiaOla.8HgO. 

CHABAZITE. 

Rhombohedral. Axis c = 1.0860; 0001 A 1011 = 51" 252'. 

Phacolite 

Tyins: (1) tw. axis c axis, penetration-twins common. (2) Tw. pl. 
T (101 1) : contact-twins, rare. Form co_mmonl~ the simple rhombohedron 
varykg little in angle from a cube (rr' 1101 A 1101 = 85' 14') ; also r and 
e (0112), (eel = 54" +7'). Also in complex twins. Also amorphous. 

Cle~vage: r (1011) rather distinct. Fracture uneven. Brittle. H. = 
4-5. G. = 2.08-2.16. Luster vitreous. Color white, flesh-red; streak 
uncolored. Transparent to translucent. Optically -; also + (Andreas- 
berg, also haydenite). Birefringence low. The interference-figure usually 
confused; sometimes distinctly biaxial; basal sections then divided into 
sharply defined sectors with different optical orientation. These anomalous 
optical characters probably secondary and chiefly conditioned by the variation 
in the amount of water present. Mean refractive index 1.5. 

Var. - 1. Orrlinar?~. The most common form is the fundamental rhombohedron, in 
which the a n g l ~  is so near 90" that the crystals were a t  first mistaken for cubes. Acadiolite, 
from Nova Scotia (Acadia of the French of 18th century), is a reddish chabazite; sometimes 
nearly colorless. Hnydenite is a yellowish variety in small crystals from Jones's Falls, near 
Baltimore, Md. 2. Phawlite is a colorless variety occurring in twins of hexagonal form 
(Fig. 938), and lenticular in shape (whence the name, from krr i s ,  a bean); the original 
was from Leipa in Bohemia. Here belongs also herschelite (seebachite) from Richmond 
Victoria; the composite twins of great variety and beauty. Probably also the origind 
herschelite from Sicily. I t  occurs in flat, almost tabular, hexagonal prisms with rounded 
terminations divided into six sectors. 

Comp. - Somewhat uncertain, since a rather wide variation is often 
noted even among specimens from the same locality. The ratio of 
(Ca,Naz,K2) : Al is nearly constant (=  1 : I), but of Alz : Si varies from 1 : 3 
to 1 : 5; the water also increases with the increase in silica. The composition 
usually corresponds to (Ca,Na2)A1zSi~012.6H20, which, if calcium alone is 
present, requires: Silica 47.4, alumina 20'2, lime 11.1, water 21.3 = 100. If 
Ca : Na? = 1 : 1, the percentage composition is: Silica 47.2, alumina 20-0, 
lime 5.5, soda 6.1, water 21.2 = 100. 

Potassium is present in small amount, also sometimes, barium and strontium. Streng 
explains the supposed facts most satisfactorily by the hypothesis that the members of the 
group are isomorphous mixtures analogous to the feldspars, as noted above. 

*., etc. - A.R. intumesces and fuses to a blebby glass, nearly opaque. Decomposed 
by hydrochloric acid, with separation of slimy silica. 
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/ DifI. - Characterized by rhombohedra1 form (resembling a cube). I t  is harder than 
calc~te and does not effervesce with acid; unlike calcite and fluorite.in cleavage; fuses B.B. 
'with intumescence unlike analcite. 1 Obs. - Occurs nlostly in basaltic rocks, and occasionally in gneiss, syenite, mica schist,, 
hornblendic schist. Occurs at the Faroc Islands, Greenland, and Iceland, associated wit11 
'chlorite and stilbite; : ~ t  rlussig in Bohemia; in Germany at  Oberstein, with harmotorne, 
'and at Anncrod, near Giessen; a t  the Giant's Causeway, Antrim, Ireland, and Renfrew- 
'shire, Scotland; Isle of Slrye, vtc:. In Australia (phacolile) a t  Richmond, near Mclhournr, 

Iet?n the United States, in syerlito at Sornervillr, Mms.; a t  Bergen Hill and West Paterson, 
IN. J., in crystals; a t  Jones's Falls near Baltimore, Md. (haydenite). In Nova Scotia, wine 
b yellow or flesh-red (the last the acndialite), associated with heulandite, analcite and calcite, 
a t  Fidc Islands, Swan's Creek, Digby Neck, Two Islands, Wasson's Bluff, etc. 

The name chabazite is from ~ a / j a ( r o s ,  an ancient name of a stone. 

GMELINITE. 
Rhombohedral. Axis c = 0.7345. 
Crystals usually hexagonal in aspect; sometiges p (0111) smaller 

than r (101 l),-and labit rhombo- 
hedral; TT' 10j1 A 1101 = 68" 8', 
T~ i o i i  A 0111 = 370 54'. 

Cleavage: m (1010) emy; 
c (0001) sometimes distinct. Frac- 
ture uneven. Brittle. H. = 4.5. 
G. = 2.04-2.17. Luster vitreous. 
Colorless, yellowish white, green- 
ish white, reddish white, flesh- 
red. Transparent to translucent. 
Optically positive, also nega- 

tive. Birefringence very low. Interference-figure often disturbed, and basal 
sections divided optically into sections analogous to chabazite. Mean refrac- 
tive index, 1'47. 

Comp. - In part (Naz,Ca)AlzSi4Ol2.6H2O. If sodium alone is present 
this requires: Silica 46.9, alumina 19.9, soda 12.1, water 21.1 = 100. See also 
p. 552.- 

Pyr., etc. 7 B.13. fuses easily (F. = 2'5-3) to a white enamel. Decomposed by hydro- 
chlonc a c ~ d  wlth separation of silica. 

Obs. -Occurs in flesh-red crystals in amygdaloidal rocks a t  Montecchio Ma iore, 
Italy; a t  Andreasberg, Gennany; in Transylvania; Antrim, Ireland; Talisker in B e  of 
Skye, in large colorless crystals. In  Australia a t  Flinders, Victoria. 

In the United States in fine white crystals a t  Betgen Hill, Great Notch and Paterson, 
N. J. At Cape Blornidon, Nova Scotia (ledererile); also at  Two Islands and Flvr Islands. 

Named Gmelinite after Prof. Gmelin of Tiibingen (1792-1860). 
Levynite. CaA1,Si:s010.6H20. In rhornbohedral crystals. H. = 4-4'5. C .  = 2'09-2'16. 

Colorless, white, gra ~ s h ,  reddish, yellowish. Optically -. o = 1'50. Found at  Glen- 
arm and at  Island dwee, Antrim, Ireland; at Dalsn en, Faroe Islands, in Iceland; in 
East Greenland; in the basalt of Table Mountain oearxolden, Col. 

Offretite. A potavh zeolite, related t o  the species of the chabazite group. In basalt 
of Mont Slmiouse, France. 

ANALCITE. Analcime. 

Isometric. Usually in trapezohedrons; also cubes with faces n (211); 
again the cubic faces replaced by a vicinal trisoctahedron. Sometimes in 
composite groups about a single crystal as nucleus (Fig. 389, p. 161). Also 
massive granular; compact with concentric structure. 



Cleavage: cubic, in traces. Fracture subconchoidal. Brittle. H. = 
5-5.5. G. = 2-22-2-29. Luster vitreous. Colorless, white; occasionally 
grayish, greenish, yellowish, or reddish white.. Transparent to nearly opaque. 
Often shows weak double refrac- 
tion, which is apparently con- 941 942 

nected with loss of water and 
consequent change in molecular 
structure (Art. 429). n = 1.4874. 

Comp. - Na AISiz 0 6  Hz 0 = 
N~0.AlzO3.4SiO2.2HzO = Silica 
54.5, alumina 23.2, soda 14.1, 
water 8.2 = 100. 

Analyses show always a varying 
excess of silica and water above 
amounts required by formula. I t  has 
been assumed that a molecule containing the acid HlSi206 is present in soild solution in 
small amounts. 

Pyr., etc. - Yields water in the closed tube. B.B. fuses a t  2'5 to a colorless glass. 
Gelatinizes with hydrochloric acid. 

Diff. - Characterized by trapezohedral form, but is softer than garnet, and yields water 
B.B., unlike leucite (which is also infusible); fuses without intumescence to a clear glass 
unlike chabazite. From leucite and sodalite surely distinguished only by chemical tests, 
i.e., absence of chlorine in the nitric-acid test (see sodalite, p. 502), absence of much potash 
and abundance of soda in the solution, and evolution of much water from the powder in a 
closed glass tube below a red heat. 

Micro. - Recognized in thin sections by'its very low relief and isotropic character; 
often shows optical anomalies. 

Obs. - Occurs frequently with other zeolites, also prehnite, calcitc, etc., in cavities and 
seams in basic igneous rocks, as basalt, diabase, etc.; also in granite, gneiss, etc. Recently 
shown to be also a rather widespread component of the groundmass of various basic 
igneous rocks, a t  times being the only alkali-alumina silicate present, as in the so-called 
analcite-basalts. Has been held in such cases to be a primary mineral produced by the 
crystallization of a magma containing considerable soda and water vapor held under pres- 

Natrolite 

Scolecite 
Mesolite 

sure. 
The Cyclopean Islands, near Catania, Sicily afford pellucid crystalsls. also the Fassatal 

in Tyrol, Austria; other localities are, in scotland, in the Kilpatrick Bills; Co. Antrim, 
etc., in Ireland; the Faroe Islands; Iceland; near Aussig, Bohemia; a t  Arendal, Norway, 
in beds of iron ore; a t  Andreasberg, in the Harz Mts., Germany, in silver mines. 

In the United States, occurs at  Bergen Hill and West Paterson, N. J.; in gneiss near 
Yonkers, Westchester Co., N. Y.; abundant in fine crystals with prehnite, datolite, and 
calcite, in the Lake Superior region; a t  Table Mt. near Golden, Col., with other zeolites. 
Nova Scotia affords fine specimens. 

The name analcime is from &vahrs, weak, and alludes to its weak electric power 
when heated or rubbed. The correct derivative is analcite, as here adopted for the species. 

Faujasite. Pcrhaps H~Na&aAlrSiloO~18Hz0. 
In  isometric octahedrons. H. = 5. G. = 1.923. Colorless, white. n = 1.48. Oc- 

curs with augite in the limburgite of Sasbach in the Kaiserstuhl, Baden, Germany, etc. 
Edingtonite. Perhaps BaAlzSia010.3HzO. Crystals pyramidal in habit (orthorhombic, 

pseudo-tetragonal); also massive. H. = 4-4.5. G. = 2.694. White, grayish white, ink. 
Optically -. Indices, 1.538-1.554. Occurs in the Kilpatrick Hills, near Glasgow, Ecot- 
land, with harmotome. From Bijhlet, Sweden. 

Natrolite Group. Orthorhombic and Monoclinic 
a : b : c  

N & A l ~ S i ~ 0 , ~ . 2 H ~ 0  0'9785 : 1 : 0'3536 
a : b : c  

Ca(A10H)z(Si03)3.2H20 
B 

0'9764 : 1 : 0'3434 89" 18' 
NazAlzSi0,0.2H20 
2[CaAl~Si30~~.3H~O] 
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The three species of the NATROLITE GROUP agree closely in angle, though varying in 
crystalline system; Natrolite is orthorhombic usually, also rarely ~nonoclimc; Scolecite is 
monoclinic, perhaps also in part triclinic; Mesolite scelns to be both monoclinic and tri- 
clinic. Fibrous, radiating or divergent groups are common to all these species. 

The Natrolite Group includes the sod~um silicate, Natrolite, with the empirical formula 
Na?AlzSi3010.2EI~0; thr calcium silicate, Scolec~te, CaA1tSi30~o.3H~0; also hlesolite 

intermediate bctwcen thesc and corresponding to mNa2AlzSi3010'2Hz0 
nCaAI~LiOlo3H~0. 

NATROLITE. 

Orthorhon nbic.* Axes a : b : c = 0.9785 : 1 : 0.3536. 
mm"', 110 A i i o  = 88' 45;'. 
mo, 110A111 =630111. 
oo', 111 A 111 = 37" 38'. 
no"', 111 A lT1 = 36" 47:'. 

Crystals prismatic, usually very slender to 
acicular; frequently divergent, or in stellate 
groups. Also fibrous, radiating, massive, gran- 
ular, or compact. 

Cleavage: m (1 10) perfect; h (010) irnper- 
fect, perhaps only a plane of parting. Frac- 
ture uneven. H. = 5-5'5. G. = 2'20-2'25. 
Luster vitreous! sometimes inclining to pearly, 

especially in fibrous varieties. Color white, or colorless; to grayish, yellow- 
ish, reddish to red. Transparent to translucent. Optically +. Ax. pl. 1 )  
b (010). BX I c (001). 2V = 63". a = 1'480. (3 = 1'482. y = 1'493. 

Var. - Or(linary. Commonly either (a )  in groups of slender colorless prismatic crys- 
tals, varying but little in angle from square rimmm, often acicular, or ( b )  in fibrous diver- 
gent or radiated masses, vitreous in luster, or gut slifhtly peady (these radiated forms often 
resemble those of thomsonite and ectolite); often a so (c) solid amygdules, usual1 radiated 
fibrous, and somewhat silky in Ester within; (d )  rarely compact massive. Zalactite is 
ordinarily natrolite, in colorless needles from southern Scotland. 

Ber~mannite, spreustein, brevicite, are names which have been given to the natrolite 
from the augite-syenite of southern Norway, on the Langesund fiord, in the "Brevik 
region, where it occurs fibrous, massive, and in long prismatic crystallizations, and from 
white to red in color. Derived in part from elaolite, in part from sodalite. Iron-natrolite 
is a dark green opaque variety, either crystalline or amorphous, from the Brevik region; the 
iron is due to inclusions. 

Comp. - NazAl2Si3OI0.2H20 or Na2O.A1203.3SiO2.2HD = Silica 47.4, alu- 
mina 26.8, Na20 16.3, water 9.5 = 100. 

pyr., etc. - In the closed tube whitens and hecomes opaque. B.B. fuses quietly a t  2 
to a colorless glass. Fusible in the flame of an ordinary wax candle. Gelatinizes with acids. 
Di. - Distinguished from aragonite and pectolite by its eaNy fusibility and gelati- 

nization with acid. 
Obs. -0ccms in cavities in an~ygdaloidal basalt, and other,related igneous rocks; 

sometimes in seams in granite, gneiss, and syenite. Found at  Ausslg and Teplitz in Bohe- 
mia; in h e  crystals in Auvergne, France; Fassatal, Tyrol, Austria; Kapnik, Hungar . In 
red amygdds  (mocalile) in amygdalo~d of Ireland, Scotland and Tyrol; tho arnygdayoid of 
Bishopton, Scotland (galactite) and at  Glen Farg Wgite) in Fifeshire. Common in the 
augitite-syenite of the Langesund fiord, near Brevik, southern Norway. R o m  various local- 
itiw in Greenland. 

In North America, in the trap of NovaScotia; a t  Bergen Hill and West Paterson, N. J.; 
at  Copper Falls, Lake Superior; from bemtoite locahty, San Benlto Co., Cal. 

Named Meadype by Haiiy, from pinor, middle, and ~krror, type, because the form of 
the - in his view a square prism - was intermediate between the forms of stilbite 

* In rare cases the crystab seem ta be monoclinic. 
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and analcite. Natrolite, of Klaproth, is from natron, soda; it alludes to the presence of soda, 
whence also the name soda-mesotype, in contrast with scolecite, or lime-mesotype. 

SCOLECITE. 

Monoclinic. Axes a : b : c = 0.9764 : 1 :_0.3434; 0 = 89" 18'. 
Crystals slender prismatic (mm"' 110 A 110 = 88" 37+'), twins showing a 

feather-like striation on b (OlO), diverging upward; also as penetration-twins. 
Crystals in divergent groups. Also massive, fibrous and radiated, and in 
nodules. 

Cleavage: m (110) nearly perfect. H. = 5-5.5. G. = 2.162.4. Luster 
vitreous, or silky when fibrous. Transparent to subtranslucent. Optically -. 
Ax. pl. and Bx, I b (010). Bx, A c axis = 15"-16". 2V = 36" (approx.). 
a = 1.512. @ = 1.519. y = 1.519. 

Comp. - CaAlzSi3010.3Hz0 or CaO.A1~0~.3Si0~.3H~O = Silica 45.9, alu- 
mina 26'0, lime 14.3, water 13.8 = 100. 

Pyr., etc. - B.B. sometimes curls up like a worm (whence the name from a*&X7E1 a 
worm, .which gives scolecite, and not seolesite or scolezite); other varieties intumescc but 
slightly, and all fuse a t  2-22 to a white blebby enamel. Gelatinizes with acids like natrolite. 

Obs. - Occurs in the Berufiord, Iceland; in Scotland in amygdaloid a t  Staffa Island 
and in Isle of Skyc, a t  Talisker; near Eisenach, Saxony; in Auvergne, France; common in 
fine crystallizations in the Deccan trap area, in British India. In  crystals from Karsanan- 
guit-Kakait, Greenland. In the United States, in Col. a t  Table Mountain near Golden 
in cavities in basalt. In Canada, at Black Lake, Megantic Co., Quebec. 

Mesolite. Intermediate between natrolite and scolecite (see p. 556): In acicular and 
capillary crystals; delicate divergent tufts, etc. G. = 2.29. White or colorless. Indica, 
1.505-1.506. I n  amygdaloidal basalt a t  numerous points. Crystals from Faroe Islanh 
appear to be triclinic, pseudomonoclinic through twinning. Pseudomesolite is name given 
to a zeolite from Carlton Peak, Minn., like mesolite except for its optical characters. 

Gonnardite. (CalNaz)rAl~SibO~b.5)H~0. In spherules with radiating structure. 
G. = 2.25-2.35. From basalt of Gignat, Puyde-DGme, France. 

THOMSONITE. 

Orthorhombic. Axes a : b : c = 0.9932 : 1 : lm0_066. 
Distinct crystals rare; in prisms, mm"' 110 A 110 = 89" 37'. Commonly 

columnar, structure radiated; in radiated spherical concretions; also closely 
compact. 

Cleavage: b (010) perfect; a (100) less so; c (001) in traces. Fracture 
uneven to subconchoidal. Brittle. H. = 5-5.5. G. = 2.3-2-4. Luster 
vitreous, more or less pearly. Snow-white; reddish, green; impure varieties 
brown. Streak uncolored. Transparent to translucent. Pyroelectric. O p  
tically +. Ax. pl. I I c (001). Bx I b (010). Dispersion p > v strong. 2V = 
54" (approx.). a = 1-497. /3 = 1.503. y = 1.525. 

Var. - 1. Ordinary. (a) In regular crystals, usually more or lem rectan ar in out- 
line, prismatic in habit ()) Prism slender, often veaicalar to radiated. %' Radiatd 
fibrous. (d) S herical concretions, consisting of radiated fibers or slender crystals. Also 
massive, granukr to impalpable, and white to reddish brown, less often green 8s in linbn- 
ite. The spherical massive forms also radiated with several centers and of varying colors, 
hence of much beauty when polished. Ozarkite is a white maasive thomsonite from Arkan- 
sas. 

Comp. - (Naz,Ca)AlzSizOs.2+H,O or (N~~L,C~)O.A~ZO~.~S~O~.~+H~O. The 
ratio of Naz : Ca varies from 3 : 1 to 1 : 1. If Ca : N& = 3 : 1 the percentwe 
composition requires: Si01 37.0, ALOs 31.4, CaO 12-9, NaO 4-8, Hz0 13.9 = 
100. 
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Pyr., etc. - B.B. fuses with intumeacencc at  2 to a white enamel. Gelatinizes with 
hydrochloric acid. 

Diff. - Resembles some nabrolitc. but fuecs t.o an opaque, not to a clear glass. 
Obs. - Found in cavities in leva in amygdaloida,l igneous rocks, sometimes 

elieolite as a result of its alteration. Occurs near I<ilpatrick, Scotland; in the lavas of 
Mtc Somma (comptor~ite), Vesuvius; in basalt a t  thc Pflasterkaute in Saxe Weimar, Ger- 
many; in Bohemia, in phonolitc; the Cyclopean islands, Sicily; near Brevik, Norway; the 
Paroc Islands; Iceland !c:irphostilbite, straw-vcllow); at Mb. Monzoni. Fassatal, Tvrol. . . 
Austria. 

Occurs at  Peter's Point, Sova Scotia. In the United States, at West. Paterson, N. J.; 
a t  Magnet Cove (ozarkite) in the Ozark Mts., Ark.; in the amygdaloid of Grand Marais, 
Lake Superior, which yields the water-worn pehbles resembling agate, in part green (linton.- 
i l e ) ;  in the basalt of Table Mt. near Golden, Col. 

HYDROTIIOMSONITE. (Hz,Na2,C:ajA41?SizOs.5W~0. Au alteratio~~ product of thomsonite 
or scolecite from Tschakwa near Batum on the Black Sea. 

Arduinite. A zenlite containing lime and soda. In radiating fibrous aggregates. 
G. = 2.26. Color red. From Val dei Zuccanti, Vcnetia, Italy. 

Echellite. (Ca,Naa)O.2Aln03.3SiOz4HrO. In radiating, fibrous, spheroidal masses. 
White. H. = 5. 0 = 1.533. Elongat.cd ( 1  Y. From Sextant Portage, Abitibi River, 
Northern Ontario. 

Epidesmine. Comp. same as for stilbite. Orthorhombic. In minute crystals, only the 
three pinacoids showing. Cleavages parallel to both vertical pinacoids. Colorlese to yel- 
low. Index = 1.50. Bxs perpendicular to c (001). Optically -. G. = 2'16. Easily 
fusible with intumescence. Occurs as a crust on calcite from Schwarzenberg, Saxony. 

Stellerite. CaAl2Si7OIa.7H2O. Orthorhombic. Crystals tabular parallel to b (010). 
Cleavage perfect parallel to b (OlO), imperfect parallel to a (100) and c (001). H. = 3.5-4. 
G. = 2.12. Indicas, 1.48-150. Found in cavity in a diabase tuff, Copper Island, Com- 
mander Islands. 

Erionite. H2CaKzNaLA128&017.5Hz0. Orthorhombic. In aggregates of very slender 
fibers, resembling wool. G. = 1'997. U7hite. Occurs in cavities in rhyolite from Durkee, 
Oregon. 

Bavenite. Ca3A12(Si03)6.H20. Monoclinic. Fibrous-radiated groups of prismatic 
crystals. One cleavage. H. = 5.5. G. = 2'7. Color white. 8 = 1.58. Occurs in peg- 
matitic druses in the granite of Baveno, Italy. 

Bityite. A hydrous silicate of calcium and aluminium, with small amounts of the 
alkalies. Pseudo-hexagonal. In  minute hexagonal plates which in polarized light show 
division into six biaxial sectors. Cleavage parallel to base. H. = 5.5. G. = 3'0. In- 
dices 1.62-1.64. Found as crystal crusts in pegmatite veins at Maharitra, Madagascar. 

Hydrqnephelite. HN~Al&$i~0~~ .3Hz0 .  Massive, radiated. H. = 4'5-6. G. = 2'263. 
Color wh~te;  also d a r k r y . .  Index, 110. From Litchfield, Me.; said however to be a 
mixture of natrolite, hy rarg~llite and diaspore. Ranite from the Langesund fiord, Nnrway, 
is similar. 

11. Mica Division 

The species embraced under this Division fall into three groups: 1, the 
MICA GROUP, including the Micas proper; 2, the CLINTONITE GROUP, or the 
Brittle Micas; 3, the CHLORITE GROUP. Supplementary to these are the 
Vermiculites, hydrated compounds, chiefly results of the alteration of some 
one of the micas. 

All of the above species have the characteristic micaceous structure, that 
is, they have highly perfect basal cleavage and yield easily thin laminae. They 
belong to the monoclinic system, but the position of the bisectrix in general 
deviates but little from the normal to the plane of cleavage; all of them show 
on the basal section plane angles of 60" or 120") markmg the relative position 
of the chief zones of forms present, and giving them the appearance of hex- 



SILICATES 559 

agonal or rhombohedral symmetry; further, they are more or less closely 
related among themselves in the angles of prominent forms. 

The species of this Division all yield water upon ignition, the micas mostly 
from 4 to 5 p. c., the chlorites from 10 to 13 p. c.; this is probably to be 
regarded in all cases as water of constitution, and hence they are not properly 
hydrous silicates. 

More or less closely related to these species are those of the Serpentine and 
Talc Division and the Kaolin Division following, many of which show dis- 
tinctly a mica-like structure and cleavage and also pseudo-hexagonal sym- 
metry. 

1. Mica Group. Monoclinic 

Muscovite Potassium Mica H2KA13(Si04)3 ' 

a : b : c = 0.57735 : 1 : 3.3128 = 89" 54' 
Paragonite Sodium Mica H2NaA13(SiO4)3 
Lepidolite Lithium Mica. KLi[A1(OH,F)2]A1(Si03)~ in part. 
Zinnwaldite Lithium-iron Mica 11 III 

Biotite Magnesium-iron Mica (H,K)2(Mg,Fe)2(A1,Fe)2(Si04)3 in part. 
a : b : c = 0.57735 : 1 : 3.2743 /3 = 90" 0' 

Phlogopite (H,K, (MgF) )3MgaAl(SiOa)3 
Magnesium Mica; usually containing fluorine, nearly free from iron. 

Lepidomelane Annite. 
Iron Micas. Contain ferric iron in large amount. 

The species of the MICA GROUP crystallize in the monoclinic system, but 
with a close approximation to either rhombohedral or orthorhombic symmetry; 
the plane angles of the base are in all cases 60" or 120". They are all charac- 
terized by highly perfect basal cleavage, yielding very thin, tough, and more 
or less elastic laminze. The negative bisectrix, X, is very nearly normal to the 
basal plane, varying at most but a few degrees from this; hence a cleavage 
plate shows the axial interference-figure, which for the pseudo-rhombohedra1 
kinds is often uniaxial or nearly uniaxial. Of the species named above, 
biotite has usually a very small axial angle, and is often sensibly unaxial; the 
axial angle of phlogopite is also small, usually 10' to 12"; for muscovite, para- 
gonite, lepidolite the angle is large, in air commonly from 50" to 70'. 

The Micas may be referred to the same fundamental axial ratio with an 
angle of obliquity differing but little from 90"; 
they show to a considerable extent the same 
forms, and their isomorphism is further indicated 
by their not infrequent intercrystallization in par- 
allel position, as biotite with muscovite, lepidolite 
with A blow muscovite, with a etc. somewhat dull-pointed instrument 6 @* +----"' --+- 
on a cleavage plate of mica develops in all the /' '\ 

\\ species a six-rayed percussion-figure (Fig. 945, also 
Fig. 491, p. 189)) two lines of which are nearly par- I 

allel to the prismatic edges; the third, which is the m m 

most strongly characterized, is parallel to the clino- 
pinacoid or plane of symmetry. The micas are often divided into two classes, 
according to the position of the plane of the optic axes. In the f i ~ s t  class 
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belong those kinds for which the optic axial plane is normal to b (OlO), the 
plane of symmetry (Fig. 945); in the second class the axial plane is parallel to 
the plane of symmetry. The percussion figure serves to fix the crystallo- 
graphic orientation when crystalline faces are wanting. A second series of 
lines at  right angles to those mentioned may be more or less distinctly developed 
by pressure of a dull point on an elastic surface, forming the so-called pressure- 
Jigure; this is sometimes six-rayed, more often shows three branches only, and 
sometimes only two are developed. In  Fig. 945 the position of the pressure- 
figure is indicated by the broken lines. These lines are connected with gliding- 
planes inclined some 67" to thc' plane of cleavage (see beyond). 

The micas of the first class include: Muscovite, paragonite, lepidolite, also 
some rare varieties of biotite called anomite. 

The seco~~rl class' embraces: Zinnwaldite and most biot)ite, including 
lepidomelane and phlogopitcs. 

Chemically considered, the micas are silicates, and in most cases ortliosili- 
cates, of aluminium with potassium and hydrogen, also often magnesium, 
ferrous iron, and in certain cases ferric iron, sodium, lithium (rarely rubidium 
and czsium); fur-ther, rarely, barium, manganese, chromium. Fluorine is 
prominent in some species, and titanium is also sometimes present. Other 
elements (boron, etc.) may be present in traces. All micas yield water upon 
ignition in consequence of the hydrogen (or hydroxyl) which they contain. 

MUSCOVITE. Common Mica. Potash Mica. 

Monoclinic. Axes n b : c = 0-57735 : 1 : 3.3128; P = 89" 54'. 
Twins common according to the mica-law: tw. pl. a plane in the zone 

cM 001 A 221 normal to c (001) the crystals often united by c. Crystals 
rhombic or hexagonal in outline with plane angles of 60" or 120". Habit 
tabular, passing into tapering forms with planes more or less rough and 
strongly striated horizontally; vicinal forms common. Folia often very small 
and aggregated in stellate, plumose, or globular forms; or in scales, and scaly 
massive; also cryptocrystalline and compact massive. 

Cleavage : basal, eminent. Also planes of secondary cleavage as shown in 
the percussion-figure (see pp. 559 and 189) ; natural plates hence often yield 

946 947 cM,  001 A 221 = 85" 36'. 
c,,, 001 A ill = 81" 30'. [-r@ MM', 221 A 221 = 59" 48'. , , 111 A iii = 59" 16)'. 

M M narrow strips or thin fibers 
) (  axis b, and less distinct in 
directions inclined 60' to this. 

Thin laminae flexible and elastic when bent, very tough, harsh to the 
touch, passing into kinds which are less elastic and have a more or less 
unctuous or talc-like feel. Etching-figures on c (OOl), monoclinic in symmetry 
(Fig. 495, p. 190). 

H. = 2-2.5. G. = 2.76-3. Luster vitreous to more or lcss pearly or 
silky. Colorless, gray, brown, hair-brown, pale green, and violet, yellow, 
dark olive-green, rarely rose-red. Streak uncolored. Transparent to trans- 
lucent. 

Pleochroism usually feeble; distinct in some deep-colored varieties (see 
beyond). Absorption in the direction normal to the cleavage lane (vibra- 
tions I !  Y, 2) stmng, much more so than transversely (vibrations )Px) ; hence a 
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crystal unless thin is nearly or quite opaque in the first direction though 
translucent through the prism. Optically -. Ax. pl. I b (010) and nearly 
1 c (001). Bx, ( = X) inclined about - lo (behind) to a normal to c (001). 
Dispersion p > u.  2V variable, usually about 40°, but diminishing in kinds 
(phengite) relatively high in silica. cr = 1.561. @ = 1'590. 7 = 1'594. 

Var. - 1. O~dinary Mllscouite. In crystals as above described, often tabular 1) c (OOl), 
also tapering with vertical faces rough and striated; the basal plane often rough unless as 
developed by cleavage. More common1 in plates without distinct outline, except as 
developed by pressure (see above) ; the prates sometimes very large, but passing into fine 
scales arranged in plumose or other forms. In normal muscovite the thin lamins spring 
back with force when bent, the scales are more or less harsh to the touch, unless very small, 
and a pearly luster is seldom prominent. 

2. DAMOURITE. Including margarodite, gilbmtite, hydro-mwmite, and most EYDRO- 
MICA in general. Folia less elastic; luster somewhat pearly or silky and feel unctuous like 
talc. The scales are usually small and it passcs into forms which are fine scaly or fibrous, 
as smicite, and finally into the compact crypto-crystalline kinds called oncosine, including 
much pinite. Often derived by alteration of cyanite, topaz, corundum, etc. Although 
often spoken of as hydrous micas, i t  does not appear that damourite and the allied varletlw 
necessarily contain more water than ordinary muscovite; they may, however, give i t  off 
more readily. 

Margarodite, as originally named, was the talc-like mica of Mt. Greiner in the Zillertal, 
Tyrol, Austria; granular to scaly in structure, luster pearly, color grayish white. Gilbertite 
occurs in whitish, silky forms from the tin mine of St. Austell, Cornwall. Sericite is a fine 
scaly muscovite united in fibrous aggregates and characterized by its silky luster (hence the 
name from U W L K ~ S ,  silky). 

Comp. - For the most part an orthosilicate of aluminium and potas- 
sium (H,K)AISi04. If, as in the common kinds, H : K = 2 : 1, this becomes 
H2KA1,(Si04), = 2H20.Kz0.3A120r.6Si02 = Silica 45.2, alumina 38'5, potash 
11.8, water 4-5 = 100. 

Some kinds give a larger amount of silica (47 to 49 p. c.) than corresponds to a normal 
orthosilicate, and they have been called phengite. As shown by Clarke these acid m u -  
covites can be most simply regarded as molecular mixtures of $ZKA~~(S~O,)~ and 
H2K.4I3(Si3Os 

Iron IS usually present in small amount only. Barium is rarely present, aa in nellmherite. 
G .  = 2'88-2'99. Chromium is also present in fuchsile from Schwsrzenstein, Zillertal. 
Tyrol, and elsewhere. 

Pyr., etc. - In the closed tube gives water. B.B. whitens and fuses on the thin edges 
(F. = 5.7) to a gray or yellow glass. With fluxes gives reactions for iron and sometima 
manganese, rarely chromium. Not decomposed by acids. Decomposed on fusion with 
alkaline carbonates. 

Diff. - Distinauished in normal kinds from all but the snecies of this division bv the 
perfect basal cleavage and micaceous structure, the pale color ieparates i t  from most b&tit& 
the laminae are more flexible and elastic than those of phlogopite and still more than those of 
the brittle micas and the chlorites. 

Micro. - In thin sections recognized by want of color and by the perfect cleavage 
shown by finc lines (as in Fig. 951, p. 564) in sections I c (OOl), in a direction parallel 'to c. 
By reflected light under the microscope the same sections show a peculiar mottled surface 
with satin-like luster; birefringence rather high, hence interference-colors bright. 

Obs. - Muscovite is the most common of the micas. I t  is an essential constituent of 
mica schist and related rocks, and is a prominent component of certain common varieties 
of granite and gneiss; also found at times in fragmental rocks and limestones; in volcanic 
rocks it is rare and appears o g y  as a secondary product. The largest and best developed 
crystals occur in the pegmatite dikes associated with granitic intrusions, either directly 
cutting the granite or in its vicinity. Often in such occurrences in enormous plates from 
which the mica or "isinglass" of commerce is obtained. It is then often associated with 
crystallized orthoclase, quartz, albite; also apatite tourmaline, garnet, beryl, columhite, 
etc., and other mineral s ecies characteristic of grkitic veins. Further, muscovite often 
encloses flattened crystag of garnet, tourmaline, also quartz in thin platea between the 
sheets; further not infrequently magnetite in dendrite-like forma following in part the direc- 
tions of the percussion-figure. 
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Some of t,he best known localities, are: Abiihl in the Sulzbachtal, Austrian Tyrol; with 
adularia; Rothenkopf in the Zillertal, Tyrol; Soboth, Styria; St. Gothard, Binnental and 
elsewhere in Switzerland; hlourne Mts., Ireland; Clornwall; Ut6, Falun, Sweden; ,!$kut- 
terud, and Bamble, Norway. Obtained in large plates from Greenland and the East Indies. 

In Me., at Mount Mica in the town of Paris  at  Buckfield, in fine crystals. In N. H., at  
Acworth, Grafton. In hT,ass., a t  Chesterfield; South Royalston; at  Goshen, rose-red, In 
Conn., a t  Monroe; at Litchfield, with cyanite; at the Middlctown feldspar quarry; at 
Haddam; at  Branchvillc, with albite, ctc.; New Milford. i n  N. Y., near Warwick; Eden- 
ville; Edwards. In Pa., at Pennsbury, Chester Co.; at Unionville, Delaware Co., and at 
Middletown. In Md., :it .Jones's Falls, Baltimore. In Va., a t  Amelia Court-House. In 
N. C., extensively rnined at many places in the wmtern part of the state; the chief mines 
are in Mitchell, Yancey, .Jackson and Macon Cos.; crystals from Lincoln Co. The mica 
mines have also afforded many rarc species, as columhite, samarskite, hatchettolite, uran- 
inite, etc.; in good crystals in Alexander Co. In 8. C., there are also muscovite deposits; 
also in Ga. and Ala. 

Mica mines have also been worked to some extent in the Black Hills, S. D.; in Wash., 
a t  Rockford, Spokane Co.; in Col. The important states for the production of mica are 
North Carolina, New Hampshire, Idaho, South Dakota, Virginia, Alabama, New York, 
Connecticut. 

Muscovite is nanletl from V i t r u n ~  Muscotrilicu~n or Muscov?~-glass, formerly a popular 
name of the mineral. 

Use. - As an insulating material in electrical apparatus; as a non-inflammable trans- 
parent material for furnace doors, etc.; in a finely divided form as a non-conductor of heat 
and fireproofing material; mixed with oil as a lubricant, etc. 

Pinite. A general term used to include a large number of alteration-products especially 
of iolitc, a l ~ o  spodumene, nephelite, scapolite, feldspar and other minerals. In composi- 
tion essentially a hydrous silicate of aluminium and potassium corresponding more or leus 
closely to muscovite, of which it is prohabl to be regarded as a massive, compact variety, 
usually very impure from the admixture ofclay and other substanceu. Characters as fol- 
lows: Amorphous ranular to cry tocrystalline. Rarely a submicaceous cleavage. H. = 
2.5-3.5. G. = 2&%.85. Luster Feeble, waxy. Color grayish white, grayish green, pea- 
green, dull green, brownish, reddish. Translucent to opaque. The following are some of 
the minerals also clavsed as pinite: giganlolitc, gieseckile (seep. NO), liebaerile, dysyntribite, 
parophite, rosite, polyaryite, wilsonite, killCnile. 

Ayalmatolile (pagodite) is like ordinary massive pinitesin its amor hous compact texture, 
luster, and other physical characters, but contains more silica, wfich may be from free 
quartz or feldspar as impilritg. The Chinese has H. = 2-2.5; G. = 2'785-2'815. Colors 
usually grayish, grayish green, l~rownish, yellowish. Named from bE.yaAp, an image; 
pngodite is from pagoda, the Chinese carving thr. soft stone into miniature pagodas, images, 
etc. Part of the so-called agalmatolite of China is true pinite in composition, another part 
is compact pyrophyllit,e, and still another steatite (see these species). 

Paragonite. A sodium mica, corresponding to muscovite in composition; formula, 
HnNaA1a(SiOl)3. In  fine pearly scales; also compact. G. = 2'78-2'90. Index, 1.60. 
Color yellow~sh, grayish, eenish; constitutes the mass of thc rock at  MonteVCampione near 
Faido in Canton Tessin, Rvitzerland, containing cyanite and staurolite; called paragonitc- 
sct~ist. Occurs associated with tourmalinc and corundum at  I!nionville, Delaware Co., Pa. 
Hallerite, a mica with an iridescent silver color and pearly luster. Perhaps a lithlum-bear- 
in? paragonite. Found at Mesores, near Autun, France. 

BADDECKITE an iron mica related to muscovite. In small scales with a copper-red color. 
From near   ad deck, Nova Scotia. 

LEPIDOLITE. Lithia Mica. 

In aggregates of short prisms, often with rounded terminal faces. Crys- 
tals sometimes twins or trillings according to the mica law. Also in cleavable 
plates, but commonly massive scaly-granular, coarse or fine. 

Cleavage: basal, highly emment. H. = 2-54.  G. = 2.8-2.9. Luster 
pearly. Color rose-red, violet-gray or lilac, yellowish, grayish white, white. 
Translucent. Optically - . Ax. pl. usually I b (010) ; rarely ) / b. Bxa ( X )  
inclined lo 47' red. and lo 33;' -,ellow to normal to c (001). Axial angle large, 
from 50"-72", f l  = 1.5975. 
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Camp. - In part a metasilicate, R3A1(Si03)3 or KLi[A1(OH,F)2]Al(Si03)3. 
The ratio of fluorine and hydroxyl is variable. 

I t  has been suggested that the pur- lepidolite molecule is represented by 3Li20.2K,0. 
3A1203.8F.12Si02 and that most lepidolites are m~xtures of this and the muscovite molecule. 

pyr., etc. - In the closed tuhe gives water and reaction for fluorine. B.B. fuses with 
intumescence a t  2-2.5 to a white or grayish glass sometimes magnetic, coloring the flame 

urplish red at, the moment of fusion (llth~a). With the fluxes some varieties give reactions 
for iron and manganese. Attacked but not completely decomposed by acids. After fusion, 
gelatinizes with hydrochloric acid. 

Obs. - Occurs in granite and gneiss, especially in granitic veins; often associated with 
lithia-tourmaline; also with amblygon~te, spodumene, cassiterite, etc.; sometimes associ- 
ated with muscovite in parallel position. 

Found near Utij in Sweden; Penig, Saxony; Rozena (or Roina), Moravia; Madagascar, 
etc. In the United States, common In the western part of Me., in Hebron, Auburn, Paris, 
etc.; a t  Chesterfield, Mass.; M~ddletown and Haddam Neck, Conn.; w ~ t h  rubellite near 
San Diego, Cal. 

Named lepidolite from Xeris, scale, after the earlier German name Schuppenstein, allud- 
ing to the scaly structure of the massive variety of Rozena. 

Use. - .& a source of lithium compounds. 
COOKEITE is a micaceous mineral occurring in rounded aggregations on rubellite, also 

with lepidolite, tourmaline, etc., at Hebron, Me. An alteration of lepidolite or tourmaline. 
Composition Li[Al(OH)z]3(Si03)e. 

Zinnwaldite. An iron-lithia mica in form near biotite. Color pale violet yellow to 
brown and dark gray. Occurs at  Zinnwald and Altenberg, Germany; similarfy in Corn- 
wall, England. From Narsarsuk, Greenland, and the York region, Alaska. 

Cryophyllite is a related lithium mica from Rockport, Mass. Polylithionite is a lithium 
mica from Kangerdluarsuk, Greenland. Irvingite is an alkalie mica containing lithium from 
near Wausau, Wis. 

Manandonite. A basic boro-silicate of lithium and aluminium, H2,Li,A11,B4SieOp. 
Micaceous. In lamellar aggregates or mammillary crusts of hexagonal plates. Perfect 
basal cleavage. Color white. Luster pearly. Optically +. Axial angle small and vari- 
able. Easily fusible giving red flame. Unattacked by acids. Found in pegmatite a t  An- 
tandrokomby, near the Manandona River, Madagascar. 

BIOTITE. 
Monoclinic; pseudo-rhombohedral. Axes a : b : c = 0.57735 : 1 : 3.2743; 

0 = 90". 
Habit tabular or short prismatic; the pyramidal faces often repeated in 

oscillatory combination. Crystals d ten  apparently rhombohedra1 in sym- 
metry since r (101) and z (132), z' (132), which are inclined to c (001) at sen- 
sibly the same angle, often occur together; further, the zones to which these 
faces belong are inclined 120" to each other, hence the hexagonal outline of 
basal sections. Twins, according to the mica law, tw. pl. a plane in the 
prismatic zone 1 c (001). Often in disseminated scales, sometimes in massive 
aggregations of cleavable scales. 

W, 001 A 112 = 730 1'. m, 001 A io i  = so0 0'. 
cM, 001 A 221 = 85' 38'. cz, 001 A 132 = 80' 0'. 
cp, 001 A ill = 81" 19'. MM', 221 h 221 = 59" 48f'. 
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quently associated in parallel position with muscovite, the latter, for example, forming the 
outer portions of plates having a nucleus of biotite. 

Some of the prominent localities of crystallized biotite are as follows: Vesuvius, com- 
mon particularly in ejcctcd limestone masses on Monte Somma, with augite, chrysolite, 
nephelite, humite, etc. The crystals are sometimes nearly colorless or eIlow and then 
usually complex form; also dark green to black; Mt. Monzoni in txe Fassatal and 
Schwarzenstein, Zlllertal, Tyrol, Austria; RezbBnya and Morawitza in Hungary; in Ger- 
many at  Schelingen and other points in the Kaiserstuhl and the Laacher See; on the west 
side of Lake Ilmen near Miask, Russia. 

In  the United States ordinary biotite is common in gramte, gneiss, etc.; .but notable 
localities of distinct crystals are not numerous. I t  occurs with muscovite (wh~ch see) as a 
more or less prominent constituent of,the pegmatite veins in the New England States; also 
Pennsylvania, Virginia, North Carolma. From Greenwood, Orange Co., N. Y. Sidero- 
phyllite is from the Pike's Peak region, Col. 

CASWELLITE. An altered blotite from Franklin Furnace, N. J. 

PHLOGOPITE. 

Monoclinic. In form and angles near biotite. Crystals prismatic, taper- 
ing; often large and coarse; in scales and plates. 

Cleavage: basal, highly eminent. Thin laminae tough and elastic. H. = 
2.5-3. G. = 2.78-2-85. Luster pearly, often submetallic on cleavage surface. 
Color yellowish brown to brownish red, with often something of a copper-like 
reflection; also pale brownish yellow,, green, white, colorless. Often exhibits 
asterism in transmitted light, due to regularly arranged inclusions. Pleo- 
chroism distinct in colored varieties: Z brownish red, Y brownish green, X 
yellow. Absorption Z > Y > X. Optically -. Ax. pl. 1 1  b (010). Bxa 
nearly I c (001). Axial angle small but variable even in the same specimen, 
from 0" to 50". Dispersion p < v.  The axial angle appears to increase with 
the amount of iron. Indices variable, from 1.541-1.638. 

Comp. - A magnesium mica, near biotite, but containing little iron; 
potassium is prominent as in all the micas, and in most cases fluorine. Typi- 

I I 

cal phlogopite is R ~ M ~ A ~ ( s ~ o ~ ) ~ ,  where R = H,K,MgF 
Obs. - Phlogopite is especially characteristic of crystalline limestone or dolomite. I t  

is often associated with pyroxene, amphibole, serpentine, etc. Thus as at  Pargas, Fin- 
land; in St. Lawrence Co. and Jefferson Co., N. Y.; Franklin, N. J.; also Burgess, Ontario, 
and elsewhere in Canada. 

Named from c$Xorwrr6s, fire-like, in allusion to the color. 
The asterism of phlogopite, seen when a candle-flame is viewed through a thin sheet, is 

a common character, particularly prominent in the kinds from northern New York and 
Canada. I t  has been shown to be due to minute acicular inclusions, rutile or tourmaline, 
arranged chiefly in the direction of the rays of the pressurefigure, producing a distinct six- 
rayed star; also parallel to the lines of the percussion-figure, giving a secondary star, usually 
less prominent than the other. 

Taeniolite. Essentially a potassium-ma esium silicate. Monoclinic, belonging to the 
mica group. Perfect basal cleavage. FOE somewhat elastic. H. = 2.5-3. G. = 2.9. 
Colorless. Fusible. From Narsarsuk, southern Greenland. 

Lepidomelane. Near biotite, but characterized 6y the large amount of ferric iron 
present. From Langesund fiord, Norway; Haddam, Conn. Annite from Cape Ann, Mass., 
belongs here. In small six-sided tables, or an aggregate of minute scales. H. = 3. G. 
= 3.0-3.2. Color black, with occasionally a leek-green reflection. 

Alurgite. A manganese mica from St. Marcel, Piedmont, Italy. Color copper-red. 
Index, 1.59. Maripsite may belong here. 

Roscoelite. A vanadium mica; essentially a muscovite in which vanadium has partly 
replaced the aluminium. In  minute scales; structure micaceous. G. = 2.92-2.94. Color 
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clove-brown to greenish brown. Indices, 1'610-1.704. Occurs in Cal. at the gold mine at  
Granite Creek, Placerville, and elsewhere, El Dorado Co. 

2.  Clintonite Group. Monoclinic 

The minerals here included are sometimes called the Brittle Micas. They 
are near the micas in cleavage, crystalline form and optical properties, but are 
marked physically by the brittleness of the laminae, and chemically by their 
basic character. 

In several respects they form a transition from the micas proper to the 
chlorites. Margarite, or calcium mica, is a basic silicate of aluminium and 
calcium, while Chloritoid is a basic silicate of aluminium and ferrous irqi-; 
(with magnesium), like the chlorites. 

MARGARITE. 

Monoclinic. Rarely in distinct crystals. Usually in intersecting or 
aggregated lamin=; sometimes masuive, with a scaly structure. 

Cleavage: basal, perfect. Laminae rather brittle. H. = 3.54.5. G. = 
2.99-3.08. Luster of base pearly, of lateral faces vitreous. Color grayish, 
reddish white, pink, yellowish. Translucent, subtranslucent. 

Optically -. Ax. pl. I b (010). BG approximately I c (001), but vary- 
ing more widely than the ordinary micas. X A c axis = + 63'. Dispersion 
p < v. Axial angle large, from 76' to 128' in air. Refractive index P = 1.64- 
1.65. 

Comp. - H2CaA1,Si2Ol2 = Silica 30'2, alumina 51'3, lime 14.0, water 
4 5  = 100. 

P r., etc. - Yields water in the closed tube. B.B. whitens and fuses on the edges. 
slow& and imperfectly decomposed by boihng hydrochloric acid. 

Obs. - Associated commonly with corundum, and in many cases obviously formed 
directly from it; thus at  the emery deposits of Gumuchdagh in Asia Minor, the Islands 
Naxos, Nicaria, ctc. Occurs in chlorite of Mt. Greiner, Stersing, Tyrol. In  the United 
States at  the emery mine at  Chester, Mass.; at Unionvine, Chester Co., Pa.; with corun- 
dum in Madison Co. and elsewhere in N. C.; a t  Gainmville, Hall Co., Ga.; a t  Dudleyville, 
Ala. 

Named Margarite from papyapirqs, pearl. 

SEYBERTITE. Clintonite. Brandisite. 

Monoclinic, near biotite in form. Also foliated massive; sometimes 
lamellar radiate. 

Cleavage: basal, perfect. Structure foliated, micaceous. Laminae brittle. 
Percussion- and pressure-figures, as with mica. H. = 4-5. G. = 3-3.1. 
Luster pearly submetallic. Color reddish brown, yellowish, copper-red. 
Streak uncolored, or slightly yellowish or grayish. Pleochroism rather feeble. 
Optically -. Ax. pl. I b (010) seybertite; 1 )  b b r a d s i t e .  Bx, nearly I c 
(001). Axial angles variable, but not large. a = 1.646. /3 = 1'657. r = 
1 a658. 

Var. - 1. The Amity seybertite (clintonite) is in reddkh brown to copper-red brittle foli- 
ated masses; the surfaces of the folia often marked w ~ t h  equilateral tr~anglm llke some 
mica and chlorite. Axial angle 3"-13". 

2. Brandisite (dialerrite), from the Fassstal, Tyrol, is in hexagonal prisms of a yellowish 
een or leek-peen color to reddish grafi H. = 5 of base; of aids, e . 5 .  Ax. pl. 

r b  (010). Axla1 angle 15'-30'. Some o ~t pseudomorphous, after fassalte. 



Comp. - I n  part H3(Mg,Ca)6A1,Si201~ = 3H20.10(Mg,Ca)0.5A1~3. 
4Si02. 

Pyr., etc. - Yields water. B.B. infusible but whitens. In powder acted on by con- 
centrated acids. 

Obs. - Seyberlite occurs at  Amity, N. P., in limestone with serpentine, associated with 
amphibole, spinel, pyroxene, graphite, ctc.; also a chlorite near leuchtenbergite. Brandis- 
ile occurs on Mt. Monzoni in the Fassatal, Tyrol, Austria, in white limestone, with fassaite 
and black spinel. 

Xanthophyllite. Perhaps H8(Mg,Ca),,AllaSi60an. The original xaniho hyllite is in 
crusts or in implanted globular forms. Optically negative. Axial angle usuaSy very small, 
or sensibly uniaxial; sometimes 20". Indices, 1.649-1.661. From near Zlatoust in the 
Ural Mts. Found a t  Crestmore, Riverside Co., Cal. 

Waluewite is the same species occurring in distinct pseudo-rhombohedra1 crystals. Folia 
brittle. H. = 4'6. G. = 3.093. Luster vitreous; on cleavage plane pearly. Color leek- 
to bottle-green. Transparent to translucent. Pleochroism rather feeble: 11 c axis fine 
green; I c axis reddish brown. Optically -. Ax. pl. ) /  b (010). Bx sensibly I c (001). 
Axial angle 17' to 32'. Found with perovskite and other species in chloritic schists near 
Achmatovsk, in the southern Ural Mts. 

CHLORITOID. Ottrelite. Phyllite. 
Probably triclinic. Rarely in distinct tabular crystals, usually hexagonal 

in outline, often twinned with the individuals turned in azimuth 120" to each 
other. Crystals grouped in rosettes. Usually coarsely foliated massive; 
folia often curved or bent and brittle; also in thin scales or small plates dis- 
seminated through the containing rock. 

Cleavage: basal, but less perfect than with the micas; also imperfect 
parallel to planes inclined to the base nearly 90" and to each other about 60"; 
b (010) difficult. Laminre brittle. H. = 6.5. G. = 3.52-3.57. Color dark 
gray, greenish gray, greenish black, grayish black, often grass-green in very 
thin plates. Streak uncolored, or grayish, or very slightly greenish. Luster 
of surface of cleavage somewhat pearly. 

Pleochroism strong: Z yellow green, Y indigo-blue, X olive-green. Opti- 
cally +. Ax. pl. nearly ) I  b (010). Bx, inclined about 12" or more to the nor- 
mal to c (001). Dispersion p > v ,  large, also horizontal. Axial angles, in air 
65" to 120". B = 1.75. Birefringence low, ?I - a = 0.0074.016. 

Comp. - For chloritoid H2(Fe,Mg)Al2SiO7. If iron alone is present, 
this requires: Silica 23.8, alumina 40.5, iron protoxide 28.5, water 7.2 = 100. 

Micro. - Recognized in thin sections by the crvstal outlines and general micaceous 
a pearance; high rclief; green colors; distinct cleavage; frequent twinning; strong phleo- 
cfiroism and low interference-colors. By the last character readily distinguished from the 
micas; also by the high relief and extinction oblique to the cleavage from the chlorite. 

Obs. - Chloritoid (ottrelite, etc.) are characteristic of sedimentary rocks which have 
suffered dynamic metamorphism, especially in the earlier stages; thus found in argillites, 
conglomerates, etc., which have assumed the schistose condition. With morc advanced 
degree of metamorphism it disappears. Often grouped in fan-shaped, sheaf-like forms, also 
in irregular or rounded grains. 

Thc original chlwiloid from Kosoibrod, near Ekaterinburg in the Ural Mts., is in large 
curving laminae or plates, grayish to blackish green in color, often spotted with yellow from 
mixturc with limonite. Other localities are Ile le Groix (Morbihan), France; embedded in 
large crystals a t  Vanlup, Shetland; Ardennes, France, and Belgium, in schistswith ottrelite; 
also from Upper Michigan; Leeds, Canada, etc. 

Sismondine (H1aFe~411aSigOt,4) is from St. Marcel, Piedmont, Italy; i t  occurs also with 
glaucophane a t  Zermatt in the Valais, Switzerland, and elsewhere. 

Salmite is a manganesian variety occurring in irregula~ masses, ha+g a coarse saccha- 
roidal structure and grayish color. G. = 3.38. From Vlelsalm, Belgum. 

Mmonite, from Natic, R. I., is in very broad plates of a dark grayish green color, but 
bluish green in very thin laminre parallel to c (001) and grayish green a t  right angles to this; 
occurs m argillaceous schist. 



Ottrelite is generally classed with chloritoid, though it is not certain that they are iden- 
tical; it seems to have the composition H2(Fe,Mn)Al2Si2O9. It occurs in small, oblong, 
shining scales or plates, more or less hexagonal in form and gray to black in color; in argil- 
laceous schist near Ottrez, on the borders of Luxemburg, and from the Ardennes, Franc?, 
and Belgium; also ncar Scrravezza, Tuscany, Italy; Tintagel in Cornwall. Vemsqui te  1s 
from Venasque in the Pyrenees, and from Teuli., Finisthe, France. Phylkite is from the 
schists of New England. 

3. Chlorite Group. Monoclinic 

The CHLORITE GROUP takes its name from the fact that a large pert of the 
minerals included in it are characterized by the green color common with sili- 
cates in which ferrous iron is prominent. The species are in many respects 
closely related to the micas. They crystallize in the monoclinic system, but 
in part with distinct monoclinic symmetry, in part with rhombohedra1 symme- 
try, with corresponding uniaxial optical character. The plane angles of the 
base are also 60" or 120°, marking the mutual inclinations of the chief zones 
of forms. The mica-like basal cleavage is prominent in distinctly crystallized 
forms, but the laminae are tough and comparatively inelastic. Percussion 
and pressure-figures may be obtained as with the micas and have the 
same orientation. The etching-figures are in general monoclinic in 
symmetry, in part also asymmetric, suggesting a reference to the triclinic 
system. 

Chemically considered the chlorites are silicates of aluminium with ferrous 
iron and magnesium and chemically combined water. Ferric iron may be 
present replacing the aluminium in small amount; chromium enters similarly 
in some forms, which are then usually of a pink instead of the more common 
green color. Manganese replaces the ferrous iron in a few cases. Calcium 
and alkalies - characteristic of all the true micas - are conspicuously absent, 
or present only in small amount. 

The only distinctly crystallized species of the Chlorite Group are Clino- 
chlore and Penninite. These seem to have the same composition, but while 
the formcr is monoclinic in form and habit, the latter is pseudo-rhombohedra1 
and usually uniaxial. Prochlorite (including some ripidolite) and Corundo- 
philite also occur in distinct cleavage masses. 

Besides the species named there are other kinds less distinct in form, occur- 
ring in scales, also fibrous to massive or earthy; they are often of more or less 
undetermined composition, but in many cases, because of their extensive occur- 
rence, of considerable geological importance. These latter forms occur as 
secondary minerals resulting from the alteration especially of ferro-magneCan 
silicates, such as biotite, pyroxene, amphibole; also garnet, vesuvlanlte, 
etc. They are often accompanied by other secondary minerals, as ser- 
pentine, limonite, calcite, etc., especially in the altered forms of basic 
rocks. 

The rock-making chlorites are recognized in thin sections by their charac- 
teristic appearance in thin leaves, scales or fibers, sometimes aggregated into 
spherulites; by their greenish color; pleochroism; extinction parallel to the 
cleavage (unlike chloritoid and ottrelite); low relief and extremely low inter- 
ference-colors, which frequently exhibit the '' ultra-blue." By this latter char- 
acter they are readily distinguished from the micas, which they strongly 
resemble and with which they are frequently associated. 
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CLINOCHLORE. Ripidolite in part. 

R$onoclinic. Axes a : b : c = 0.57735 : 1 : 2.2772; /3 = 89" 40'. 

&+@ f$d* fjIIId 
1% 

81 

Pfitsch Schwarzenste~n Zillertal 

Crystals usually hexago~al in form, often tabular 1 )  c (001). Plane angles 
of the basal section = 60" or 120°, and since closely similar angles are found in 
the zones which are separated by 60°, the symmetry 
approximates to that of the rhombohedral system. 

Twins: (1) Mica law, tw. pl. 1 c (001) in the zone 
cmo 001 A 112; sometimes contact-twins with c as com- 
position face, the one part revolved 60' or a multiple of 
60" in azimuth with reference to the other; also in three- 
fold twins. (2) Penninite law, tw. pl. c, contact-twins 

f'?J '1 
also united by c (Fig. 954); here corresponding faces 
differ 180" in position. Massive, coarse scaly granular 

2.r ,, 

to fine granular and earthy. 
s 

Cleavage: c (001) highly perfect. Lamine flexible Achmatovsk 
tough, and but slightly elastic. Percussion-figure and 
pressure-figures orientated as with the micas (p. 559). H. = 2-2.5. 
G. = 2.65-2-78. Luster of cleavage-face somewhat .pearly. Color 
deep grass-green to olive-green; pale green to yellomsh and white; 
also rose-red. Streak greenish white to uncolored. Transparent to 
translucent. Pleochroism not strong, for green varieties usually X green, Z 
yellow. Optically usually +. Ax. pl. in most cases 1 1  b (010). B h  inclined 
somewhat to the normal to c (OOl), forward; for Achmatovsk 2" 30'. Disper- 
sion p < v .  Axial angles variable, even in the same crystal, 0"-90"; some- 
times sensibly uniaxial. Birefringence low. Indices approximately; a = 
1.585. /3 = 1.586. y = 1.596. 

Var. - 1. Ordinary: green clinochlore, passing into bluish green; (a )  in crystals, as 
described, usually with distinct monoclinic symmetry; (b) foliated; (c )  massive. 

Leuchtenbergite. Contains usually little or no iron. Color white, pale green, yellowish; 
often reflembles talc. From near Zlatoust in the Ural Mts. 

Kotschubeite. Contains several per cent of chromium oxide. Crystals rhombohedral 
in habit. Color rose-red. From the southern Ural Mts. 

Manganqerous. Manganchlorite. A chlorite from the Harstig mine near Pajsberg, 
Sweden, is peculiar in containing 2'3 p. c. MnO. 

Comp. - Normally HaMg5AlzSisOla = 4Hz0.5MgO.AI2O3.3SiOz = Silica 
32.5, alumina 18.4, magnesia 36.1, water 13-0 = 100. Ferrous iron usually 
replaces a small part of the magnesia, and the same is true of manganese rarely; 
sometimes chromium replaces the aluminium. 

Pyr., etc. -Yields water. B.B. in the platinum forceps whitens and fuses with diffi- 
culty on the edges to a grayish black glass. With borax, a clear glass colored by iron, 
and sometimes chromium. In sulphuric acid wholly decomposed. 

Micro. - In thin sections characterized by pale green color and pleochroism; dis- 
tinctly biaxial and usually +. 
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Obs. -Occurs in connection with chloritic and talcose rocks or schists and serpen- 
tine; sometimes in parallel position with biotite or phlogopite. Prominent localities are: 
Achmatovsk in the Ural Mts.; Ala in Piedmont, Italy; the Zillertal, Tyrol, Austria; Zer- 
matt, Switzerland; hlarie~iberg, Saxony; Zoptau, Moravia. A manganesian variety occurs 
at  Pajsherg, Swedcn. 

In the United States, a t  Westchester, Pa., in large crystals and plates; also Unionville 
and Texas, Pa.; a t  the magnetic iron mine a t  Brrwster, N. Y., in part changed t,o serpen- 
tine; near Lowell, Vcr., in crystals. 

PENNINITE. Pennine. 

Apparently rhomhohedral in form but strictly pseudo-rhombohedra1 and 
monoclinic. 

Habit rhombohedral: sometimes thick tabular with c (001) prominent, 
again steep rhombohedral; also in 

866 967 tapering six-sided pyramids. Rhombo- 
hedral faces often horizontally striated. 
Crystals often in crested groups. 

of an aggre- 
compact crypto- 

c (001) highly perfect. 
Percussion-figure 

Texas Zcrmatt and pressure-figure as with clinochlore 
but less easy to obtain; not elastic. 

H. = 2-2.5. G. = 2.6-2.85. Luster of cleavage-surface pearly; of lateral 
plates vitreous, and sometimes brilliant. Color emerald- to olive-green; 
also violet, pink, rose-red, grayish red; occasionally yellowish and silver- 
white. Transparent to subtranslucent. Pleochroism distinct: usually \ \ c 
(001) green; I c yellow. Opt'ically +, also -, and sometimes both in adja- 
cent larninze of the same crystal. Usually sensibly uniaxial, but sonletimes 
distinctly biaxial (occasionally 2E = 61') and both in the same section. 
Sometimes a uniaxial nucleus while the border is biaxial with 2E = 36', the 
latter probably to be referred t'o clinochlore. Indices 1.576 and 1.579. 

Var. - 1 .  Penninite, as first named, included a green crystallized chlorite from the 
Penninine Alps. 

Kimmererite. In hexagonal forms bounded by steep six-sided pyramids. Color 
kermes-red; peach-blossom-red. Pleochroism distinct. Optically - from Lake Itkul, 
Bisersk, Perm, Russia; f Texas, Pa. Uniaxial or biaxial with axial angle up to 20". Rho- 
dophyllite from Texas, Pa., and rhodochrome from Lake Itkul belong here. 

Pseudophite is compact massive, without cleavage, and resembles serpentine. 

' Comp. - Essentially the same as clinochlore, Hs(Mg,Fe)bAlpSi,Ola. 
Pyr., etc. - In the closed tube yields water. B.B. exfoliates somewhat and .is diffi- 

cult1 fusible. With the fluxes all varieties give reactions for iron, and many var~et~es react 
for cxmmium. Partially decom sed by hydrochloric and completely by aulphuric acld. 

Micro. - In  thin sect~ons SEWS pale green color and pleochroism; usually nearly 
uniaxial, -. 

Obs. -0ccun with serpentine in the region of Zennatt, Valnis, Switzerland, near 
Mt. Rosa, especially in the moraines of the Findelen acier; crystals from Zermatt are' 8 ' .  sometimes 2 in. long and If in. thick; also at  the foot o the Simplon Pass, Switzerland; a t  
Ala, Piedmont, Italy, with clinochlore; a t  Gchwarzenstein in Tyrol, Austria; a t  Taberg 
in Wermland, Sweden; a t  Snarum, Norway, greenish and foliated. 

Kammererile is found a t  the localities already mentioned; also near Miask in the Ural 
Mts.; at Haroldawick in Unst Shetland Isles. In large crystals enclosed in the talc in 
crevices of the chromite from kraubat, Styria. Abundant at  Texas, Lancaster Co., Pa., 
along with clinochlore, some crystals being embedded in clinochlore, or the reverse. Also 
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in N. C., with chrornite at  Culsagee, Macon Co.; Webster, Jackson Co.; and other points. 
From Washington, Cal. . . 

PROCMORITE. Ripidolite in part. 

Monoclinic. In six-sided tables or prisms, the side planes strongly fur- 
rowed and dull. Crystals often implanted by their sides, and in divergent 
groups, fan-shaped, vermicular, or spheroidal. Also in large folia. Massive, 
foliated, or granular. 

H. = 1-2. G. = 2.78-2.96. Translucent to opaque; transparent only in 
very thin folia. Luster of cleavage surface feebly pearly. Color green, grass- 
green, olive-green, blackish green; across the axis by transmitted light some- 
times red. Streak uncolored or greenish. Laminse flexible, not elastic. 
Pleochroism distinct. Optically + in most cases. Bx inclined to the normal 
to c (001) some 2". Axial angle small, often nearly uniaxial; again 2E = 23"- 
30". Dispersion p < v. 

Comp. - Lower in silicon than clinochlore, and with ferrous iron usu- 
ally, but not always, in large amount. 

Obs. -Like other chlorites in modes of occurrence. Occasionally formed from am hi- 
bole. Sometimes in implanted crystals, as at  St. Gothard, Switzerland, enveloping ogen 
adularia, etc.; Mt. Greiner in the Zillertal, Tyrol,.Austria; Rauris in Salzburg, Austria; 
Traversella in Piedmont, Italy; at  Mts. Sept Lacs and St. Cristophe in Dauphi6, France; 
in Styria, Bohemia. Also massive in Cornwall, England, in tin veins; a t  Arendal in Nor- 
way; Salberg and Dannemora, Sweden; Dognacska, Hungary. In Scotland a t  various 
points. In  the United States, near Washington, D. C.; on Castle Mt., Bateaville, Va., a 
massive form resembling soapstone, color grayish green, feel greasy; Steele's mine, Mont- 
gomery Co., N. C.; also with corundum at  the Culsagee mine, in broad plates of a dark 
p e n  color and fine scaly; it differs from ordinary prochlorite in the small amount of ferrous 
Iron. 

Corundophilite. A chlorite occurring in deep green lamine resembling clinochlore but 
more brittle; contains but 24 p. c. SiOz. (3 = 1'583. Occurs with corundum at  Chester, 
Mass. 

AMESITE. H4(Mg,Fe)2A12Si09. Silica 21.4 p. c. In hexagonal plates, foliated, resem- 
bling the green talc from the Tyrol. H. = 2.5-3. G. = 2'71. Color applegreen. Luster 
pearly on cleavage face. Opt~cally +, sensibly uniaxial. Occurs with dlaspore at  Chester, 
Mass. 

SHERIDANITE. A chlorite from Sheridan Co., Wy., containing only little iron. 
OTHER CHLORITES. Besides the chlorites already described which occur usually 

distinct crystals or plates, there are, as noted on p. 568, forms varying from fine scaly to 
fibrous and earthy, which are prominent in rocks. In some cases they may belong to the 
species before described, but frequently the want of sufficient pure material has left their 
composition in doubt. These chloritea are commonly characterized by their green color, 
distinct pleochroism and low birefringence (p. 568). 

The following are names which have been given particularly to the chlorites filling 
cavities or seams in basic igneous rocks: aphrosiderite, diabantite, delessite, epzchlorite, euml- 
ite, chlorophaite, hullite, pycmchlorite. 

The following are other related minerals. 
Moravite. 2Fe0.2(Al,Fe)203.7Si02.2H20. In lamellar, scaly and granular f o m s  with 

perfect basal cleavage. H. = 3'5. G. = 2'4. Color iron-black. Fuses difficultly. 
Found a t  iron mines of Gobitschau near Sternberg, Moravia. 

Cronstedite. 4FeO.2Fez03.3Si02.4H~O. Occurs tapering in hexagonal yramids; also 
in diverging groups; amorphous. Cleavage: basal, highly perfect. ~ h i n  yarninae elastic. 
G. = 3'34-3'35. Color coal-black to brownish black; by transmitted light in thin scales 
emerald-green. Streak dark olivegreen. (3 = 1.80. From Piibram in Bohemia; also in 
Cornwall, England. 

Thuringite. 8Fe0.4(Al,Fe)?O3.6SiO~.9H20. Massive; an aggregation of minute early 
scales. Color olive-green to pistachio-green. (3 = 1.63. From near Saalfeld, in d u r i n -  
gia; Hot Springs, Ark., etc.; from the metamorphic rocks on the Potomac, near Harper's 
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Ferry (owenite). Sti~pnochlora?~ is name given to an alteration product of thuringite from 
Gohitschau, near Sternberg, Rloravia. In yellow.$o bronze-red scales. 

Brunsvigite. S(F~,M~)O.~A~~O~.~S~O~.~HIO. l n  cryptocrystalline and foliateti rnasaes 
sometimes forming spherical radiated aggregates. Under microscope folia show hexagonal 
outline. Color olive-green to yellow-green. H. = 1-2. G. = 3.0. Occurs in cavities in 
thc gabbro of the Radautal in the EIarz Mts., Germany. 

Griffithite. 4(b~g,1~'e,Ca)0.(.U,Fe)t0~..i8i0~.7H20. A rnernber of the Chlorite Group. 
Color d u k  green. H. - 1. G. = 2.31. Fusible to magnetic slag. Pleochroic, pale yel- 
low, olive-green, brown-green. Indices 148-1.57. Occurs in amygdaloidal cavities in a 
basalt from Cahuengn Pass, Griffith Park, Los Angeles, Cal. 

CHAMOSITE. Contains iron (FeO) with but little MgO. Occurs compact or oijlitic 
with H. about 3; G. = 3-3.4; color grccnish gray to black. From Chamoson, near St. 
Maurice, in the Valais, Switzerland. 

Stilpnomelane. An iron silicate. In foliated plates; also fibrous, or as a velvety coat- 
ing. G. = 2.77-2.96. Color black, greenish black. Occurs at  Obergrund and elsewhere 
in Silesia; also in Moravia; near Weilburg, Nassau, Germany. Chalcodile from the Sterling 
Iron mine, in Antwcrp, Jefferson Co., N. Y., coating hematite and caicite, is the same 
mineral in velvety coating of mica-like scales with a bronzc color. 

MinguBtite. A member of Chlorite Group. A silicate of ferric and ferrous iron, inter- 
mediate between stdpnomehne ant1 lepidomelane. G. = 2-86. Color blackish green. 
Strongly pleochroic, light yellow to opaque black. Optically -. Fuses to a black mag- 
netic enamel. Decomposed by hydrochlor~c acid. From Minguet mine, near Seg6, 
Maine-et-Loire, France. 

Strigovite. HrFe~(Al,Fe)2Si?01~. In aggregations of minute crystals. Color dark 
reen. Occurs as a fine coating over the minerals in cavities in the granite of Striegau in 

Bilesia. 
Rumpfite. Probably a variety of clinochlore. Massive; granular, consisting of very 

fine scales. Color greenish white. Occurs with talc near St. Michael and elsewhere in 
Styria. 

Spodiophyllite. (N+,Ii2)2(Mg,Fe)3(Fe,AI)2(Si03)8. In rough hexagonal prisms. Mica- 
ceous cleavage. Lamma bnttle. H. = 3-3.2. G. = 2.6. Color ash-gray. Fusible. 
From Narsarsuk, southern Greenland. 

APPENDIX TO THE MICA DIVISION. - VERMICULITES. 

The VERMICULITE GROUP includes a number of micaceous minerals, all hydrated sili- 
cates, in part closely related to the chloritcs, but varying somewhat widely in composi- 
tion. They are alteration-products chiefly of the micas, biotite, phlogopite, etc., and retain 
more or less perfectly the micaceous cleavagc, and often show the negative optical character 
and small axial angle of the original species. Many of them are of a more or less indefinite 
chemical nature, and the composition varics with that of the original mineral and with the 
degree of alteration. 

The laminaj in general are soft, pliable, and inelastic; the luster pearly or bronze-like, 
and the color varies from white to yellow and brown. Heated to 100"-110" or dried over 
sulphuric acid most of the vermiculites lose considerable water, up to 10 p. c., which is 
probably hygroscopic; at  300" another portion is often given off; and at  a red heat a some- 
what larger amount is expelled. Connected with the loss of water upon ignition is the 
common physical character of exfoliation; some of the kinds especially show this to a 
marked degree, slowly opening out, when heated gradually, into long worm-like threads. 
This character has given the name to the group, from the Latin vermiculari, lo breed worms. 
The minerals inclutied can hardly rank as distinct s cies and only their names can be 
given here: Jegerisite, vermiculite, culsageeite, kerrUe, Enilite, hallite, philadelphile, vdi le ,  
maconile, dudleyile, pyrouclerite. 

III. Serpentine and Talc Division 
The leading species belonging here, Serpentine and Talc, are closely related 

to the Chlorite Group of the Mica Division preceding, as noted beyond. 
Some other magnesium silicates, in part amorphous, are included with them. 



SILJCATES 573 

SERPENTINE. 
Monoclinic. In distinct crystals, but only as pt3eudomorphs. Sometimes 

foliated, folia rarely separable; also delicately fibrous, the fibers often easily 
separable, and either flexible or brittle. Usually massive, but microscopically 
finely fibrous and felted, also fine granular to impalpable or cryptocrystalline; 
slaty. Crystalline in structure but often by compensation nearly isotropic; 
amorphous. 

Cleavage b (OlO), sometimes distinct; also prismatic (50") in chrysotile. 
Fracture usually conchoidal or splintery. Feel smooth, sometimes greasy. 
H. = 2.54, rarely 5.5. G. = 2.50-2.65; 'some fibrous varieties 2.2-2,3; 
retinalite, 2.36-2.55. Luster subresinous to greasy, pearly, earthy; resin-like, 
or wax-like; usually feeble. Color leek-green, blackish green; oil- and siskin- 
green ; brownish red, brownish yellow ; none bright ; sometimes nearly white. 
On exposure, often becoming yellowish gray. Streak white, slightly shining. 
Translucent to opaque. 

Pleochroism feeble. Optically -, perhaps also + in chrysotile. Double 
refraction weak. Ax. pl. ( 1  a (100). Bx (X) 1 b (010) the cleavage surface; 
Z ( 1  elongation of fibers. Biaxial, angle variable, often large; 2V = 20" to 90". 
Indices variable, from 1.490-1'571. 

Var. - Man unsustained s ecies have been made out of serpentine, differing in struc- 
ture (massive, s&t foliated, fitrous), or, as supposed, in chemical composition; and three 
now, in part, s tan tas  varietler, along with some others based on variations in texture, etc. 

A. IN CRYSTALS - PBEUDOMORPHB. The most common have the form of chrysohte. 
Other k i d s  are pseudomorphs after pyroxene, amphibole, spinel, chondrodite, garnet, 
phlogopite, etc. Bastite or SchilZer, Spar 1s enatat~te (hypersthene) altered more or less 
completely to serpentine. See p. 474. 

B. MASSIVE. 1. Ordinary massive. (a) Precious or Noble Serpentine is of a rich oil- 
green color, of pale or dark shades, and translucent even when in thick pieccs. 
(b) Comm,on Serpentine is of dark shades of color, and subtranslucent. The former has a 
hardness of 2.5-3; the latter often of 4 or beyond, owing to impurities. 

Resinous. Retinalite. Massive, honey-yellow to light oil-green, waxy or resin-like 
luster. 

Bowenite (Nephrite Bowen). Massive, of very fine granular texture, and much resembles 
nephrite, and was long so called. I t  is apple-green or eenish white in color; G. = 2'594- 
2.787; and it has the unusual hardness 55-0. From gmithfield, R.  I.; also a similar kind 
from New Zealand. 

Ricolite is a banded variety with a fine green color from Mex~co. 
C. LAMELLAR. Antigorite, thin lamellar in structure, separating into translucent folia. 

H. = 2'5; G. = 2'622; color brownish green by reflected light; feel smooth, but not greaey. 
From Antigorio valley, Piedmont, Italy. 

D. THIN FOLIATED. Mamlite ,  thin foliated; the laminae brittle but se arable. 
G. = 2.41; colors greenish white, bluish white to pale asparagus-green. From dboken ,  
N. J. 

E. FIBROUS. Chrysotile. Delicately fibrous, the fibers. usually flegble and easily 
separating; luster silky, or silky metalhc. color greenish wh~te, green, ohve-green, yellow 
and brownish; G. = 2.219. Often conshtutes seams in serpentine. It includea most of 
the silky amianthus of serpentine rocks and much of what is popularly called asbestus 
(asbestos). Cf. p. 489. 

Picrolite, columnar, but fibers or columns not easily flexible, and often not easily sepa- 
rable, or affording only a splintery fracture; color dark green to mountdn-green, gra 
brown. The original was from Taberg, Sweden. Baltimorite is picrolite from Bare ~ i l $  
Md. 

Radiotine is like serpentine except in regard to its solubility and specific gravity. In 
spherical aggregates of radiating fibers from near Dillenburg, Nassau. 

F. SERPENTINE ROCKS. Serpentine often constitutes rock-masses. It  fr uently 
occurs mixed with more or less of dolomite, magnesite, or calcite, making a rock of3ouded 
green, sometimes veined with white or pale green, called verd antique, ophwlite, or ophicalcite. 
Serpentine rock is sometimes mottled with red, or has something of the aspect of a red 
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porphyry; the reddish portions containing an unusual amount of oxide of iron. Any ser- 
pentine rock cut into slabs and polished is called sapenline marble. 

Microscopic examination has established thc fact that serpcntine in rock-masses has been 
largely produced hy thc alteration of chrysolite, and many apparently homogeneous ser- 
pentines show rnorc or lcss of this original mineral. In other ctrses it has rcsultcd from the 
alteration of pyroxene or amphibole. Sections of the serpcnlinc derived from chrysolite 
oft,cn show a pcculinr structurr, like the meshes of a net 058); the l ina  markcd by 
grains of magnetite also follow the original cracks and cleavage directions of the chrysolltc 
(Fig. 959, a) .  The scrpentine from amphibole and pyroxene commonly shows an analogous 

structure; the iron particles follo\\.ing the formcr clcav- 
'968 ane lines. Hence tho nature of the original lnineral can 

orten be inferred. Cf. Fig. 059, a, b, L:' (~irsson) .  
- 

Camp. - A magnesium silicate, H4Mg3Si209 
or 3Mg0.2Si02.2H20 = Silica 44.1, magnesia 
43.0, water 12.9 = 100. Iron protoxide oftcn 
replaces a small part of the magnesium; nickel 
in small amount is sometimes present. The 
water is chiefly expelled a t  a red heat. 

F'yr., etc. - In the closed tube yields water. B. B. 
fuses on the edges with difficult F. = 6. Gives usually an iron reaction. Decom- 

osed by hydrochloric and sulp?kric acids. From chrysotile the silica is left in fine 
:be rs 
D&. - Characterized by softness, absence of cleavage and feehlc waxy or oily luster; 

low specific gravit ; by yielding much water B.B. 
Micro. - ~eac&y recognized in thin sections b its greenish or yellowish preen color; 

low relief and aggrcgatc polarization due to its fil)Srous structure. When the fibers arc 
parallel, the interferencecolors are not very low, but the confused aggregates may show 

a, Serpentine derived from chrysohte; b, from amphibole; c, from pyroxene 

the "ultra biue" or even be isotropic. The constant associa.tion with other magnesia bear- 
ing minerals like chrysolite, pyroxcne, hornblende, etc., is also charactcrist.ic. Thc presence 
of lincs of iron oxide particles as noted abovc (Fig. 959) is characteristic. 

Obs. - Serpentine is always a secondary mineral resulting, as not,ed above, from the 
alteration of silicat,es containing magncsia, particularly chrysolitr, amphibole or pyroxene. 
I t  frcqucnt.ly forrns Iargc rock-ma.scs, then being derived from the alterat,ion of pcridot,ites, 
dunites and other basic rocks of igneous origin; also of amphibolitrs, or pyroxene and 
chrysolite rocks of metamorphic origin. In the first case it  is usually accompanied by 
spinel, garnet, ehromite and sometimes nickel ores; in the second case by various carbo- 
natcbs such as dolomite, magncsitc, breunnerite, etc. 

Crystals of scrpentine,,pseudomorphous after monticellite, occur in the Fassatal, Tyrol, 
Austria. A variety conta~nlng soda from the Zillertal, l'yrol, is called n a a p h y l l i l e .  Near 
Miaslc a t  Lake Aushkul, Rarsovka, Ekaterinburg, and elsewhere in Russi?; in Norway, 
a t  Snarum; etc. Finc precious serpentines come from Falun and Gulsj6 In Sweden, the 
Isle of Man, the neighborl?ood of Portsoy in Aberdeenshire, Scotland; t,hc Lizard in Corn- 
wall, England; Corsica, Sibena, Saxony, e t ~ .  

In North America, in Me., a t  Deer Isle, precious scrpentine. In Ver., a t  New Fanc, 
Roxbury, etc. In I\~Iass., fine a t  Ncwbwport .  In R. I., a t  Newport; bowenrile a t  Smith- 
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field. In Conn., near New Haven and Milford, s t  the verd-antique quarries. In N. Y., 
at Port Henry, Essex Co.; a t  Antwerp, Jefferson Co., in crystals; in Gouverneur, St. 
Lawrence Co., in crystals; in Cornwall, Monroe, and Warwick, Orange Co., sometimes in 
large crystals a t  Warwick; and from Richmond to New Brighton, Richmond Co.; Brew- 
sters. In N. J., a t  Hoboken, with brucite, magnesite, etc.; a t  Montville, Morris Co., 
chrysotile and retinalite, with common serpentine, produced by the alteration of pyroxene. 
In Pa., massive, fibrous, and foliated, a t  Texas, Lancaster Co.; a t  West Chester, Chester 
Co., williamsite; a t  Mineral Hill, Newtown, Marple, and Middletown, Delaware Co. In 
Md., a t  Bare Hills; a t  Cooptown, Harford Co., with diallage. In Cal., a t  various points 
in the Coast Range. Asbestus in notable deposits is found in the Grand Canyon, Ash 
Creek and Sierra Ancha Mts., Arix. 

In Canada, abundant among the metamorphic rocks of the Eastern Townships and 
Gasp6 peninsula, Quebec; a t  Thetford, Coleraine, Broughton, Orford, South Ham, Bolton, 
Shipton, Melbourne, etc. The fibrous variety chrysotile (asbestus, bostonite) often forms 
seams severaLinches in thickness in the massive mineral, and is now extensively mined for 
technical purposes. Massive Laurentian serpentine also occurs in Grenville, Argenteuil 
Co., Quebec, and North Burgess, Lanark Co., Ontario. In New Brunswick, a t  Crow's 
Nest in Poriland. 

The names Serpentine, Ophite, Lapis colubrinus, allude to the green serpent-like cloud- 
ines of the ser~entine marble. Retinalite is from iissrvir. resin: Picrolile, from rra&s. 
bizer, in allusion to the magnesia (or Bittererde) present; ~hermo~h~l l i t e ,  from 8iprv, bat ;  
and ~ ~ A A O V ,  leaf, on account of the exfoliation when heated; Chrysotile, from ~pucos, golden, 
and s'rAos, jibrous; Metaxite, from pisata, silk; ICfarmolite, from wppuipo, to shine, in allu- 
sion to its peculiar luster. 

Use. - As an ornamental stone; the fibrous variety furnishes the greater part of the 
heat insulating material known as asbestus. 

Deweylite. A magnesian silicate near serpentine but with more water. Formula 
perhaps 4Mg0.3SiOz.61120. Amorphous, resembling gum arabic, or a resin. H. = 2-3.5. 
G. = 29-25?. Color whitish, yellowish, reddish, brownish. Index, 1.55. Occurs with 
serpentine in the Fleimstal, Tyrol, Austria; also a t  Texas, Pa., and the Bare Hills, Md. 
Gymnite of Thomson, named from yupvhs, naked, in allusion to the locality at  Bare Hills, 
Md., is the same species. 

Genthite. Nickel Gymnite. A gymnite with p a ~ t  of the magnesium replaced by nickel, 
2Ni0.2Mg0.3Si02.6Hz0. Amorphous, with a delicate stalactitic surface, incrusting. 
H .  = 3-4; sometimes very soft. G. = 2'409. Luster resinous. Color pale apple-green, 
or yellovrish. From Texas, Lancaster Co., Pa., in thin crusts on chrornite. 

Nepouite. 3(Ni,Mg)0.2SiOZ.2H20. In microscopic crystal plates with hexagonal out- 
line. Good cleavages. H. = 2-2.5. G. = 2.5-3.2. Color pale to deep green. 8 = 1.62- 
1.63. Occurs in the nickel deposits of New Caledonia. 

Gamierite. Noumeite. An important ore of nickel, consisting essentially of a hy- 
drated silicate of magnesium and nickel, perhaps Hz(Ni,Mg)SiOl + water, but very variable 
in composition, particularly ss regards the nickel and magnesium; not always homogene- 
ous. Amorphous. Soft and friable. G. = 2.3-2.8. Luster dull. Color bright apple- 
green, pale green to nearly white. Index, 1'59. In  part unctuous; sometimes adheres to 
the tongue. Occurs in serpentine rock near Noumea, capital of New Caledonia, associated 
with chromic iron and steatite, where i t  is extensively mined. A similar ore occurs a t  Riddle 
in Douglas County, southern Oregon; also a t  Webster, Jackson Co., N. C. 

TALC. 

Orthorhombic or monoclinic. Rarely in tabular crystals, hexagonal or 
rhombic with prismatic angle of 60". Usually foliated massive; sometimes in 
globular and stellated groups; also granular massive, coarse or fine; fibrous 
(pseudomorphous) ; also compact or cryptocrystalline. 

Cleavage: basal, perfect. Sectile. Flexible in thin laminae, but not 
elastic. Percussion-figure a six-rayed star, oriented as with the micas. Feel 
greasy. H. = 1-15 G. = 2.7-2.8. Luster pearly on cleavage surface. 
Color apple-green to white, or silvery white; also greenish gray and dark 
green; sometimes bright green perpendicular to cleavage surface, and brown 
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and less translucent a t  right angles to this direction; brownish to blackish 
green and reddish when impure. Streak usually white; of dark green varie- 
ties lighter than the color. Subtransparent t,o translucent. Optically nega- 
tive. Ax. pl. I ( a (100). Bx 1 c (001). Axial angle small, variable. Indices 
approx.; a = 1.539. /3 = 1.589. 7 = 1.589. 

Var. - Foliated, I'dc. Consists of folia, usually easily se arated, having a greasy feel, 
and presenting ordinarily light green, greenish wh~te, and wRite colors. G. = 2.55-2.78. 

Massive, Steatite or Soapstone. a.  Coarse granular, grayish green, and brownish gray 
in color; H. = 1-2.5. Pot-stone is ordinary soapstone, more or less impure. b. Fine granu- 
lar or cryptocrystalline, and soft enough to be used as chalk; as the French chalk, which is 
milk-white with a pearly luster. c .  Indurated talc. An impure slaty talc, harder than 
ordinary talc. 

Pseudomorphous. a. Fibrous, fine to coarse, altered from enstatite and tremolite. 
b. Refuselmrite, having the form of pyroxene from northern New York and Canada. 

Comp. - An acid metasilicate of magnesium, HzMg3(Si03)4 or HzO. 
3Mg0.4Si0, = Silica 63.5, magnesia 31.7, water 4'8 = 100. The water goes 
off only a t  a red heat. Nickel is sometimes present in small amount. 

m., etc. - In the closed tube B.B., when intensely ignited, most varieties yield water. 
In the platinum forceps whitens, exfoliates, and fuses with difficulty on the thin edges to a 
white enamel. Moistened with cobalt solution, assumes on ignition a pale red color. Not 
decom sed by acids. Rensselaerite is decomposed by concentrated sulphuric acid. DX- Characterized by extreme softness, soapy feel; common foliated structure; 
pearly lustcr; it is flexible but inelastic. Yields water only on intense ignition. 

Obs. - Talc or steatite is a very common mineral, and in the latter form constitutes 
extensive beds in some re ions I t  is often associated with serpentine, talrose or chloritic 
schist, and dolomite, and frequently contains cryst,als of dolomte, breunnerite, also asbes- 
tus, actinolite, tourmaline, magnetite. 

Steatite is the material of many pseudomorphs, amon which the rriost common are 
thwe after pyroxene, hornblende, mica, scapolite, and spine?. The magnesian minerah are 
those which commonly afford steatite by alteration; while those like scapolite and nephelite, 
which contain soda and no magnesia, most frequently yield pinite-like pseudomo hs. 
There are also steat,itic pseudomor hs after quarts, dolomite, topaz, chiastolite, staurTite, 
cyanite, garnet, vesuvianite, chrysoEte, gehlenite. Talc in the fibrous form is pscudomorph 
after enstatite and tremolite. 

Apple-green talc occ~us at  Mt. Greiner in the Zillertal, Tyrol, Austria; in the Valais and 
St. Gothard in Switzerland; in Cornwall, England, near Lizard Point, with serpentme; the 
Shetland islands. 

In North America, foliated talc occurs in Me., at Dexter. In Ver., a t  Bridgewater, 
handsome green talc, with dolomite; Newfane. In Mass., a t  Middlefield, Windsor, Blan- 
ford, Andover, and Chester. In R. I . ,  a t  Smithfield, delicate green and white in a crystal- 
line limestone. In N. Y., a t  Edwards, St. Lawrence Co., a fine fibrous talc (agalite) wso- 
ciated with pink tremolite; on Staten Island. In N. J., Sparta. In  Pa., a t  Texas, 
Nottinham. Unionville: in South Mountain. ten milcs south of Carl~sle; a t  Chestnut Hill, 
on theY~chuylkill, talc and also soapstone, 'the latter quarried extensively. In Md., a t  
Cooptown, of green, blue, and rose colors. In N. C., a t  Webster, Jackson Co. The im- 
portant states for the production of talc and soapstone are New York, Vermont and Virginia. 
In Canada, in the townships Bolton, Sutton, and Potton, Quebec, with steatite In beds of 
Cambrian age; in the township of Elzevir, Hastingx Co., Ontarlo, an Impure grayish var~ety 
in Archaean rocks. 

Use. - In the form of soapstone used for wash tubs, sinks table tops, switchboards, 
hearth stones, furnace linings, etc.; the tips of gas burners, tkilors' chalk, slate pencils, 
carved ornaments, etc. ; in powdered form as filler in papers, as a lubricant, in toilet powders, 
etc. 

GAVITE is apparently a variety of talc, differing in the amount of water present and in 
its ~olubility in acids. From Gava valley, Italy. 

SEPIOLITE. Meerschaum. 
Compact, with a smooth feel, and fine earthy texture, or clay-like; also 

rarely fibrous. H. = 2-2.5. G. = 2. Impressible by the nail. In dry 
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masses floats on water. Color grayish white, white, or with a faint yellowish 
or reddish tinge, bluish green. Opaque. Biaxial, -. f l  = 1.55. 

Comp. - H4Mg2Si3010 or 2Hz0.2Mg0.3Si02 = Silica 60.8, magnesia 
27.1, water 12.1 = 100. Some analyses show more water, which is probably 
to be regarded as hygroscopic. Copper and nickel may replace part of the 
magnesium. 

Pyr., etc. - In the closed tube ields first hygroscopic moisture, and a t  a hi her tem- 
perature glves much water and a gurnt smell. B.B. some varieties blacken, t t en  burn 
white, and fuse with difficulty on the thin edges. With cobalt solution a pink color on 
ignition. Decomposed by hydrochloric acid with separation of silica. 

, Obs. - Occurs in Asia Minor, in masses in stratified earthy or alluvial deposits at the 
plains of Eskihi sher; a t  Hrubschitz in Moravia; in Morocco, called In French Pierre de 
Sanon de Maroc; at  Vallecas in Spain, in extensive beds. 

A fibrouq mineral, having the composition of sepiolite, occurs in Utah. 
The word meerschaum is German for sea-froth, and alludes to its lightness and color. 

Sepiolite is from &a, cuttle-fish, the bone of which is light and porous. 
Connarite. A hydrous nickel silicate, perhaps H4Ni2Si3010. In small fragile grains. 

G. = 2.459-2'619. Color yellowish green. From Rijttis, in Saxon Voigtland. 
Spadaite. Perhaps 5Mg0.6Si02.4Hz0. Massive, amorphous. Color reddish. From 

Capo di Bove, near Rome. 

SAPONITE. Piotine. 

Massive. In nodules, or filling cavities. Soft, like butter or cheese, but 
brittle on drying. G. = 2-24-2-30. Luster greasy. Color white, yellowish, 
grayish green, bluish, reddish. Does not adhere to the tongue. 

Comp. - A hydrous silicate of magnesium and aluminium; but the 
material is amorphous and probably always impure, and hence analyses give 
no uniform results. Contains SiO? 4&45 p. c., A1203 5-10 p. c., MgO 19-26 
p. c., HzO 19-21 p. c.; also Fe203, FeO, etc. 

Pyr., etc. - B.B. gives out water very readily and blackens; thin splinters fuse with 
dficulty on the edge. Decomposed by sulphuric acid. 

Obs. - Occurs m cavities in basalt, diabaae, etc.; also with serpentine. Thus a t  Lizard 
Point, Cornwall, in veins in serpentine; at  various localities in Scotland, etc. 

Saponite is from sapo, soap; and piotine from t h ~ ~ s ,  fat. 
LABSALLITE- Composition perhaps 3Mg0.2Alz0~.12Si02.'8H~O. In snow-white fibrous 

masses. G. = 1.5. From the antimony mine at  Miramont and a t  Can Pey near Arles-sur- 
Tech, 'France. 

Celadonite. A silicate of iron, magnesium and potassium. Earthy or in minute 
scales. Very soft. Color green. Index, 1.63. From cavities in amygdaloid a t  Mte. Baldo 
near Verona, Italy. 

Glauconite. Essentially a hydrous silicate of iron and potaasium. Amorphous, and 
resembling earthy chlorite; either in cavities in rocks, or loosely anular masswe. Color 
dull green. !rider, 1.61. Occurs in mcks of nearly all geologcgages; abundant in the 

green sand, of the Chalk formation, sometimes constituting 75 to 90 p. c. of the whole. 
Found abundantly in ocean sediments near the continental shores. A manganese glauco- 
nite from the Marsjat forest, Ural Mts., has been called marsjatskile. Greenalik is a green 
hydrated ferrous silicate found as granules in the cherty rock associated with iron ores of the 
Mesabi district, Minn. Resembles glauconite but contains no potash. 

Pholidolite. Corresponds approximately to K~0.12(Fe,Mg)0.A1z0s.13Si0z.5H20. In  
minute cr stalline scales. G. = 2'408. Color grayish yellow. From Taberg in  Werm- 
land, ~we ien ,  with garnet, diopside, etc. 
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IV. KAOLIN DIVISION 

KAOLINITE. Kaolin. 

Monoclinic; in thin rhombic, rhomboidal or hexagonal scales or plates 
with angles of 60" and 120". Usually constituting a clay-like mass, either 
compact, friable or mealy. 

Cleavage: basal, perfect. Flexible, inelatic. H. = 2-2.5. G. = 2.6-2.63. 
Luster of plates, pearly; of mass, pearly to dull earthy. Color white, grayish 
white, yellowish, sometimes brownish, bluish or reddish. Scales transparent 
to translucent; usually unctuous and plastic. 

Optically biaxial, negative. Bx, I b (010). Bx, and ax. pl. inclined 
behind some 20" to normal to c (001). Axial angle large, approx. 90". P = 
1 -482. 

Var. - 1. Kwlinite. In  crystalline scales, pure white and with a satin luster in the 
mass. 2. Ordinary. Common kaolin, in part in crystalline scales but more or less impure 
including the compact lithmrge. 

Comp. - H1Al2Si2O9, or 2EI2O.A12O3.2SiO2 = Silica 46.5, alumina 39.5, 
water 14.0 = 100. The water goes off at a high temperature, above 330". 

Pyr., etc. - Yields water. U.B. infusible. Gives a blue color on ignition with cobalt 
solution. Insoluble in acids. 
DB. - Characterized by unctuous, soapy feel and the alumina reaction B.B. Re- 

sembles infusorial earth, but readily distinguished under the microscope. 
Obs. -Ordinary kaolin is a result of the decom osition of aluminous minerals, espe- 

cially the feldspar of granitic and gneissoid mcks a n t  porphyries. In  some regions where 
these rocks have decomposed on a large scale, the resulting clay remains in vast beds of 
kaolin, usually more or less mixed with free quartz, and sometimes with oxide of iron from 
some of the other minerals present. Pure kaolinite in scales often occurs in connection with 
iron ores of the Coal formation. I t  sometimes forms extensive beds in the Tertiary forma- 
tion, as near Richmond, Va. Also met with accompanying diaspore and emery or 
corundum. 

Occurs in the coal formation in Belgium; Schlan in Bohemia; in argillaceous schist a t  
LodBve, Dept. of Hbrault, fiance; as kaolin a t  Diendorf (Bodenmais) in Bavaria; at 
Schemnitz, Hungary; with fluorite a t  Zinnwald, Germany. Yrieix, near Limoges, France, 
is the best locality of kaolin in Europe (a discovery of 1765); it affords material for the 
famous SBvrea porcelain manufactory. Large quantities of clay (kaolm) areJound in Corn- 
wall and West Devon, England. 

In the United States, kaolin occurs at  Newcastle and Wilmington, Del.; a t  various 
localities in the limonite region of Ver. (at Brandon, etc.), Mass., Delaware Co., Pa.; Jack- 
sonville, Ma.; near Webster, N. C.; Edgefield, S. C.; near Augusta, Ga. In crystal platea 
from National Belle mine, Silverton, Col. I+om Lawrence Co., Ind. 

The name Kwlin is a corruption of the Chinese Kauling, meaning high-ridge, the name 
of a hill near Jauchau Fu, where the material is obtained. 

Use. - The finer, purer grades used in the manufacture of porcelain, china, etc.; in the 
form of clay in pottery, stoneware, bricks, etc. 

Pholerite. Near kaolinite, but some. anal ses give 15 p. c. water. The original was 
from the coal mines of Fins, Dept. of Alher, dance.  

Faratsihite. (M,Fe)pO~.2Si02.2Hfi. Intermediate between kaolinite and chloropnl. 
Monoclinic. In microscopic hexegonrtl plat@. Soft. G. = 2. Color pale yellow. Index 
a little higher than. that of kaolinite. Difficultly fusible. Decomposed by hydrochloric 
acid. From Farats~ho, Madaga8car. 

HALLOYSITE. 

Massive. Clay-like or earthy. 
Fracture conchoidal. Hardly plastic. H. = 1-2. G. = 2-0-2.20. Luster 

somewhat pearly, or waxy, to dull. Color white, grayish, greenish, yellowish, 
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bluish, reddish. Translucent to opaque, sometimes becoming translucent or 
even tivansparent in water, with an increase of one-fifth m weight. 

Var. - Ordinary. Earthy or waxy in luster m d  opaque massive. Galapectite is hal- 
loysite of Angleur, Belgium. Pseu&shatite is an impure variety, dark green in color, with 
H. = 2.25. G. = 2.469. Indianaite is a white porcelain clay from Lawrence Co., Indiana, 
where it  occurs with allophape in beds four to ten feet thick. 

Smectite is greenish, and In certain states of hurmhty appears transparent and almost 
gelatinous; it  is from CondB, near Houdan, France. 

Bole, in part, may belong here; that 1s those colored, unctuous clays containing more 
or less iron oxide, which also have about 24 p. c. of water; the iron gives them a brownish, 
yellowish or reddish color; but they may be mixtures. Here belongs Bergseife (mountain- 
soap). 

Comp. - A silicate of aluminium (Al203.2SiO2) like kaolinite, but amor- 
phous and containing more water; the amount is somewhat uncertain, but the 
formula is probably to be taken as H4A12Si209.Hz0 or 2HzO.A12O3.2SiOz.H2O 
= Silica 43-5, alumina 36.9, water 19.6 = 100. 

F'yr. etc. - Yields water. B.B. infusible. A fine blue on ignition with cobalt solu- 
tion. hecomposed by acids. 

Obs. - Occurs often in veins or beds of ore, as a secondary product; also in granite 
and other rocks, beina derived from the decomposition of some alum~nous mnerals. 

TERMIERITE: A ciay-like substance resembling hdoysite of uncertain composition from 
the antimony mines of Miramont, France. 

Newtonite. HaAl2Si2Oll.H20. In  soft white compact masses resembling kaolin. 
Found on Sneed's Creek in the northern part of Pu'ewton Co., Ark. 

BATCHELORITE. Ala03.2SiOa.Ha0. A green foliated mineral from Mt. L y d  mine, 
Tasmania. 

Cimolite. A hydrous silicate of aluminium, 2A1203.9Si02.6Hz0. Amorphous clay- 
like, or chalky. Very soft. G. = 2'18-2'30. Color white, grayish white, reddlsh. From 
the island of Argentiera (Kimolos of the Greeks). 

Montmorillonite. Probably H2Al2Si,Ol2.nH20. Massive, clay-like. Very soft and 
tender. Luster feeble. Color white or grayish to rose-red, and bluish; also pistachio-green. 
Unctuous. Montmorillonite, from Montmorillon France, is rose-red. Confolensite is paler 
rose-red; from Confolens, Dept. of Charente a t  kt. Jean-de-Cole, near Thiyiers. 

Stolpenibe is a clay from the basalt of Stolpen, Germany. Saponite of N~cklL is a white, 
lastic, soap-like clay from the granite from which issues one of the hot springs of Plom- 

gi&res, France, called Soap Spring; it was named smegmatite by Naumann. 

PYROPHYLLITE. 
Monoclinic? Foliated, radiated lamellar or somewhat fibrous; also granu- 

lar to compact or cryptocrystalline; the latter sometimes slaty. 
Cleavage: basal, eminent. Laminae flexible, not elastic. Feel greasy. 

H. = 1-2. G. = 2.8-2.9. Luster of folia pearly; of massive kinds dull and 
glistening. Color white, apple-green, grayish and brownish green, yellowish 
to ocher-yellow, grayish white. Subtransparent to opaque. Optically -. 
Rx I cleavage. Ax. angle large, to 108". Mean index, 1.58. 

Var. - (1) Foliated, and often radiated, closely resembling talc in color, feel, luster and 
structure. (2) Compact massive, white, grayish and greenish, somewhat resembling com- 
pact steatite, or French chalk. This compact variety includes part of what has gone under 
the name of agalmatolite, from China; it is used for slate-pencils, and is sometimes called 
pencil-stone. 

Comp. - H2A12(Si03)4 or HzO.A1iO3.4SiO, = Silica 66'7, alumina 28'3, 
water 5'0 = 100. 

etc. - Yields water, but only a t  a high temperature. B.B. whitens, and fuses 
with d~hculty on the edges. The radiated varieties exfoliate in fan-like forms, swelling 



580 DESCRIPTIVE MINERALOGY 

up to many times the original volume of the assay. Moistened with cobalt solution and 
heated gives a deep blue color (alumina). Partially decomposed by sulphuric acid, and 
completely on fusion with alkaline carbonates. 

DiE. - Resembles some tdc,  but distinguished by the reaction for alumina with cobalt 
solution. 

Obs. - Compact pyrophyllite is the rnaterial or base of some schistose rocks. The foli- 
ated variety is often the gangue of cyanite. Occurs in the Ural Mts.; a t  WestanA, Sweden; 
near Ottrez, Luxemburg; Ouro Preto, Brazil. 

Also in white stellate aggregations in Cottonstone Mt., Mecklenburg Co., N. C.; in 
Chesterfield Dist., S. C., with lazulite and cyanite; in Lincoln Co., Ga., on Graves Mt. 
The compact kind, a t  Deep Rivcr, N .  C., is extensively used for making slate-pencils and 
resembles the so-called agalmatolite or pagodite of China, often used for ornamental 
carvmgs. 

Use. -For the same purposes as talc, which see. 

ALLOPHANE. 

Amorphous. In  incrustations, usually thin, with a mammillary surface, 
and hyalite-like; sometimes stalactitic. Occasionally almost pulverulent. 

Fracture imperfectly conchoidal and shining, to earthy. Very brittle. 
H. = 3. G. = 1.85-1.89. Luster vitreous to subresinous; bright and waxy 
internally. Color pale sky-blue, sometimes greenish to deep green, brown, 
yellow or colorless. Streak uncolored. Translucent. n = 1.49. 

Cornp. -Hydrous aluminium silicate, AlzSi05.5Hz0 = Silica 23'8, alu- 
mina 40.5, water 35.7 = 100. Some analyses give 6 equivalents of water = 
Silica 22.2, alumina 37.8, water 40.0 = 100. 

Impurities are often present. The coloring matter of the blue variety is due to traces 
of chrysocoIla, and substances intermediate between allophane and chrysocolla (mixtures) 
are not uncommon. The green variety is colored by malachite, and the yellowish and 
brown by iron. 

Pyr., etc. - Yields much water in the closed tube. B.B. crumbles but is infusible. 
Gives a blue color on ignition with cobalt solution. Gelatinizes with hydrochloric acid. 

Obs. - Allophane is regarded as a result of the decompo~ition of some aluminous sili- 
cate (feldspar, etc.); and it often occurs incrusting fimures or cavities in mines, especially 
those of copper and limonite, and even in beds of coal. 

Named from aXXor, other, and +aircoEar, to appear, in allusion to its change of appear- 
ance under the blowpipe. 

Melite. 2(rll,Fe)203.8i02.8H20. In imperfect prisms. Stalactitic, massive. H. = 3. 
G .  = 2.2. Color bluish brown. Infusible. From Saalfield, Thuringia. 

Coll rite. 2iU203.Si02.9H20. .? clay-like mineral, white, with a glimmering luster, 
greasy &el, and adhering to the tongue. G. = 2-2.15. From Erquerra in the Pyrenees. 

Schrdtterite. 8A120s.3Si0?.30H20. Resembles allophane; sometimes like gum in 
appearance. H. = 3-3.5. G. 7 1.95-2.05. Color pale green or yellowish. From Dollin- gr mountain, near Freienstern, rn Styria; a t  the Falls of Little River, on the Sand Mt., 

herokee Co., Ala. 
rhe following are clay-like minerals or mineral substances: Sinopile, smectite, catlinite. 

Cenosite. &Car(Y,Er)aCS~Oli. Orthorhombic. G. = 3'38. Color yellowish brown. 
From Hittero, Norway; Nordmark, Sweden. 

Britholite. A complex silicate and phosphate of the cerium metals and calcium. Hex- 
agonal. In minute crystals. H.  = 5.5. G. = 4.4. Color brown. From nepheline 
syenite region of Julianehaab, South Greenland. 

Erikite. Composition uncertain: essentially a silicate and phosphate of the cerium 
metals. Orthorhombic. In prismatic crystals. H. = 5.5. G. = 3.5. Color light yel- 
low-brown to dark gay-brown. From nepheline-syenite in South Greenland. 

Plazolite. 3Ca0.A1x01.2(SiOn,C02).2H~. Isometric. In minute dodecahedrons. 
H. = 6.5. G. = 3.13. Colorless to lrght yellow n = 1.71. From Crestmare, Cal. 
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Thaumasite. CaSiOs.CaCOs.CaS0,.15H~0. Massive, compact, crystalline. Cleavage 
in traces. H. = 3.5. G. = 1'877. Color whitc. UniaxialL -. o = 1.507. s = 1.468. 
Occurs filling cavities and crevices at  the ~ j e l k e  mine, near Areskuta, Jemtland, Sweden; 
a t  first soft but hardens on exposure to the air. Also in fibrous crystalline masses a t  Pat- 
erson, N. J.; from Beaver Co., Utah. 

Spumte. 2C&Si04.CaC03. Probabl monoclinic. In granular cleavable masses. 
H. = 5. Color pale gray. = 1.67. 1nJwible. From contact zone between limestone 
and diorite in Velardeiia mining district, Mexico. 

Uranophane. Uranotil. Ca0.2UO~.2Si0:r.GH~0. In radiated aggregations ; massive, 
fibrous. G. = 3'81-3'90. Color yellow. Blaxial, -. Indices, 1'650-1:670. .From the 
granite of Kupferberg, Silesia. Uramtil occurs a t  Wolsendorf, Bavana; M~tchell Co., 
N. C. 

Dixenite. MnSiO3.2Mn2(OH)AsO3. Hexagonal. In aggregates of thin folia. 
H. = 3-4. Basal cleavage. Color nearly black, red by transmitted light. Opt,ically + . n = 1.96. From Lingban, Sweden. 

Bakerite. A hydrated calcium borosilicate, ~ C ~ O . ~ B ~ O ~ . ~ S ~ O Z . B H Z O .  In compact 
masses resembling unglazed porcelain. H. = 4'5. G. = 2'7-2'9. Color white. Fw~ble. 
From borax deposits in Mohave desert, 16 miles N. E. of Daggett, San Bernardino Co., 
Cal. 

CHRYS0C0LLA. 
Cryptocrystalline; often opal-like or enamel-like in texture; earthy. In- 

crusting or filling seams. Sometimes botryoidal. In microscopic acicular 
crystals from Mackay, Idaho. 

Fracture conchoidal. Rather sectile; translucent varieties brittle. H. = 
2 4 .  G .  = 2-2'238. Luster vitreous, shining, earthy. Color mountain- 
green, bluish green, passing into sky-blue and turquois-blue; brown to black 
when impure. Streak, when pure, white. Translucent to opaque. Crystals 
from Idaho gave: Uniaxial, + ; w = 1.46; E = 1.57; weakly pleochroic, 
w = colorless, E = pale blue-green. 

Comp. -True chrysocolla appears to correspond to CuSi03.2H20 = 
Silica 34.3, copper oxide 45.2, water 20.5 = 100, the water being double that of 
dioptase. 

Composition varies much through impurities; free silica, also alumina, black oxide of 
copper, oxide of iron (or limonite) and oxide of man anese may be present; the color con- 
sequently varies from bluish green to brown and bfack It has been su gested that the 
composition of most 'chrysocolla is not definite but that id is usually in the krm of a mineral 
gel with copper oxide, silica and water occurring in varying proportions according to the 
conditions of formation. 

Pyr., etc. - In the closed tube blackens and ields water. B.B. decrepitates, colors the 
flame emerald-green, but is infusible. With tXe fluxes gives the reactions for copper. 
With soda and charcoal a globule of metallic copper. Decomposed by acids without 
gelatinization. 

Obs. - Accompanies other co per ores, occurring esperially in the upper part of veins. 
Found in copper mines in cornwalf, England; Hungary; Siberia; Saxony; South Australia; 
Chile, etc. 

In the United States, similarly at  the Schuyler's mines, N. J.;  a t  Morgantown, Pa.; a t  
the Clifton mines, Graham Co., in Gila Co., Ariz.; Emma mine, Utah. In crystals from 
Mackay, Idaho. 

Chrgsocolla is from xpvuos, gold, and K ~ A A ~ ,  glue, and was the name of a material used 
in soldering gold. The name a often applied now to borax, which is so employed. 

Use. - Chrysocolla may serve as a minor ore of copper. 
Shattuckite. 2CuSi03.E120. Compact, granular, fibrous. G. = 3.8. Color blue. 

Indices, 1.73-1.80. Pleochroic, dark to light blue. Found a t  Shattuck mine, Bisbee, 
Ariz., forming ~seudomor~hs  after malachite. - - 

Bkbeeite. ~ u ~ i ~ a . ~ b .  Orthorhombic, fibrous. Color pale blue to nearly white; 
Elongation of fibers positive. Indices 1.59 to 1.65. Pleochroic, very pale green to pale 
olive-brown. Found a t  Shattuck mine at  Bisbee, Ariz., resulting from the hydration of 
shattuckite. 
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CHLOROPAL. 

Compac t  massive, with an opal-like appearance; ear thy .  
H. = 2.5-4.5. G. = 1.727-1.870, ear thy  varieties, the second a conchoidal 

specimen; 2.105, Ceylon. Color greenish yellow and pistachio-green. 
Opaque  to subtranslucent. Fragile. Frac ture  conchoidal a n d  spl intery 
to  ear thy .  Adheres feebly t o  the tongue. 

Var. - Ch7oropal has the above-mentioned characters, and was named from the Hunga- 
rian mineral occurring at  Unghwar. 

Nontronile is pale straw-yellow or canary-yellow, and greenish, with an unctuous feel; 
flattens and grows lumpy under the pestle, and is polished by friction; from Nontron, 
Dept. of Dordogne, France. Pinguite is siskin- and oil-green, extremely soft, like hew- 
made soap, with a slightly resinous luster, not adhering to the tongue; from Wolkenstein 
in Saxony. Graminite has a grass-green color (whence the name), and occurs a t  Menzen- 
berg, in the Siebengebirge, Germany; in thin fibrous seams, or as delicate lamell=. 

Comp. - A hyd ra t ed  silicate of ferric iron, perhaps  with the general  
formula H6Fc2(Si04)3.2H20 01. Fe~0,.3SiO,.FiH~0 = Silica 41.9, i ron sesqui- 
oxide 37.2, water  20-9 = 100. Alumina is present i n  some varieties. 

The water and silica both vary much. The Hungarian chloropal occurs mixed with 
opal, and graduates into it, and this accounts for the high silica of some of its analyses. 

Obs. - Localities mentioned above. Chloropal occurs also a t  Meenser Gteinberg near 
Gottingen, Germany; pinguile a t  Sternberg, Moravia. On Lehigh Mt., Pa., south of 
Allentown, occurs in connection with iron deposits. From Palmetto Mts., Esmeralda Co., 
Nev. 

H~FERITE.  An iron silicate near chloropal. Color green. From Kiitz, Bohemia. 
MMiillerite. Zamboninife. FesSi3O8.2Hz0. Massive. Resembles nontronite. Soft. 

G. = 2.0. Color yellowish green. Infusible. From Nontron, Dordogne, France. 
Hisingerite. A hydrated ferric silicate, of uncertain composition. ilmorphous, com- 

pact. Fracture conchoidal. H. = 3. G. = 2.5-3.0. Luster greasy. Color black to 
brownish black. Streak yellowish brown. From Riddarhyttan, Tunaberg, Sweden; 
Lingban, etc., Norway; from Greenland. 

Morencite. A hydrated ferric silicate of uncertain composition. Fibrous. Color 
. brownish yellow. From Morenci, Ariz. 

.- 

The following are hydrous manganese silicates. 
Bementite. HaMnl(SiO4)c. Orthorhombic. Cleavages J J  to three pinacoids. In soft 

radiated masses resembling pyrophyllite. G. = 2'981. Color pale grayish yellow. From 
the zinc mines of Franklin Furnace, N. J. 

Ectropite. Mn2SiaOy1.7Hg0. Monoclinic(?). In thin tabular crystals. Good cleavage. 
H. = 4. G. = 2.46. Color brown. Opaque. Indices, 1'62-1'63. From Lbngban, Sweden. 

Agnolite. H2Mn,(SiOs)r.H20. Name given to the manganese silicate occurring as 
part of the material from Schemnitz, Hungary, known as manganocalcite. Triclinic. In  
radiating fibrous masses. Color flesh-red to rose. H. = 5. G. = 3.0. 

Ill 

Orientite. Ca4Mn4!SiOd)s.4Hz0. Orthorhombic. Radiating prismatic. Brown to 
black. Transparent to opaque. H. = 4'5-5. G. = 3. OptlcaLly f .  a = 1'758. 
8 = 1'776. -y = 1'795. From Oriente Province, Cuba. 

H o d y n i t e .  3(Zn,Mn)O.SiO?.H@. Monoclinic In  acute pyramidal cryst&. 
Perfect asal cleavage. H. = 4.5-5. G. = 3.91. Color, bright pink to reddish brown. 
n = 1.73. Decrepitates and then fuses readily. Soluble in acids. &om Franklin, N. J. 

Gageite. - A hydrous silicate of manganese magnesium and zinc, 8R0.3Si02.2&0. In 
radiating groups of needle-like crystals. ~ o l o r i e a ~  and transparent. From Franklin, N. J. 

Caryopilite. A proximately 4Mn0.3Si02.3HZ0. In stalactitic and reniform shapes. 
G.  = 2.83-2.91. &lor brown. From the Harstig mine near Pajsberg, Sweden. 

Neotocite. A h drated silicate of manganese and iron, of doubtful composition, usu- 
ally derived from t i e  alteration of rhodon~te. Amorphous. Color black to dark brown 
and liver-brown. 
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Searlesite. NaB(Si08)2.H20. Monoclinic ( l ) .  In minute spherulites composed of 
radiating fibers. Color whlte. Indices, 1.52-1.53. Fusible. Decomposed by hydro- 
chloric acid. Found at Searles Lake, San Bernardino CO., Cal. 

Colerainite. 4Mg0.;11,0a.2Si02.5Hz0. Hexagonal. In minute, thin, hexagonal plates. 
H. = 2.5-3. G. = 2.51. Colorless or white. Optically +. Index, 1-56. Foundin Black 
Lake area, Coleraine township, Quebec. 

TARTARKAITE. A complex hydrous silicate of aluminium, magnesium, etc. Tabular 
crystals. G. = 2.7. Color dark gray to black. Uniaxial, +. In limestone on the Tar- 
tarka river, Yenisei District, Sibena. 

ITANO-SILICATES, TITANATES 

This section includes the common calcium titano-silicate, ~ i k t e ;  also a 
number of silicates which contain titanium, but whose relations are not alto- 
gether clear; further the titanate, Perovskite, and niobo-titanate, Dysanalyte, 
which is intermediate between Perovskite and the species Pyrochlore, Micro- 
lite, Koppite of the following section. 

In general the part played by titanium in the many silicates in which it enters is more 
or less uncertain. It is probably in most cases, as shown in the preceding ages, to be taken 
as replacing the silicon; in others however, it  seems to play the part of agaaic element; in 
schorlomite (p. 510) it may enter) in both relations. 

TITANITE. Sphene. 

Monoclinic. Axes a : b : c = 0.7547 : 1 : 0.8543: B = 60' 17' 
mm"', 110 A i i o  = 66' 29'. 
cx, 001 A 102 = 21' 0'. 
ss', 021 A 021 = 112" 3'. 

, . 
lzf, i i z  A Ti2 = 460 73'. 
n, 001 A 111 = 38" 16'. 
cm. 001 A 110 = 65" 30'. 

Twins: tw. pl. a (100) rather common, both contact-twins and cruciform 
penetration-twins. Crystals very varied in habit; often wedge-shaped and 


