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INTRODUCTORY NOTICE. 

THE foliowing pages are intended to supply the studcnt with an elementary treatise on 
the science of Cryetallography, and a systematic arrangement and description of the 
various Mirais found in nature. 

These treatises wjil, it ie hoped, be found to contain aii the information which can 
be required by a stndent wishing to master the elemente of those sciences. 

The various forma of Crystala are referred to six gea t  classes or systema; under 
eaeh system wiii be found a complete list of all the Minerale h o w n  to have assumed 
forms and faces belonging to it, together with the angular elcmenta which determine 
their relation to th& axes. Each form belonging to the system is then described ; its 
mathematical properties discussed; simple geometical constmctiona are gken for 
modelling every variety which c m  occur in nature, as well as d e s  for represcnting 
them on paper, and la-g down their poles on the sphere of projection or ita map. 
This is followed by a list of ail the species of the fonn which have been observed in the 
Miieral Kingdom, the symbol~ used by various authors for their description, and their 
respective angles. 

AU the important f o m u h  for the calculations of the angles of Crystals me given, 
and these formula are solved for nearly every case which haa been recorded in the best 
and most recent works on Mineralogy. Indeed, it may be stated, with perfect pro- 
priety and truth, that this is the only treatise at a l l  available to the student in which 
the systems of Crystdography are trcated in a manncr suitable for the class or lecture- 
room. 

I n  the systematic description of the principal physical properties of Mine&, the 
chemical arrangement of thc British Museum ha8 been foliowcd, as possessing great 
advantages fqi. those who may avail themaclves of the facilitics dorded them in con- 
sulting one of the &est collections of Minerals in the world. 

The student is thus presentcd with two distinct classilications of Mine&,-one in 
the Crystallography, according to the forma of th& cryetals, and the other foiiowing 
thcir chemical composition. 
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1 CRTSTALLOGRAPHY AR'D MINERALOGP. 

' C E ~ T A L L O G ~ ~ ~ H Y ,  whiie it is of great value to the chemist and nuturai philosopher in 
their rcsearchcs, is so important a b m c h  of Mineraiogy, that it is impoeaible to make 
nny progress in that science without some lrnowledge of its principles. We therefore 
intend to m&e our Treatise on Crystallography serve aa an introduction to Mineralogy. 
The hardness, speci5c gravity, chemical composition, and other properties of minerais, 
as weli a s  the localities in which they are found, and their scientiiic arrangement, will 
follow the Treatise on Crystallography. 

Crystallograpby.-In the mineral kingdom a great variety of solid bodiea are 
met with, bounded by plane smooth surfaces. These bodies are cailed crystals, and i t  
is the province of the science of Crystallography to inveatigate their mathematical 
properties, to cleasify and arrange them. The surfaces of crystaZs an, not a h a y s  
plane ; they are aometimes curved ; but these curved surfaces are compmtively m. 
Crystals are not conûned to the mineral kingdom ; they occur very hqnently among 
the products of the chemical laboratory. Aimost dl the saits, and a great many other 
aubatances, under favourable circamstances, assume the form of crystsls. 

Some crystals are very simple in their formq and present solide remarkable for 
thei symmetrg ; while others are exceedingly complcx, being boundea by more thnn a 
hundred dilïerent d a c e a .  

We are ignorant, as yet, of the manner in which the majority of crystsls belonging 

I to the minera1 kingdom are formed. Very few can be reproduced by the chemist ; and 
those which can, are g e n e d y  smaiier than the naturai oneq and preaent few of their 
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290 CRYSTALLIZATION. 

modiflcatioiis. Crystals of quartz occur of an immense size in nature, somesingle 
crystals weighing many pounds. It is doubtfui if uny cqstals of th% substance have 
been obtained artilîcially. Crystals of carbonate of lime occur in nature of dmost 
every size, and in almost numberless varieties of form; while the artiûcial crystaîs are 
almost microscopical in chwacter. The diamond, which is carbon in a crystdizcd 
state, hm never becn produced by art ; but some very minute cqstals of a few of the 
other gems have been formed by the chemists. 

Though w are ignorant of the means by which the great majority of crystah have 
been formed in the gr& laboratory of rtahire, we can crystailiie an immense variety of 
substances N'othhg oan be more intbnxting, a%ni at the same time more instructive 
to the student of crystallography, than tb watt& the procesmof ciystallization for 
himseif, and observe the gradua1 gromth of crgatalss 

Altificiad -&Ma.-Crystals may be o b t a i d  by k o u s  methods Most of 
the salts, rtsweil a;am&t$ other substancas whicbare soluble in wttq deposit crystals 
as their solutions m% @Lally evaporated. Bismuth, and most othcr metais, assumc 
the crystalline f o m  as tHey pass from the fluid to the solid statb after being melted. 
Some bodies become crystdized by the process of sublimation, Orystals are formcd by 
the electro-galvanic decompmition of some solutions; thus, t h  crystdizes by the 
reduetion of a solutioiuolitr: protochloride by a gdvanic currcnt. Crystals of suiphur 
may be obtained in three ways,-by sublimation, by the evaporation of its solution in 
bisulphide of carbon, and by cooling from a state of fusion. 

Crystals, Crystall ine,  a n d  Amorphor~s  Substances.-AU solid substances 
which do not owe their structure to the vital forces of the animal or vcgetable kingdom 
are crystals, crystailine, or amorphous. Crystals have been already described. A 
crystalhe body consists of a confused aggregation of minute or imperfect crystals; and 
an amorphous body is one in which, as its name implics, no form or structure can be 
observed. Sugar-candy consists of crystals of sugar; loaf-sugar is crystalliue, and 
barley-sngar is amorphous. We meet with crystals of carbonate of lime in calcarcous 
spar and amagonite ; marble is a crystahe,  and chalk an amorphous form of the same 
substance. 

Baces, Edges,  Angles,  and A x e s  of Crysta1s.-The plane surfaces by 
which a crystai $ boundedare cailed its faces. An edge is the line f&xd by the union 

union of more 

plane angles are 
the angles on a 

A 8 As 
Fig. 1.-The Cube. face, bounded by Fig. 2.-The Octahedron. 

the intersection of its boundary edges. Axes are imaginary lines, drawn through 
a c@d for the convenience of calculation, or for the purpose of describing its geo- 
metrical properties. Crystalline forms are the simplest mathematical soli& in which 
crystals occur, or to which their faces are parallel. 
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COMPOURD CRYBTALLINE PORMS. 291 

If as much common salt be thrown into boiling water as it will dissolve, beautifid 
cubes W U  be seen to form rapidly on its eurface aa it cools, as meil as on the 
sides of the vessel in which it is contained. The same thingwill occur more slowly, if 
a saturated solution of salt in cold water be dowed to evaporate spontaneously. A 
w m  solution of aium wiLi deposit octahedral crystals on strings suspended in it, 
as well as on the sides of the vessel containing it as it cools. The surfaces of the cube 
are d squares, those of the octahedron cquilateral triangles ; the cube is boundeà by 
six squares, the octahedron by eight triangles. 

Compound Crgstalline Forms.-If an octahedrai 
crystd of ai& be left suspended, at the ordinary tem- 
perature of the atmosphere, for a day or two, in the soln- 
tion of alnm in which it was formed, though the crystal 
wili increase in siee, ita form will generally b d t e r e d .  The 

@ 
six solid angles, formed by the junction of four of the eqni- 0" 
lateral faces, wiii be found replaced by flat square surfaecs; 
so that the crystal will present the appearance representcd in Eig. 3. 

Fig. 3, where the cight faces, bouuded by six edges, andmarkcd O , O,, &c., O,, di bc 
pardel to those of the octahedron h t  formed by tho so- 
lution. 

If  the six square 
faces, marked P,, Pz, 
&c., P,, be produccd 
till they intersect one 
another, these intcr- 
sections will give the 
outline of a cubc, whiie 

Fig. 4. the faces O,, O,, &c., 
O,, bcing similnrly produced, will complete the 
figure of an octahedron, as shown by Fig. 4. 

Such a crystai as this is c d c d  a combina- 
tion of the forms of the cube and octahcdron. 
The fxes which, bcingproduced, form a cube, arc 
callcd the cubical faces ; and those which form 
the octahedron, octahcdrd faces. Fig. . 

Far more complicatcd forms are f o n d  in nature. Fig. 5 represents a cube of fluor 
Pl 

Pa 

Fig. 6. Fig. 7. Fig. 8. 
Bhombic Dorlecnhedron. Twenty-four-faced Trapezohedron. Three-faced Octahehon. 

qar ,  e V  edge of which is modiicd or replaced by a plane snrfaae, inclined ta the sur- 

IRIS - LILLIAD - Université Lille 1 



292 MODIFICATION OF CRYSTALLINE FORXS. 

face of the cube; and every solid angle of the cube is replaced by tmelve planes. 
The ci-ystal has therefore one hundred and fourteen faces. 

The sis faces, P,, P,, P,, &c., Po, are parallel to thc 
faces of the cube (Fig. 1). 

The faces, r,, r2, r3, &c., yI2, which replace the edgcs 
of the cube, are parallel to a twelve-faced figure, callcd 
the Rliombic Dodecahedron (Fig. 6). 

The twenty-four faces a,, c,, a,, &c., which modify 
cach solid anglc of the cubé, are parallel to the surfaces of 
the twenty-four-faced trapezohedron, bouuded by twcnty- 
four similar and equal four-sided faces, callcd deltoi&, or 
trapmiutns (Fig. 7). Fix. 9.-Six-faced Octnhedron. 

The twenty-four faces, b,, b2, b,, &c., are parallcl to the surfaces of the twenty-four- 
faced figure c a k d  the three-faced octahedron, each of whose faces is a similar and 
s pal isoscelee~ triangle (Fig. 8). 

And the forty-eight faces, e,, Q, ea, e,, e,, e,, &c., are parallcl to the surfaces of a forty- 
cight-faced figure, callcd the six-faced octahedron, cach of whose faces arc scalcnc 
triangles, similar and equal to each other (Fig. 9). 

P+%odifications of Forms.-Crystals of simple forms, such as the octahcdron, 
are sometimes formed with as much accuracy as the geometrical solid; but at othcr 
times thc faccs are so modified as to render it d%cult, at e s t  sight, to recognise 
the form to which they belong. The three accompanying figures (Figs. 10, 11, and 
12) represent modifications of the octahedron frequently observed among the crystals 

Fig. 10. Pig. 11. Fig. 12. 

of alum On examination, it d i  be found that the faces O,, O,, &c., O,, are each parallcl 
to a face of an octahcdron; and that the inclination of any one face, such as O, on 
any of the adjacent faces, such as O,, or O,, is nn ~ g l e  of 109" 28', as it is in the regu- 
lar octahedron. 

P o r m s  of Crystals independent  of t h e  s i ze  of t h e i r  Faces and Edgos. 
-From what hm been stated, with regard to the octahedron, i t  appears that the 
geometrical form, to which the faces of a naturd crystal are referred, is independent of 
the size of the face, or even the form of its outiine. Thus, the faces of an octahcdron 
are al1 equilateral triangles, while aome of the faces in the three preceding figures are 
bounded by four edges, as O, and O, (Fig. IO), O, and O, (Fig. I l) ,  and some by six, as O, 

(Fig. 12). A regular octahedron, or cube, may be of any size, from one requiring a 
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CLEAVAGE. 293 

microscope ta perceivc it, to one whose edges are severai inches in length. The faces 
of a compound crystal are aiways referred to the simplest symruetricai solid to which 
they are paraiiel. This parallelism is determined by the mensurement of the inclination 
of one face to anothcr. This inclination is determincd by instruments cailcd gonio- 
meters, which will bc described hereafter. 

Cleavage-Some minerala are found to split, or cleave, with greater ense and 
rcadiness in some directions than others. I n  some cases, as in cnlmreous spar and 
fluor spar, this cleavage takes place with great faciiity, and displays very smooth sur- 
faces. The cleavage is generdy pnraiiel to some crystaiiine form ; that of calcarcous 
spar being parallel to the six faces of a figure called the rhombohedron, and that of 
fluor spar parallel to the eight faces of the octahedron. 

If a cube of fluor spar, A,, 8 2 ,  &c., A,, have diagonals, A, A,, A, A,, joining the 
opposite angles of its square faces, scratched 
upon them. It wiil be found thnt a knife As A n  

being applied, with ita edge on one of the dia- 
gonal~ A, A,, and the blade of the knifo in the A4 

same plane ~15th the triangle A, A, A,, a smart 
blow from a hammer, on the back of the knifc, 
wüï detach the solid pyramid A, A, A, A,, 
from the cube. In  a sirnilar mnnner, the pyra- 
mids A, A, A, A,, A, A, A, A,, and A, A, 
A, A,, may be removed, leaving a rcgular O 

tetrahedron, A,, A,, A,, A,, as the nucleus of the 
cube. -45 

By rcmoving the four pyramids whoso Fig. 113. 

vcrtices are, A,, A,, A,, and A,, another tctrnhcdron in the position A, A, A, A,, 
might have been obtained. 

Nature thus affords a dcmonstration of the 1st proposition of the 15th Book of 
Euclid-'' Eow to nitscribe a regulnr Telrahedron in a Cubc." 

By rcmoving the cight solid pyramids, whose vertices arc respectivclj- A,, A, &c., 
A,, and rcplaciug the removed fingmcnts, we 

9 should see, within our transparent cube of f lux 

Fig 14. 

spar, a r&ular octahcdron-P, P, &c., P,, in- 
closcd within thc cube, and reylarly inscribcd 
in it, as the octahcdron is inscribcd in a cubc 
by thc 3rd Prop. of the 15th Book of Euclid. 

Systems of Cxysta1s.-Te have sccn 
that one substance, such as fluor spar, prescrits 
on its crystals faces paralicl to several differcnt 

h, mathematical symmctrical solid forms. 811 
these forms can be shown to have certain m3- 
thematicai relations to the cube or the regiilar 
octahcdron. Other substances, whose crystals 

occur in the form of the cube or octahcdron, or have faces parallel to these forms. 
present us with cq-stals either in the form, or with faces paraiicl to the samc mathc- 
mathical solids. 

These solids, thus associated in nature, and possessing certain mathematical pmperties 
in common, are classed together in one systcm, cailed the cubicai or octahedrai system. 
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Other substances occur in forms similar to, or with their faces paraliel to, other 
mathematical solids, differing in thcir mathematical properties h m  those of the cubical 
system. These forms are classcd together under other systems. 

It may be obscmcd, that faces paraliel to the forms of one system are not found on 
thc same crystal combincd with faces paralie1 to the faces of forms belon,hg to a 
diffmnt system of crystalLization. Thus, faces parallcl to  the eight faces of thercguiar 
octahedron are found on crystals, associated only with faces parallel to the form of the 
cubieal system, and not to forms belonging to the other systems. 

Some one form may be taken as the type or primitive form, from which al1 
others of the same system may be easily derived. This typical or primitive form 
is quite arbitraq ; and it m y  be either a prism, an octahedron, or some other simple 
form. 

1st system.-The cubical, or octahedrai ; according as n c  consider the regular cube 
or regular octahedron its typical or primitive form. 

2nd system.-Square, prismatic, or pyramidal. Typical form, a prism on a square 
base, or octahedron on a square base. 

3rd system.-Rhombohedral, or hexagonal. Typical form, the rhomboid or the hexa- 
gonal prism. 

4th systcm.-Prismatic, or rhombic. Typical form, a right prism on a rhombic 
base, or octahedron on a rkombic base. 

5th system.-Oblique. Typical form, an oblique piism on a rhombic base, or 
oblique pyramid on a rhombic base. 

6th systcia-Anorthic, or doubly oblique. Typical form, a doubly oblique prism or 
octahedron. 

This system is caiied the czrdical or tesseral (tessera, a cube), if its f o m  are re- 
garded as dcrivedfrom the cubc ; thc oefahedral, if its forms are dcrived h m  the regular 
octahcdron. It is &O cded  the replar  or Grnetrical, from the properties of ita axes. 

The axes of this systcm wili be described under the CUBE. 
The Aolol~edral fornu of this system, or those forms which possess the highest 

dcgce of symmetry, are the cube, octahedron, rhombic, dodecahedrm, three-fmed 
oetahedron, tzce ty-fozcr-facd U'ape:oledrou, four-faced cube, and the six-faced octa- 
Ledron. 

Froni each of thcsc, with the exception of the cube and rhombic dodccahcdron, 
other forms arc produced by the devclopment of half their faces; these are c d e d  lm& 
hedral. 

The hernihcdral form of the octahedron is the tetralredrm ; that of the three-faccd 
octahedron, the tccelte-faced-trape-ohedron; that of the twenty-four-faccd trapezohedron, 
the three-fmed-tet~ahedron; and that of the four-faced cube the pentagonal dodecahe- 
dron. The six-faced octahedron has two hemihedral forms ; the six-faced tetmr'iedron 
and a twntty-four-faced trapmhedron ha% two sides of its trapczoidal face paraliel. 
Of these, two-the pe~dagonal dodecahedrm and the heniihedra2 twenty-four-faced tîa- 
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pezohedron-have their faces parailel to one another, in pairs, and are ealied Iiemihe- 
dru2 f o i m  toith parallez faces. 

The other hemihedrai forms are caiied hemihedral f o m  with ihclined faces. 
T h e  Cube.-The cube or hexahcdron (six-faced), is a solid bounded by six square 

faces; i t  has eight solid four-faced angles, A, A,, Src., A, (Fig. 15), and twelve edges, 
A, A,, A, A,, &c. Every face is inclined toits adjacent faces at an angle of 90'. 

Azea of the Cube and the Cubital System. 

hbical i4zes.-If diagonals be drawn through the opposite angles of the faces 

24 3 

3 A5 
Fig. 15. 

of the cube, they wiil intersect one another in the centre of each face. Let P,, P ,  P,, 
P,, P,, Pa (Fig. 16), be these six centres. 

Join P, P,, P, P,, and P, P,. 
These three lines will intersect one another in the point C. They arc cnlled the 

wgular m vactangular uxe8 of the cubical system. 
Reekoning from Cl which is the centre of the cube, ench of the sis iines, CP, CP,, 

&c., CP,, are equal to each other, and,they are each perpcnciieular to a facc of the cube 
at the point P, and the adjacent ones arc inclined 

A. to  each other at an angle of 90 . \*m one opposite Octahedral solid to angle it, Azm. we of shall the - If then cube lines hwc to be the four rlrawn soiid lines, angle from A, 

A,, 4 A,, A, A,, and A, A, (Fig. 17), intersecting 
one another at the sanie point, C, as the cubieai 
axes. Theee lines are ail equal, and inclined to 
one another at an angle of 70" 32'. 

.. . The eight iines CA, C h ,  &c., CA,, are ench 

.....' /--& .'% perpenrlicular to a face of the octahcdron inscribcd 

A8 -45 
in the cube. They are thorefore caücd the octo- 

Fig. 17. hedrd axes. If C P, or C P, be t&en as tho 
unit, Cd, C&, &e., will each be equai t o  t/3. 
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Rlwinbic Azes-Let B, B2 Bi,, &c., BI?, be the centres of each of the twehe edges 
Bs of the cube. Join BI BI,, B,B,,, &c. Thcse six 

lines dl intersect one another in C, the centre of 
thc cube. Each of the lines CB, CB,, &c., CB,,, 
nre equal to one another, and perpendicular to 

l 
a face of the rhombic dodecahedron inscribrd 

B6 in the cube. They are called the rhonabie 

8 ares, and the adjacent ones are inclined to each 

l other at an angle of 60". Taking Cl',, the 
cubical axis as = 1, CB,, CB,, &c., each = I 2 .  

I Normals.-A line drawn through a aven  

Bis point perpendicular to the face of a crystalline 
Fig. 18. form, is ealled a iwvmal to that face from the 

given point. Thus thc cubical axes are nor- 
nids to the faces of the cube from the point C, and the octahcdral and rhombic axcs 
arc normals to the faces of the octahcdron and rhombic dodccahctlron fiom the sanie point. 
To draw a Gide.-The perspective uscd in drawing crystals is d e d  komc- 

trical. I n  this, the lines which in tlic ordinary system of perspective are drawn 
cmverging to a point, are  drawn parallcl to one anothcr. It is the most convenient 
method for representing geometrical solids. 

Descnbc a square, A, A, A, A, (as at Figs. 2 and 15), of any convcnient size. 
Draw the iine A, A,, nt an angle of about 30" to thc line A, A,. Then, through 
A, A, and A, draw A, A,,, A, A,, and A, A, parallel to A, A,. Make A, A?, A, A,, A, A,? 
itud A, A, each half the length of one of the sidcs of the square A,A, A, A,. 

Join A, A,, A, A,, 4 A,, A, A,, and the reprcsentation is completed. 
Crystallographicnl Synbol fol. t h  Cdm-The relations of the faccs of the cube 

to its Irntanqular or cubical axes, affords a ready means for adopting a symbol which 
&al1 express some of its propertics. I t  WU bo readily seen that every face cuts 
one of thc cubical axes, and is parallel to the directions of the other two. A line, or 
plane, which is pnrallcl to another line or plane, is said, in mathcmatical lanyage, to 
cut it at an inh i t e  distance, and as ca is the symbol for inhity,  regarding CP, the 
perpendiculnr distance of the cuhe from its centre as the unit, the symbol 1, 00, m sig- 
nifies that every face of the cube cuts one of the axes at distance 1 €rom its centre, and 
thc other tn-o axes at an infinite distance. Naumann's symbol for the cube is ao O ce, 
Miller's, 100, and Brooke and Levy's morlification of Haüy, P. 

Gencrally in h'aumann's qmbols the figures rcpresent the distances nt which the 
fnces of the form cut the rectangular axes, the figiire 1 being always understood. I n  
Niiicr's thcy signify the purta of some arbitras. unit, at which the faces cut the axcs. 
In  Brooke and Levy's, 1>'" indicatcs that every plane isparallcl to an edge of the cube, 
m being the ratio which the two edges cut by the plane bear ta one another ; am and 
Bh b k  b' reprcsent that the planes are parallel to one cutting off a solid angle of the cube 
the figurcs m, h, k, and 1, indicating the ratios of the cut cdgcs of the solid angle. 

Net fw t h  Cube.-One of the simplest, most uscful, and at the same time most 
inexpensive means of modelling the forms of crystals, is to draw theh faccs on pastc- 
board, and arrangc them in snch a manner that some of the edgcs bcing cut partidiy, 
and others quitc through the pasteboard, the whole may readily fo!d up mto therequired 
form. The loosc cdgcs being glued togcther, a firm modcl wiil be fomed in a few 
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minutes. A drawing of the faces of a solid, arranged so that thc model m q  be folclcd 
up from a singlc piece of pasteboard, is called a net. 

To make a net for the cube, describc a square 
equal to a face of the required model, and arrange sis  
such squares in the manner represented in Fig. 19. 
If a kriifc be dralrn so as t o  cut the pstcboard 
half through dong the light lines, and quite 
through dong the dark ones, the figure di rcadily 
fold into the form of the cube. 

I n  this and the other nets which will be dc- 
sciibed, it is vcry convenient to d r a r  onc face on 
tracing papcr. The other faces may then bc 
readily pricked off from this one on the pasteboard, 
in the required form, with greater case, aad even 

C 
more accurately t h m  by dcscribing each faec 
geomctrically. It wili also be found convenient 
to leave a margin to one edge where two edges are 
to bc glued togcthcr. Glue is better than paste, 
as i t  dries more quickly, and does not, like pastc 
or gum, wmp the surfaces of the model. FI& IO. 

,7fi)rerals whose o,ystals occur in the form of the cuhc, or p,.esent, i n  th& ni difi,.irLioirs, 
faces pnialiel  to it :- 

Alabandine fsulphuret of man. 
Fanese). 

Altaite (tclluride of lead). 
Alum. 
Amalgam. 
Analcime. 
Argentite (sulphiiret of mlver). 
Blende (sulphure: of zinc. 
Boracite. 
Bornite (purple copper). 
Bromiie. 
Clausthalite+eleniuret of I~ad). 
Cobaltine (bright white colinlt]. 
Copper. 
Cubane. 
Cuprite (red oxide of copper). 
Dimond. 
Embolite. 
Eulgtine (bismuth blerde). 
Fahlerz (gray copper). 
Fluor. 
Ërankiinite. 

Gahnitc (nutomnlite). 
Gnlenn (sulphuret 01 lexi . 
Gnrnet. 
Gersdorfnte. 
Gold. 
Grünauite (sulphuret of nickel 

and bismuth). 
nauerite. 
Hnuyne. 
Iridium. 
Iron. 
Icerine. 
Iïrrute (muiiiite of siher). 
Lerbachite (seleniuiet of lead 

and mcreur).). 
Linnéite (sulphuret of cobalt%. 
Mognrtite (magnetic iron oic). 
Naumannite. 
Percylite. 
Periclose. 
Perowskitc. 
Petzite (telluride of ailre:.). 

Pharmacoeiùerite Parseniato 01 
iron). 

Platinum. 
Pyrite sulphnret of iron). 
Pgrocdore. 
Rammelsbergite (white arseni- 

cal nickel). 
Snfflorite (arsenical cobalt). 
fial ammoniac. 
Salt. 
Silrer. 
Skutterudite. 
Snialtine (tin white cobd! . 
Soddlite. 
Staniiine (sulphuret of tiu). 
Steiumannite. 
Sglvine. 
Tcnuantite. 
Ullmanita [sulphiiret of nickel 

and antuuony). 
Voltnitc. 

pnera ls  whose crystnls deare parallet to the fuces of the cube,-tlwsep~~U2ted hi italics 
indicating that the c le~rage  is e a q  and3erfect :- 

AlaBnndbie. 
Altaite. 
Analcine. 
Argentite. 
Cbromite. 
Clnusthalite. 
Cobaltiwe. 
Cubane. 
Embalite. 
Frnnkùnite. 
Qalinite. 

Gaknn. 
Grrsdorfite. 
Z a w i t e .  
Iridium. 
Iron. 
Lerbachite. 
Linnéite. 
Mng~ietite. 
Nmmannite. 
Periclase. 
Peromkite. 

Pyrite. 
l'y~ochlore. 
Salt. 
Skutteruditr. 
Smaltine. 
Spinelle. 
Stanniue. 
Steinmannite. 
S~/lviae. 
Z11111ani(e. 
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8~nnbols.-Each face of the octahedron cuts the three cubical ases at  an equal 
distance CF from the centre of the cube, and tabing CP as nnity, 
111 wili be the symbol which expresses this relation of the faces 
of the octahedron to the cubical axes. Naumann's symbol for 
the octahedron is O, Milier's :ll, and Brooke and Levy's modifiea- 
tion of Haüy A' or al. 

To &scribe a Net for t h  0ctaheai.m.-If a model of a cube 
be forrned by glueing the edges of six square pieces of glass, the 
different forms of the cubical system may be modelied of such a 24' 

size as to be inscribed in the cube in the manner reprcscnted intheir respective figures. 
Describe a square P, BI Pz C (Fig. 24), having its side 

Pl B, equal to half the edge of the cube in which  the model 
of the octahedron is to be inscrilied. 

Draw the diagonals P, Pz, and B, C ; on either of thesc 
diagonals, as a base, describe an equilateral hiangle (Fig. 22), 
and a m g e  eight such equilateral triangles, as in Fig. 25. 
When this net is cut out along the dark linos, and par- 
tially along the lighter linea, it will fold up into an octahc- 
dron, whose solid angles will just touch the centres of the 
faces of a cube the edge of which is twice the lcngth of the line 
PB. I n  this and the following forms, the face of the crystal 
is described of such a size that the model m a y  be inscribed 
in net a are cube only whose made edge half ia the one size. i n c h  in lcngth. The faces on thc % Fig. 25. 

Hirzerals whose crystals occur in the forrn of the Octahedron, OT whose mod~~catiotzsprescnt 
faces parallel to  it :- 

Alabandine (sulphuret of man- GersdorfBte. Pyrite (snlphuret of iroii . 
ganese) . Gold. Pyrochlore. 

Alum. Grünauite (sulphuret of nichcl Ktlmmelsbergite white ar eni- 
Amalgam. and bismuth). cal nickel . 
Argentite (sulphuret of silver). Rauerite. Rhodiate. 
Arquerite. Hauyne. Saûiorite (arsenical c b d t  . 
Arsemte (oside of arsenic). Helvin. Sa1 ammoniac. 
Blende (sulphuret of zinc). Iridium. Salt. 
Boracite. Irite. Senarmont'te. 
Rornite (purple wpper). Iron. Silver. 
Biomite. Iserine. Skutterudite. 
Chromite chromate of iron). Kerate (muriate of silr r . Suialtine tin white cob It . 
Cobaltine [biiglit white cobalt . Lead. Spinelle. 
Capper. Linnéite (sulphuret of cobalt . bteinmannite. 
Cuprite red oxide of copper). Mapeti te (magnetic ir n ore . Sylrine. 
Diamon&. ii~ercury. Tennanlite. 
Bisennickeliries. Palladium. Tritonite. 
Embolite. Peohuran pitch blende). Ullnianite sulphurct of nickel 
Eulytine (bismuth blende . Percylite. and antimony). 
Fahlerz (gray copyer). Perichse. U~nrrowite. 
Fluor. Perowsliite. 'Voltaite. 
Prauklinite. Pharmncosiderite (arseniate of 
Gahnite automdit ). iron . 
Galena (sulphuret of lead . 

Nhzer~ls wJbose wystals eleacepnrallel lo th faces of 2le Oclnhedro? :- 
Alum. D'arnond. Grünauite. 
Arsenite. Eisennicke&ies. Magnetite. 
Boracite. Fahlerz. Sa1 ammoniac. 
Bonite. Pluw S narmontite. 
Chromite. Franklinite. Smaltine. 
Cuprite. Gaimite. Spinelle. 
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Rhombic a>odecahedron.-The rhombic dodecahedron is a solid, bounded by 
twelve cqual and simiiar four-sided figures, calied vhombs. 
A rlromb is a figure such a s  O, P, O, P, (Fig. 26), which 
has a l i  ita sides equal, the angle at O, bcing equal to that 
at Os, and that at P, to the angle at P5. This forrn is 
sometimes callcd the granatoëdmn, because i t  is a cha- @ 
rartaristie form of the garnet. The rhombic dodecabe- k,, /:\,% fi 
dron has twent'y-four eqml edge.9, Pl O,, Pl O,, &c., & 
four-faced . m l 9  angles, Pl Pz, &c., P,, and eight three. 
fnced solid angles, 0, O, &c., O,. Each face is inclined to 
its adjacent faces at  an angle of 160"; the great angle of Pu 

the rhombic face as P, O, P,, is 109" 28', and the smallcr Fig. 26. 

angle, as O, P, O,, is 70" 32'. 
To draw t?m Rhombic Dodecahedron.-De- 

scribe a cube A, A, A, &c., A,, (Fig. 27). 
Join A, A,, A, A,, &c., meeting in C. 

Find P, thc centre of the face A, 8, A, A,. 
Join CP, and P, A,. 

Bisect A, B, in E. Through E draw ED 
paralle1 to Pl A,, and cutting CA, in O,. 

Through 0, draw 0, O, paraliel to A, A,, 
cutting CA, in O,, 0, 0, parallel to A, A,, and 
0, O, parallel to A, A,. 

Also, through O, draw O, 0, parailcl to 
A, A,, cutting CA, in 0,; draw 0, O,, 0, O,, 
and 0, O, pardel to A, A,, A, A,, and A, A,. Fig. 27. 

0, O, &c. Os, will be the eight solid 
angles of a cube inserted in the cube A, B, &c. A,, v i th  the samc centre, and havgg 
its edges half the length of the edgcs of A, &1 &c. A,. 

Pl Pz, &c., P, (Fig. 28, which are not markcd 
on Fig. 27, to avoid crowding the figure), will 
be the six points where the six four-faced solid A4 
angles of the rhombic dodecahedron, inscribed in 
the cube A, A,, &c., A,, w u  touch its faces. 

0, O,, &O., O,, the eight points where the 
octahedrd axcs of the cuba pass through the 
eight three-faced soliù angles of the inscribed 
rhombic dodecahedron. 

Joining the lines P l  O,, O, P,, O, P,, &c., 
as shown in Fig. 29, the rhombic dodecahedron 
wiU be represented in perspective. Pig. 28. 

If the opposite angles of each face be joined~ 
such as O, O?, Pl P,, the rhombic axcs of the cube wiil be founù to paçs through the 
intersection of these lines, and wiil also be perpendicular to the face through which 
they paae. The cubicnl axes of the rhombic dodecahedron are equal to the cubical 
axes of the cube, and join the opposite four-faced solid angles. 

The octabedral axes of the rhombic dodecahedron arc one-half the octahedral ascs 
of the cube, and join the opposite three-faced solid angles. 

IRIS - LILLIAD - Université Lille 1 



RHOWBIC DODECAHEDBOX. 301 

The rhombic axes are half the rhombic ascs of the cube in  which it is inscribcd, 
and join the centres of the opposite faces. 

Sgnzbols of tJu Rhombic Boa%caJ~edron.-Each face of .the rhombic dodccaheàron cuts 
h o  of the cubical axes a t  equd distances fiom its centre, and the other at an in6nitc 
distance, or is parullel to it. Thus the face, Pl O, Pz O z  cuts the axis CP, in Pl, und 
CP, in P,, and is parde l  to the axis CP,. The symbol of the rhombic dodccahcdr n, 
which represents thia relation of al1 i t  faces to the rectangular axes, is 11 a. Xau- 
munn's symbol is m O, Milier's 110, and Brooke and Levy's modification of Haiiy, Cl 
or hl. 

To describe the net of a Rhmbic Dodecal@dron rohich nzay 6c inseribed in a gioen c Br. 
-Describe a square, Pl B, P,C, having its side cqual 
to half the edge of the given cube. Joiu B, C, and A r  
Pl P, meeting in R,. Produce B, Pl  to A,, and P, C 
to B,. Make Pl  A,, and CB,, equal to CB,, and CR, 
equd to CR,. 

Join CA,. Biacet A, B, in E. Through E barn Edrl /' 
EO,D parallel to A, Pl, eutting A,C in O,. Join Bs Rs C l', 

P1 01,01 Rs. Fig. 29. 
Pl  A, B,C represents the fourth part of the section 

of the cube, with its inseribed rhombic dodccahedron, through the lines A, A, A: il, (Fig. 
28), and Pl B, P2C, the fourth part of the section, through the lines joiniug thc points 
B, B, BI, B, (Fig. 18) of the cube. 

To deswibe the face of t h  Rhombic Do&cahedron.-Draw a line, Pl P, (Fig. 30), 
equd P, Pz of Fig. 29. On it dcscribe an iaoaceles trinnglc, => having its sides P, O,, P, O,, equal P, 0, of Fig. 29. ?ila?;e 
a similar triangle Pl, O, P, 

p .-......--..- ;% ......... P. on the other skle of Pl PB. 
Then P, Oz P, 0 1  ia the 

oz face of the rhombic dodeca- 
hcdron, which may be in- 

Fig. 30. scribcd in a cube whose edt e 
is hice the length of P, B,, or Pz C of Fig. 29. 
Twelve of these rhombs, arranged as in Fig. 31, 
will give the requircd net of the rhombic dodccn- 
hcdron. % Fig. 31. 

MineraZs wAose wystals occur in the fomn of the rhombic dodecnl~cdmn, or ïcHose madi- 
#catima pere~al  facee parollel to it :- 

Al?b,bondie (sulphate of mngne- Bomite purple couper). i Fianklinite. 
bla. Cuprite red oxide of copper). Gdena (sulphurel of lead.) 

Alnm. Diamon . Garnet. 
Amalgam. Dufrenoyeite. Gold. 
Argrntite (sulphuret of -ilver). Eulvtine (bismuth blende). Hauerite. 
I(l.iide (sulphurct of zinc ) F. hlerz (gray copper). Hauyue. 
R mcite. Yliior. Iserine. 
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Ittnerite. Pyrachlore. Smaltine (tin white cobalt). 
Perate (mnrinte of siher). Rammelsberaite (white amen- Sodalite; 
Leucite. ical nickel). Spinelle. 
Magnetite (magnetic iron ore). Rhodizite. Stznnine (sulphuret of th). 
Perevl~te. Sn1 ammoniac. Tennantite. 
PiGikite. 

Sait.- -p--~- 

Pharmacosiderite. Silver . 
Pyrite (sulphuret of iron). Skutterudite. 

Üllmanite (sulphuret of nickel 
and antimnny.) 

Voltaite. 

Niaerals zcIose cryststals cleaee pccrallel to the faces of t 7 ~  rho~nbic dodecd~edron :- 

Alabandine. 
Amalpan. 
Argentite. 
Blende. 
Eulytiue. 

Glrnet. 
Hnuytre. 
Ittf~erite. 
Leucite. 
Skutteruàite. 

Smaltine. 
Sodalite. 
Stannine. 
Ternantile. 

The cube, octahedron, and rhombic dodecahedron, me the only forma parallcl to 
which cleavages have bcen oùserved in crystals belonging to the cubical system. 

Three-Faced 0ctahedron.-This figure, c d e d  also the triakisoctahedron, and 
by Raidinger, galenoid, as a characteristic form of galetia, 

B ia a solid bounded by twenty-four isosceles triangles. 
Solid Angles.-It has six cight-faced solid angles, 

Pl P,, Bc., Po; and eight thrcc-faoed solid angles, 0, 
O,, Bo., O,. 

p. E@es.-Thcre are twelve longer cdgea joining the 
eight-fa2edsolid angles, P, P,, P,PZ, P,P,, &c., and twenty- 
four shortcr edgcs joining each three-faced solid anglc to 
three of the eight-fac d solid angles O ,  P,, O, Pz, 

% O, P,, $a 
An idni te  number of varieties of this solid might 

Fig. 31. exist ; only seven differeut species have been observcd in 
thc minera1 kingdom. The forms vaiy from that of the octahedron to the rhombic 
dodecahedmn. 

If a triangular ~ ~ r a m i d ,  whose base is an equilateral triangle, and cach of its faces 
an isosceles triangle, bc apllied to each face of a regular octahedron, the resulting form 
vould bc a threc-faccd octahedron. For every variation in height of this triangular 
pyramid as we may conceive it increasing in dtitnde, from the surface of the octahe- 
dron till it arrived at such a height that two adjacent triangular faces, such as Pl O, 
P,, and P, O, P,, should lie in the same plane, when the figure would become a rhom- 
bic dodecahedron, we should have a distinct three-faced octahedron. Whcn the three- 
faced octahedron is inscribed in the cube, the eight-faced solid anglcs touch the centre 
of eack face of the cube, and the the-faced aolid angles always lie in its octahedral 
axes. 

SymZds of the Thrtwfaccd Octalidvon.-Evey face of this solid cuts two of the 
cubical axes passing through its centre, at a distanee equal to that of its eight- 
faccd soLid angle from the centre, and the third axis produced at a greater distance. 
If the shorter distance be represented by 1, and the greater by n, where n may bc any 
number or fraction greater than 1 ; l l n  wilI be the symbol for the three-faccd octahe- 
dron. 

Naumann's symbol i4 ?%O; Miller's hlk, h being greater than k; and Brooke and 
1 1  

Levy's modi6cation of Haüy An or a'\ 
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THREE-FACED OCTAHEDROW. 303 1 
To draw the Three-faced 0ctahedron.-Let the figure be that mhose symbol is Iln. 

Describe a cube, Al 8, A, &c., d, (Fig. 33). Let Pl be thc centre of the face 
A, A, A, A, ; B, the centre of the edge 

A, A,. Take B, E equal the 
2 n + lthpart 

of 13, A, ; that is i f  n = 2, as in the nccom- a4 
pmying figurc (Fig. 33), take B, E = %th 
of B, A,, Through E draw E D, paraliel 
to A, Pl, cuttiig A, C in O,. Through O, 
draw O, 0, paiailel to A, A?, 0, O, pardel 
to A, A,, &c., as in the preccding figurc 27. 

0, 0, O, &c., Os wili be the cube whose 
ccntre coincides with that of A, A,, &o., A,, 

and ha8 its edge 0, 0, =A 
2n + l& Pd Fig. 33. 

of the edgc A, A,, 0, O,, &c., O, will be the 
points where the octahedrnl axes pass t h  ugh the threc-faced solid angles of the thrc - 
faced octahcdron inscribed in the cube. SoininiPl O,, P, O,, P, O,, Pl  P,, kc., as in F i w .  

34, the the-faccd-octahcdron wiü be drawn 
inscribcd in the cube. 

Axes.-The cubical as  s of thc thr e- 
fac d octah dron are equd to those of th 
cub in which it is in crib d l  and th  y join 
the oppo iîe eight-f c d s lid mol . 

The o c t i  dnl ax mc 2H; h pn.t of 

the octahcdral ay s of th cube, and join thc 
opposite threc-f c d lid an 1 ; and, as in 
the cas of th oct h dr n, th rh mbic -ces 
are the half of the rhom 'c a l  s of tl c cubc, 

Fig. 34. and join the c utrcs of th opposit Ion i 

edgcs. 
As n varics from 1 yhen the thrcc-fac d octahcilr n coincid s mith th octzh &on 

to UJ when it coincides with the rhombic dod cahcdrou, thc ootah dral a.. s rnrp from 
the +rd to the ) of the octahcdral axcs of the cubc, or th distancc of th p int O from 
C varies fiom the 3rd to the 4 of CA,. 

Inclinntim of t l e  Wcea of  the ï'hrce-faced 0ctalzdron.-If 0 be the angle of inclina- 
tion of any two adjacent faces, measurcd across the longcr cage PP, thcn cos. e r= 
2e1 and if ip be the angle of h o  adjacent faces, measured across tho short r cdge + l1 n (n + 2). OP, cos. += Zn2 + 1 
To dcscride a Net fw th8 T h r a - f d  Oetahedrcm 

which may bs imcribed in a givm cube.-Deseribe a E 

square, Pl B, Pz C (Fig. 35), having ita sides e q d  to l3zlXl 
half the edge of the given cube. Join PI Pz, and B, B~ R~ C Pa 
C meeting in RI. hoduce B, P, to A,, and P, C to 
B, ; make A, Pl and B, C both cqual to BI C. In  Fig. 35. 
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1 304 THREE-FACED OCTAHEDRON. 
+ 1 C B, make C B. equd to C RI, join Al C. Take CD equal fo 2*lth part of CI', ' 

I 17re foUowi?rg minerais present faces paralid t o  this form :- l 

I 

Amalgam. 
Argentite. 
Blende. 
Cuprite. 
Diamond. 

and tlirough D draw DE, parallel to A,P,, cutting A,C in O,. Join Pl@,, O,R,. 
Tako P,P2 (Fig. 36), equal PIP,  of Fig. 35, and on it, as a base, describe an 

isoscrles triangle, Pl O, P, having its sides P, O,, P2, O,, 
equal to Y, O, of Fig. 35. 

Pl 0, P2 d be the face of the three-faced octahedron, 
a & which may be inscribed in the given cube. And tn-enty- 

four of thcse isoscclcs triangles, arranged as in Fig. 37, wili 
Tig. 26. form a net from which its mode1 may be constructed. 

~ 'LJ~II IS  of tArec-fuced 0ctaliedroa.-The three- 
facld octahedron, mhose symbol is 112, 2 O 
of Kaumann, 122 of JIiller, and af of Brooke 
and Lery, ha3 ita cubical axes equal those of 
tlic cube in which i t  is inscribcd, its octahcdral 
axes the %th, and its rhombio axes half thosc 
of the cube. Inclination of faces over ~hortcr  
cdpc, 162" 44', that of their normals 27' 16' ; 
over the longcr edgc, 141" 3', that of thcir nor- Fi;. 37. 

mals, 38' 67'. 

Fluor. 
Franlilinite. 
Gnicna. 
Yagnetite. 
Perowsliitc. 

Pharmacosiderite 
Pyrite. 
Skutterudite. 
Sphelle. 

Thc form 113, 3 O of Naumann, 133 of Miller, and a* of Brooke and Lcvy, has its 
octahedral axis equal4ths of those of the cube in which i t  ia inscribed. Inclination of 
its faces over shorter cdgc, 142' 8', that of their normals 31" 5a' ; orcr the longer edge 
1.53" 38', that of thcir normals, 26" 32'. Cuprite, Fluor, and Galena, are the only mine- 
r& nhich present faces of this fom. ( 

The form ll+, 20 of Kaumann, 233 of Milicr, and a; of Brooke and Levy, has its ! 

octahedral axes equal jths of those of thc cube in which i t  is inscribcd. Inclination of ' 

faccs ovcr shorter edge, 162" 40', that of their normals, 17" 20' ; over the longcr edgc, , 
129' 31', that of their normals, 50° 29'. 

Faces of this form occur in Fahlerz and Gamet. 
The form 114, 4 O of Naumsnn, 144 of Miller, and a: of Brooke and Lcvy. Octa- 

hedral axes 4 t h ~  of those of the cube. Inclimtion of faces over shorter edge, 136. 39'; 
their normals, 43" 21' ; ovcr longcr edgc, 159" 57, normals, 20" 3'. 

Faces of this form have bem observed in crystals of Galena and Kcratc. 
The form 115, 30 of Xaumann, 477 of Miller, and of Brooke and Levy, has ita ' 

octahednai asis equal A t h  of those of the cube. Inclination of faces over shorter edge, l 157" 5', nomals, 2 T  55' ; over longer edge, 136' 00, normds, 44". Faces of this farm i 

have been observed on crystah of Galena. i 
The form 113, $0 of 'iaumann, 455 of Nilier, and a* of Erooke and Levy, has il< 1 

octaherlral s i s  =\th3 of thosc of the cube. Inclination of faccs over shortcr edge, 170" l', 1 IRIS - LILLIAD - Université Lille 1 



TRENTY-FOUR-P.~CED TRAPEZOHEDROX. 303 

no&, 9' 59' ; over the longer edge 121" 00', normals, 59" 00'. This forni occma in 
Galena. 

The form llg3, 3 0  of Naummn, 64,65,65 of Miller, and as$ of Brooke and Levy, 
has its octahedral axes IR th  of those of the cube. Inclination of faces over shoyter edge, 
179" 1 7 ,  normals, 0' 43' ; over longer edge, 110" 18', nornials, 69" 42'. This three- 
faced oetahedron approximates very closely to the octahedron, and has only becn 
obsmed on some crystais of Alum. 

T h e  Twenty-four Faced  Trapeaohedron.-This f o m  is caiied the twenty- 
four-faced trapeeohedron, or deltohedron, because it has twenty-four faces, each of the 
form of the figure called a deltoid or trapezium. I t  is known also by the names of thc 
icositessaî.ahedron; and bcing a characteristic crystal of the mineral leucite, it has been 
called hcitoid. 

Faces.-This form is bounded by twenty-four equal and similar dcltoids, or trape- 
ziums, such as the figure Pl R, O, R,, which has the P, 
sides Pl R, equal Pl R,, and R, O, = RI O,, the angle 
Pl R, O = angle P, R, O,, but the angle R, Pl R, not 
equal ta the angle R, O, Pl. 

Solid At~gle~.-I t  has six four-faced soiid anglcs, 8 
Pl P,, &c., P,, which touch the centres of the faces of 
the cube in which it is inscribed, nt the extremitics of 
the cubical axes. 

Twelve four-faced solid angles R, R,, Qc., R I ,  which 
always lie in the rhombic axes of the cube in which it 
is inscribed. Eight three-faced solid angles, 0, O,, Pig. 38. 

tc., O,, which are always the octahedrai axes of the cube in which it ia inscribed. 
Edges.-The edges are twenty-four longer, joining the four-faced soiid angles, which 

terminate the cubical and rhombic axes, such as Pl R,, Pl &,, Pl 9, &c., and twenv- 
four shorter, joining the four-faced solid anglcs which terminate the rhombic axes to thc 
three-faced solid angles which terminate the octahedral nxcs, as O, RI, O, R,, O, R,, &c. 

Symbok-Every face of this form cuts one of 
the cnbical axes at a distance fiom its centre, 2 

equal CP, and the other two axes produced at Jq 
equal distances greater than CP. 

Taking the lesscr distance as 1, and the other 
two as na, where m may be any whole numbcr 
or fraction greater thaniunity, the symbol whicli 
expresses a i s  relation of the faces to the cubical 
axcs wiil be Imm. Naumann's symbol is mO>n ; 
Miiler'a hhk, h bcing less than k ;  Brookc 
and L q ' e  modification of Haüy, A"' or a"', 
where m is greater than 1. Yig. 3. 
To D ~ a w  th8 Figu~e-Describe a cube A, A,, 

tc., A, (Fig. 39), with its cubical axes CPIlLP,, &c. ; octahedraiases CA,, CL2 S: ., 
and rhombic axcs CB, CB2, tc., CB,,. 

Take E in B, -4,, so that B, E = 2' th part of B, 9, ; and G, such that B, G= 
m + 2  

m 
part of B, A,. 
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306 TM-ENTP-FOUR-FACED TRAPEZOEEDBOK. 

Thus if m = 2 B, E = E or + of B5 A,, and E5 G = g of Bj A,, if In = 3 B5 E - -30fB5Al ,andB5G=$ofB,A, .  
In CP, take CD = B, E, and CF = B, G. 

Join F G  and DE, the Iatter entting CA, in O,. 
Through O, draw O, O, parallel to A, 4, 

eutting CA, in O, 0, A, parallel to 4 A, cut- 
ting CA, in O,, and so on tili a cube O, O ,  &c., 
O,, ia inacribed in the cube A, 8, h., 8, a i th  
its edges parallel to it. 

Through the point where FG mits CA,, dnw 
lima parallel to A, &, and A, A, to meet CA, and 
CA,, and complete the cube, of which these two 
lincs wiU be edges. 

Let R, R,, &c., R,,, be the points where thc Fig. 40. 
lines CB,, CB,, &c., CB,,, cut the edges of this cube. 

NOW join the points PR and O as shown in Fig. 40, and the resulting form will bc 
a representation of the twenty-four-faced trapezohedron inscribed in a cube. 

Axes.-The cubical axes of this trapezohedron coincide with those of the eubc in 
which i t  ia inscribed, and join the opposite four-faced solid angles, Pl P, &c., P,. Thc 

m 
octahedral axes are the --th part of those of the cube, and join the opposite three- 

m + 2 
faccd angles O, O,, &c., O,. 

The rhombic axcs are the "-th part of those of the oube, and join the opposite 
m +  1 

four-faced angles R, R,, &c., R,,. 
Ineléllatimr of A$acent F i I f  0 be the angle of inclination of two adjment faces, 

mcasured over the edge PR, joining the eltrernitiea of the rhombic and cubical 

m' 
axes, cos. 9 = ; and if <p be the angle of inclination measured ovcr the edge 

2m + 1 OR, joining the cxtremities of the rhombic and octahedrai axes, cos. 9 = --- . 
m! + 2 

Limits of tfie Fom.-Thia form varies a6 m increases h m  1 to  an infinitely great 
number, from that of the octahedron to that of the onbe. In this case 0 increases 
from 109" 26' to 180°, and 9 decreases from 180" to 90"; the octahedral axes from the  
3rd to the whole, and the rhombic from the f to thc whole of the corresponding axes 
of the cube, in which the fieme can be inscnbed. 

To 'onstruct a Net of twen fy-four-faced Traperohedron, whkh cala br inscribed in a giuen 
Cirue.-Describe a square Pl B, Pz C (Fig. 41), having one of its sidcs equal half the 
edge of the given cube. Join CB,, produce P, C, & 4 
and B, P, to B, and A,. 

Make CB, and Pl A, equal CB,. Join A, B, 
m 

and CA, Takc CD = - CP,, CF = m 
m i - 2  na +l 

CP,. Bs RS C 
Draw DE md FG paraiiel to A, B,. Fig. 41. 
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TX-EKTY-FOUR-PACED TEAPEZOHEDRON. 307 

Let O, be the point where E D  mits A, Cl, and R, the point where F G  cuts 
CB. 

Take CR, in CB, equd to CR,. Join Pl R,, RI PL, Pl 0, and 
BJ!J4 01 Draw a line Pl O, (Fig. 

42), e q d  Pl O, of Fig. 
41, and on it describe a 

' 42. triangle having its sides 
Pl RI and 0, RI eq? to Pl RI, and 0, R, 
of Fig. 41. Describe a similsr and equd 
triangle Pl R, O, on the othcr side of Pl O,. 

Then Pl R, O, R, wiii be a face of the Kg. 43. 
required twenty-four faccd trapezohedron ; 
and twenty-four of these being arranged as in Fig. 43, will form the nct. 

Arma of the Twenty-four faced TrapczoAedron.-The form 122, 2 O 2 of Pu'aumann, 
112 of Milier, and a2 of Brooke and Levy, has ita octahedral axes +, and i b  rhombic 
axes of the conesponding axes of the cube in which it eau be inscribed. Inclination 
of faces over any edge PR, 131" 49 ,  of thcir normals 48" 11'; orer nny edge OR 
146" 27', normale 33" 33'. 

Cystak of the followitzg mimrals have faces paralkt to thin fo~rn:- 
Amalgam. 
Argeritite. 
Analcime. 
Boracite. 
Cuprite. 
Dufrenoysitc. 
Eulytine. 

Pahlerz. 
E'ranklinite. 
Fluor. 
Gold. 
Galena. 
Garnet. 
Leuoite. 

Prrite. 
Pf rochlore. 
Bal ammoniac. 
Sodaiita. 
Smaltine. 
Teniiantite. 

The form 133, 3 O 3 of Naumann, 113 of Miller, and rc? of Brooke and Lcvy, has its 
octahedral axes t, and rhornbic 3 of tkosc of the cube. Inclination over PR 144' 54' 
normais, 35" 6' ; orcr OR 129" 31', normais 50" 29. It occura in 

Blende. Gold. Perowskite. 
Copper. Galena. Pwwhlore. 
Fahlerz. Nagnetite. Spinelle. 
Fluor. Pyrite. 

The form 1 3 O ;, of h'aumann, 223 of Yiiier, and a* of Brooke and Levy; 
octahedral axes 3, rhombic 3. Inclination ovcr PR 121 58', normds 58 2' ; over OR 
160" 15', nomah 19" 4 3 .  It occurs in 

Argentite. Gold, and Tennantite. 

The fonn 1 4 (, 4 O 4 Naumann. 334 Miiier, and a3 Brooke and L e v ,  octahedral 
axes 3, rhombic $. Inclination over PR 118" 4, norrnals 61" 56', over OR 166" 4', 
normals 13" 56'. Occurs in Galcna. 

The form 1 $ Q, $ O $ Naumann, 449 Miiicr, and aQ Brooke and Levy, octahedral 
axes fi, rhornbic &. Inclination over PR 137" 48', normals 44' 12, ovcr OR 141" 9', 
normale 38" 61'. Occm in Pemwskite. 

The form 1 8 6, # O 4 Naumann, 338 Milier, a% Brooke and hvy, odahedral 
axes 4, rhombic A. Inclination over PR 141" IS', n o d  38" 42' ; over OR 134" 2; 
normals 45" 58'. Occura in Fluor. 

The forms 144, 1 10 10, 1 12 1 2 , l  16 16, and 1 40 40, whose octahcdrsl axe% are 
respectively 6, 3, +, 9, and 3, of those of the cube in which they are inscribed, and 
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rhombic axes the +, 2, g, ++, and 8. Thcir rcspective inclinations over PR being 
152" 44; 168" 38', 172" 52', and 177" 8'; over OR 1205 Oû', 101' 53', 99" 52', 97" 21', 
and 92" 54', those of the normals of the former being 27" 16', 11" 22', 9" 30', 7" 8', and 
2' 52' ; of the latter 60' OO', 78'-7', 80" 8', 82" 39', and 87' 6'. 144 occurs in Kerate, 
1 10 10, and 1 16 16 in Magnetite, 1 12 12 in Blende, and 1 40 40 in Pharmacosiderite. 

The Poux-Faced Cube, called also the pyramidal mhe and tetrakia-hexaIledro~t. 
Bcing a characteristic form of fluor spar, Haidinger gaw 
it the name of Fl'lrroride. 

Tm.-This form is bounded by tmenty-four equal 
and similar isosccles triangles. As the thrce-faced octa- 
hedron may be derived fiom the octahedron by phing on 
every face of the cctahedron a pyramid with three trian- 
gular faces on a triangular base cqual to the face of the 
octahedron, so this form may be dcrived from the cube by 
placing on every face of the cube a pyramid with four 
isoscelcs triangles for its faces, on a squarc base equal to P6- 

Fig. 44. a 

the face of the cube. 
Solid A@es.-It has sis four-faccd solid angles, Pl P?, &c., P,, which touch 

the centres of the faces of the cube in which it is inscribed, at the extremities of the 
cubical axes. 

Eight six-faced solid angles, 0 ,  O,, tc., O,, which always lie in the octahedrnl 
axes of the cubc in which it is insciibcd. 

mes.-Thcre are twelve longer equal edgcs (O, O,, 0, O,, &c.) joining the six- 
faced solid angles together, and twenty-four shorter equd edges, Pl O,, P, O,, tc. ,  
joining the four-faced solid angles with the six-fàccd ones. 

Sym6als.-Every face of this foim cuts one of the cubical axes at a distance, CP 
(Fig. 45), from its centre, another axis at a distance m times CP from the ccntre, and 
is parallel to the third axis; ?tz may be any 
whole number or any fraction greatcr than one. 
Taking CP = 1, the symbol mhich wiil rcprc- A 

sent this relation is l mm. Eaumaun's symbol 
is oo Om, Niilcr's M o ,  and Brooke and Levy's 
modification of Hauy, hm or Bm. 6 

To draw Ue Four- faced Cube. - Describe 
a cube A, 4, &c., A, (Fig. 45), with its 
octahcdrd axes A, A,, A, A,, &c., meeting in C, 
and its rhombic axes B, B,,, B, B,, tc .  6 

~ a k e  E in B, A,, so that B, E = 
m. + 1 

Thus, if ~n = 2 B,E = 5 CA,. pig. 45. 

Thus, if tti = 3 B,E = i/ CA. - .  . 
In  CP, takc CD = B, E. Join.DE, cutting CA, in O,. 
Through O ,  draw O, O, parailel to A, A,, cutting CA, in O* Shrough O2 draw 

0, O, paraiiel to 8, A,, cutting CA, in 0, ; and so on, till a cube O, O,, &c., O,, is 
inscribed in the cube A, A,, te. ,  A,, with its edges parallel to it. 

Join the points Pl O,, Pl O, &c., as in Fig. 45, and the resulting figure miil be a 
representation of the four-faced cubc inscribed in a cube. 

Am.-The cubicd axes, Pl P,, P, P,, and P, P, of the four-faced cube coincidc 
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irith those of the cube in which it is inscribed, and join the opposite folur-faced solid 
angles, P, P, &-o., P,. 

na 
The octahcdral axes are the -th part of ihose of the cubc, and join thc oppo- 

m+l 

site six-faced solid angles, 0, O,, &c., 0,. 
m 

The rhombic axcs are the - th part of thosc of the cube, and join thc centres of 
m + l  

the opposite longer edges, 0, O,, 0, O,, &c. 
Inclinatioja of A+zcent Faces.-If 8 be the angle of inclination of two naja- 

cent faces, measured over the edge, joining the extremities of the octahcdral axcs, 
2m such as 0, O,, cos. 8 - -- and if + be the angle of inclination measured over 

1 + NP' 
thc edge joining tbc cxtreuiities of the octahodrd axes with those of thc cubical, such 

gn? 
as P, O,, t hm cos. + = - 

1 + 911" 

Liwaits of the Form-The four-faced cube varies as tn increases in magnitude, 
from 1 to m. h m  the rhombic dodecahedron to the cube. I n  this case 8 decreases 
froui 180" to 900, and <p increases from 120" to 180'. 
Thc octahcdrai and rhombic axes increase h m  the 
to the whole of the corrcsponding axes of the cubc in g 
vhich the figure can be inscribed. 

To conshuct a ïiët of the fow-faced Cube which can be 
inscribed in  a givm Cube. C 

Dcscribe a square, Pl B,. P, C (Fig. 4G), having Pig. 40. 

onc of its aides equal half the edgc of the given cubc. 

Join A, B,, and A, C. 
nz 

l2 ' Join CB,. Produce P, C,'and B, Pl to B5 and A,. Makc CB5 and Pl A, both cquai 
CB,. 

Take B5 E = --- + 1 A, Ba. A 
Through E draw ED parallel A, Pl, cutting A, C in O,. Join ,pl % 

PI 0,. Pig. 47. 
Draw a line, P, P, (Fig. 47), equnl CB,, or P, P, of Fig. 46. On 

this base describe an isosccles triangle O, PIPP, having each of its aides, Pl O,, O, P2, 
cqual P, O, of Fig. 46. 

Pl O, P, wiii be a face of the required four- 
faced cube; tventy-four of these faces being I 

arranged together, as in Fig. 48, rrill form the 
required net. 

To'on~ia of the fonr-faced cube. 1 
The form 12~0 ,  ce 02  of Naumann, 210 

Affiler, and 6' of Brooke and L e v ,  bas its 
octahcdral and rhombic axas $of those of the 
cube in vhich it is inscribeà Inclination of 
faces over any edge, such as O, 0,143" 8' of Yig. 48. 

l 
thcir normals 36" 62'; over any edge, such as Pl 0, 143" 8' normals 36' 52'. 
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310 FOUR-FACED CUBE. 

Crystak of t h  foZ2owing minwals have fnces parallel to tkis formi- 

brgentite. Fluor. Gamet. Peroylite. 
Copper. Gold. Maguetite. Salt. 
C~bditine. Gersdornlte. Pyrite. Silrer. 
Cuprite. 

The form 1 3 n ,  %O3 Naumann, 310 Xillcr, h3 Brooke and Levy, has its octahedral 
and rhombic axcç Q of the cube ; inclination over 0,0, 126" 52', normals 53" 8'; over 
l',O, 154" 9', normals 25" 51'. It occurs in 

Amnlgam, Fahlerz, muor, Hancrite, and Pyrite. 

The form 1:m, cmOg Naumann, 320 Miier, b2 Brooke and Levy, has its octa- 
hedral and rhombic axes 9 of the cube, inclination over 0,02 157" 23', normals 22" 37'; 
over P,O, 133" 49', normals 46" 11'. It occurs in 

Argentite, Blende, Diamoiid, Pyrite, and Perowskite. 

The form l3n, m O#'Taumann, 520 Jifiiier, 61 Brooke and Levy, haç i ts  octahedral 
and rhombic axes +th those of the cube, inclination over 0,0, 133" 66', normals 4624'; 
over P,O, 149" 33', normals 30" 27'. It occurs in 

Copper und Fluor. 

The form 14 w , m 04 Nauniann, 430 Miller, and b% Brooke and L e 7 ,  hm its octa- 
hcdral and rhombic axes +th thosc of the cube, inclination over 0,0, 163" 44', nomals  
16" 16 ;' over PIOl 129" 48', normals 50" 12'. I t  occurs in 

Diamond and Perowskite. 

The form 1400, m04 Naum-, 410 Miller, and b4 Brooke and Levy, has its 
octahedral and rhombic axes $ of the cube, inclination over O, 0, 118" 4', nomais  
61" 56' ; over Pl O, 160" 15', normals 19" 45'. It occurs i n  

Cobaltine and Siiver. 

The form lgcn , c008 Naumann, 540 Miller, ha Brooke and Levy, has its odahedral 
and rhombic aaes $th of thc cube, inclination over edge 0,0, 167" 19', normals 12" 41'; 
over edge Pl 0, 127' 34', nomals 52" 26'. It occurs in 

Perowskite. 

The form 15-, a 0 5  Waurnann, 510 Milier, b5 Brooke and Levy, has i ts  octahcdral 
and rhombic axes 3 of the cube, inclination over O, O? 112" 38', normak 67" 42', over 
Pl O, 164" 4', normals 25" 51'. It occurs in 

Cuprite. 

The form Igw approaches nearer to the rhombic dodccahedron, and the form I5a 
to the cube, than any of the other f o m  which hase been described as occuring in 
nature. 

Six-faced 0ctahedron.-The six-faced octahedron, caüed also the hexakisocta- 
kdron, &ira-kontaoktaedron, py~anaidal-granatoiiedron, triagonal golyhedron. Being a 
characteristic form of the diamond, Haidinger named it ddamalzfoid. 

Taces, Bges, and Solid Alzg1es.-The six-faced octahedron is bounded by forty- 
eight equal and similar scalene triangles, such as Pl O, Ri, Pl O, R,, &c. It haa 
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six eight-faced solid angles, Pl Pm &o., P,, whose apices terminate the cubic axes and 
touch the faces of the cube in which the figure can be 

P inscribed. Eight six-faced solid angles, 0, O,, Bc., O,, 
whose apices always lie in the octahedrd axes, and tn-elve 
four-fxed solid angles, R, R, R,, &c., R,, whose apices 
aiways lie in the rhombic axes of .the cube in which thc 
sis-faced octahedron cm be inscribed. It has twenty- 
four long edges, Pl O,, P, O,, &c., P, O,, joining the apices 
of the eight-faced and six-faced solid angles, twenty-four 
intermediate cdgcs, Pl R,, R, P,, ac., joining the apices of 

Y6 

Fig. 1% 
the eight-faced and four-fac~d solid angles, and t w  nty- 
four ahort edges, 0, RI, O, R,, 0, R,, &c., joining thc apices 

of the six-faced and four-faced solid angles. 
Symbob for the A'&-faced 0ctahedrott.-Every face of the six-fnced octaheclron, 

if produced, will cut three of the cubical axes produccd in three points at uncqual 
distances fiom the centre of the axes. Tnus, in Figs. 49 or 50, the face O, R, l' 
produced cuts the a i s  C.P2 at the point Pz, the axis C P, produced at  a distance 2 of 
C P,, and C Pl produced_at a distance three times C PI from Cl the centre of the axes 
and figure. Similarly, every face of the figure cuts one & at a distance C P, anothcr 
produced at + of C P, and the third cubical axis produoed at a distancc three timcs C P. 
Taking CP, the distance of the centre of the figure from the apex of one of its 
eight-faced solid angles, as our unit, the -bol which will represent this relation 
of the faces ta thc cubical axes d bc Il$,  3. The general symbol wiii bc 1, ml n, 
where m and n are any whole numbers or fractions greatcr than one, and 7n lcss thaii n. 

Naumann's symbol is m O n, Miller's h k 1, h, k and 1 beiug d three whole numbcrs; 

and Brooke and Levy's modification of Haüy, 3 hk B', Or & 6:. 

Descnbc a cube A, 4, &c., A, A, (Fig. 
:O) with its octahedral axes, CA,, CA?, &c. 
C A,, rhombic axes C B,, C B,, &c. C B,,, and 
cubic axes C Pl, C P, Bc. C P, ; only one of 
the latter, C Pl, is shom in Fig. 52, in order 
not to crowd the figure unnecessarily. 

Take a point E in B, A,, such that 
1 

B, E= --y--y B,A1 
l + . , + ,  

1 
For the form 1, $, 3 B, E - -2-. 

- 1 + s + +  
B, A, = g B, A,, or B, E = f B, Al. 

Take anothcr point G in B, A,, such that 

B, G = -+ B, A,. 
1 + ," 

1 
For the form I l % ,  3 BB, E = lT+ B6 A, = 3 Ba A,. 

Join P, A, and C B, ; through E and G, draw E D, and E F parallel to A, Pl or B, C2 
Let E D eut CA, in O,. Through O, draw O, paraüel to A, A, cutting C 4 
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in O, ; O,O,parallel to A, A,, cutting C A, in O,, and so on, tiil a cube 0, O ,  kc., O,, 
is inscribed in A, 4, &c., A, ; h a ~ g  C O, C O, &c., C 0, for its octahedral axes. 

Simiiarly, commencing fiom the point where 
F G cuta C A,, draw another cube whose edges are 
parallel to the one just deseribed, and having C R,, 
C &, C R,, &c., C R,, for i t ~  rhombic axcs, as 
shom in Fig. 50. Join the points Pl O,, 0, R4, Pl 
R,, &c., as shown in Fig. 51, and the six-faccd octa- 
hedron wiii be drawn, with aii ita axes inscribed 
in a cube. I n  this, as in the preceding forms, if 
i t  is only requiced to show the form itseif, as in 
Fig. 49, the Figure 61 may be Grst dmwn in 
pencil, and the outlines of the form being drawn 

Fig. 51. in ink, the other lines may be mbbed out. The 
form drawn in Figs. 49 and 51 is that whose 

qmbol is 1, #, 3, but the student is adviaed to draw for himseif some of the:other forms 
e-hich occur in nature of the six-faced octahedron, in order to familiarise himself with 
the diffcrent propcrties of the figure, and its relatiom to the axcs of the cube in which 
it is inscribed. 

Axes of the Six-faeed Octakdron. 
The cubical axes of the six-faced octahedron join the opposite eight-faccd solid 

angles, and are equal to the cubical axes of the cube in which it is inscribed. 
Thc octahedral axes join the opposite six-faced solid angles, and arc equal to the 
1 

1 th pari of the octahcdral axes of the cube in which the figure i s  inscribed. 
1 + 1 +  . . 

?IL vc 
The rhombic axes join the opposite four-faced solid angles, and are cqual to thc 
1 - 

1 th part of the rhombic axes of the cube in which the figurc is inscribed. 
1 - k -  

121 
Inclination of the Acijacent Fmes. 

If 0 be the angle of inclination of two adjacent faces over the eàge P O (Figs. 49 
and 51), joining the eight-faced and six-faccd solid angles, 

2 
l+- 

If <P be the angle of inclination over the edge. OR, joining the six-faced and four- 
faccd solid angles, 

2 1 
nr +r;i 

Cos. Q = '. 
1 +lnl+2 

If # be the angle of inclination over the edge RP, joining the four-faced and eight- 
faced solid angles, 
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Limnits of the For~)$ of the 8iz-faced Octahedron. 
The sir-faccd octahedron may be regarded as the most general form of the cubical 

system, and that from which ali the others may be easily derived, Thus, as m and n 
approach in magnitude to uuLty, the ah-fmed octahedron approximates to the octaBe- 
d m a ;  and when m and n are both equal to unity, it becomes the oetahedron. I n  thii 
case, the six faces forming the six-faced solid angle a l l  lie in the same plane, and the 
edges P, R, and R, P, lie in the same line. 

As m and n both increase in magnitude and in equality to each othcr, the siz-faced 
octahdrcn approximates to the cube; and when m and s arc both infinitely great it 
becomes the cube. In this case, the eight planes ahich form each eight-faced solid 
angle a l i  lie in the same plane, and the edges O, R, and R, O, lie in the aame l i e .  

As m approaches to unity while n increases in magnitude, the six-faced octnliedron 
approximates to the rhombic dodecahedron ; and when na equals unity, and n is infi- 
nitely great, it becomes the rhombic dodecahedron. : I n  thia case, the four planes which 
form each four-faced solid angle lie in the same plane. 

When m equals unity while n remains f i t e ,  the siz-face& octahedron becomes tho 
iAree-fmed octahedmz; and the planes on each side of the edge RO lie in t h  snme 
plane. 

When m and ra are equal to each other, both finitc and greatm thnn unity, thc s i r -  
faced octahiron becomes the ttcenty-four-faced Irapaolredro~a; and the planes on cach 
side of the cdge P O  lie in the same plane. 

When m remains finite, and n becomes iniinite, the stk-fnced octahtdrm bccomes 
the four-fmed d e ,  and the plnnes on each side of the edge PR lie in the same plnne. 

AU the formula for the axes and the inclination of the faces, &c., for al1 the holo- 
hedral forma of the cube may be derived from those of the six-faccd octahedron, by 
substituting 8 for m and n, for the cube ; 1 for m and n for the octahedron ; 1 for m 
and & for n for the rhombic dodecahchn ; 1 for nt for the three-faced octahcdron; m 
for n for the twcnty-four-faced trapezohedron ; and & for II for the four-faccd cube. 

To dcscrae a Xet  for the Six-fmed OctnAedvon which mny be inscribed in a givrn CriK. 
Describe a square, Pl B, P, C (Fig. 62), having one of 

its sides half the edge of the given cube. Join CB,. 
Produce B, Pl to A,, and P, C to B,. 
Nake A, Pl  an l  C B, bothequal C B,. JoinA, B, and A, C. 

1 1 Take B, E = - Bj A, and B, G = - B, A,' 
1 

1 +-+; 
m 1 +' 

Through G and E draw G F and E D parauel to A, Pl. 

A 
0~ p, 

Fig. 52. Fig. 53. Fig. 51. 

Let X D eut Al C in O,, and G F produced cut C BI in RI. Join Pl O,, P, R,, nnd RI Pr IRIS - LILLIAD - Université Lille 1 
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In C Bi take C R, equal C R, and join R, O,. 
Then draw a line O, P, (Fig. 53), equal O ,  Pl (Fig. 52) on O, P, (Fig. 53), as a 

base, descnbe a triangle, 0, R P,, having its side O, R equal to O, R, (Fig. 52), and the 
side Pl R equal to Pl R, of Fig. 52, then O, R Pl will be a face of the required figure. 

Forty-eight such faces arranged together, as in Fig. 54, wiii form the required net 
from which a mode1 of the six-faced octahedron can be formed, which can be inscnbed 
in the givcn cube. 

Poms of the Six-faced Octahedro~~ zhich orcur in Nature. 
The form 1, $, 3 whose symbols are g O #, Kamaun ; .5,4,3, Muer ;  and b2, bi, b i ,  

Brooke and Levy, has its octahedral axes &th and rhouibic 4th those of the cube in 
which it is inscribed. 

Cos. 0 = 0 = 168' 31', COS. + = % $J = 168' 31' cos. = & J,  = 129" le. 
Inclination of normals of faces whose inciinations to each other arc 0 p and J,  rcs- 

pectively, 11' 29', 11" 29', and 50' 12'. 
Faces parallel to this form occur in crystals of Pprite. 
The form 1, #, 64 ; 64 O e, Naumann; 64, 6S, 1, Nillcr ; bl, 1>& BA, Brooke and 

Levy. Octahedral axes = ; rhombic = &,. 
Cos. O = %  0 = 121" 34'; cos. p = w + =  179" 6'; cos. J,= m$ #= 178" 43'. 

Inclination of normais 58" 26', 0" 54', and 1" 17'. 
Faces parallel to this form occur in crystals of Gamet. 
The form 1, 5, 2 ; 205, Naumann ; 4, 3, 2, Niller; and b%, B;, bi, Brooke and Levy, 

Octahedral axes 3 and rhombic #. 
Cos. O = #, 9, e 164" 56'; cos. p = ;g, + = 161 5.5'; cos. J ,  = 3, += 136" 24'" 

Inclination of normals, 15" b', 15" 5', and 43" 36'. 
Faces parallel to t h  form occur in crystals of Linmite. 
Thc form 1, H, Y ; Y O H, Saumann; 15, 11, 7, Miller; and 6% o i t  ~. 

Brooke and Levy ; octahedral axes, s; rhombic, B. 
Cos. O==, û=163' 38'; cos.+==, $=1G3" 38'; c o s . $ = ~ , $ = 1 3 8 .  

45'. Inclination of normals, 16" 22', 16' 22', and 41" 15'. 
Faces ~aral lel  to this form occur in Linneite. 
The form 1, 3, 4 ;  4 O 4, Naumann; 4, 3, 1, Miiler ; and bl, bf, bk, Brooke and 

Levy. Octahcdral axes, 4 ; rhombic. 3. 
COS. e = g, e = 14T 48' ; COS. <p= 2. + = 164' 3' ; cos. $ = $$, 9 il,= L57O 23'. 

Inclination of normais, 32" 12', 15" 57, and 22" 37'. 
Pacca parallel to this form occur in Garnet. 
Tho form 1, Q, 3 ; 3 O 3, Naumann; 3, 2, 1, Miller; and V, &, b8, Brooke and 

Levy. Octahcdral axes = a ; rhombic, 3. 
COS. e = +s, e = 158" 1% ; COS. q, = +$, + = 158' 13' ; cos. II, = +A $ = 149" 0'. 

Inclination of normals, 21' 47, 21" 47,' and 31" 0'. 

Focos parallel to tibia f o m  occur in 
Amalgam. Diamond. Hauerito. 
Cobaltine. Fahlerz. ,Wdgnetite. 
Cuprite. Gamet. Pyrite. 

The form 1, +, 5 ; 5 O s, Nawnann ; 5, 3, 1, Xiüer ; dl, b$, b!, Brooke and Levy ; 
octahedral axes, 8 ; rhombic, 9. 

COS. e =M e = 1520 zol ; COS. .+ = g, rp = 1520 20' ; COS. $ = B, 4 = 160" 32'. 
Inclination of normals, 27" 40', 27" 40', and 19" 28'. IRIS - LILLIAD - Université Lille 1 
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Faces parallel to this form oecur in Boiacite and Pyrite. 
The form 1, 2, 4;  4 O 2, Naumann; 4, 2,1, Miiler; b', M, M, Brooke m d  Le\ y. 

Oct&edral axes, 3 ; rhombic, a. 
Cos. e =%, 8 = 162" 15' ; cos. q = g, $J = 144" 3' ; cos. d, = s7 P,= 154" 47'. 

Inclination of normals, 17" 43, 35" 57, and 25' 13'. 
Faces parallel to this form occur in Fluor, Gold, and Pyrite. 
The form 1, 51, y ; Y O 9, Naumann; 11, 5, 3, DlZer; 6:,, 6', 6:, Brooke and 

Levy. Octahedral axcs, +&; rhombic axes, fi 
COS. O=+$+, e-16s' 57'; COS. <p=+?;;, < ~ = 1 4 0 ' 8 ' ;  COS. 3=+3, q=15a 7. 

Inclination of normals, 13" 3', 39" 51', and 27" 53'. 
Faces parallcl to this form occur in crystals of Fluor. 
The form 1, y ,  4 ; 4 O Naumann ; 16, 7, 4, Miller; 61, 6+, 6&, Bsookc a d  

Levy. Octahcdrd axcs, $$ ; rhombic axcs, @. 
COS. e = 3 g ,  e = 1660 24'; COS. q = 51q, += 138'2% ; cos q = ~ ; p ,  + = l s  1-1. 

Inclination of normals, 13" 36', 41" 37, and 25" 48'. 
Faces parallel to this form occur in crystals of Fluar. 
The form l,;, 7 ; 7 O g, Naurnann; 7,3, 1, Miller; bl ,  65, 64, Brooke and Lciy. 

Octahedral axes, T' ; rhombic, A. 
Cos. 0 -B, 0 = 1.58" 47' ; cos. <P = 38, $ = 136' 47' ; c S. il, = g, # = 1165 1'. 

Inclination of normals, 21" 15', 43" 13', and 14" 58'. 
Faccs pardel  to this form occur in crystals of Fluor. 
The form 1, 4, 8 ; S O 4, Naumann ; 8, 2, 1, Niller ; L', bt ,  b', Brooke and Leq-. 

Octahedral axes, fi ; rhonibic axes, 4. 
Cos. O=%, O=17Oo 14'; cos. <p= B, += 118" 34'; cos. # =  28, d,=166 10'. 

Inclination of normals, 9" 46', 61" 26', and 13" 50'. 
Faces parailel to this form have been found in crystals of Gdcnn. 

Fig. 55. Fig. 56. Fig. 57. 

Combinat ion  of  the F~lgls  of the Cube a n d  0ctahedron.-mhen the 
faces of the cube Pl P ,  &c., P, (Fig. 551, predominate, the solid angles of the cube arc 
rcplaced by triangular faces O, oz, &c., O,, which are pa rde l  to those of the kcribed 
octahchon. Whcn the faces O, O,, &c., O,, are so large that the anglcs of their 
triangles meet, Pl P,, &c., P,, are squares (Fig. 56). FVhcn the faces of the octahcdron 
predominate, as in Fig. 57, the solid angles of the octahcdron are replaccd by squarc 
planes of the cube P, P,, tc., P,. 

I f  0 be the angle of inclinntion of a face of the octahcdron, as O,, to any of the 
adjacent faces of the cube, as Pl Pz, or P,, 

v - 
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Combination o f  Cube a n d  Rhombic  Dodecahedxon-When the faces of 
the cube P, P, P,, kc., (Fig. 58), predorninate, the faces of the rhombic dodeo&edron, 
r, r, r,, rcplaee the edges of the cube. 

When the faces of rhombic dodecahedron predominate (Fig. 59), the faces of the 
cube P, P2 P,, replace the four-faced solid angles of the rhombic dodecahcdron with 
square planes, Pl P,, &c. 

If 0 be the angle of inclination of the face of the cube P, to G e  adjacent faces of 
the rhombic dodeoahedron r, r,, &c., and û' the inclination of their normds, 

1 
Cos. e = - e = 1350, and 8'= 45'. 

1 ' 2  1 

Combination o f  Cube and Three-faced 0ctahedron.-When th  fwcs 
of the ciibe, Pl Pz P,, &c. (Fig. 60), predominate, the solid angles 
of the cube are replaced by the three-faced solid nngles of the 
the-faced octahedron, forming three trapezoidal planes, 6, b,, ,:,, i*,. ,!k, 
and d,, for each solid angle of the cube. : -. 'i 62 ,. 

When the faces of the three-faced octahedron, b, b, b,, &ce, ' P .  
predominatc (Fig. 61), the eight-faced solid angles of the three- , , . . 
faced octahcdmn are rcplaced by octagonai planes of the cube '. .,,!,., ,,..,, 
Pl P2 P6, &G. 

Let 6 be the angle of inclination of Pl to b, or b,, P that of 
tlicir normals, and <p the angle of inclination of Pl to 6,: +' that of their normals. 

If  l l n  be the s p b o l  of the three-faced octahcdron, 

For the fom 1, 1, g~ COS. e = dx& P = 125" 29' 1 = 54' 32'. 
cos. <p = dT= ip = 124' 51' ip'= 55' 9'. 

For the f o m  1, 1, 3, cos. e = 2/% 0 = 127" 59' 8' = 52" 1'. 
cos. <p = &# qi = 119" 29' ip' = 60" 31'. 

For the form 1, 1, A cos. 6 = 4s 6 = 129' 46' 8' = 50" 14'. 
cos. $ = 1/& qi = 115'' 15' $'= 64' 45'. 

For the form 1, 1, & cos. 0 = dTx 8 = 130° 58' 6' = 49" 2'. 
cos. $=a <pz 112'0' qi' = 68" 0'. 

For the form 1, 1, 2, cos. 9 = dg 0 = 131' 49' 8' = 48' 11'. 

cos. <p = Z/r ip = 109" 29' qi' = 70" 31'. 
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For the form 1, 1, 3, cos. 8 di9; 8 = 133" 30' 4 = 46" 30'. - - 
cos. qi = 4~ 9 = 103' 16' rp' = 76' 44'. 

For the form 1, 1, 4, cos. 8 = ?/$F 8 = 134" 8' O' = 45' 52'. ' 

cos. qi = 2/& qi = 100" 1' q l =  79' 59'. 

Combinat ion  of C u b e  and Twenty-four-faced Trapexohedron.-Whcn 
thc faces of the cube P, P, P,, &c., predominate (Fig. 62), the solid angles of the cubc 

are re~iaced bv the three-faced solid andes of the Trapcso- 
hed rk  formina three triangular planes & a, a, for eschsolid 
angle of the cube. 

When the faces of the trapczo- P 

hedron predominate ((Fg. 63), the 
four-faced solid anglcs of the trape- 
zohedron, which tcrminate the 
cubical axes, are rcplaced by square 
planes of the cube P, P, P,, &c. 

Fig. 62. 
Let 8 bc the angle of inclination of 

Pl to a,, 4 that of their normnls, and @ the angle of incli- 

l 
nation of Pl to a, or a,, qi' that of their nomals. Fiz. 63. 

If  1 rn nî be the s7mbol of the twenty-four-faced trapezo- 
1 

hedron, 

- 
For the form 1, 4, 8, cos. 8 = 43% 0 = 133' 19' û' = 46 41'. 

- 
cos. rp = 2/59 qi = 120a 58' 9,' = 59= 2'. 

- 
For the form 1, 4, 2, cos. 8 = 43' 0 = 136' 41' 4 = 43' 19'. 

- 
cos. qi = 1/& qi = 119" 1. qi' = 60' 29'. 

For thc form 1, 2, 2, cos. 8 = 4% 8 = 144O 41. 11 = 33;" 1V. 

For thc form 1, $, 3, cos. 0 = l/Kt?= 147' 51' 11 = 32" 9'. 

cos. qi = 2 / x q i =  112" 6' qi' = 67' 64'. 
- 

For the form 1,$, 8, cos. 0 = -,/% e = 152' 4' 4 = 27" 56'. 
- 

cos. qi = qi <P 109' 21' qi'= 70' 30'. 

For the form 1, 3, 3, cos. 0 = ?/Pr 0 = 154O 46' 11 = 25' 14'. 

cos. <p = ?/A 9 = 107O 33 '<P' = 720 37'. 

For the form 1, 4, 4, cos. 8 = I/G 8 = 160° 32' 1 = 19O 2ô'. 
- 2 

cos. 9 = <P = 103" 38' rp' = 7G0 22'. 

1 For the forml, 10,10, cos. 13 = 1 / & q 8  = 171° 5'1' 8' = S0 3'. 

1 - 
cos. qi = i& qi = 95' 41' qi' = 840 19' IRIS - LILLIAD - Université Lille 1 
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For the form 1,12, 12, cos. O = .1/=0 = 173" 17' 1 = 6" 43'. 

cos. <p = .1/x<p= 99" 45' +' z 85" 15'. 

For the form 1,16,16, cos. 0 = Z/m 0 = 174" 51' 6' = 5" 3'. 
- 

cos. <p = )/& 9 = 93' 34' 9' = 86O 26'. 
For the form 1,40, 40, cos. e = .1/% e = 177" 8' Q = 2" 52'. 

cos. 9 = Z/& += 91' 26' <p' = 8S5 34'. 

Combination of Cube and Pour-Paced Cube.-When the faoes of the cube 
Pl Pz P,, &c. (Fig. 64) predominate, each edge of the cube is rcplaced or beveiied bS 

tmo faces of the four-faced cube 
C l  C2i Cs c,, a, Cs, &o. 

'Phen the faces of the four- 
faced cube cl c, c,, &c. (Fig. 
6 4  predominate, every four- 
faced solid angle of the four- 
faced cube is replaced by a 
square plane, P, Pz, &o., of the 
cube. 

Fig. 64. If 1, m, m be the symbol of Pig. 65. 
thr  four-faced cube, 

O the angle of inclination of P, to cl or c,, V that of their normals. 
the angle of inclination of P, to c, or c,, 9' that of their normals. 

cos e 
Then cos. 8 = 1 or cot. 0 = n, 0' = 180 - O, coa. <p = -, 

VI+,,$ m 
and +' = 180" - $. 

The inclination of P, to c, or c, is 90" in every case. 

For the form 1, 3, m , cos. 0 = @ cot. 8 = .f. 0 = 141' 20' &' = 36' 40'. 
cos. <p = t/g 9 = 128' 40' q' = 51" 20'. 

For the form 1,$, m ,  cos. 8 = 1/s cot. 0 = 3 0 = 143" 8' û' = 36" 52'. 
- 

COS. <p = 5/& c$ = 126" 52' +' = 53" 8'. 
For the form 1, 4, w ,  cos. 8 = Z/fS cet. e = 4, e = 146" 19' 8' = 33" 41'. 

cos. <p = i& <p = 123" 41' 9' = 56" 19'. 

For the form 1, 2, -, cos. 0 = ~3 cet. 0 = 2 0 = 153" 26' 8' = 26" 34'. 

COS. c$ = 1/& <p = 116O 34' <p' = 63" 26'. 
For the form 1, 4, , , COS. 8 = cet. e = 3 e = 158O 12. 8' = 21" 48.. 

cos. += + = Ill0 48' +' = 68: 12'. 
For the form 1, 3, a, cos. 0 = eot. O = 3 O = 161" 34' 8' = 18" 26'. 

cos. <g = t/& c$ = 108" 26' d = 7 1" 34'. 
For the form 1, 4, m ,  cos. 0 = l/@ cot. O = 4 0 = 165" 58. 8' = 14" 2'. 

COS. $3 = .1/% cp = 104" !2' +' = 75' 58'. 
For the form 1,5, m , cos. 0 = Z/s cet. 6 = 5 0 = 168" 41' 1 = 11" 19'. 

cos. c$ = ,lx <p = lo io  19' cp' = 78" 41'. IRIS - LILLIAD - Université Lille 1 



COYBINATIONS WITH CUBE. 319 

Combination of  Cmbe and Six-faced 0ctahedroni.-When the faces of 
the cube P, P, P,, &c. (Pig. 66), predominate, each solid 
angle of the cube i4 replaced by a six-faced solid angle of the 

six-faced octahedron, forming six trian- 
gular planes e, e2 e, e, e, e, for each solid 
angle of the cube. 

When the faces of six-faced octirhe- 
dron el e, e,,, &c. (E'ig. 67), predomi- 
nate, the eight-faced solid angles of the 
six-tâced octahedmn are replaced by oc- 
tagonal planes P, P,, &c., of the cube. 

If 1, nc, n be th& -bol of the six-faced octahcdron, 
Pig. 67. . 8 tho ansle of inclination of P, to e,, or e,, û' that of their 

no rmals. 
ip theiangle of inchation of P, to 4, or e,, +' that of their normals. 
$ the angle of inclination of P, to e,, or c,, that of their normais. 

For the form 1, 3, 4, 8 = 135' Of, B = 45" 0' ; ip = 124' 27, ip' = 55 33' ; 
+ = 115* 16', $' = 64O 54'. 

For the form 1, #, 64,0= 136" 37,  û' = 44" 33'; ip = 134' 33', ip' = 46 27' ; 
4 = 90' 38', ÿ = 89' 22'. 

For the form 1, +, 2, 0 = 137- 68', û' = 42 2' ; 9 = 123" 5l', +' = 56" 9' ; $ = 
111' 48', ÿ 68' 12'. 

For the form 1, H '+, e = 139' O,' û' = 41" 0' ; ip = 123" 36', ip' = 56" 24' 
+ = i i O D  37', +' = 69' 23'. 

For the form 1, 6,4,  e = 141' 40', # = 38O 20' ; ip = 126' Y ,  ip' = 53" 58' 
+ = 101' iY, Y = 78" 41.. 

For the form 1, #, 3, e = 143 18', 6' = 36' 42'; <P = 122 19', 9' = 575 41'; 
4 = 105" 30', ÿ = 74" 30'. 

For the form 1, A 6, 8 = 14'1" 41e, B = 32" 19'; ip = 120 28', +' = .5g0 32'; 
$4 = 99 a', y = 80" 16'. 

For the form 1, 2, 4, 8 = 150" 48', 6' = 29' 12'; cp = 115' 63', ip = 64" 7' ; 
J,  = 102 36', p 5 77 24,. 

For the form 1, y ,  y, B = 152 4, 1 = 210 56'; ip = 113" 41', ip' = GO" 19'; + = 103" 5 7 ,  = 76" 3'. 

For the form 1, $5 4, 8 = 153" 15', û' = 26" 45' ; ip = 113' 0', 9' = 67" 0' ; 
& = 102O 54', p = 7'1" 6'. 

For the form 1, 3, 7, 8 = 155 4l', d = 24" 19' ; ip = 112'- 59,  +' = 667" 1' 
J ,  = 97" 29', #' = 82" 31'. 

For the form 1, 4, 8, 0 = 164' 23', 1 = 16" 37'; b = 103' 66', cp'= 76" 4' 
4 * 96' 55', I/I' = 83' 5'. IRIS - LILLIAD - Université Lille 1 



320 COXBINATIONS WITH OCTAHEDRON. l 

Combination of Octahedron and Rhombic  Podecahedron-Whcn the 
faces of the octahedron predorninate, aso, O, O,, &c. (Fig. 68), 
the planes of the rhombic dodecahedron r, r, r,, &c., replace 

or truncate the edges of the octahe- 
dron. 

When the faces of the rhombii 
dodecahedron predominate, as r, r, r,, 
&c. (Fig. 69), the thrce-faced solid 
angle8 of the rhombic dodecahedion 
are replaced by triangular planes O, 

O, O,, &cc. of th c octahedron. Pig. Ga. 

Fig. 69 
Thc inclination of O, ta any of the adjacent faces r,, r,, or 

r,, is 144" 44', that of their normals 35" 16'. 
Combination of t h e  Octahedron and Three-faced 0ctahedxon.-lVhcn 

the faces of the octahedron O, O, O; O, &c. (Fig. 70), predomi- 
the! octahedron are replaced or bevolled by 

two planes of the three-faced octahe- 
dron. 

mhen the faces of the three-faced 
octahedron b, b, 6,, &c. (Fig. 71), pre- 
dominate, the three-faced solid anglos 
of the three-faced octahedron are replaced l 
by triangular planes O,, O,, O,, O,, &c., of 
the octahedron. 

Fig. 71. If I l n  be the symbol of the three-faced octahcdron, 0 the 
angle of inclination of O, to b,, 6, or b,, 9' that of their normals, 

Then cos. 0 = 

For the form 1, 1, $9 8 = l?go 36' 8' = 0" 26'. 

For the form 1, 1, 4 0 = 1 7 4  14' V = 5" 46'. 

For the form 1, 1, 8 B = 169" 57' tï = 10° 3'. 

For the form 1, 1, 5 O = 166" 44' û' = 13' 16'. : 1 
For the form 1, 1, 2 0 = 164" 12' 8' = 16" 5s'. 

l 

For the form 1, 1, 3 B = 15S0 0' V = 22" W. 

For the form 1, 1, 4 B 7 154" 46' 8' = 2 5 O  14'. l 
I 

Combination of t h e  Octahedron and Twenty-four  Faced  Trapezo- 
hedron.-men the faces of the octahedron O, O, O, O, (Fig. 72) predominatc, thc 
solid angles of the octahedron are replaced by the four-faced solid angles of tho trapc- 
zohedron, which terminate its cubical axes. IRIS - LILLIAD - Université Lille 1 



When the faces a, a, q, &c. (Fig. 73), of the trapezohedron predominatg the ~~IIW- 

faced solid angles of the trapezo- 
hedron are replaced by trianguia 
planes O,, O, os, 08, of the octahe 
dron. 

I f  1, m, rn be the symbol of the 
twenty-four-fwed trapezohedron, 
8 the angle of inclination of the 
face O, to 61, +, or a,; B' that of 
their normais. 

Pig. 7a. 1 +; 2 

Cos. 8 = - 0' = 180'- 8. 

1 1 3  (1 + 5) 
mz 

For the form 1, A 3 8 = 171" 57' O' = 8" 8. 
For the form 1, #, + 8 = 168' 35' 8' = 11° 25'. 
For the form 1, 2, 2 8 = 160" 32' 4 = 19' 28'. 
For the form 1, 8, 8 8 = 157' 25' 4 = 22' 35'. 
For the form 1, +, + 8 = 153" 12' 6 = 26" 48'. 
For the form 1, 3, 3 8 = 150" 30' 8' = 29" 3û'. 
For the form 1, 4, 4 8 = 144" 44' 4 = 36' 16'. 
For the form 1, 10, IO 8 = 133O 19' U = 46' 41'. 
For the form 1, 12, 12 8 = 131° 59' 8 = 48' 1'. 
For the form 1, 16, 16 8 = 130" 19' 4 = 49" 41'. 
For the form 1, 40, 40 0 = 127" 17' 8' = 52' 43'. 

of the Octahedxon and Foiu-faced Cube. 
the octahedron, O, O, o6 q (Fig. 74), pre- 
dominate, the solid angles of the octahe- 
dron are replaced by the four-faced solid 
angles of the four-faced cube c, c., &c. 

When the faces of the four-faced 
cube cl e, es, &c. (Fig. 75), predomi- 
nate, the six-faced solid angles of the 
four-faced cube are replaced by planes 

Pig. 7& of the octahedron O,, O,, os, 4, &o. Pig. 75. 
If 8 be the angle of inclination of 

the face O, of the octahedron, to any of the faces O, c, cl c, c, of the four-fnced cube 
whose symbol is 1 m CO, 4 that of their normak. 

IRIS - LILLIAD - Université Lille 1 



For the form 1, 3, m 8 = 136' 65' 6 = 43" 5'. 
For the form 1, 4, œ 8 = 134" 26' Q = 45" 34'. 
For the form 1, 6, œ 8 = 132" 48' P = 41" 12'. 

Combination of the Octahedron and Sin-faced 0ctahedron.-%%en the 
faces O, O, O, O, (Eig, 7 6) ,  of the octahe- 
dron predominate, the solid angles of the 
octahedron are replaced by the eight- 
faced solid angles of the six-faced octa- 
hedron. 

When the faces e, e, e, e,, &c. (Fig. 
,771, of the six-faced octahedron predo- 
minate, each six-faced soiid angle of the 
six-faced octahedron is replaced by a 

Fig. 76. plane, O, O, O ,  &o. of the octahedron. Fig. 77. 

If 1, m, n be the ~ymbol of the six-faced octahedron, 8 the angle of inclination of 
a faoe of the octahedron O, to any of the six adjacent faces 8, s, 6, 8, e, or e, of the 
six-faced octahedron, 6 that of their normals, 

1 1  
1 +,+; 

008. e = ~ = l ô û @ - e .  

vspcj  ;> 
For the fom 1, +, 8 8 = 168" 28' 8 = 11' 32'. 
F~~ the fom 1, g, 64 8 = 145" 22' 6 = 34" 38'. 
For the fom 1, 2 8 = 164' 47' 1 = 15' 13'. 
For the f o m  l,3, '$ 8 = 163" 28' (Y = 16' 32'. 
For the fom 1, #, 4 8 = 154' 66' 8 = 25" 4'. 
Forthefonn 1, Q, 3, 8 = 157"47' 6=22"  13'. 
For the fonn 1, 9, 6 8 = 151" 26' 6' = 26' 34'. 
For the f o m  1, 2, 4 8 = 161" 62' 8' = 28' y. 
For the f o m  1, y ,  Y 8 = 151" 47' 8 = 28" 13'. 
For the form 1, y, 4 8 = 150" 28' 8 = 29" 32'. 
For the form 1, 3, 7 8 = 145" 46' 8 = 34' 14'. 
For the form 1, 4, 8 8 = 139" 52' CY = 40' 8'. 

Combination of the Rhombic Dodecahedron and Three-faced Octa- 
hedx0p.-When the faces of the rhombic dodecahedron r, r, r 
&o. (Fig. 78), predominate, a three-faced 
solid angle of the three-fwed octahedron 
replaces each three-faced solid angle of 
the rhombic dodecahedron. 

When the fawa of three-feced octa- 
hedron b, b2 b3, &cc. (Fig. 79), predomi- 
nate, each edge of the three-faced octa- 
hedron, which joins its eight-faced soiid 

angle%, is replaced by a plane of the rhombic dodecahedron. 
If 1 1 a be the symbol of the three-faced ootahedron, 0 Fig. 79. 

the angle of incünntion of 8, to r,, or bS tu r,, 8 that of their nom&, 
IRIS - LILLIAD - Université Lille 1 



For the form 1, 1, 8% 8 = 145" Y û' = 34'61'. 
For the form 1, 1, 9 8 = 150" 30' 8 = 29" 30'. 
For the form 1, 1, # 6 = 154" 46' tY = 26' 14'. 

For the form 1, 1, ) 8 = 158" 0' 6' = 22" (Y. 

Far the form 1, 1, 2 6 = 160" 32' 6' = 19" 28'. 
Far the form 1, 1, 3 8 = 166" 44' 6' = 13' 16'. 

For theform 1, 1, 4 8 = 169" 68' 6' = 10' 2'. 

Combination of the Rhomblc  Dodecahedzon a n d  Twenty- four-Faced  
Trapezohedron.-For the trapezohedron, whose aymbol is 1, 2, 2, 

When the faces of the rhombic dodecahedron r, r, r, &c. (Fig. 80), predominate, 
the edges of the rhombic dodecahedron are re~laced by planes 
al a, %, $0. of the trapezohebon. 

When the faces of the aame fonn 
of the trapezohedron a, a, 6, &c. 
(Fig. 81), predominate, each four- 
faced solid angle of the trapezohedron, 
which terminates ita rhombio axk, is 
replaced by a plane of the rhombio 
dodecahedron r, r' r6, &cc. 

pig. 80. If 1 m m be the symbol of the 
trapezohedron, when rn is greater than 2, the four-faced d i d  
angles of the rhombic dodecahedron are repiaced by the four- Pig. 81. 

faced soLid angles of the tmpezohedron, which terminate ita cubical axes. When m ia 
less than 2, the three-faced solid angles of the rhombic dodecahedron are replaced by the 
three-faced solid angles of the trapezohedron. 

If 1 m m be the symbol of the twenty-four-faced trapezohedron, 8 the inclination of 
al ta rl OP rl> of (5 ta r1 or ro> &o., û' that of their nomals, 

For the form 1, 5, 9 
For the form 1, t, 4 
For the form 1, 2, 2 
For the form 1, 2, 3 
For the form 1, +, 4 
For the font  1, 3, 3 
For the form 1, 4, 4 
For the form 1, 10, 10 
For the form 1, 12, 12 
For the form 1, 16, 16 
For the form 1, 40, 40 
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324 COMBINATIONS WITH RHCMBIC DODZCAHEDROX. 

Qombination of the Rhombic Dodecahedron and Pour-faced Cube- 
When the faces r, r, r,, &c. (Fig. 82), of the rhombic dodecs- 
hedron predominate, each four-faced soiid angle of the rhombic 
dodecahedron ia replaced by a four- 
faced solid angle of the four-faced 
cube. 

When the faces of the four-faced 
cube O, s oq S, &c. (Fig. 83), pre- 
dominate, the edges of the four- 
faced cube which join its thme- 
faced solid angles are rephced by 

Fig. 82. planes of the rhombic dodecahedron Fi&. 83. ri rd r, Btc. 
If 1, m, m be the qmbol of the four-faced cube, B the inclination of q or op tO rd> or 

of a, or c, to r,, &c., 8' that of their normals, 

For the form 1, 4, m 0 = 173' 40' 
Fo r the fo rml , j ,m  û=171a52' 
For the form 1, 4, w 0 = 168" 41' 
Fortheforml,Z,m B=16l034' 
For the form 1, 4, CO 0 = 156" 48' 
For the form 1, 3, m 0 = 163" 26' 
For the form 1, 4, w B = 149" 1 
For the form 1, 5, m û = 146' 19' 

Combination of the ILhombic Dodecahedron and Six-faced Octahedron. 
-When the symbolof thesu-faced octahedron is 1, ni, n, and the 
form such that mn = m + n. If the faces of the rhombic dode- 
cahedronr, r4 r6, &c. (Fig. 84), predomi- 
nate, the edgea of the rhombic dodeca- 
hedron are replaced or bevded by two 
planes of the six-faced octahedron. 

When the faces el c2 el, &c., of the 
six-faced octahedron (Fig. 86), pre- 
dominate, each four-faced solid angle 
of the six-faced octahedron is replaced 

by a plane of the rhombic dodecahedron. Fig. 85. 
When mn ia greater tban m + n, the four-faced soiid 

angles of the rhombic dodecahedmn are replaced by the eighbfaoed ~olid angles of the 
octahedron. 

When m a  ia les6 than m + a, the three-faced solid angles of the rhombic dodeca- 
hedron arc replaced by the six-faoed solid angles of the six-faced octahedron. IRIS - LILLIAD - Université Lille 1 
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METHODS OF READING CRYSTAIS. 

Lf 1, m, n be the symbol of the six-faced octahedron, 8 the inclination of r, to 6, or 
Ca Or of r, to 8, or e,, &c., ff that of their normais, 

For the form 1, 4, Q 
For the form 1, 63, 64 
For the form 1, 3, 2 
For the form 1, +f, 
For the form 1, 4, 4 
For the form 1, 9, 3 
For the form 1, Q, 6 
For the form 1, 2, 4 
For the form 1, '2, Y 
For the form 1, Y, 4 
For the form 1, 2, 7 
For the form 1, 4, 8 

Complicated Combinationa of iùe r o i m a  of the Oubical 8~8tem.- 
Instances of more eomplicated combinations of 
the forma of the cubical aystem than those aiready 
given frequently oecur; but a diligent study of 
the simple ones, already given, will enable us to 
determine readiiy to what form each face of the 
qatal  should be referred. The determination of 
the forms to which the faces of a cryatal me p- 
raiiei, is technicaliy termed <<reading a crystal;" 
the particular species to which each form belongs 
is generaiiy found by measurement of the angles 
with a goniorneter. Many epecies, however, may 
be recognised by obsening the paraüelism of the 
edges of the faces to one another, according to 
what is caiied the mm tiicory. This will be 
dewribed hereafter. pig. 86. 

We have already given an instance of a wmplicated combination of forma in a 
cry~tal of Fluor apar. 

The simple combinations of forms already given enable us to read th& cryatal with 
eaae, and show that the faces P,, P, P,, &c., are faces of the cube ; r, r,, &c., r,, tnose 
of the rhombic dodecahedron; n, a, and (s, are facea of the twenty-four-faced trapoeo- 
hedron; b, b, and b3 of a three-faced cube ; and cl a, es, &o., e, the faces of a au-faced 
octahedron. 

I t  requirea, however, actual meaaurement of the inclination of the faces to deter- 
mine the particular species of the iaat three forma. 

In some works on Mineralog, as, for instance, the early editions of Phillips's '<Mine- 
ralogy," the inclinations only of such faces are given without sny reference "O th& 
symboia; in other aorks, such as the elaborate description of Mr. Tmner'r coiiection IRIS - LILLIAD - Université Lille 1 



326 ~PHERE OF P R O J E ~ O N .  

by Levy, h m  which Fig. 86 is taken, the faces are indicated only by their apmbols, 
and the angles ara not given. 

The tables annexed to the previously described simple combiitions will afford the 
atudent a ready meam of recognisig the .wpecies of the forma nom the angular mea- 
airementa given by Phillips; or of mpplying those memementa to the crystals 
described by Levy. 

The faces a, a, a- are marked <F1 in Levy's figure; hence, Ghey are faces of a 
twenty-four-faced trapezohedron, whose symbol ia 133 (see symbols of this figure, 
p. 305). 

The faces 6, q b3 are marked a in Levy ; they are faces of a three-faced octahe- 
dron, whose symbol is 112. The faces 4, e, s eb % e, are marked i = bl b* $, and are 
faces of a six-faced octahedron, whose symbol ia 1, 2, 4 (see p. 315). 

The inclination of the face P5 to any of the faces r4 Y, r ,  or Y,,, i a  135" (p. 316). 
The inclination of P5 to a, is 154" 46', and of P, to a, or a, 107" 33' (p. 317). 
The inclination P5 tO b2 or b3 ia 131" 49', and of P, to b,, ia 109" 29' (p. 316). 
The inclination of P, ta a, or e, ia 150" 48', to c, or e, ia 115" 63', and to e, or e,, 

102. 36' @. 319). 
The inclination of I, to e, or e,, or of r ,  to s4 or e,, is 157" 47' (p. 325). 
Tb above is nufficient to show how the inclinations of the faces of a crystal to each 

other rnay be determined from a knowledge of their symbols. 
Sphere  of Piojection-If we suppose the cube in which each of the forms 

of the cubical eystem have been inscribed, placed in a sphere, whose centre shali 
coincide with the centre of the cube; then, if lines be drawn perpendicular to the 
faces of each fonn fiom the centre of the sphere, and pmduced till they cut the d a c e  
of the aphere; the points where they cut the sphere will serve aa indications of the 
faces to which they are perpendicular, or to which, in mathematical language, they are 
the normals. These pointa calied the polcs of the faces of the crystal to which they 
are perpendicular. A map of ail the forms which we have hitherto described may thus 
be indicated on a globe ; and since the inclination of the nomals to any two planes is 
àlways the inclination of the faces, less 180"; a globe, with the poles of the faces of 
aii the forms of a crystaiiine substance described on it, will enable us speedily to deter- 
mine the inclination of any one face to another, by simply mewuring the distance 
between their poles, and subtractine this from 180". 

This method of mapping crystals was invented by Professor Neumann, of Konigs- 
berg. 

Zones.-In the combinations of crystals, it frequently ocms  that soma edges are 
paraiiel to one another ; instances of this will be seen in Figs. 68, 69, 64, 65, 70, 71, 
and many others. The poles of the faces, whose intersections are parallel tu esch other, 
ali Lie in a great circle of the ~phere of projection-a great cixcle being the intersection 
of a plane passing thmugh the centre of the sphere and its surface. When three or 
more faces of a crystal have theïr poles in the same great &ch they are said to form a 
m e .  and the great circla is ealled a z m  ti~cle. 

lKaps of  Clystala.-A map may be drawn on a plane surface, representing the 
sphere of projection, with the poles of al1 the faces of a crystal. Such maps, when 
understood, eonvey to themind a vast depee of information relative to the inclinations 
of the faces, which could not otherwise be represented, aolve many problem in crys- 
tsllography, and exhibit the position of the most important zones. Profeasor Miller, 
of Cambridge, has inserted an exceedingly valuable series of these mapa of crystala in IRIS - LILLIAD - Université Lille 1 



ZONES OF THE CUBICAL SYSTEM. 327 

the last edition of Phillips's mineralogy. The authora of the present treatise take this 
opportunity of expressing their obligation to Professor Milleie work, ta which they 
would beg to refer aii th- who would wish to master the science of crystaiiography. 

The s2erwgrqhk projection of the sphere, in which the eye of the observer in sup- 
posed ta be placed on the surface of the sphere in the pole of the great circle upon which 
the sphere ia projected, is that generaily made use of for these maps. It possesses this 
advantage : all circles on the sphere are represented on the map by straight h e e  or 
arcs of circlea. 

Map of the principal Zones of the Dubical System-WithP, as a ceatre, 
and a radiua Pl Pz of any convenient Pa 
length, describe a circle Pz P3 P4 P,. 

' h o u g h  Pl  draw the diameters 
P8 P, and Pz P4 perpendicular to each 
other. 

With P, as a centre, and radius 
equal P6 P, or P6 Ph describe the 
arc P, rz Pz, cutting Pa P, in r,. 

With P,, P, and P, aa centres, 
and radii equal ta the former, de- 
scribe mmilar ares, cutting Pl P, in 
r,, P, P4 in rai and Pl  Pz in rl. 

Let O, 0, 0, O, be the points 
where these arcs intersect each other. 

Join pi 01, PI 0, Pa 03, PI 0 4 ,  

and produce them to eut the circle 
P, P, P4 in the pointa r, r6 r, and r8. 

Figure 87, thus described, in an s 
Pig. 87. 

orthographie projection of the sphere, 
representing a hemisphere with the principal zone circles of the cubical system. 

Pl, P, P,, P,, and P,, are the poles of the faces of the cube, indicated by the same 
letters in the preceding figures ; O, oz O, O& the poles of the octahedron ; r, r, r, the 
polea of the faces of the rhombic dodecahedron. Pl r,, r, Pv Pz r,, nnd the similar 
lines and arcs, represent arcs of great circles 45O in lengtk. 

If the north pole on a globe be chosen aa the pole of P,, the equator will represent 
the circle P, P3 Pb Let Pz be the point where the first meridian of longitude, Pl P, 
cuts the equator ; then P4 will be the point where the meridian of 180°, and P, and P,, 
the points where the meridiana of 90" ead aqd west longitude, cut the equator. 

Let r, r, r, r, be the points where the circle of latitude of 45" cuta thesa meridians ; 
Y, r, r, r, pointa in the equator equidistant 6om Pz P5, Bc. Draw great circles paasing 
through Pl r, P, r,, Pz r4 intersecting in O,, and similar circles for the other octants of 
the sphere, and the map Fig. 87 wiii be described on the globe. If such a map be thus 
delineated on a black globe, or one of date, an approximation ta the anglea given 
in the description of the faces and their combinations, in the previoua part of this 
treatise, may be made,-particularly when the p les  of other forma are marked 
on the globe by methods which will he presently descnbed. The arc Y, P, 
measured by the brazen meridian, or by the flexible bniss meridian usually sold with 
globe, will give the inclination of two adjacent faces of the cube; the distance between 
q and r,, simiiarly measured, the inclination of the normals of two adjacent faces of ths IRIS - LILLIAD - Université Lille 1 
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MU OP THE CZTBICAL SYSTEY. 329 

the six-facedoctahedron, as ahown in Fig. 84; we know that the polea of the st-faced 

octahedron lie in this zone, and muat have ita symbol of the form 1, -"-, B. 
n - 1  

Draw the arcs P, r,, Pz r,, and P, rl, as in Fig. 88. Let ca, be the point where 
r, r, mta P, r ,  a, that where r, r6 cuta r, P, and a, that where r2 r, cuts P, r,. 

a, a, will be ples.of the twenw-four-facedtrapezohedron whose symbol is 1 2 2. 
Theao lie in the same zone aa those of the eix-faced octahedrona whoae spuboia are of 

the form 1, " n. 
fl- 1' 

When, therefore, the intersections of the rhombic dodecahedron with a twenty-four- 
faced trapezehedron make parallel edges, aa in Fig. 80, we know, without meaauring 
its angles, that the trapezohedron is that whose symbol ia 1 2 2. 

To Determine t h  PoSith of the Pole8 of the Pace8 of the Difwent F o m  of the Cul?àcd 
Sgstem on the Sphere of Prqictwn. 

The Tumty-four-faced Trapewhedron.-The anglea marked under the article 
'' Combination of Cube and Twenty-four-faced Trapezohedron," page 317, will give the 

circle of latitude which will out the zone Pl rs in a, (Fig. 
89) for each form of the trapezohedron, and the mgle 
+' the circle of latitude, which wüi cut the zones Pz r,, 

c h P  ;, and PÎ rl, in a, and a,, reckoning each circle of latitude 
from P, as the north pole. Thus, for the form 1, 2, 2, a, 

I; 
is the point where the circle of latitude 35" 16' cuts PI r,, 

CE 
and n, and a, the pointa where the circle of latitude 
65" 54' cuta r, Pz and r, PS. 

Three pole8 may be similady described in each of the 
P. r % other octante of the sphere, and thua the poles of the 

Fig. 88. twenty-four faces of the trapeeohedron may be placed on 
the sphere of prg'~ction. 

The Threezfaced Octahedr~1.-Under the article '' Combination of Cube and Three- 
faced Octahedron," page 316, (Y gives the circle of latitude foreach particultu form of the 
three-faced octahedron which cuta the zones r, P,, and r2 P, in the plea b, and b,, + 
the circle of latitude which cuta the zone Pl r, in 6,. 

By meam of the angles O and +', the poles of all the p, 
knownforms of the three-faced octahedron may be 6xed 
on the yhere of projection. 

Thu Four-faced Cube.-Under the article Combination 
of Cube and Four-faced Cube," page 318, û' gives the 
cirele of latitude which cuts the zones P, P, and P, P, in 
the polea of the four-faced cube cl and c,, and +' the circle 

hpa 
of latitude which cuta the same zones in the polea 4 and 6; 

ch; the poles cg and ce are distant from Pz and Ps 6; 6s 
respectively 6' degrees in the zone P, P,. PI 

We can thus determine the position of the poles of ail Pig. 90. 

the known f o m  of the four-faced cube on the sphere of projection. 
The S i x - f d  0ctaliedron.-The following table will enable us to ûx the polea of the 

six-faced octahedron on the aphere of projection, considering P, (Fig. 90) as the north 
yole, Pl P, the first meridian of longitude, and P, P, the equator :- IRIS - LILLIAD - Université Lille 1 



330 HEMHEDRAL FORMS OF CUBICAL SYSTEY. 

For the form 1, qt 9. Latitude of pole el = 45". 
Longitude of el = 36" 52'. 

Latitude of pole e, = 55" 33'. 
Longitude of c, = 30" 5o. 

Latitude of pole e, = 64" 54'. 
Longitude of g = 38O 39'. 

For the form 1, g, 6 4  Lat. el = 44" 33'. Lat. e, = 45O 27'. Lat. 6 = 89O 22'. 
Lon. el = O" 55'. Lon. % = 0' 64' Lon. 6 = 44" 33'. 

For the form 1, 3, 2, Lat. el = 42" 2'. Lat. e, = 56" 9'. Lat. c3 = 68O 12'. 
Lon. el = 33" 41. Lon. e, = 26" 34'. Lon. e3 = 36" 62'. 

For the form 1, #, y, Lat. el = 41" 0'. Lat. e, = 66" 24'. Lat. e, = 69" 23'. 
Lon. a, = 32" 28'. Lon. e, = 25O 1'. Lon. e, = 36" 15'. 

For the form 1, 2, 4, Lat. e, = 38" 20'. Lat. e, = 53" 68'. Lat. e, = 78" 41'. 
Lon. el = 18O 26'. Lon. e, = 14O 2. Lon. e, = 36" 52'. 

Fur the form 1, 3, 3, Lat. el = 36" 42'. Lat. c, = 67" 41'. Lat. 6, = 74" 30'. 
Lon. el = 26" 34'. Lon. e, = 18" 26'. Lon. e, = 33" 41'. 

For the form 1, g, 5, Lat. e, = 32" 19'. Lat. e, = 69" 32'. Lat. e, = 80' 16'. 
Lon. el = 18" 26'. Lon. e, = 11" 19'. Lon. e3 = 30° 58'. 

For the form 1, 2, 4, Lat. el = 29" 12'. Lat. e, = 64' 7'. Lat. e3 = 77" 24'. 
Lon. el = 26" 34'. Lon. c, = 14" 2'. Lon. e, = 26" 34'. 

For the f o m  1, y, Y ,  Lat. e, = 27" 66'. Lat. e, = 66" 19'. Lat. % = 76" 3'. 
Lon. el = 30" 68'. Lon. e, = 16" 15'. Lon. e3 = 24O 26'. 

For the fom 1, V, 4, Lat. el = 26" 45'. Lat. q = 67" 00'. Lat. e, = 77" 6'. 
Lon. el = 29" 45'. Lon. e, = 14" 2'. Lon. a, = 23" 38'. 

For the form 1, h 7, Lst. e, = 24" 19'. Lat. e, = 67" 1'. Lat. e, = 82" 31'. 
Lon. el = 18" 26. h n .  e, = 8" 8'. Lon. % = 23" 12'. 

For the form 1, 4, 8, Lat. el = 16" 37'. Lat. c, = 76" 4'. Lat. s = 83" 5'. 
Lon. e, = 26" 34'. Lon. e, = 6" 23'. Lon. e, = 14" 2'. 

The latitudes of the poles 6, e, and e4 (Fig. 90) are the same respectivel~ aa those of 
el 8, and % ; and the longitudes of e, e5 and e4 are respectively 45" greater than those of 
Cl e2 and 8,. 

Hemihedral Formo of the Cubical System.-It haa been already observed 
(page 294) that, with the exception of the cube and rhombio dodecahedron, another 
series of forma may be derived from the forma of the cubical wstem which we have 

Fig. 91: 

desmibed, bp producing half their faces to meet 
one another after certain laws. These forma, 
from the method of their derivation, are called 
hemihedral, or half-faced. We s h d  proceed to 
describe them. 

The Tetxahedzon.-If we describe a cube 
(Fig. 91) aa directed in page 296, the figure 
whose outline is bounded by the lima A., 4, 
A4 45,  % A,, a, A,, 4 A,, (m. 92) A5 8 7 ,  

a wi i i  be a tetrahedron, formed by the develop- 
ment of the faces of the octahedron opposite to 
the angular points A, A, A, and 8, of the 
eube. This called the  positive tetrahedrmz. 

Another tetrahedron, A, A, A,& (Fig. 93) may be formed by the development of the 
IRIS - LILLIAD - Université Lille 1 



faces of the ootahedron opposite to the anguiar points 4 A., A5 and A, of the 
cube. This tetrahedron is precisely similar to the former in magnitude, but differa 

Pig. 92. Fig. 93. 

h m  it in its position with regard to the cube in which is ie inscribed. It ia cniied 
the negative tetrahedron. With some forms, the combinations of the psitiue tctra- 
hedron are different h m  those of the negative tetrahedron. 

Facea, Angles, Edges, Be.-The tetrahedron ia bounded by four similar and equal 
plane faces, such as A, Ag & (Fig. 93), each of which is an equiiateral triangle. I t  has 
four three-faced solid angles, which touch the alternate three-faced aolid angles of the 
cxbe in which it ie inscribed; six equd &es, one of which corresponds with one 
diagonal of the face of the cube, for every face ; the mbim2 a m  join the centres of the 
opposite edges ; one half of each octrahedral azia coincides with that of the cube, while 
the other half ia eut by a face of the tetrahedron at a third of its distance from the 
centre. The adjacent faces of the tetrahedron are inclined to each other at an angle of 
70" 32', and theu nomala consequently at an angle of 109" 28'. 

r9yrnhla.-The symbol for thii form is 9. Nnumann's symbol for the tetrahedron 
O in - ; Milier's, K 111 ; frequently the same spmbol ia used na for the octahedron, only a 

intimnting that it ia a hemihedral form. 

To describe a net for the Tehahedron which may 68 hecribed in a gima tube. 
Draw a h e  A, A, (Fig. 94) equal to the line A, A, (Fig. 91) ; on this describe an 

Fig. 94. Pig. 95. 

equilaterii triangle A, A, A,. This wiü give a face of the tetrahedron. 
Four su& faces, arranged aa in Fig. 95, wil i  fom the required net. IRIS - LILLIAD - Université Lille 1 



Crystals of the follozoéng miinera2s hme faces parallel to the Tetrahedron. 

Blende (aulphuret of zinc). EuIytine (bismuth blende). Rhodizite. 
Boracite. Fahlera (gray copper). Tennantite. 
Diamond. Pharmacosiderite (amniate of iron). Tritonite. 

Twelve-faceil  Trapezohedx0n.-The twehe-faced trapezohdron is the hernihe- 
dral form of the three-faoed octahedro~. It has been caiied a h  the deltoidal, or the 
tmpaoidal dodeeahedron. 

As there are two tetrahedrons, one positive and the other negative, so there are two 
twelve-faced trapezohedrons-the positive one, Fig. 96, and the negative, Fig. 97. 

The positive trapezohedron is formed by the development of the faces of the three- 
fwed octahedron, forming its three-faced solid angles opposite to the edges A, A, A, 
and A, of the cube (Fig. 34, p. 303) ; thenegative trapezohedron by the development 
of the solid angles opposite to the edges 4 A, A, and A, of the cube (Fig. 34). 

These trapeeohedrons are in ail respecta similar to each other, except in their posi- 
tion with respect to their circumscribing cube, and their combinations with other forms. 

@ 3a@' b 

P,, v' "I " p4. '--. , ,,, 
= ,- ,A,, p: r 

O8 0, 

p; P R  

Fig. 96. Pig. 97. 

Taces, Adiigh, Edges.-The twelvs-faced trapmhedron is bounded by twehe similar 
and equal trapeziums, such as bl Pl O, P, (Fig. 96), having the edge Pl bi equal 
P, b,, and 0, P, equal 0, Pl. It has four tliree-fuced 8oZid angles which always lie in 
the octahedral axes of the cube, such as O,, O,, O,, O, (Fig. 96), four thres-faced 
soliàangles b,, b4, b,, b, (Fig. 961, more acute than the former, which lie on opposite 
sides of the same octahedral axes; and six four-fnceà aolid angles, which alwavs lie in the 
atremities of the cubical axe; P, P,-P& &c. 
(Fig. 96). There are twelve ahorter edges 
joining the eolid angles marked P and 0, and 
twelve longer joining the solid angles indicated 
by P and B. 

Synbrk,-The symbol for t!& form k T; 
Naumann9s is - ; Miller's ~ h h k .  

2 
To draw the Twclve-faced Tmpewhedm. - 

Make the same construction as for Fig. 33, 
page 303, and add the follolsing, as in ~ i ~ .  98; Fig. 98. 

The lettera B, and C have been omitted in Fig. 98; they may easily be supplied by a 
reference to Fig. 33. IRIS - LILLIAD - Université Lille 1 



TWELVE-FACED TRAPEZOHEDEON. 333 

1 
In B, A, taku a point H, such that B, H = Bs A, 

n 
1 2 

Thusifn=2 B,H= - B , A l - - B , A , .  2 - +  -3 
Take C K in C Pl equal to B5 H. Join H K, cutting A ,  c in 6,. 
Through b, draw b, b, parallel to A, b, cutting C b, in b,, and bl b4 pawllel to 

A, AI cutting C 4 in b* ; and so on till the cube b, bz b ,  &c. b,, ia described as shown 
in Fig. 98. 

Joining the points P,, P, &c., P,, O, O,, &c., bz b4, &ce, as in Fig. 96, the positive 
trapezohedron wiU be described ; and joining Pl P, &c., P,, O, Oh &O., b, b3, &o., as in 
Fig. 97, the negative trapezohedron. 

h a - T h e  cubicai axes terminate the opposite four-faced solid angles, and coincide 
with those of the cube. One haif of each octahedral IU&I is cut by a the-faced solid 

angle st a distance C O,= hom the centre Cl and the other haü by the other 
2 + ?  

three-faoed solid angle at a distance C b = A from C. 
2 - I  

As n varies h m  1 when thiri form coincidea with t e t r a h e h  to O when it eoincidea 
with the rhombic dodecahedron, C O increases from a +rd to f of C A, and C b &mini&= 
&omCAtof CA. 

Inclimtion of Faces of tk Twelvc-fmd Tfapokdron.-If 0 be the angle of inclin?- 
tion of two adjacent faces, over an edge P b, and <p the angle over the ehorter edge P O, 

n (n + 2) 00s. 0 = :*! cos. $8 = -- 
2n2+ 1 

To Desrride a Net for th# Twelvbfaced Tapmhedron, which may be inscribcd 
in a given Cubs. 

Describe the figure A, P ,  C B, (Fig. 99) the same aa A, PI C B, (Fig. 85) page 303 
1 

TsLe C K and H B,, both = a-i C Pl. 

Join A, O and H K, cutting in b and then join P,  b. 

n 

Pig. 99. Fig. 1ûû. Fig. 101. 

Let Pl O, P, (Fig. 100) be the eame triangle as P,  O, P,  Fig. 36, page 304. 
On Pl P, aa a base descnhe an isosceles triangle Pl b P, (Fig. 100), having each of 

ita sides P,  b,, P, b, qua1 P, b, Fig. 99. IRIS - LILLIAD - Université Lille 1 



334 THREE-FACED TETRAHEDBOK. 

Twelve such figures ae O, P, b P, arranged as in Fig. 101, will give the required 
net. 

Muer ; has CO = CA, and Cb = 8 C d  Inclination of faces over Pb 9O0, that of 
their normals 90° ; over the edge PO 152" 44', that of their normals 2T 16'. 

Faces of thk form occur in Blende, Diamond, and Pharmacosiderite- 
i l #  +O The form >, - Naumann; r.233 Miller; has CO = g CA and Cb = 3 CA. In- 2 2 

clination of faces over the edge Pb 82" 9', that of their nomals 9'1" 61'; over the 
edge PO 162" 40', that of their normals 17O 20'. 

Faces of this form have beenobservcd in Fahierz. 
T h e  Three-Faced  Tetrahedron.-The threa-faced tetrahedron has three faces 

corresponding to each face of the regular tetrahedron; i t  is c d e d  also the trigolaal 
dodecahsdrm, triakiststrahedrcn, pyramidal tetrahedron, and by Haidinger kuproid. 

This form is derived fiom the Swenty-four-fmed trqvozo&ron b i  the &veloprnent 
of half ita faces. The faces forming the three-faced solid angles O, O,, &B., oppoaite 
the solid angle8 A, A, A, and d, of the cube (Fig. 39, p. 3051, producing the positiva 

Pig. 102. Fig. 103. 

thrw-fmed tetr-m 4 A, As A, (Fig. 102) ; and those opposite the aolid angles A, 
A, A, andA, (Fig. 39), the negdivs t h r e e - f d  tetrahedron A, A, A, d, (Fig. 103.) 

These three-faced tetrahedrons are, in aU respecta, similar, except in thch position 
and consequent modification of their combinations with other forma. 
P m ,  Angle*. and Eiga-The three-fami tetrahedm ia bounded by twelve equd 

and similar isosceles triangles. It ha8 four three-fawdsolid' angles, 0, 0, &c., opposite 
the alternate three-faced solid angles of the cube in which it is inscribed, and four 8 t h  
faad  solid anglas &, A, &c., which touch the other alternate three-faced solid angles of 
the cube. The edges are t d u s  rhotlsr A0, AO, &c., joining the the-faced and aix- 
faced solid angles, and six longe* AA, AA &c., each lying dong a diagonal of a face of 
the cube, and joining the six-faced solid angles toget'ier. 

>nom; 
8ydoIr.-The qm.bol for the theffaccd tetraa~ai-is 'Fi NawhannDs ia - 

2 
and Miiier's r.altk. IRIS - LILLIAD - Université Lille 1 



To drao t h  Three-facecl Tdrahedron.-Describe the sapa figure as duected (Py 
39, p. 305), for àrawing the tzoenty-four-facd 
trapemhedron. 

Join the pointa Al A, O, A5 A,, &c., as shown 
in Fig. 102, for the positive three-facd tetrah- 
drola, and the pointa A, A, 0,0, A, O,, &o., an 
shown in Fig. 103, for the agative three-faced 
tetraheàron. 

&es.-The ndiGal axes join the centres of 
the opposite longer edges of the thrae-fd 
tetrahedron; one haif of esch octahedral axb 
coincides with that of the cube, and the other - 
half, as CO is the s 2 t h  part of CA. Fig. 104. 

, - 

I~Iimtion of adjacent Taceo.-If 8 be the angle of inclination of two faces over one 
of the longer edges, as Al 4, and cp over one of the shorter edges as Ob, 

2m 4- 1. Cos. 0 = cos. @ = - 
mz + 2 ,la" 2 

Lisnits of Xi.-As m increanas in'value from 1 to ai, this form varies from that of 
the tetrahedron to that of the cube, and CO increases from the +rd to the whole of CA. 

To ametrtlct a Net of t h  mree-faccd Tdrahedron which can bc inscribed in a given 
Cd.-Draw a faoe Pl R, O, RI (Fig. 105), of the twmty-four fuced trupeeoirsdron from 
which the three-fueed tetralrcdron i a  derived, as deecribed in Fig. 42, p. 307. 

Fig. 105. Fig. 108. 

Through Pl draw 4 A, perpendicuiar to Pl O,. ' 
Produce o1 to meet Pl d, in A,; and O, R, to meet Pl 4 in 4. Then the 

isosceles triangle O, 8, A, will be a face of the required three-fnd tetrdadrm; 
twelve such faces, arranged an in Fig. 106, wiii form the required net. 

Milier; hasbcO = + CA. Inclination of facea over the longer e d p  M 109" 28') that 
of their normaia 70" 32' ; over the ahorter edge OA 146" 27, no& 33O 33' 

This form occars in Boracite, Eulytine, Fahlerz, and Tennantite. 
133 303 The form -.-, Naumann, K. 113 Miller, h a  CO = # CA. Inclination of faces 

f i -  Y 

over the longer edge AA 129" 31', that of their nomals 50" 29' ; over the &orter edge 
Ob 129" 31'. that of theu nomals 60" 29.-This form occnrs in Blende and Fahlere. 

The form l-, &!?a Nsumann, K. 223 Miiier, han CO = + CA. Inchation of 
2 2 IRIS - LILLIAD - Université Lille 1 



336 SIX-FACED TETRAHEDROH. 

facea over the longer edge AA, 93" 22', that of their nomals 86' 38' ; over the shorter 
edge Od, 160" 15', that of their normal8 19" 45'. 

This form ocours in Tennantite. 
Sis-faced Tetrahedzon.-The &gaceà ietrahedron, caiied also the kak i s -  

tetrahedrma, and by Haidinger boraeitoid, is a hernihedral form derived from the 
siz-fmed octahedm, by the development of the faces constituting four of its solid six- 
faced angles, opposite the alternate solid angles of the cube in which it is inscribed. 

Thus, if the faces constituting the six-faced soiid angles 0, Os Os O,, opposite the 
angles AlA5&A, (Fig. 50, page 311), of the cube, be produced to meet one another, the 
resulting figure ia the positive siz-fwd tetrahedron (Fig. 107). If the faces of the soiid 

Fig. 107. Rg. 108. 

ngles O, 0,0,  O,, opposita the anglea 8, A, A, and A, (Fig. 50) of the cube be pro- 
duced to meet, the resulting figure will be the negative s i z - f d  tebahedron (Fig. 109). 

P m ,  Solid Angles, and Edgw.-The &- faeelt tetrahedron is bounded by twenty-four 
equd and similar scalene triangles, such as Pl O, b4 (Fig. 107). It haa four &-faced 
solid amgles 0, Oe, &c., which are the same as those of the six-faced octahedm from 
which it is derived; these always lie in the octahedral axia of the cube in which the 
figure can be inscribed. The four siz-faced solid angles b, b4, &c. more acute tbnn the 
former, always lie in the octahedral axes of the cube, but on the other aide of the 
centre of the figure from the former ; thua each octahedral axis, as A, A, (Fig. 60) of 
the cube has one six-faced solid angle, such as O,, on one aide of its centre C, and on 
the other side a more acute six-faced solid angle b,. There are aix four-facd solid angles, 
Pl P, &o., Po, which terminate the cubical axes, and touch the cube in which the figure 
is inacribed in the centre of each face. I t  has twelve shorter edges jorning the four- 

faced solid anglea with the obtuse six-faced solid 
angles, such as Pl O, (Fig. 107) ; twelve inter- 
mediate joining the four-faced with the acute 
eix-faced soiid angles, such as P, b, ; -and twelve 
longer joining the acute and obtuse six-faced 
soiid angles, such as O, b,. 

To Draw the Siz- faced Tetrahedron.-Describe 
a cube A, A, b, &c., A, (Fig. 100); draw its 
octahedral axes, and in it inacnbe a cube 

r O1 0,0, &c., O,, as directed in Fig. 50, page 

311, such that O, = 1 
4 4. 

Fig. 109. IRIS - LILLIAD - Université Lille 1 



QIS-FA- TEl3UEICDSON. 337 

The letkm Al B5 El D and Pl having the same position in Fig. 109 that they haao 
in Fig. 60, make the foliowing additional construction. 

In B, A, take a point K mch thut, i 1 B , K =  AlB5. 
1 

l+in-n 

In CP, tske CH = B, K,. Join HK cutting CA, in bl. 
Through b, draw bl b, pandel to A, B, and meeting CB,  in 6, and b, b, parsilel t.8 

A, 4 meeting CA, in b,, and EO on, till a cube b, bz b3, h., b, is inscribecl in the cube 
A, 4 &c., A, having Cbl Cb, &c., Cb, for its octahedral axes. 

Join the pointa Pl O, b, &o., as shown in Fig. 107, for the Mt ivs  r i z - f d  2ctro- 
Acdtrm, and Pl OZ bll &c., aa in Fig. 108, for the negatiw n t - f d  IstraMron. 

5ymkls.-The symbol for the aix- f a i d  tstrahdrotl is *"l Naumann's eu 2 
and Miller's n.hkl. 

2 l 

Axeâ of db r(liz-facad Tetrahedmn.-The ndied a m  join the opposita four-fa& 
sdid angles, and the octahuird azsi join the obtuse four-faced solid angles to the 
mute four-faced solid angles opposita to them ; the former at  a diatance equal to the 

t h  parbof the extremity of the octahednil axin h m  the oentre, Pnd the 
1 1  

'+ni+; 

iatter at the th part of thst diatance. 
1 1  1+-- 

." 

Indination of t h  dj-t f m . - i f  9 ba the angle of inclination of imo adjacent 
faces over the edge PO (Figs. 107 and 168), joiningthe four-hed and obtose six-faced 
solid mglea, 

2 

Cos. O = '+ nn 
1 

'+;;;?+ni 

If be the mgIo of inclination over the edge Ob, joining the obtnse and mte aix- 
f d  d d  r n g h  

2 1 
= + 2  

am.*= 1 1  l + a + z  
If + be the angle of inciinution over the edge Pb, joining the four-tsced aud m t e  

six-fsced aolid angleg 
n 

Limite of 171s fm of the &fmd tetrahedmn.-As ril and n approach in magnitude 
to nnity. the & - $ i  octaMm approximates ta the iatrahedm; nnd when m and r 
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are W h  eqad Eo &y, ib becomes the tctrahedron. I n  thia case îhe a i x  faces forming 
the obtuse six-faced solid angle, aa weR as the edges PO and Ob, ail lie in the same 
plane ; and the edges, such as Pl b, and Pl b,, in the same atmight h e .  

Aa tn and n increase in magnitude and equality to each other, the six-faced tetrak- 
drm appmximates to the cuba ; and when m and n are both infinitely great, it coincides 
with it. In thin m e  the four plana whiah form each four-faced aolid angle lie in the 
aame plane. 

& m appmwhes to uni@ whüe n inoreases in magnitude, the &xaiz-faoed tefrahsdron 
approxima* to the r M i c  dedegahedron ; and when rn equab unity, and n is infinitely 
great, i t  becornes the rhmbio dodecalsdron. In dia cese the p h a  on each side of the 
edge Ob lie in the same plane. 

When m eqiials unity, while n r emah  hi t& the .&-fd tetrahedrou becomea the 
tuidus-facd trapsiohedrar ; and the facea on each side of the edge Ob lie in the same 
plane. 

1 When m and ta are equal ta eaoh other, both finite and greater than unity, the eib 
fd tetrahedron becomes the t h - f d  teirahedwm, apd the faaea on each siùe of the 
edge P O  lie in the aame piam 

When na rorneinri finite, and n Becomee infinite, th &facd tstrabedron becornes the 
f o u r - f d  cube, and the faces each beoome equal and similar isoaceles triangles. 

h m  the above it will be seen tùat the cube, Aombie dodccahdron, a d  four-faced 
euds, are limiting forms of the hemihedral form, the MZ-faoed @trahedron. 

To &scribe a Net for t h  Siz-facd Tetraluulrw wliicA mas, be imw'bbd W1 a givm W.  
Dmw A, P, B, C (Fig. 110), intersected by A, C and ED, m m  in O, as directed 

for Fig. 62, page 313. 

Take CH = l p1 (2- 
l + ; - -  

Make B, K = CH. Join KH, outting A, C-in à,. 
Join Pl O,, P, O,. . 
Produce A, B, to A, and P, C, to P. Y&e 3, &=A, B,, C P,=P, C. 
TakeB,E'=B,E,andOD'=aD. 
Join E' D', A, P,. 

Pig. 110. Pig. 111. 

In  E' D' take E' O, = E O,. 
Join b, O,. 

Then Fig. l i l , " k w  b o = b, O6 of Fig. 110, and on it descrïbe s triangle P à O, 

having the side P O = Pl 4, and the side P O = Pl O, of Fig. 110. IRIS - LILLIAD - Université Lille 1 



laen  P b  O (Fig. I l l) ,  ie a face of the &fd tetrahedron required, and twenty- 
four such facea uranged, as in Fig. 112, wiU give the reqwed net. 

F m  of the & f d  !lùtraM~~h-The form '2", Namann, and 

r. 5, 3, 1 Mier ,  is the only one which hm been obseked in nature. 
Ita obtuse six-faced angles eut the octahedrai rcres of the cube at a distance = #, 

and itrr acute six-faced angles at a distance =+ of the centre, h m  the ertrernity of the 
octahedrai axia 

9 = 1620 20' $I = 152- 20', and I# = 122" 53'. 
Faces p d e l  to thie form have beeu observed in cryatals of bordts. 
gemihedra l  Forma w i t h  inc l ined Faceri.-The preceding hemihedrd forma 

which we have considered, may be referred to the tetrohedron aa their type, and 
may aii be derived, sa we have shown, h m  the ak-faœd tetraludron; none of thme 
forma have a face parallei to any other face of the name fona There are two hemihedrai 
forma with pardel faces. 

Hemihedra l  Fo- with Para i le l  Face..-One hemihedral form with 
parailel faces is derived h m  the four-fami ndq and ia a hoeIYc-fdpenûagon; the 
other is obtained from the aiz-fded octahedron, and is a twmty-four f d  trapaoIisdnm. 

T h e  P e n t a g o n d  Dodecahedrom-The pentagona2 dodecahedron, cailed dao the 
pjintoul, hss twelve pentagonal faca, and i a  a hemihedral form of the four-facd a h  
derived h m  it, according to the following lawa : 

The aiternate faces of each six-faced solid angle O, Op 03, &o., O@ (E'ig. 44, page 
308), of the fw-facsd a&, are produced to meet each other. 

Thiu the &es P l  O, O,, P6 O, O,, ahd P, O, O, (Fig. 44), of the angle O,, and thme 
aimilarly aituated faoea of the other sir-fsced solid angie~, pmduce the positive p t a g m l  

dodcoaAed~m (Fig. 11 3). The remaining faoer O, 0, PB 0, O, P, and 0, O, Pl, and those 
dmilarly aituated to them, produw the ncgatiwiw>iiegd &* (Fig. 114). 

EÛCBI, Solid Angiea, and &iyw.-Tbio form is bounded by îwelve e q d  and similar 
pentagonal fa- such as b , 0 ,  b, O4 d, (Fig. 113). Theae pentagonal faoaa have alwayo 
four of their edges equal to each other, the fitth, b, 4, g e n d y  unequal to the othera 
The ody  case in which b, S ia equal to the othem, in that of the rcgub.r p c n t a g d  
dod-smhadwn, which ia one of the $06 plafonia bodim ; thie form bas not been observed 
in nature. 

The pentagmzd d o b M r v n  hrm e@ht t b n s - f d  wlid an@ which aiwaya lie in the 
rtahedral axes of the cube in which it can be imuibed, 010, &o. (Fip. 113 and 1141. IRIS - LILLIAD - Université Lille 1 



340 PENTAü0NA.ü DODECAHEDRON. 

And imloelaa tArm-facsd a012 angles which do not lie in any one of the t h e  
species of axes beionging to the cube. They dways lie, however, in a face of the 
circumsoribing cube. There are twenty-four edgee (Ob) joining the three-facd solid 
angles, bounded by equalplnne angles lying in the octahedral axes, with the thrce-faced 
wlid angIea bounded by udlequalplalle angles, and sixedges (bb) joining the two species of 
th ree - j d  mlid ang1Bd together. These six edgea (bb) always lie in a face of the cirom- 
soi-ibing cube, in a line passing through the centre of the face p d i e l  to one of'ita 
edges, and the cilbical axes alwaye pass through the centre of thia edge. - - - 

l m m  m Om, 
Symbol8.-The aymbol for thepentagond dodeoariedron isT, Naumann's -?r - 

and Yiiier'e r.hko. 
To draw the P e n t a g d  D0decahcdron.-Prick off the pointa Pl P, h, P,, B, B, Ba 

&c., B,,, and 0, 0, 0, O,, &ce, O,, of Fig. 45, page 308. 
Join Pl P .  P, P,, and P, P,. 
A h  BI Bs, Bz B4, B1 B, BS B,, &o., 010, 0, O,, 

(Fig. 115). 
Uong eacù of these iines take Pl 4, Pa b, &o., 

= (A - 1) Pl BI, (A - 1) Pa B, &c. 
The portions bl BI, 4 B, are omitted in Fig. 115. 
Then joining the pointa b, b3 b,, with 0, O,, bs b,, b, 

with O, O,, &c, aa in Fig. 113, the psitic% iwsl te+d 
pmatagon wiii be deiineated The neqative troekrs-fd 
pmttagm, d l  be drawn by joining O, O, with bd b, and b6, 
and 0, and 0, with ba blo and b,, &o., as in Fig. 114. Pig. 115. 

Am.-The & i d  arca join the centres of the 
opposite six nuequai edgea; the oetahedral azsa join the oppoaiîe thre8-faced solid 
angles wntained bp equal plane angles. 

Inclindion of Adjacent Paccs.-If @ be the angle of inclination of two adjacent faces 
messured over the edge bb, and 9 the angle of indination of adjacent faces over the 
dge Ob, then 

1 - i  1 - 
Cos.#=> L I l d e o a + % = L  

1 1 
1 + &  

Limita of t h  Pm-Ba ta inareaaea h m  1 tb O, thepotabgomi abdkhdron varies 
h m  the rtiombw dodecabedron to the cube. The nearer the pentaymal do&cuhut~ 
ippmaches ~JJ the rlionibffi dodcmlredrm, or ~rp to 1, the smaiier beaomes the edge b b, 
tüi, when m = 1, it vanishes altogether; and th p a t e r  m beoomes, or the form 
rppmrimatee to that of the euh,  the neares the edge bb appmachea to two, or the 
length of the edge of the circumscribing sube. 

To mutrue# a Net of Ilic Zkelw-fRcsd Psntagm wh~% can bc inam'bed ifl a g+ Cube. 
-The aunemtruetion being made (Fig. 116), aa h t e d  for Fig. 46, page 309, add 
the following :- 

Let H be the point where E O, cuts B, P,. 
T&eBinB, P,ao thatB, b=,1B1P,. 
TakeCL=P,b.  JoinbL,bP,tbelattercutt;nsEHinX 
JoinLM. TPkeLS=LM. ThroughsdrrrlSTparnUe14&; me+EH 

in T, and join b T. IRIS - LILLIAD - Université Lille 1 



Then(Fig.117)drawPO=P,O,,Fig.116. OnPOàesmibtbetrisaglePbO, 
ita side b O = T h, Fig 116, and the side P b = Pl b, Fig. 116. 

On the other d e  of P O (Fig 117), d d b e  the triangle P B; O having the ride 
O b" = T b, Fig. 116, and side P Y' = P, à, Fig. 116. 

On the .oppmite side of P P' deamibe the figure P à' (Y b", similar and e q d  to 
P b O b". Then b' b O Y' O' ia a face of the required form, and twelve auch penh- 
gona1 fanes, arranged an in Fig. 118, dl give the required net. 

P m  of t h  P m t a g d  hdmairedm(.-The form 1 2 0 b , % ~ 2 N n u r m n n ,  4 2 2 
i. 210 Hiller, ha6 

O = 126' 62', and 9 = 113" 38, 
the angles of their normah being 63" B', and 66" 25'. 

Thi~ form mm in crystab of Cobaltine, Genidodite, and Fpita 
1 3 -  - 0 3  The fom -a, - Naumann, and W. 31 0 Miiier, b 2 I 

O = 143* Be, and 9 = lofo 27, 
the angles of their nomals being 36' 62', and 72" 33'. 

It occm in Hauderite and Pyrite. ' i! ce ~aumann, r. 320 Miller, haa The form 7 - - 

O = 112O 37', and <P = 11T 29', 
the inglm of their normals being 67' 28, and 62' 31'. 

Occnrs in F'yrite. 

The form l e ,  Naumann, t, 410 Miiier, ha6 
2 2 

19 = 161° 66', and = 103" 3T ; 
thb angle8 of their normah being 28" C, and 76" 23'. 

It occm in c r y d  of Cobaltine. 
, The Irxegiilu Twentj-four-hed Tnperohedron.-Cded the iwquiar 
, twenty-four-faccd tcap6~hednm because ita trapezoidal faces have only two edges equal 
i to each other, and tn dietinguiah it h m  the ttcenfy-fmw-faeul trapeeoheàron, which is r 
iiolohedral fom, and ha8 ita four edgea equal to each other in pairs. This fam is called 
also the TrapUIal  ioosilelrahedron, the Dy& dodccahd-on, the Diphta, and the 
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It is derived fmm the &-jlmd octuhcdron by the deveiopment of half ita faces, 
according Do the following law. 
Each alternate face of the six- 
faeed solid angle O, (Fig. 49, 
page 311), and the similarly- 

5 ;-'--" 

situated faces of the other p,, -, ,.., -, -.$-!. 
, \- 

aeven six-faced solid angles are 
65 produced, tiii they me& to f o m  

the positive twmtygoacr-facd O#'\, ,,,- 
t r a p h u h m  (Fig. 119). The 
remaining faces, when pro- % 'P, 

Fig. 119. duced, form the negatir>c ticrmty- Fi. 120. 

four-faced IrapezoAdron @ig. 120). ' 
F m ,  Sodid Anglm* a d  lMgea.-This form is bounded by twenty-four h g d u  

trapeziums, such as Pl à, O, bII (Fig. 119), having only two sides equal, as O, b2 and O, b,,. 
It hm six fou r - fd  n d i d  angles, such as Pl P, &c., Pa which terminate the opposite 
extremitiea of the cubicai axes, and touch the centre of eaeh face of the circumscribing 
cube. Eight three-facd wlzii ongb6, O, % &o., O,, whioh dways lie in the octaheàral 
axes of the circumscribing cube. Twelve four-fncedsoZOd mqEes, b,$ &o., which do not 
lie in the cubic, octahedral, or rhombio axes of the cube. It has twelve &orter edges, 
Pl b,, Pl b,, &o. ; twei~e  longer, P, à,,, Po b,,, &c. ; and twenty-four intermediate edges, 
01 b 01 bii, $0. 

Byinbob.-The symbol for this form i8 [q] , Na-- p-a "1, a d  

Y'ier w, A k L 
To ' oaw th6 I1~sgubt T<cuniy-four-faced Trapseehed~pa.-Priek off the pinta P, P, 

&c., P6, o1 OZ, &c., o., & a, P 9 

from Fig. 61, page 312, for 
O the Figs. 121 and 122. Job  

C Pl C Pz, &c., O, O, O,, &a 
In C Pl, C P,, &o., C Ps, 
take pointa cl %, ka., ee 
(Fige. 121 aad laZ), mch 
u 

1-1 
P 6 as=-> 1-A OP. 

mg. 121. Plp. 122. 
In Fig. 121, thmu& 61 

and c, draw b, b,, and b, b,, parallei to C P, ; through 4 and c4, b$,. and 6s 66, paralld 
to C P,; and through e& and 8, 4, b,, and b, bloc m e 1  ta C Pl. A h  in Fig. 122, 
d r a ~ % , ~  b,,, and 6, bs, parallel ta C Ps ; and ha and 46 P a  ta C PI ; 
b,, b, b,, b ,  parallei to C P,. 
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the octaheifral the oppomte six-fa& solid angle+ snd are qua1 Lo the axes of the 
six-faced octahedron, h m  which the form ia derived. 

Tnclination of the A+mt P-.-If 8 be the angle of inchation of two adjackt 
angles over the ahorter edge Pal, 

1 d X ¶ + A  
coa. 8 = 

1 + &.+A 
+ the mgle of inclination of two adjment faces ovek the longer edge Pl b,, 

l+,j$-3 
COS. I$ = 1 + 3 + 3  

And if $ be the angie of inclination of two adjacent facen over edge O b, 

Li& of t h  P m  of 1- Zbnt'y-fourN.-faecii Tr~pmhedt-~n.-Ae m and n 
approach in magnitude to unity, the irrcgtukr Imnty-four-faad tqeeohedron appraxi- 
motes to the odalicdron ; and when n~ and r both qua1 unity, it becomes the octahedron. 
In this casa tha planes mnstituting the t h r c s - f d  wlid angh d Lie in the same plane, 
and the edges, mch as P b and 1 P, are in the eame lina 

An r'nnd a both inmase in magnitude, and 5 n d y  become infiniMy great, this 
form approximatea to and b m e s  the cuba. In thia case, the four planes forming the 
f o u s - f d  mlid angb. at the ertremity of the cubic ares lie in the same plane, and the 
edgea O 6 and b O in the eame lina 

48 ta nppmaches td mùty while n increa8eti in magnitude, and becomen M y  
infinite1~- great, the hrm approaches that of the r h b i c  dodeea- ; in thir, cane two 
planes, on each aide one of the longer edges Pb, appioach to and M y  become in one 
plane, while the shortest edge, b P, h m e e  ahorter and shorter, and Bnaiiy vaniahes. 
When m epu& unity, while u remaina fini@ the form becomea the fhruu-jawd octu- 
h&n, and the trapeeoidal hm change from trapeeiums to ieoecelea triangles. When 
s and u equal each othm, are both finite and greater thsn unity, the irregular t m t y -  
f o u r - f d  trapaaSeamn becomea the regAr hw>tty-jour-fd tiapcwWron, and the 
irreguiar frspwiuma reguiar ones. 

When n remaina hite, and is greater t h m  unity, and r bemmeii idnite, the form 
becomea that of thepcnlugd dodeGariadrm, and the planes on ench nide the longer edge 
P b lie in the same place. 

h m  whst hss been aaid of the limita of the above form, it appeani that eseh of the 
holohedisl formn of the cubicsl system, with the exception of the fm-foecd nds and 
slz-faacdodaMron, whiih have their own hemihedral f o m  with parallel fseeg mny 
be regardeai as G t i n g  h of the hemihedrai foms with paraud h. 

Aa yet, the two hemihedral foms with p d e l  facea haw ody been obsared in 
nature combined with one another and those of the holohedd forum, with the exœption 
of the aiz-f+ aculiadrou and four-faccd cuba, but never with imy of the hemihedrai 
forms with inciined faces. 

To dsemlbea Nit fdr th f@r lbenty-fmr f a m i  T r a p M m . - D e e c r i b e  the 
name figure (Fig. 123) ss directe& page 313, Fig. 62, with the exception of the h m  
GB,PIR,RP,sndOIBD.  IRIS - LILLIAD - Université Lille 1 



Join P, b. Let M be the point where E O1 produced cuts C BI. 
Join L M. Take L S in Pz B5= L M. 
Through 8 draw 9 T p d e l  Al B5 meeting E M in T, and join T b. 

pig. 123. Fig. 124. ~ i g .  las. 
Then (Fig. 124) draw P O = P, 0, (Fig. 123). On it deacribe a triangle P b O, 

having the eide P b = P, b (Fig. 123). and b O = T 6 (Fig. 123). 
On the other aide of P O describe the triangle P C O having the side P C = b Pz 

(Fig. 123), and O C = b T (Fig. 123). 
P 4 O C will be the face of the iwcgulas twcnty-fow faccdtrapewhdron, and twenty- 

four mch faces, annnged aa in Fig. 125, wiü form the required net. 
Eornrs of the Iwegular Twmty-fow fa& TrapewMron whicb ocmr il> Nature.- ,,, [ *% ], [%*] of Naumann, and r 4 4 , s  of Miiier h a  

O = 111' 6' + = 129' 48' 4 = 160" 3' . 
N-L, whose facee are inclinth at  O, <P, and 6, 68" 64'; 50" 12' and 19" 67. 

Faces paraliel to this h m  ocenr in crgstale of Pyrite. 
' 

The form [w] , [q of Naumann, and r 4 , 3  2 of MUer, Lu 

8 = 112" 17' <P = 136' 24' and $J = 153" 43'. 
.Inclination of normals 67" 17, 43" 36', and 26" 17'. 
Faces parallel to this form wcur in L i e i t a .  

The form [ T l ,  [VI of Naumann, and r 4,s. 2 of Miiu, lu 

O = 1120 47' + = 138" 45' and 4 = 161" 28'. 
Inclination of nomala 67" 13', 41* 16', and 28" 32'. 
Facea parallel to thi~ form occur in Linneite. 

Tho form [q], [?] of Naumann, and r 3 , 5  1 of Miiier, Lu 
O = 119' 4' <p = 149' 00' and $ = 141" 47' 

I n c l i d o n  of normala 64" 37', 31" OO', and 38" 13'. 
Facea paidel  to this form ocour in Cobaltine, Hauerite, and Pyrite. IRIS - LILLIAD - Université Lille 1 



HEHIHEDBAL COXBINAT~ON~ WITH CUBE. 346 
- 

!Che form [y], [?] of Nanmann, and r, 6,3 ,1  of Mh, haa 

8 = 119" 4' 6 = 160" 32' and 1 = 131" 5' 
hclination of normals 60' 66', 19" 28', and 48" 65'. 
Faces p@el to this form mur in Pyrite. 

h h a t i o n  of n o r d  61' 45', 26" 13', and Mo 11'. 
Faces parallei t o  thii form mur in Pyrite. 
Combinaîion of the Cube rnd Tetrahedron. - When the faces of the 

& P P, &cc. (Fig. 126X predominate, the aiternate solid angles of the cube are 
replaced by four triangular plane4 O 0, &a, which are pardei to thone of the 

Fig. 186. Pig. 127. 

iwcribed tdrolrcdron. When the feeea O O, te.  (Fig. 127), of the Wraheiiron pre- 
dominate, each d i d  edge of the tetrahedron k mplaced or truncnted by a plane of 
the cnbe P, P, &a. 

Combinat ion  of Cube ana Twelve-faced Tmpezohe&on.-When the 
faces of the cube P P, &o. (Fig. 128), predominate, the a l h a t e  solid angles of the 
cube are repiaced by an obtuse three-faced solid angle b b b of the trspezohedmn, pre- 

Fig. lm. 

renting three ûnpeziums for each d i d  angie replrced. When the fscee of the twdw- IRIS - LILLIAD - Université Lille 1 



346 HEMHEDRAJ C!OMBINATIOW WIPE O U B l  - 
faced trapemIisdrom 6 b 6 (Fig. 129) predominate, each four-faced d i &  angle of the 
trapeeodedron is replaced by n rhomboidai plane of the cube P P, &o. 

Combination of Cube and The-fsced T e M i e d x o n . - m e n  the face8 
of the cuba P P, &c. (Fig. 130), predominah, the altemate solid a g i e s  of the cube are 

replaced by B three-faced solid angle of the three-faced tetrahedron, presenting three 
triangular planes a a a for each solid angle replaced. 

m e n  the faces of the thrcs-faced tetraliuIron a a a predominate (Fig. 131), the 
sir longer edges of the three-faced tetrahedron are replaced by a plane of the cube P PP. 

Combinatlon o f  Cube aid Six-faced Tetxaàedron-men the faces of 
the n<ds P P, &c. (Fig. 132), predominate, the alternate solid angles of the cube am 
each repiaced by a aix-faced solid angle s a r, &c., of the six-faced tetrahedron, con- 
sequentiy each altemate solid angle of the cube is replaced by s k  tî-iangular planes. 

Wben the faces of the &-faad tetrahcdron c e (Fig. 133) predominate, each fow- 
faced solid angie of the the three-faced tetrahedron is replaced by n rhmbic plane 
P P, &c, Of the cube. 

Ir the preceding wmbimations, it wili be seen by eomparing Fi- 126, M8, 130, 
and 132 with 55, 60, 62, and 66, that half the solid angles of the cube are replaced by 
the m e  planes, when combined with the hemihedral forms with inclined &es; that 
sl ue when ~8111bIned with their aorrespoaduig. h a M  b IRIS - LILLIAD - Université Lille 1 
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C o m b i n a î i o ~  of the .Positive and N e g a t i v ~  Tetrahdron,-In Wu eum. I ambination (Pig. 1341, the fow three-faced aoiid 

! angles of the positive rehdMdr~1 o a, &G., whoae faces 
predomiwte, are replaced by trianguiar p h a  do', &o., ' of the negative tetrahedron. The four faces of the 
predominating tetrahedron O O, &c., am irregular hexa- 
gons. As the faces O' d7 &o., beoome larger, three 
edges of the hexahedmn diminish ; and when O' o', &c., 
becomes so g~eat  that these edgea disappem, the com- 
bination reaolves itaelf into the regulsr octahedm. 

This combiition occura in cryetala of Blende (ml- 
O' 

phuret of zinc), Boracite, Hel* sad Tennautite. 

Combinationof t h e  Tetrrhedxon a n d a h o m -  
M c  Dodecahedmn.-In this combination (Fig. 135), 
the three-faced miid angle% of the idrahedi-on are each 
replaced by a three-faceà miid angle of the r W i c  
clodecahcdron ; so that we have eaeh solid angle of the 
tetrahedron replaceci by thrm triangular faces r r Y, of 
the rhombic dodecahedmn, each trianylar face being 
an isoscelea triangle. When the fama of the ~ A o m h  
do-- predominate, half iîa three-faced miid 
angles nn, replaced by trianguiar planes of the teh-a- 
hedron, Elte thoee repreaented in Fig. 69. 

Combination of the T e t r s h d x o n  and Twmlve-faced Trapezohe&on.- 
When the faces of the i w e Z ~ 6 ~ f a ~  t r q m h d r o n  b b b, &c. (Figa 136 and 137), pm- 
dominate, the obtuse three-faced soiid angles of the poaitiw tioelw-facd trapeohdron 
lue r e p h d  by triangular plane8 O O, Bic., of thepn'tiee ietrahulron (Fig. 136), and iîa 

acute three-faced solid angles by trianguior pl- O r, $c. (Fig. 137), of the aeg- 
etrahrdsen. 
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When the faces of the poritive i%traheruum O O, &cc. (Figs. 138 and 139), predomi- 
nate, the the-faced d d  angles of the pr i t iw  iktralredron are mplaced by the acute 
three-faced eoiid angles b b 1, &o., of the poaitme twelve-faud trapnohedron (Fig. 138), 
and by the obtuse h f m d  wlid angles b b b, &c,, of the nqative tw82w-facd & q e -  
mheùron (Fig. 139.) 

I n  Figs. 136 and 137, the faees of the tetrahedrun O O, &c., are equiiateral trian- 
gles ; those of the trapezohedron b b, &c., irregular pentagons. In  Figs. 138 and 139, 
the faces of the tetrahedron O O, &o., are irreguiar hexagom, and those of the trapezohe- 
&on b 6, &c., iaosoeles triangles. 

Combination of the Tetrshedxon and Three-faced Tetmhedron- 
When the faces of the poeitiva thrcbfaeed tpt*nlrcdtmr a n a, &c. (Figa 140 and 141), 
predominate, the three. faced solid angles of the thre-s-fa& tetvahedrw are replsced by 

mg. 140. Fig. lai. 

triangular planes O O, &c. (Flg. 140) of the positive dcfahednm, and ita six-faeed soKd 
angles by irregular pentagonal planes of the mgatioc tetrahsdron o O, &c. (Fig. 141.) IRIS - LILLIAD - Université Lille 1 
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When the faces of the p i t i w  octakdron O O, $o. (Figs. 142 and 143), predomi- 
nate, ita solid edgcs are eaeh replaced by two plana of the poriiive threefaccd tedru- 
iicdron, ss a a, $o. (Fig. 142), and ita three-faeed solid angles by three trepezoidal 

Fig. 142. Fig. 1.19. 

plane% a a, &o. (Fig. 143), forming the three-fsced solid angles of the nugotiDs theu- 
faacd Ictrahedron. 

Combination of the Tetrrhedron and Sir-faced Tet.rhedxon.-When 
the Oces of the sic-fami Utrohuiron s s 8, &c. (Figs. 144 and 146). predominate, the 
obtuse sir-faced solid angles of the diz-fwd tctralredrm are each repiaced by an irre- 

gnlar hexagonal p h e  O 6, &a (Fig. 144), of the poaitiw istraheüron; whiie its acuta 
six-fsced solid angles ara each repinocd by an Yregular hexagonai plane O O, (Fig. 146), 
of the s e p d v s  tetrakedrmc. 

When the faces of the tetrahedmn p.eaOminate, each three-faced solid angle of the 
tetrahedron in rephced by aix planes d t u t i n g  the acutc uix-faced d a  angle af the 
poativ8 m z - f d  tdrahsdron, or by sir planes constituting the obtrrs U x - M  d d  
angle of the negatioa .six-faced Ictrahcdron. 
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ohedxon.-When the faces of the twdve-faced 
trapmhedron b b, &e. (Fig. 146), p r e d o m i .  the 
mute three-faoed solid angles of the threefoed 
rapmheàron are each replaced by three planes of 

the rh& ahieeahedmn r r ,  &c., which form 
one of iîa three-fawd adid angles. When the 
faces of the r M i e  dodearihedron predominate, 
the alternate three-faced sulia angles of the 
rhombic dodeoahedron are replaced by the obtuse 
three-faced solid angles of the twaks-facd tra- 
paeoriadron. 

Fig. 146. 

Combination of Bhombic  Dodecahedron and Tiuee-faced Tetrahe-  
bon-Figores 147 and 148 show the combinations of the r i m b i c  dodecahedron vith 

Pig. 147. Fi#. 148. 

the thrte-faud Mmhedron, whose symbcl isZ2; and Fig. 149 its combination with 
2 

133 
the t h e - f a e e d  tetrakdron whose p b o l  is T .  
ln Fig. 147, where the faces t r, &c., of the rhombic 
dodswhedron predominate, the edges of the fonr- 
three-faced solid angles of the rhombic dcdecahedrcn, 
opposite the t h - f a c e d  aolid angles of the thme- 
,fnred tetrahedron are replaced by planes a a of the 
latter. In Pig. 148 tbe a i x - f d  wlid anglea of tke 
arm-fa& tetralredton am each replaoed by a h e e -  
faced solid angle of the rhombio ckdeoahedron. In 
Fig. 149 sach fm-faced solid angle of the rhombic 
dodBGbrZddr01) is replaeed by two planes, o a, of the 
tk~&facsd tetransdt~). 
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Combination of Bhombio Dodecahedroa with Six - faad  Tetmhedron. 
-Figs. 150 and 161 reprwent the eombiitions of the r h b b  dodsalaectra with the 

.<s-faceà irtrukirota r h a  qmbol ia y, the faces muked r being t h a  of the 

thon&& dokhehron, and those marked e the facea of the &.farad telraid*w~. In 
Fig. 150 the three-fmed iolid angles of the rhmnbic akdemhedwn, oppsite tu the 

ob- six-fsced d ( l  I@W oî the six-faced tetrahedroa, have theu edgea replaced bp 
two planes of the six-faceà teûnhedron. In  Fi. 151 where the facen of the riz-furcd 
letrahedrmi predominate, the acute aix-faccd solid angles aî that form are each replaccd 
by a three-faced solid angle of the rhombic dodecahedron 

Combination of Cube d t h  the Pentagonal Dodecahedron-When the 
faces of the cube (P P, &c.,) pmàominate (Fig. 151), the edgea of the cube are each 
r e p W  by a plane cc, &o., of the pentagonal dodecahedron. I'hb combination ie 

distinguished h m  that of the rhombic dodecahedron with the cube by the inchation 
of P on c, not being 136". Whai the facea of the pmtaganai dfdmBedron, o r, pre- 
dominate Fig. 153), the edgee of that fonn throngh whicih the cubical axee psss, sre 
replaced by rectungdu planen P P, &c., of the cuba 
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Combination of the Cube with the Bemihedrsl form of the Sir-faced 
Octrhedronwith paraliel faces-When the faces of the cu6e P P, &c. (Fig. 154), 
predominate, the solid angles of the cube are each repiaced by a three-fa4 solid angle, 

r se, of the trapezohedron Whtn the faces r e  q &o., of the trupemhedron (Ka;. 156) 
predominate, the four-îaced soüd angles of that form which terminate the cubicd axes 
are each replaced by a plane P of the cube. 

Combination of the Octahedxon and Peniagonal Dodecshe&on.-When 
the facea of the octaJdron O O, &c. (Fig. 156) predominste, each four-faced solid angle 
of that form is replaced by two planes, e e, of the p m t a g ~ t d  &&mhrdron. When the 
faces of îhe pnlagond dodeoalrcdrm, cc, &c. (Fig. 158), predominate, each of its 
three-faoed aolid angles which lie in the octahedral axes is replaced by a kiangular 
plane, O O, of the octahedron. When the ïaces of the octahedron O O, &e. (Fig. 157), 80 

Fip 158. Pig. 157. 

fur prevd that their angnlar points touh each other, the combination presenta the 
fonn ahonn in Fig. 167, bounded by eight equilated triangles, 0 O, &c., and twelve 
isosoelw triangles, r e, &o. 
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Platonic  Bodiea-If the pentagonal dodecahedron be bounded by twelve regular 
peutagous,-that ie, penwons whose sides and angle8 are e q 4 - i t  ia called the 
regdarpentagond ahdecahedron. I n  th& case 
the isosceles triangles, O c, &c. (Fig 167), 
are equilateral triangles ; and the combination 
of the regular pentagonai dodecahedron with 
the octahedron is a regular solid, bounded by 
twenty similar and equal equilateral triangles, 
and is called the icosahsdrm. 

The tetahedmn, cube, octahedron, reguiar 
pentagonal dodecahedron, and the icosahedron, 
are the only regdar solids which can be 
formed ; a reg& solid being one that ia 
bounded by equai and aimilar regular recti- 
lineal figures. Theee five mlids are called the 
pEa2onic bodies. The regular pentagonal do- 
decahedron and the icoaahedron have not been Fig. 158. 
obsemed among crystala. 

"The ancient geometricians made a great many geometrical speculations re- 
specting these bodies; and they form almoat the whole subject of the Lsst books 
of Euclid's Elementa. They were suggeated ta the ancients by their believing 
that these bodies were endowed with mysterioun pmperties, on which the explana- 
tion of the most secret phenornena of natue depende&."-Oz~~m'r Xothsmaticol 
Becreatiorra. 

Combinatlon o f  the Octahedron with t h e  E i e m i h e M  faim of the Six- 
faced Octahedron with paraiiel faces.-When the fama * % &% of the o*hd- 
(Fig. 169) predominate, its aolid angles are eaoh re~laced b~ four ph* ,  of the 
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Combination of  the Rhombic Dodecahedion with the Pentagonal 
Dodecahedron.-When the hca r r ,  &c., of the rhombic do&caWron (Fig. 161) 

- Fig. 161. , Fig. 162. 

predominate, its four-faced solid angles are each replaced by two planes, 6 c, of the 
pentagonal dodecahedron. When the faces of the pentagonal dodecahedron, ce, &o. 
(Fig. 162), predominate, ita four-faced solid angles 
are each repiaced by a triangular plane, r r, &c., 
af the rhombio dodecahedron. 

Combination of the ahombic Dodeca- 
heüxon with the Hemihedral f o m  of the 
Six-faced Octahedron with paraiiel faces- 
In thia oombiiation, the four-faced solid angles 
of the trapezohedron, e e (Fig. 163), are each 
replaced by a plane, r Y, &c., of the rhombic 
dodecahedron. 

Complex Combination of Hemihedral 
Porms.-A crystal of Fahlerz, or grey copper ore, 
is represented in Fig. 164 as an instance of a com- 
plex combination of the hemihedral forma. The 
facea marked P are those of the tetahedmn; f those Fig. 163. 

of the cube; Z rua the faces of the positioe 
t h r e e - f d  tetrahedrm; and r those of the nega- 
tive t h r e e f d  t~traJdron, which are both denved 
from the twenty-four-faced trapezohedron, whose 
symbol is 12 2. O are faces of the rbmbic 
rEoaeeaIiedron; n thoae of the twelve-faced t r a p  

1 1 4  whedwn, whose p b o l  is 7; laatly, those 

marked s are the twenty-four faoes of the sevtnth 
form which euters intu this combination, and is the 
four-faced cube whose symbol is 1 3 m. Thia com- 
bination has seventy different faces. 
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Molecales.-Under the head of cleavage, we have seen that crystala of many 
subetances split in directions p d e l  to certain crptaiiine fornu; thus Galena splita 
into rectangular hgmenta parallel to the aides of a cube ; Fluor spar, into octahedral or 
tetrahedral particles parallel to the planes of the regular ootahedron; and Blende 
(suiphuret of zinc), in particles parallel to the faces of a r h b i o  dodccahedrw. To this 
oleavage there appeara no limit but the practical diiliculty of applying an instrument 
to the minute particias so si, to apiit them. In the case of Calcite (carbonate of lime), 
which cleavea in obtuse rhomboida, it is found that the h e s t  dust to which thia substance 
cari be reduced presenta, nnder a p o w d  microscope, nothing but perfect though 
minute rhomboida. Fromthem circumstancea Haüy deduced the theory that the ultimate 
molecules, or particles of matter of Galena, were minute cubes ; those of Fluor spar, 
regular tetrahedrom ; of Blende, irregulnr tetrahedrons, having their faces paraiiel to 
three planes of the rhombic dodeoabedron ; and generally, that aii crystala were com- 
posed of molecuies whose forma might be determined h m  their deavage, or inferred 
by anaiogy h m  their crystalline forma when the cieavsge could not be diacovered. 
These hypotheticai solida Haüy calh the primitiaa aolida of the mbstances from which 
they are deduced. Taking this pimitios solid for his fitnaty form, he deduces ail the 
other crystalline forma in which the substance occm h m  it, accordhg to certain laws 
of dsw-t-that ie, suppoeing his primary form 0 be eomposed of a large number of 
minute primitive rolida, arranged together in a masa of the same form as themselves, he 
conceives the secondary forma to be derived from the primary one, by abatracting 
certain groupa of these primitive solida, in regular order, from ita solid angles and 
*a. 

Law of Decrements.-Galena occm in the forms both of the octrthedron and 
rhombic dodecahedron as well aa the cube. Haüy supposes these f o m  to be built up 
entirely of minute cubical particles, and formed h m  the cube by abstraoting rows of 
cubical particles according to certain laws. 

Decrementi, o n  E d g e a A h b i c  Dodeeahedron.-If a single row of cubicai 
p d c l e s  be removed h m  the edge of the large cubical mass, then Cwo rom adjacent 
to the one removed, then three more rows adjacent to these, and 80 on, as in Fig. 165. 
If we conceive these cubicai particles to be 80 mal1 that the edges formed by their 
removai could not be perceived, the cubicai mass would present the appearance of ita 
edge being out off by a plane a O 6 d, Fig. 165, or r,, Fig. 166. Let the process be 

repeated on e v q  edge of the cube, as in Fig. 164 and carried stiü further by the 
removal of more rows of cubical particles, as in Fig. 167, at length the form of the 
rhombic dodecahedron will appear. IRIS - LILLIAD - Université Lille 1 



306 MOLECUUR DECBEMENW. 
l 
I 

Instead of producing the rhombic dodecahedron fkom the cube by decrements of the 

Fig. 168. 

cubical moiecules, we might 
suppose i t  built upon the cube 
by the addition of hyers of 
these molecules ; each succes- 
aive layer being one mw lesa, 
ali the way round, than its 
preoeding one, aa shown in 
Fig. 168. 

Marking the edges of the 
cube by the letters B, as in 
Fig. 18, the law of decrement 
for the formation of the rhom- 
bic dodecahedron is represented 
by the aymbol B1, the 1 above 
the B indicating the abstrac- 
tion of single rows of cubical 
molecuies parailel to the edges 
of the cube. 
Four- fa& Cuk. - If we 

remove narticles fmm the 
edee consistine of rows two in " - 

height and one in breadth, es in r'ig. 169, the edge of the cube will be replaced by a 
plane, a b  cd, corresponding to the plane c,, Fig. 170. Considering P, as the upper 

Fig. 169. Fig. 170. Fig. 171. 

surface of the cube, ~imilar mws of particles might be abstraded paraliel to the edge 
between P, and P,, producing the plane p. Repeating the pmcess for every edge of 
the cube, we should have the form Fig. 170 ; and, abstracting equaüy more mws accord- 
ing ta the above law, parallel to every edge, Fig. 65, we should ultimately form the 
four-fmed cube. 

The symbol for th% decrement is B; ; the figure ) indicating that rows of moleculea, I one in breadth and two in height, are ab~tracted symmetrically in overy possible manne, 
h m  every edge of the cube. 

I 

Br wouid indicate a law of decrement by rows of particles m in breadth and n in 
height. IRIS - LILLIAD - Université Lille 1 



i MOLECULAU DECEEMENTB 357 
- 1 Fia  ln representa the decrementa whioh produce the p m t u g i  d 0 h W c . 1 ,  

whichis the hekhedral form of 
the four-faced cube, whoae aym- 
bol, according to Haüy's nota- 
tion, ia ~ 4 .  It is formed by 
decrementa of rows dong the 
edges of the cube two in height. 

Demementa on the anglee of the 
' primary f o m . - I f  a single cubi- 

cal molecule be removed from one 
of the solid angles of the cube, 
then the row of cubicai mole- 
cules which touched the ones re- 
moved, then the next row which 
touched these, and 80 on, the 
solid angle of the cube would 
be replaced by a single plane, 
a 6 c (Fig. 173). 

This law of decrement eives " 
rise to the eight planes, O, 4, &c., 
a,, Figs. 55, 66, 67, producing the octahedron. The solid angles of the cube being 

indicated by the letter A, sa in Fig. 14. The symbol 
for this decrement is A', the decrements fiom the iiolid 
angle being one in breadth and one in height. 

If the decrementa h m  the solid angle consist of rowa 
of groupa of particles n in breadth and n in height, the 

Fig. 179. symbol wiii be Am. 
m e n  n is greater than m, or the height of each gronp greater than its breadth, a 

triangular plane a b c (Fig. 1741, which is an isoseles triangle, having iîa sides greater 
thnn iîa base, replaces the aolid angle of tho cube and cmesponda to the plane b 

Fig. 174. Pig. 175. Pig. 1X. 

(Fig. 60). Siuce it ia perfectlj- arbitrary on which face we suppose the cube to stand, 
by altering ita position the eame law would produce two b i l a  planes b, and b,, so 
that the solid angle would be replaced by the planes 6, b, and b,. Suppoaing erery 
solid angle replaced by similar planes, thi~ law of deerement gives rise (Figs. 60 and 
61) to the three-fa& octaheàrm. 

When n is leas than m, or the groupa are less in height than breadth, the solid angle 
of the cube is ieplaced by nn isoacelee triangle a b  c (Fig. l75), whose base is grenter 
than its aidee, eorreaponding to the plane a, (Fig. 62). This law of decrement replaces IRIS - LILLIAD - Université Lille 1 
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every solid angle of the cube by three plane% al a, a, (Fig. 62), producing, as shown by 
Fig. 63, the twenty-four fa& trapeeohedron. 

I f  the mws of particles removed h m  the solid angle consist of groups, suoh as those 
represented in Fig. 176, where each group is two c u b i d  molecules in breadth, three in 

height, and four in length, the symbol for the decrement dl be B< B? B ~ ,  and the 
triangular plane replacing the solid angle will be a scalene triangle. Acoording to the 
laws of symmetry, each solid angle of the cube may be replaced by six such triangles 
producing the planes e, e,, &c., E, (Fig. 66). This law of decrement is that by which 
the six faced octahedron (Figs. 66 and 67) is derived fiom the cube. 
Mc. Brooke, whose modifications of Haüy's decrements we have given above, in hie 

treatises on Crystailography, considers al1 substances whose crystala occur in any of the 
forms of the cubicai system, as derived from the cube according to these laws, regardhg 
the cube without reference to their cleavages as the primitive form of all. 

By decrements of octaliedrd or tetrahedral particles from the edges and angles of 
the octrahedron, when the cleavage of a substance is octahedral and of irregular tetra- 
hedrons from the edges and angles of the rhombic dodecahedron when the cleavage is 
parallel to it, Haüy derives all their other forms. 

When a cube is supposecl to consist of cubicai molecules, the faces of these moleculee 

Fig. 177. Kg. 178. 

Pig. I l S .  Fig. IBO. 

touch eaoh other so as to leave no interstices, juat as a ~o l id  wall is built up with bricks. 
If an octahedron be composed of octahedrai molecules (Fig. 177), they c m  only touch IRIS - LILLIAD - Université Lille 1 
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eschother'sedgea,leaving tetrahedral apaces. Similady a tetrahedron(Fig.179) conaiating 
of octahedral molecules m u t  have tetrahedrai spwes between them. An  octahedron 
(Fig. 178) and tetrshedron (Fig. 180) composed of tetrahedral moleculea wii i  have 
octahedrai apaces left between the molecules. 

Spherical  and Spheroidal Molecules.-Hooke and Wollaston contend that 
the altimate molecules of subatances crystallizing in f o m  of the cubical system 
are perfect spheres. Fig. 181 shows the arrangement of these spheres which produces 
the octahedron; Fig. 1û2, the tetrahedron; and Fig. 183, the cube. According to thia 

Fig- 181. Pig. 182. Rg. 183. Fig. 1û4. 

theory, the sphere may be substituted for the cube in every one of the cubical decre- 
menta we have deacribed. 

They derive the forme of the other aystems of cryatals fiom the combinationri of 
prolate and oblate spheroida (Fig. 184). 

Crystaiiographers generaiiy have now abandoned these theories of tbe forma of the 
uitimate molecales of cryatalline substances, on account of the numerom difncultiea 
which a more extended view of the science haa presented to their reception. They 
are now interesting sri the means by which the relations of the facea of the crystaiiine 
f o m  to theu axes were discovered, and we have given the outline of them, because 
they have had wch a powerful S u e n c e  on the nomenclature, and becomes so in- 
corporated in the technical language of Chemistq and Mineralogy. 

Thie syatem is d e d  the ~r<imi&l or ictmqmal if its fonns are derived from the 
octahdron on a square huas, or double four-fmed pyramùi; the square prismatic, or 
quadratic, if derived h m  the ra)litpria on a spuars base. It ia a h  caiied the mono- 
dinetriad, or tlw andons & aystem, from the properties of ite -es. 

The hoiôhedml forma of thie ~pstem are,-tao right pnsmr on a spuare h e ,  h o  
double four-facedpyrarnids, the W b  eyht-faeed wramul, and the vQht prima on an 
octïlgond bu¶#. 

From each of these, with the exception of the prisms on a square base, hemiheùral 
forma are produced by the development of half their faces, and fiom one of the hemi- 
hedral forma of the double ait-facedpyramid, by the development of half ita faces, a 
form in produced having only a fourth of the facea of the original form ; thia is cded  a 
tctartokdral, or fourtbfBoul form. 

The hemihedrai forme with inclined fscee are the aphcninü or tdrahedron, the aht- 
facedtrilpeeoWron, and the mahoIisd*on. 

The hemihedral forma with parailel faees,-a cloila jmu-faoed pÿ'anWI, and a 
On Cr s p r 6  6~7.36. 

The tetratohedral form ia a tutdedm or aphaiMH. 
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360 MiNEBALS BELONGING TO THE PïRAYIDAL SYSTEM . 
Atphabctical List of tnc Minerah belonging t o  the Uyrmidal Sybtem. toge th^ with t h  

Angrclar Elementa frotn which thir Typioal B r m  and Axes naay be derived . 
Anatase (Pyramidal Titanium) . 60" 38'. 
Apophyllite . 51' 21'. 
Autunite . . . . . . . . .  61" 26'. 
Braunite . . . .  54' 19'. 
Calomel . . . . . . . . .  60" 9'. 
Cassiterite . . . . . . . .  33" 55'. 
Chioiite . . . . . . . .  41" 8'. 
Edingtonite . . . . . . .  43" 39'. 
Fanjasie . . . . . . . .  52" 45'. 
Fergusonite . . .  65" 40'. 
Gehlenite . . . .  Unknown . 
Hausmannite (Pyramidal and Manganese Earth) . . 68" 67'. 
Idocrase (Pyramidal Gamet) . . . . .  28" 9'. 
Lauthanite (Carbonate of Cerium) . Unknown . 
Matlockite . . . . . . . . .  60" 26'. 
Meiiite . . .  36" 44'. 
Naggagite(B1ackTeIInrium) . 61.23'. 
Phosgenite (Murio-carbonate of Lead) . 47" 20'. 
Rutile (Oxide of Titanium) . 32" 47'. 
Barcolite . .  41' 55'. 
Scapolite . . . . . . . .  23' 46'. 
Scheelite . . . . . . . . .  56" 1'. 
Somervillite . . . . . . . .  82" 61'. 
Stolaite (Tungstate of Lead) . 67" 27'. 
Tin . . . . . . . . . .  21° 5'. 
Torberite . . . . . . . . .  61" 25'. 
Tawanite (Pyramidal Copper F'yrites) . 44" 34'. 
Wulfenite (Molybdate of Lead) . 61" 33'. 
Zenotine (Phosphate cf Yttria) . 41' 0'. 
Zircon . . . . . . . . . .  32" 38'. 

The Square Prism.-The square priam. dao caiied the tetragonal prism and 
the right prism on a square base. is a soiid form bounded by *' aix facegfour of which are rectangular parailelograma. auch 
FIE Ai A. A. d, (Fig . 186). forming the mdes of the prisq and 
the other two-its top and bottom-are squares . 

By some writers. the four faces alone which are parallelo- 
grams are considered the face8 of the ~ ~ r r  pim ; it is then 1 
cailed an open form, and the two square facea which are 1 
required to enclose it are considered diatinot forms. under the 
name of b a l  pflacoidp . 

At d m  of the &uare Prim anci the Pyramiüud &&ma.-Let 
A a Pl and Pz be the centres of the squires Al d, A, Ad. and 

I mg . 185 . A. A. A, A.. which enclose the square prism ; M. M, Y, and , M. the centres of the four rectangular faces . Join Pl P,. M, M,. M, M, cutting each 
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The three lines, Ml M,, M, Mp, and PI P,, which are at right angles to each other, 
are the axes of the square Impm, and ais0 of the pyramidal system. 

Parametem.-The base of the square priam, and consequently the length of the 
equd axes C Ml and O M,, is perfectly arbitrary ; the height of C P, or the height of 
the priam when a length ha8 been chosen for C Ml or C Ma 
depends npon the anguiar element already given for each mineral 
belonging to this spstem. This angular element is detennined 
from the angular measurement of some pyramid or octahedron 
whose faces occur most frequently among the crystals of any 
particular substance. k 

To determine C P,, draw CM and C P  (Fig. 186) at right Pi& 

angles to each other ; take C M  any convenient length, as the arbitrary unit of the 
system of axes. 

Through C draw C D, making an angle with C P equal to the angular unit of the 
substance whose axes pre to be represented. 

Thus, for Anatase the angle P C D will be 60" 38' ; for Apophyliite, 61° 21'; for 
CalomeL60° 9' ; and so on for other substances belonging to the pyramidal aystem. 

From M let faU M E perpendicular to C D, and produce M E to meet the line C P 
in the point P. 

The distances C M,, C M, and C Pl, Fig. 186, of the pointa BI, M, and Pl  h m  C 
thns determined, are called the parameterr of the pyramidal system. 

I t  appears, therefore, that the azea of the pyramidal system aie twtanguZur, and h o  
of its paramettra are cqud. 

The edges of the bmal p»lawià+ or the breadth of the aides of the square prima, are 
twice the length of the equal parametera C M, or C BIz, and the height of the prism or 
ita edge, mch as Al Ac (Fig. 185) is twice the length of C P. 

To draw t h  s q w  Prim.-Draw the line d, A6 (Fig. 185) glual to twice C Y 
(Fïg. 186). 

' h u g h  A, draw A, A,, making an angle of about 300 with A, 4. 
Make & A, v a l  half 8, &. Through 4 draw A, & qua1 and paralle1 

&A,. 
Through A, draw d, 4 perpendicular to d, A, and equal twice C P 

(Fig. 186). 1 Through d< d< and A,, dnr 4 A,, & d, a d  A, As parallei and e q d  to 

1 kin A, Au A, A. A, 4, and A, 4 and the square primn w i l i  be represented in 
( perspective. 

Symbole.-Each face of the 8q'qucire Prism we have described, cuts one of the ares I at a diatance h m  the centre C of the axe4 equd to ths  Lngth of one of the equd 
parameters, andis paralle1 to the other two ares. The two b a l  pinacoids cut the axia 
at  a distance equd to the uneqwl paramle* and are parallel to the other two axes. 
Adopting, therefore, the same principle we have usedin the cubicni system, our aymbol 
for this square prkn WU be 1 ao ao , and for the BwalPinacoid o. co 1. 

For this square priœm Naumann's symbol ia oo P o., Miiier's 1 O O, Brooke 
Levy's modification of Haüy M, and Moh's [P $- ml. 

I Foi. the baaal p i d  Naumann'~ is O P, Miller's O O 1, Brooke snd Leva P, and 
Mohe P - m. 
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l'o &cri60 O net for t h  Squa~s Prim.-Take the 
pde log ram A, & & A, (Fige 185) for one of the 
face8 of the square prism, range four such parallelo- 
grams as in Fig. 187. Den& two squares having 
th& aides equal to A, A, (Fig. 185) and place them as 
in Fig. 187, and the net will be formed. 

Id 

Apophyllite. 
Cassiterite. 
Calomel. 
Edingtonite. 
Oehlenite. 
Idocrasa. 
Lanthanite. 

Meiüte. 
Naggagite. 
Phoegenite. 
Rutile. 
Sarmlite. 
Saapholite. 
Bommerviliite. 

Tin. 
Torberite. 
Towmite. 
Wulfenite. 
Zenotine. 

Min_& w h  rrystal. clmve pdrallel ta this f m , - t h a t  ptinted in Mica indicuting thul the 
cleawage ia casy Mtd perfect :- 

Cwiterite. 
Calomel. 
Edingtonita. 

Oehlenite. 
Phosgenite. 
Rutile. 

Anataae. 
Apophyllite. 
Braunite. 
Cassiterite. 
CalomeL 
Pergusonite. 
Oehlenite. 
Hausmanite. 

Idocrase. 
Lanthanite. 
Y atlockife. 
Meliite. 
Naeuagi+. 
Phosgeoite. 
Rutile. 
Bsraolite. 

Boapolite. 
Scheelite. 
Bommervillite. 
Stolzite. 
Torberiie. 
Towanite. 
Wuiïenite. 

dnataar. 
Apophyllite. 
ûehlenite. 

Idocrase. 
Lsnthanite. 
Naggagüe. 
Phosgenite. 

BmnmnailZile. 
Stolzite. 
Torberite. 
Towanite. 
Wulfenite. 

Ta ddraw tha Seconà Square .%ha.-Draw the axes P, P,, M, M,, and b,M, as in 
Fig. 185. h g h  Y, M, M, end Bi4, draw B, B,, B, B,, B, B,, and B4 B, IRIS - LILLIAD - Université Lille 1 
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parallel and equal to Pl P,. Join B, B ,  B, B ,  &c., and a second square p h  will be 
described in a different position h m  the former one. 

In this priam the axes in which the qua1  parameters lie, pass 
: through ita edgea, while in the p r i m  previoasly deaeribed they 

are perpendiculsr to its faces. 
This priam, like the former, is an open form, cloaed by the 

aame basal pinacoids perpendicular to the G Pl P,. 
Sy~3ob.-Each face of thia p r i m  cuta h o  of the axea at  a 

distance equal to P a t  of the equal parameten, h m  the centre C, 
and is parallel to the third. Thua the plane Bl B, B, B, cuta the fJI-1 . $?- 
axes C M, and C M, in the pointa M, and M, and is paraiiel to Ba 
C Pl. The symbol, therefom, which represerita this relation of es 

the faces of the priam to the mes is 1 1 m .  Fig. 188. 

Naumann'a symbolis m P, Milier's 1 1 O, Brooke and Levy's gl, Moh's P + m. 
This form being in ail respecta similar ti, that of the preceding square prism, except in 
the breadth of ita faces, and ita position with regard to the a m ,  ita net wiii be de- 
scribed in the same manner aa Fig. 187. 

Fama p r a l k l  to t h  S p a r e  P r h  whoae SymW U 1 1 m  , o o n a  M t h  f o M n g  
minerab :- 

Anntare. Phoegenite. Btolzite. 
Apohyllite. Rutile. Tin. 
Cassiterite. Sarcolits. Torberite. 
Calomel. 8capolite. Towanite. 
Idocrnse. 8cheelite. Wulfenita 
Matlockite. Bomerviliiie. Zircon. 
Naggagita. 

Th foliotoittg Minet& have ckavagaa pwaüel lo the Square PMn, whose S+l ir 
l l m  :- 

Cassitente. Phosgenite. 8capolits. 
Idwaoe. Rutile. Zircon. 
Mntlwkite. 

Double Four-Faced Pyramid of the b t  Order.-The doublo four - fad  
pyramid, or octahedron on a- square base, is a solid bounded by 
eight triangular faces, EU& ee Pi G, G4, Fig. 189, each face being 
an isosceles triangle ; i t  hss four four-facedmlid anglea, G, G, G, G,, 
formed by the equal anglea of the kaceles triangles, and two four- 

&mceles triangles. Four equal edpe, Gl G,, 
&o.. which are the baaes of the isosceles 
triangles, and eight other edges, Pi QI, P, 6, 

&c., as directed for Fig, 186. 
Throngh 4, Bi, and M,, Fig. 190, draa O, G,, G, G, G, G, 

and O, G,, p d e l t o  4 4, Al k, 4 &, and 1L, A,, and cutting 
Pip. 19% the edges of the prism in the pointa G, G, 0, and G,. IRIS - LILLIAD - Université Lille 1 
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pyramids. 
Symbok-Each face of this double py-d cuts ope axk at a distance equal that 

of one of the equal parameters, the second axis at a distance equal to the unequal 
parameter, and is paralld to the third axis. 

Thus the face Pl Gl G,, Fig. 190, cuta the axis C M, in M,, is parailel to the axis 
C Ml, and cuta the axis C Pl in P,. 

The symbol which expresses this relation to the axes is lm 1. 
Naumann'a symbol for tbis furm is Pm, Miller's 1 0 1, Brooke and Levy's bl, 

Join Pl G,, Pl % Pl G,, &c., as in Fig. 190, and the pyramid will %e drawn. 
Ases.-From the description of this pyramid it ia evident that the axes in which 

the equal parametera are taken join the centres of the edges G, G,, Ga G,, G, G,, 1 
and G, G,, which are the edgea of the bases of two equai square pyramids which 
joined together form the figure, while the third axis joine the apices Pl P2 of the 

and MOWS P - i. - . l  
Inclination of  the Faces.-Let $ be the inclination of the adiacent faces measured 1 

over the edges G, G2, &c., 8 their inciination over the edges P, Gl, &c., and a the angular 
clement given, page 360. 

r - 0 -  Then tan. - - cot. a and cos. r - e = (sin. " - ' ' 
2 7) 

me the formulre h m  which these inclinations may be deterrnined. 
To Dcsm3e a Net of t h  Dot& Pour-Faced Pyratnid whose Symbo2 is 1 m 1.- 

Describe a square, G, 6, G8 G,, Fig. 191, having its sides equai to twice C M,, Fig. 190, 
or equal to twice the length of one of the equal parameters. This squafe wili be the 
hase of the double pyramid. Let C be its centre. Join C G,, C G,, C G,, and C G,. l 
T h  (Fig. 192), draw C P perpendicular to  C G. Take C P = GP,, Fig. 190, and . 
C G = C G,, Fig. 191. J o h  P G. 

Pis. 191. Pig. 192. 'Fig. 193. Fig. 196 

1 Draw 0, G, Kg. 193, equd to O, G3 Pig. 191. 

, On Gl G, describe an iaosceles triangle, Pl G, G,, having its equal sides, P G,, P G,, 
' 

equal to P G (Fig. 192). P G, G2 WU be a. face of the double four-faced pyramid, and ' eigbt such faces uniged,  i h Fis. 194, will give the required net. 
To Draw a Map of the projection of the P o h  of t h  Double Four-Faced +amid w h s  

ipymbol w 1 CO 1 ,  upon the Splrcra of P..jection, aa well ar those of the Square Pt.iams 
nlready dewribed.-With Pl aa oentre, and any convenient raàiua P, M,, describe the 
circle Ml M, M,. Let H, M,, and M, Y,, be any two diameters perpendicular to each 
other, d,  d : ,  and à, d4, h o  diameters bisecting the right angles Ml P, M, and Mt P, M,. 
Then Pl WU represent the north pole of the sphere of projection, and Ml Ma MI ita 
equator. IRIS - LILLIAD - Université Lille 1 
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P, will represent the pole of the basal pinaco'ld. Y, M, M3 ?& the hepo oi the 
faces of the square prisrn 
whose symbol is 1 oo oo, 
dl d, d, and d4 those of the . 
faces of the square prism 
whose symbol is 1 1 oo . 

The poles a, a, a, a4 of 
the doable four-faced py- 
ramid, whose symbol ia 
1 a 1, alwaya lie where M~ 
the circle of their latitude 
cuts the meridiana C Ml, 
C M,, C M,, and C Md; 
their latitude being equai 
to the angular element of 
the substance to which the 
cqstal belongs. 

l 
1 Pig. 195. 

Crystals wIros6 Faur ocnrr paralkd io the Doubb Four-Facd Pyramid, W ~ W  symhl 
l 1 1 w , t o g e t h  with the latitude of th& poled on the a p k s  ofprgRsrmti0n. 

dnataae . . . . .  60" 38' 1 
Brauriite . . . .  6 4 " 2 v  . . . . . . . . .  Casaiterita 33" 66' 
Calomel . . . . . . . . .  60" 9 . . . . . . . .  Edingtonite. 4 3 " 3 9  . . . . . . . . .  Fanjade 62- 45' . . . . . . . .  &usmannita 68O67 I . . . . . . . . .  Idoc- 2 8 ' 9 0  . . . . . . . . .  Matlockite 609 26 . . . . . . . . .  Mellite. 36'44' . . . . . . . . .  Naggagita 61'23' 
Phosgenite . . . . . . .  47" 2V . . . . . . . . . .  Rutile 32' 47' 
Sarwlite . . . . .  41" 35' 
Scapolite . . . . .  23' 46' 
Scheelite . . . . . .  56" 1' 
BornerpiLüte. . . . . . .  32" 61' 
Btolzita . . . . . .  67' 27' 
Tin . . . . .  21' 6* 
Torberita . . . . . . . . .  61° 26' 
Towanita . . . . . . . . .  44" 34* 
wulfenita . . .  6 p  33' 
Zenotine . . . .  4 1 ' ~  
Zircon . . .  . . .  B 0 3 V  

Three of these mine& cleave parallel to the fom' 1 1 oo , h t a s e ,  Bruunite, and 
Cassiterite, the 6rst two with a perfect cleavage. IRIS - LILLIAD - Université Lille 1 



1 366 DOUBLE POTR-FACED P-D. 

D o u b l e  F o r u - r a c e d  Pgramid of the Second Order.-This pyramid ùiffers 
from the former only in the position and size of ita base. The same figure being 
described (Fig. 197) as Fig. 186. 

Join Ml M, M, M3, M. ML, and M, Ml ; also join Pl Ml, Pl IJdu Pl M,, P, Md, 
and Pz Mi, Pz P2 Y39 Pz M.. 

And the double four-facedpyramul, Pl  Ml M, Pz, Figs. 196 and 197, of the second 
order, wiü be inscribed in the square prism. 

In this prism, the axes in which the equal parameters lie, join the solid angles at 
the base of the pyramids ML M3, and Mt Md. 

I n  Fig. 191, let Ml M, M, M4 be the centres of the sides of the square. 
Join C Ml C M, &c., C Mb and Ml MD M2 Ms, M, Mb and M4 M,. 
Then MI Id2 Ma N4 wiii represent the common base of the pyramids of the second 

order, Gl G, Ga O, that of the pyramids of the h t  order, and M, M, and Mz MMI, the 
position of the axes with respect to these b a s a  

Fig. 196. Fis. 197. Fig. 198. 

To hi the face of this form, produce G C ta ItI (Fig. 192). Make C M equal to 
C Y,, Fig. 191. Join P M. 

Draw Ml M2, Fig. 198, equal to M, M,, Fig. 191. 
On it describe the isosceleu triangle, P M, M2, having the equal aida P hl,, P M,, 

q u a i  to P M, Fig. 192 P Y, M, wiii be a face of the pyramid. 
Eight such triangular faces, arrangecl as in Fig. 194, will form the net of the double 

four-j&pyrmnid of t h  seumd order 
Symbok-Every face of thia form cuts the threa axes at distances from its centre 

q u a i  to that of the parameters ; the symbol which expresses thia relation is 1 1 1. 
Naumann's symbol is P, Miller's 1 1 1, Brooke and Levy's d, Moh's P. 
Indi lrath of Pues.-If <p be the angle of inclination of adjacent faces over the 

edges Ml M, hlz M3, &a., 0 that over the edges Pl Ml, Pz M,, &c., and a that of 
angular element, page 360. 

tan. "3 oot. a oos. 450. 

Y 
2 

sin r - + a 
cos. (n - 9) = (+) . 

Poaitwn of the Poh of this Fwm on t h  Sphere of Projection.-The latitude of the 
poles of this form is the same for dl, four lying in the same parailel of north latitude, 
and foiu in the same parde l  of muth latitude. Four poles lie in the zone passing 
through the pole P, of the form w w 1, and the poles dl and d,  of the square prism, IRIS - LILLIAD - Université Lille 1 
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whose ~ymbol ie 1 1 a. Thua a,b,  4 b,, Fig. 195, represent the poleti of the double 
four-faced pyramid, whose symbol ia 1 1 1. 

Fam paralhl to th& form oceur in the foZhwing n i w d a ,  t h  angka are t h  latitude of 
lhei?.po&d :- 

. AnataSe . . . . .  68"18' 
ApophyIlib. . . . . . . .  60'32' 
Calomel . . . . . . . .  67" 65' . . . . . . . . .  Casaiterita 43" 33' 
C h i o h  . . . . . . . .  56" 43' 
Ferguonite . . .  64" 41' 
Haaamannite . . . . . . . .  49" 36' 
Idocraae . . . . . . . . .  37' 7' 
ldatiockite . . .  68" 9' 
MeIlite . . . . . .  46" 33' 
Naggagip . . .  68" 56' 
Phoegemta . .  66" 54' 
Rutile . . . . . . . .  42" 20' 
Sarcolite . . . . . . .  51' 27' 
Scapolite . . . . . . . . .  31" 54' 
Scheelite . . . . . . . . .  64" 31' 
Stokite . . . . . . . .  66" 4Y 
Ti . . .  28" 36' 
Towanite . . . . . . . . .  64" 20' 
Wulfenite . .  65" 4?' 
zircon . . . . . . . . .  42" 10' 

Of these, Ferpmnite, Hausmannite, Btolzite, Wulfenite, and Zircon, have c2ancagsr 
parailel to thia double four-faced pyramid. 

Double Four-Paeed Pyramide derived from the F0.m 1 0 1.-Retaining 
the same base G, Cf, G, Gd, Fig. 190. Take C P, and C P,, Fig. 
199, qua1 to m times C P,, Fig. 190, m being any fraction or 
whole number greater than unity. Join Pb G,, P, O, &c., as in 
Fig. 199, and the pyramid wiii be wnstructed. 

For Fig. 200 take C P,, C P, = m C P, Fig. 190, m being a 
fraction leas than unity. 

O $ - o. and Join the pyramid P, G,, PS wi i i  G, &ce, be constructeci. as in Fig. 200, 

The series of pyramids, auch aa Fig. 
199, are more acute, and thcae of Fig. G 
200 more obtuse, than the ori* pyra- 
mid 1 ao 1. 

8ymaO.b.-The eymbol for these double 

+$$?a P* 

ri. 199. four-faced pyramido is 1 m m, as each W ~ .  m. 
face cuta one axia at a diatance equal to one of the qua1 parameters, in p d e l  to the 
other, and cutu the third at a distance equel to m timea the greaterparametea. 

Naumann's aymbol is m P a, Miiier's h O i, Brooke and Le+, 
IRIS - LILLIAD - Université Lille 1 
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Poh-The poles of these pyramids always lie in the zone M P M, Fig. 195, those 
of the acute pyramids King between a and M, those of the obtuse between P and a: 
the poles of the npper p p m i d  lie in the same circle of north latitude, those of the 
lower in the same circle of 8011th latitude. 

Azw-The axes C Ml, C I&, &c., in which the equal parameters are taken, join 
the centrea of sides of the base, Fig. 199 and 200, while the third joins the apices of 
the h o  pyramids. 

Inclination of Puces.-If <P be the angle of inclination of adjacent faces over the 
edges G, G, G, G,, &c., 0 that over the edges P, Cf, P, G,, &o., and a the angular element 
of the snbsta~~ce, 

1 Tan. % .  - -cet. s 
2 -rn 

Cos. (T - O) = (sin. 
2 

Eonns of t h  double four-faced pyramid whoae symbol ie 1 CQ m which have bem o6sewed 
in nature, fogether with the latituds of th& pole8 on the apkere of  projection. 

The form 1 w +, 3 Pm N a u m a ~  ; 105 Miiler; and 6s Brooke and Levy. 
Anatase . . . . . . . . .  19' 34'. 
ApophrUite . . . . . . . . .  14" 3'. 
Scheelite . . . . . . . . .  16" 31'. 

The form 1 w +, + P m Nanmann ; 103 Miiier ; and ba Brooke and Levy. 
Calomel . . . .  30" 9'. 
H a u a m d t e  . . . . . . . .  28" 58'. 
Wulfenite . . . . . . . . .  27" 40'. 

Hausmannite cleaves parallel to this form. 
The form 1 a> *, 4 Pm Naumann ; 102 Miiier ; 89 B d e  and Levy. 

ApoPhyllite . . . . . . . . .  32' Y. 
Edingtoaib . . . . . . . . .  25' 26'. 
Scheelite . . . . . . . . .  36" 34'. . . . . . . . . .  Torberite 32" 4'. 
Wulfenite . . . . . . . .  38" 11'. 

The form 1 cri 3, % Pa, Naumann ; 203 iKiiier ; b# Brooke and Levy. . 
Torberite . .  39" 63'. 
Towanite . . . . . . . . .  33" 16'. 
Wuifenite . . . . . . . .  46'21'. 

The form 1 cri 8, 3 P ca Naumann ; 302 Miller ; 63 Brooke and Levy. 
Towanite . .  65" 65'. 
wuifenite . . .  67" 2'. 

The form 1 œ 2, 2 P o o  Naumann ; 201 Miller ; W Bmke  and Levy. 
Anataae . . 74" 14'. 
Sraunite . . . . . . . .  70" 16'. 
Idocrase . . . . . . . . .  46" 67'. 
Torberite . . . . . . . . .  68' 15'. 
Towanite . . . . . . . . .  63" 6'. 

Torbente cleaves perfectly parallei to this form. 
IRIS - LILLIAD - Université Lille 1 
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The form 1 ao 3, 3 P w Naumann ; 301 Miiier ; b* Brooke and Levy. 
Rutile . - . . , , 62" 38'. 
Tin , . . . . . 49' 10'. 

The form 1 <a 6,6 Pa Naumann ; 601 Miller ; 6% Bmke  ami Levy. 
Casaitente . . . . , 73"26'. 

When a becomes M t e l y  great thia pyramid paases into the square prisni whose 
aign ia 1 w a; se w approachea to zero the pyramid appmximates ta the basal 
piiueoid. 

Double Toux-faced Pyxa.mids dexived from the Pyramid of the Second 
Order.-Retaining the aame base M, B& M3 MM,, sa in Fig. 196 
Take C P,, C P., as in Fig. 201, e q d  to m times C Pl, Fig. 196, 
ria being any fraction or whole number p a t e r  than unity. 

Join P, Y,, P, &, &c., ae in Fig. 201. 
For Fig. 201 take C P,, or C P, e p d  to m tirne8 C P, (Fig. 196), 

rn being lem than unity. 
Join Ps Y,, P6 K, &c., sa in Fig. 202, and 

the pyramid wiU be constructed. 
The ~eries of pyramida, such se Fig. 201, are 

more aoute, and those desoribed as Fig. 202 are M, 
more obtuse than the original ppramid whoae 
s~rrnbol is 11 1. eMa 

8ymbola.- The symbol for these ppramids PI. 
whose faces cut two of the ares at a distance pip. 202. 

201. equai to that of the equal parameters i?om their 
centre, and the third at a distance w times the greater paramenter, in 11 m. Nan- 

manda aymbol is nrP, Miller's hhl, Bmoke and Levy's 
Po&.-The polee of these pyramida dways lie in the zone dPd (Fig. 195), thoae 

of the aoute pyramids being between b and d, thme of the wuta being between P and 6. 
&.-The axes join the opposite four-faced solid anglea. 
Idinution of Pacea-If 9 be the angle of inclination of adjacent faces over the 

edges M, I& & M,, bc. (Figa. 201 and 202), 9 that over the edges P6 M, P, M, &., 
a the angular element of the aubetance, 

The form 1, 1, ; P Naamann; 1,1,16 Miiier; ala Bmoke and Lary. 
Wulfenite . . . . . T 6 1 .  

The form 1,1,+ ; + P Naumann ; 1, 1, 7 Miller; a7 Brooke and Lev. 
Anatase . . . . . . 19.46'. 
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370 DOUBLE FOUR-PACED PYRAMIDS . 
The form 1. 1. 4 ; + P Naumann ; 1.1. 6 Miüw ; as Brooke and Lsvy . 

Anatase . . .  26" 14'. 
Apophyiiita . 19" 30'. 

The form 1.1. 3 ; f P N a u m m ;  2.2. 9 Miiier; a8 Brooke and Levy . . . . . .  Wulfenite 26" 18'. 

The forrn 1. 1. ) ; 3 P Naumann ; 1.1. 4 DMier ; a' Brooke and Levy . 
Towanita . 19.21 . 

The fonn 1. 1. Q; + P Naumann; 1.1. 3 Miiier ; as Brooke and Levy . 
Anatase . 30" 38 . 
Idocme . . . . . .  14" 1V . 
Towanite . 24" 55'. 
dpophyiiite . 30.32'. 
Barcolite . 22" 41'. 
Wulfenite . 36'33'. 
Calomel . 39'24'. 
Scheelite . 34" 58'. 

Wulfenite eleavea parallel to thie ppamid . 
The form 1. 1. ); 4 P Naumann ; 1.1. 2 Miller ; a2 Brooke and Levy . 

ldocraae . . . . .  20" 44; 
Scheelite . 46' 22'. 
StoXte . 4f"65'. 
Towanite . 34.62'. 

The form 1. 1. 9; 3 P Nanmann; 8.3. 6 Miiler ; a* Brooke and L a y  . 
cassiterite . 29" 43'. 

The form 1. 1. 3 ; # P Naumanu ; 3.3. 2 Milier ; 2 Brooke and Levy . 
Towanite . 64O26'. 
Wulfenit-8 . 13" 19'. 

The form 1.1. 2 ; 2 P Nsumann; 2.2. 1 nliller; a* Brooke and Levy . 
idocrase . . . . .  66" 33'. 
Gtoleite . 77" 17'. 
Towanite . 70°16' . 
Zircon . 61°6i 

The form 1.1. Q ; 9 P Nsumann ; 5. 6. 2 M i e r  ; a3 Brooke and Levy, 
Cassitente . 67.21'. 

The form 1. 1. 3 ; 3 P Naumaon ; 3. 3. 1 Miller ; a4 Brooke and Lovy . 
ldocra~e . 66'34'. 
Scapolite . 61' 50'. 
Tin . . .  58'34'. 
zircon . . .  69.48'. 

'l'he form 1. 1. 4 ; 4 P Nanmann ; 4. 4. 1 Miller ; ai Brooke and Levy . 
Idocrase . 71" 43'. 

As m inmaaes in magnitude. this pyramid approachas to the square prism whw 
aymbol is 11 ao ; and when n becornes inflliite coincides with it . IRIS - LILLIAD - Université Lille 1 
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Sphenoid derived fiom the Pyxamid of the F h t  Order.-By devcloping 

half the faces of the double four-faced pyramid of the h t  order, a hemihedral form, 
with inclined faces ia produced, which ia cdled a vhid, or tkegulor tetvaheclm>. 
Thus (Fig. 203), the four-faces Pl G, G,, P l  G, G3, 

R 6r, Pz G, G,, and P, G, G, of the pyramid Pl G, G3 P, 
(Fig. 189) being pioduced till they meet, form the 
aphenoid QI $ &, & (Fig. 203). This sphenoid 
may be caiied the positive aphaoid. The other four 
facea being produced till they meet, form another 
aphenoid equal in aii respeota to the former, and 
differing only in position ; this in calied the nrgatioe 
s p h i d .  

The s p W ,  ao called from its wedge-lige shape, 
iri bounded by four iaosoelee triangles, euch a~ QI &a; 
haa sir equal edges, such as QI Q, ; and four three- Pi& !m. 
faced eolid anglea Q,, &, €& and &. 

To Draw t h  S p h i d  ~~ t h  Pyramid gf Us Firnt O*&.-Through P, 
(Fig. 203) draw Q, Q, paralle1 & G1 G,; k d  b u g h  Pz (& 4 paralle1 to G, G,; 

A 
Maire Pl QI and P, Q, equal to G, G, and P, Q, and Pz a 
e q d  to G, Gp Join QI a, &, &, $, and &, Qi. 
In a similar manner the sphenoida, derived h m  the double 
four-faced pyramide (Figa. 199 and U)O), 
may be drawn 
b Cmtruct th hW fw t h  8phmokf. 

- D m  the line Q, 612 (Kg. 2C4) quai 
to twice G, G, (Fig. 193) ; on it describe 
the isosceles triangle Q, (& &, having 

Q z  
each of ita rides, Q, Q, 4 Q, qua1 

a face of the aphenoid; and four such 

m 
twice P C), (Fig. 192). QI & & wi l l  be m. m. 

f w  arranged sa in Fig. 206, will form the required net. 

Cryrtalr w h 8  Paarr oca<+pr W to t h  S p W  dcrioed fton, th Pyrmidr of t h  
Rrd Orda: 

The sphenoid, derived h m  the pynunid whose symbol in 11 oo , occura in Edinptonite, 
Btobzite, Towanite and Wulfenita; and h m  the pyramid whose aigri ia l m )  in 
Edingtonite. 

The polea u, a, of the positive q~lbnoid lie in the zone Ml Pl MI (Fig. 196), in the 
northern hemia@ere of the sphere of projection; and the other two polea in the zone, 
Y, P, &, in the southem hemisphere : a, a,, poles of the mgative apknoid, lie in the 
eone & Pl M, of the northern hemisphm ; the polea in the eouthern lie in the zone 
Ml P l  M, 

Sphenoid demived from the Pyramid of the Second Order.-By developing, 
as in the last case, the alternate faxa of the double four-fsced pyramid (Fig. 197) whoae 
aymbol is 111, two hemihedral forma with inclined faces will be pmàuced, which are 
qhenoids. 

To Gbnshuct t h  8phawid.-Draw the primn Al d, A, A, (Fig. 206) as in Fig. 196. 
Join A, 8, & Ag> Al A,,, Al &, As A,,, and A, A,, and the pon'tiv8  a al A, & & 
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(Fig. 207) will be drawn. The negative s p h i d  may be conûtnicted by joining the 
points d, 4, 8, 454 Bj, dd As, & &r, and A, A,. 

Fig. 2 06. Pig. 207. Fig. 208. 

To ' o h t  t h  Pm of ti tb &pIienoid,-Draw A, 8, (Fig. 208) eqnd to twice Ml M, 
(Fig. 198) ; on it deseribe the isosceles triangle A, A, A,, having its sides A, A,, and 
A, A,, equal to twice P Ml (Fig. 198). Four such triangles, mangeci as in Fig. 206, 
will form the net for this sphenoid. 

In  a similar mamer the sphenoids and their nets may be oonstnicted, which are 
derived from the pyramids whose symbols are of the form I l  m. 

CryataL whse Facea oc~cppml ie l  to t h  GphenoiaP derivsd from Py~arnida of the 
&eu& Order. 

The sphenoid derived h m  the pyramid whose m o l  ia 111 occm in Stolzite, 
Towanite, and Wulfenite ; and from the pyramide whoee aymbols are I l i  and 11) in 
Towanite. 

The polea 6, b, (Fig. 195) of the positive yhenoid lie in the zone 4 P, d, of the 
northern hemisphere ; and its other poles in the zone <5 P, 4 of the southeni hemi- 
sphere of the sphere of projection. The poles q b, of the >aegatWs s p L d  lie in the 
zone dl Pl d, of the northern, and ite other poles in the zone d, P, d, of the southern 
hemisphere. 

OctagoMl Prk.m.-The octayo~zal pim, also caiied the ditetragwl fisni, and 
the right p h  on an octagonal base, is a solid bounded m~q] by rectangulsr ten faces, paralielogam, eight of which, forming auch as Ml the E, sides E, M ,  of the are 
priam. The other two, forming the top and bottom of the 

i 0 I 

i prkm, are irregular octagons. When this prkm is con- 
; j sidered an open form, its sides aione are considered the 1 1 / planes of the prism, and tbe two faces which inclose it 

'E 
Mb 

i are the planes of the basalpinacoias. 

- E U  m. E. 
Mm Am.-The rectanguiar rureg in which the q u a i  

Fig. 209. paramete- are taken, join the points Ml Ma, andM, M,; 
while the third axia coincides with the geometricai axis 

of the prism. 
Si/mbob.-Each face of the octagona1 prism cuts one of the axe$= CM, (Fig. 190), 

at a distance C M, qua1 tu the length of one of the equal parmeters ; the other sais, 
as CM, at a distance equal n times thst parameter, where r may repreaent any whole IRIS - LILLIAD - Université Lille 1 
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number or fraction greater than nnity, and the face is pualle1 to the third axia C P, in 
which the unequal parameter ia taken. 

The symbol which expresses this relation to the a x a  in 1 r W. 

Naumann's symbol for thia form is ce P n, Miiler'a A k O, Brooke and Levy'a g . 
Imlinaüm of t h  Fases.-Let C$ be tho angle of inclination of the facee meaeured 

over the edges El E,, E, E,, &e., and 0 over the edges & Mo M3 Ml. 

To Draio the OctagonaZ Priam.-Describe a square., Gl G, G, Gd (Fig. 210) having 
each of ita sides equd to twice the arbitrary unit chosen 
for the equai parameters of the spstem. Let C be the 
centre of the square, Ml M, 6,M, and MI the centres of 
its sides. Join Ml M, and Id, &, G, G4, and Gl G3. 

Let Ml El be a line drawn from Ml to meet C M, 
produced in a point at  a diaîance equal to a timw C M, 
homC ; and let El be the point where t h  line cuta C G,. 
Take C E,, C Eg and C E,, each equal to C E,. Join 
El  Ms M, E, E, M, Id3 E3, $c. Through El and El 
draw D, D, and D4 D, paralle1 to G, G,. 

Ml El M, E, $0. E,, i a  the octagond base of the Pip. elo. 
prism whom symbol i n  1 n ce. To draw the prism, 
draw G, G, (Fig. 214) ; d e  G, G4 equai G, G4 (Fig. 210), and divide it BimiLarly in 
the points Dl Ml and D4. 

Through Gl and G1, draw Gl G, and G4G, (Fig. 214), msking an angle of about 30" 
with G, G4. Take G4 M., G, M, M4 Gs, and & G,, e q d  to half G4 M4, G, Di, M, G,, 
and Y, QI of Pig. 210. Through DI and Dl draw DI D,, and Dl D, parailel ta 
'4 GT 

TakeDIEl, D,E,  D,E,andD,E, equdtohaVD,E,,D,E,D,E,,andD,E, 
(Fig. 209). Join Ml El, El M, Bic. Then Ml El &c. M, E, (Fig.  214 and 209) wiü 
be a perspective repre~entation of the octagona1 base of the prism. 

Through Ml draw Ml M, (Fig. 209), perpendicular to M, El, and of any height. 
Through E,, M, E,.,, Mm &c., draw El E ,  M, Al,, E, E, M. M,, &c., paraliel and equd 
to Ml M,. Join E, M, Me E,, &ce, and Fig. 209 wii l  be the repreeentation of the 
octagond prism in isometrictù perspective. 

Position of tk pokn of t h  Pam of t h  Octagond Pvism on t k  rplera ofprqolsclian.- 
The pole8 of the facen of the octagond prism alwaye lie in the eame zone, and that 
%one ia the equator of the ephere of pmjection; e, c, &o., a, (Fig. 195) represent theae 
poles, each situated at the same a n p h  distance fkom the pointe Ml, M, M,, and M,. 
The angle 8, given above, ie thia anguiar distance, and ia the longitude of the pole 
reckoning from Hl. 

Pomu of t b  Oclagond P&n, p a r a  to which faass h bcm o k m e d  in uaturs, 
t~geîl icr wifh th longituds of theirpoia on the aphm ofpmjecfion. 

The form 1 # ca, oo P 3 Nanmsnn ; 230 Miiier ; and y# Bmke and Levy, whose 
longitude ia 33" 41', occuni in esgstala of Casaiterita, Fergusonite, Rutile, and Wuifenite. 

The form 1 2 a, ce P 2 Naumann ; 210 Miiler ; and 8. Bmke and Levy, longitude IRIS - LILLIAD - Université Lille 1 
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26" 34', occm indpophyilite, Casniterite, Idocrese, Phosgenite, Rutile, ScarcoIite, and 
8ommervillite. 

The form 1 3 m, m P 3 Naumann; 310 Miller; and 9 Brooke and Levy, longitude 
18" 26' occm in Idocrase, Rutile, Scapolite, Towanite, and Wulfenite. 

The form 1 4 m, ao P 4 Naumann; 410 Miller ; and gr Brooke and Levy, longitude 
14" 2', m m  in Rutile. 

The form 1 7 CD, m P 7 Nanmann ; 710 Miiier ; and gr Brooke and Levy, longitude 
8' 8', occnrs in Rutile. 
To describe o Net for the Octagoml Prim.-Draw two irregular octagons, equal to 

M, E, M, E, (Fig. 210), and eight rectangular parauelograms, each equal to Ml E, E6 
M, (Fig. 209), and arrange these ten figures es in Fig. 211, and the net will be con- 
stnicted 

Hemihedral Pom of the O e l a g m l  PrLrm.-The same figure being constructed (Fig. 
212) as in Fig 210. Produce M, E,, M2 E, M, E, and M, l$ to meet in N,, N,, N,, 
and N,. Blso produce E, Ml, E, M .  E, Ma, and Es M, to meet in N,, N,, N ,  and N,. 

N, N, N, N, and N, N, N, N, will be two squares, whioh will bo the bases of the 
square prisms which are the positive and negative hemihedral f o m  of the octagond 
prisms with parallel faeea. 

This hemihedral form has been obsemd in crystala of Fergusouite and Wulfenite, 
denved from the octagonal prism whose symbol is 1 3 m. 

Double Eight-faced Pyramid-The double eight-hced pyramid, or pyramid 
on an octagonal base, cded  also the ditetmgonal pyramid, in a solid bounded by sixteen 
faces, each face, suüh as P, El Ml (Fig. 213), being a scaiene triangle. I t  ha8 eight 
foorr-fa& oolid ang2ea Y,, E,, & Bc., corresponding to  the angular pointa of the octa- 
gond base of the pyramid; and two @hl-faced solid a f igh  Pl and P,, forming the 
apices of the pyramide. 

It hm eight equal edges, such as P, M,, j o in i i  the eight-faced solid angles with 
the four-faced solid angles, through which the axes pass ; eight other equal edges, such 
as Pl E,, joining the double eight-faced eolid angles to the other four-faced solid 
angles; and eight more equal edges, such as M, El, joining the two kinds of four- 
faced solid angles. 

&es md 8ytnbob.-The axes in which the equal parameters are taken join the 
four-faced solid angles Ml M, and M, Mk (Fig. 214), and the& in which theunequal 
parameter ia taken joins the pointe P, and P, IRIS - LILLIAD - Université Lille 1 
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Every face of this pyramid cnts one of the ares, such aa Y, Mx, at a distance 
equal to the arbitrary 
unit, the eeeond Mz M, 
at a distancentimes that 
Mit, n being any whole 
number or îraction 
greater than mity, and 
the third axis C Pl at 
a distance m timea that 

% of the unequal para- 
meter, m being any 
whole number or frac- 
tion greater or lesa 
than uni@. 

The aymbol which 
expresses this relation 

Fig. 213. of the figure to the Fig. 214. 

axas of the pyramidal apatem, is 1 mu ; Naumsnn'a symbol ie mPn; Miiier's hW; and 

B m b  md Levy's bf bf gt- 
To drnw tha Doubla Bqht-fa& Pyramid.-The same oonsîxuction being made for the 

base of the pyramid (Fig. 210), sri for the baae of the octagond priani whoae s p b o l  ia 
rn P n, thi~ bese in to ba drawn in perspective (Fig. 214), in the manner in which the 
base of the octagond prism waa directed ta be d r a n  Thmugh C draw P, C P, per- 
pendieulai to Tif2 M., take C P, and C P, equd to m timea the unequal panameter. 

Join Pl Ml, P, El, P, E, P, M,, &., P, M, Pz E,, &c., and the pyramid wiii be 
constnicted. 

Ta deacribs a Net& tris Doubls E i g h t - f d  P y r d - D m w  C N (Fig. 216), qua i  
ta C N (Fig. 211), and C P perpendicuiar to C N. Make C P e q d  tom times the unequal 
parameter, the length of thin parameter being det8rmined by the method given in page 
361, Fig. 186. Join P N. 

P 

C K rd 

Then Fig. 216.-Dmw NIN, equal N, N, (Fig. 212), and take in it the pointa E, 
and M, at the sarne distances h m  N, and n', they are in Fig. 212. 

On N, N, describe an isoscele% triangle, P Na N, having ita aides, P N, and P N, 
qua i  to P N (Pig. 216). Join P El and P BT, 

P E, M, wiii be the wdene triangle which will be a face of the double +ht-faced IRIS - LILLIAD - Université Lille 1 



576 THE DOUBLE BIGHT-FACED PYBAMID. 

pyramid, and sixteen wch triangles, arrangea as in Fig. 217, wiii form the required 
net. 

I~clinath of tira Pooea of the Doubb EigM-fimi Ppamid.-Let a be the angular 
element for the substance among whose crystais faces of this pprarnid ooeur, given in 
page 360. 0 the inclination of adjacent faca, measured over the edges P, E,, Pl E, &o. 
(Fige. 212 and 213) ; 9 over the edgeg &Ml, %MD &c. ; and # over the edgea P, Ml, 
Pl %, 

Then if B be mch sn angle thabcot. B =a, 

Positiol> of the Pola of the Facse of the Double E i g h t - f d  Pyrcamid on the aphere of 
pg'ection.-The poles of the faces Tl T, tc., T, (Fig. 2131, are represented on the map 
of the sphem of projection (Fig. 195), by Tl T, tc., T,. 811 the poles of the upper 
faces of the pyramid occw in the same circle of latitude in the northem hemisphere of 
the sphere of projection, reekoning the latitude fiom Pl, and those of the lower faces 
of the pyramid in the same circle of south iatitude, reckoning from P, 

The angle $ in the precedhg article will be the ange of latitude fbr the faces of 

the pyramid ; and B will be the longitude of Tl, reokoning the longitude h m  Pl Ml as 
the Grst meridian of longitude. 

The longitude of T, wiU be 90" - p, of T, 90" + B, of T, 180" - & e s t  of Ml, 
while the longitude of T,, T, T,, and T, wiii be the same anglea west of Ml. 

Crystals whoas Fam ocwr paralie2 to t h  Dou6le Eight-fawd Pyramid, togeth with tlisit 
Lotit& ami I;ongituds on t h  q k 8  of prqectiom. 

The form 1,6,&; h P 6  Naumam; 6,1,19 W e r ;  a n d ~ d à g ~ ~ r o a k e a n a  
Levy. 

h a h g  Lat. 25" 30'. Lon 11" 18. 

The form 1,3,4 ; f P 3 Naumenn ; 3,1,6 Miiier ; and 61 d* g) Erooke and Levy. 
Towanite, Lat. 21" 27'. Lon. 18" 26'. 

The form 1,2,1; P 2 Nam-; 2,1,2 Milier ; and B d i g )  Brooke and Levy. 
Scheelite, Lat. 68" 55'. Lon. 26" 34'. 

The form 1,3,1; P 3 Naumann ; 3,1,3 Miiler ; and @ 3 9 %  & d e  snd hvy.  
Casaiterite, Lat. 35" 20'. Lon. 18" 26'. 
Rutile La t  34' 11'. Lou lSO 26'. 
Barcolite, Lat. 43" 6' Lon. 18" 2fY. 

The fom 1, 3, ; Q P 3 Naumann; 3,1,2 Mier; 61 b t  gz Brooke and Lwy. 
Idocrase, Lat. 40' 41'. Lon. 18" 26'. 

Thef01-1~1, 8, 2 ;  2 P  2 Naumann; 2, 1,lMiUer; 11 b*glElmokeandLevy. 
Idocraae, Lat. 60' 7'. Lon. 26" 34'. 
Phosgenite, Lat. 6t" 36'. Lon. 26" 34'. 

T h e h  1,#, 3 ;  3PgNaumam;  3, 2,lMiiler; 6*6*g1Brookeand~evy. 
Cassiterite., Lat. 6'1" 35'. Lon. 33" 41'. 
Fergusonite, Lat. 79" 17'. Lon. 33" 41'. 
Rutile, Lat. 66" 42'. Lon. 33" 41'. IRIS - LILLIAD - Université Lille 1 



The form 1, 3, 3 ; 3 P 3 Naumann ; 3,1,1 Miller ; bl bH gl, Brooke and Levy. 
Braunite, Lat. 71" 13'. Lon. 18' 26'. 
Idooraae, Lat. 69" 25'. Lon 18" 26'. 
8ml i t e ,  Lat. 70" 23'. Lon 18" 26'. 
Soapolita, Lat. 64' 18'. Lon. 18" 26'. 
Soheelite, Lat 71" 58'. Lon. 18" 26'. 
Zhon,  Lat. 63" 52'. Lon 18" 26'. 

The form 1, 2,4 ; 4 P 2 Nanmann ; 4 , 5  1 Miller ; d b*gl B m k e  and Levy. 
Idocrase, Lat. 67" 2(Y. h 26" 34'. 

The form 1, 4 4  ; 4 P 4 N a n m a ~  ; 4, 1, 1 Miller ; d gl Bmke  and Levp. 
Idocraae, Lat. 66" 31'. Lon. 14' Y. 
Zircon, Lat. 69' 23'. Lon. 14" 2. 

The form 1, 6, 6 ; 6 P 6 ih-ann ; 5, 1, 1 Milier; bl bi  gl Brooke and Levy. 
IdoCnW3, Lat. 69" 63'. Lon. I lo  18'. 
Towanite, Lat. 78" 44'. Lon. 11° 18'. 
Zircon, Lat. 73" W. Lon. 11" 1s'. 

aemihedd Double Pour-faced Pymmid.-If we repreaent the eight appex 
h e a  of the @ls 6 + w f d p y r a m g  (Fig. 213) by the pboh Tu T, T, TI, T, T, 

* 
a 

Fig. 218. Pig. 319. 

T, and T, and the correspondhg lower facea by Tl, I*,, y,, Y,, and T,. 
Then if the eight faces Tl, Tl, T, T, T,, T,, T,, and TT, be pduced  tiü they mwî, 
the resnlting form WU be the &le fa».-faadpyrmid Pl Ns NBPa &c. (Fig. 219). I f  
the other eight faces of the hublc n g b t - f d  yyranuü, Tg, T', T1, y', TB, Ta, T,, and Tls 
be produced ta meet, thep will form the &ubb f o u t 1 4  wamid. Pl N, N, P, &c. 
(Fig. 218.) 

These pyramide are equal to each other in every respect, and differ only in 
their situation with regard to the axes of the pyramidal ayatem. They are the@ 
tive and mgatiw h i h d r d  fmms &th paraUcl faeu of the double eight-faced pynmid 

The & in whioh the unequal parametera am taken join the apices Pl and P, in 
both pycamids. The positionin which the other two axes cut the basee of theae pym- IRIS - LILLIAD - Université Lille 1 
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mids wiU be seen by referring to Fig. 212, where the linea N, N ,  N, N,, N, N4, and 
N4 NI, forming the square NI N, N, N,, formed by producing the edges E, M, E, M,, 
E, Mp, and E, Ml of the bam of the double eight-faced pyramid, is the base of the pyra- 
mid Fig. 218 ; and the square N, Ne N, N. formed by the other edges of the base of 
the double eight-faced pyramid, ia the base of the pyramid Fig. 219. 

Ml M3 and M, M4 wiü be the axes in both pyramida 
Ta draw t h  H6mihedrd Double Ew-faced Pyramids.-Draw the double eight-faced 

pyramid as described for the construction of Fig. 214. Produce El M,, E, M, E, Me 
and E, M, (Fig. 218), to meet in the points NI N, N, and NI. Join PINl, Pl NB &o., 
Pz N,, P, N,, &c., and Fig. 218 Will be constructed. 

Produce Ml E,, M, E,, M, E, and M, E, to meet in N, N, N, and N,, and join these 
points with Pl and Pz, and Fig. 219 wiü be constnicted. 

To Conatruct a Net for the Hemihehal Doubk Powr-faced ~pamid-The isoscelea 
triangle P NI N, (Fig. 216) is a face of the double four-faced pyramid derivcd from 
the double eight-faced pyramid whoae face ie P El M, ; and eight of theae triangles, 
arnuiged as in Fig. 194, wiii form the required net. - 

Face8 ParalZeZ ta t& Hemihedral Boubb Pour-faced Pyramid whieh ocnrr th Nature. 
In  Scheelite h m  the pyramids 1, 2,1, and 1,2,3. Sarcolite from the p s m i d  1,3,1, 

and Ferguaonite from the pyramid 1, 4, 3. 
Tetartohedral  Fonn;-From each of the hemihedral double four-faced pyra- 

mide, h o  sphenoids may be derived by the development of half their faces, just u 
sphenoids are derived h m  the other double four-faced pyramids of the pyramidal 
system. These sphenoids would consequently be formed by the development of a 
fourth of the faces of the double eight-faced pyramida,, and are therefore called tetar- 
tohedrd fm of that aolid. It ia doubtfd whether any of these forma have been 
observed in nature. 

Pplamidaï Trapezohedron. - The pyram2al tqwewhedmn, also caUed 
the tetragod trapzohedrm, is a solid (Fig. 220), 
bounded by eight faces, each of whioh is an irregular 
trapezium, suchas Pl Ll Sl L, (Fig. 220), or P L ,  S L2 
(Fig. 216). I t  ha8 two four-faced aolid angles, Pl and P,, 
and eight more four-faced solid angles equd to one 
another LI L, L, LA, and S,, S, S, S4. I t  hm eight 
edgea equal to P LI (Fig. 216) four equal to II, S,, and 
four equal to L, 8,. 

The pyramidal trapezohedron is a hemihedral form, 
with inelMwd fafer of the double eight-faced pyramid, 
d is formed by producing the eight faces T,, TZ, T,, 
TI, T,, Y, T, and T',, to meet one another. A similar 
and equal trapezohedron would be formed by producing 
the faces T,, T,, T, T4, T,, T,, T;, and T, to  meet. 

This trapezohedron may also be regarded IW formed by 
the combiiation of the upper haif of a positive hemihe- 
dral four-faced ~rramid. with the lower half of ita cor- 
responding negazve hemihedral four-faced pyramid. 

To Dmw ~ Pyramidal Tr.pez0hedmn.-Draw the base of the double eight-faced 
pyramid Ml E,, M, E, &c. (Fig. 214), and ita a& Pl P, (Fig. 221). Produce M, Eu IRIS - LILLIAD - Université Lille 1 
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M2 6,E, &c., to meet in N, N. N7 and N,, as in Fig. 212 ; and El M,, M, E, &c, ta 
meet in NI N, N3 NI. 

Join NI, N, N, and N, with Pl and N, N6, N, 
and N, with P, 

Then (Fig. 212) join C Ni, cutting M, E, in K. 
I n  Fig. 215, take C II( equd to C K (Fig. 212), 

and thmugh K draw K L perpendicular to (1 N 
meeting P N in L. 

IR Fig. 221, take C Hl and C H, iq Pl P,, equai u Ns 

ta K L (Fig. 215). 
6 

Through Hl draw Li Ls parallel to NI N,, meet- 
ing Pl N, and P, N, in LI and L, and L, L, paralle1 
to N, N, meeting Pi N, and Pl Na, in L, and L,, 

Through H, drnw 8, 8, parailel to N, N,, and 
8, S4 p d e l  to N, NB. 

Join L, 8, L, L, S, L, &c., ae in Fig. 220, and 
the trapezohedron will be wnatmcted. piS. 221. 

To Desrribe a Nd f~ the P y r ~ n i d d  bap~kdron-In Fig. 216, take P L, and m andPL, inPN,andPN,  equal to 
P L, Fig. 216. 

Join LI El  and L, M, y d  p d u c e  
thcee lines ta meet in S. 

P Ll S L, will be a face of the 
trapezohedron ; and eight such faces, 
m u g e d  m in Fig. 222, will form the 

Hg. 22.9. required net  
Pae~paralleZ to t h  Pyranridd Trapwohadron whieh ocnrr in Naturu-Faces parallel 

to the pgramidai trapeschedron have only been obsmed in uystaln of Scapolite, 
derived from the double ei6ht-faced pyramid whose symbol ia 133. 

Pyramidal Sca1enohedron.- The pyramtdal mhohcdron, &O cded  the 
tetragonal emhohedron, and by some the dipic- 
tetrahedrm, ia a solid bounded by eight faces, 
each of which, mch aa Pl Ki K, (Fig. 223), in a 
scalene triangle. 

This ia a lmihuird fm, with inelined f a m ,  
of the double eight-faced pyramid, and is derived KI 
h m  it by pmducing the faces Ta, TI, T L  T;, 
Tb T6, T', andT', (Fig. 213), to meet one another. 
Another scalenohedron, equal in ail respecta to 
thia one, but differing in position, wiü be formed 
by pmducing T., Tl, T, Tt, Tu T,, T, and T,. 
One of these rnay be caiied the positive and the 
other the negative scalenohedron. 
This form has two four-faced solid angles 

Pl and P, equal to each 0 t h ;  and f o u  o t h q  
K, Ka Ka and K,, equal to each other. Hg. %W. 

To draw th6 Pyramidal SmlnoliPdron-Dmw the baee cf the double eighbfaced 
~prsmid MI % % &c. (Fig. 224), as deseribed for Fig. 214, au weu ee ite C& p, p, IRIS - LILLIAD - Université Lille 1 



P r o d u ~ M ~ E ,  and~EftomeetinB,;M,E,and MaEstomeet i n R , & o  &El 
M. E4 to meet in R,, and & E, and 
M, E, ta meet in R& 

Join Pl Ml and produce it to meet 
Pa Ra in Ka, P, M2 6, meet Pl R, in 
Ki, Pl M, to meet P, R, in Kd, and 
P, Mtto meet P, R, in Kr 

Join Kl Ba, 4 &, Kz K,, '' & KI, a? in Fig. 223, and the scs- 
lenohedron wili be constructed. 

To describe a Net for the Pyra- 
m&l > s é a k l l ~ h e d ~ ~ ~ . -  Draw a iine 
C Pl (Fig. 225), perpendicnlar to 
the line C &. Take C Pl equal to 
C P (Fig. 215), and C Ml equal C NI 

ER. 224. (Fig. 212). Make C R, equal m, 

t M w  C M, ; 1 m n being the p b o l  of the double eight-faced ~~ r smid ,  fiom which 
the scalenohedron ia tn be derived. 

In 0 P, take C & equal C Ml. Join P Ml and 

Produce Pl C to P,, 
and make C P, e q d  to 

a CP1. JoinP,$,and 
pmduce P, Ml to meet 
P2 Ra in &. 

Then Fig. 226.- 
R3 

Draw the iine M, R, 
equai to M, R, (Fig. 
225), and on this as a 

Pig. 225. Fig. 226. base describe the tri- 
ande M,P&, having ita side M,P equal Ml Pl (Fig. 225), and ita aide PR, equal to 

R, P, (Fig. 225). 
In M, R, take M, E equal M, Ka (Fig. 

225), and in R, P, R, K3 equal to R, & (Fig. 
225). 

Join & E, and produce it to meet P Ml 
prduced in KI. P K, & will be a faoe of 
the reqnired malenohedron ; and eight such 
faces, arrangeci as in Fig. 227, will form the 
net for the malenohedron. 

PigrZZï. 

~ a v a  paralid to the Pyramidal GcahnonSarm tehicfi oemr in Nat+m. 
Facea parallel to this form have only been observed in cry& of Towanite or 

pyramidal copper pyrites, derired fiom the two double eight-faced pyramids whoso 
symbols are 1, 3, B and 1, 6, 6. IRIS - LILLIAD - Université Lille 1 
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382 CO~~BINATIONS OF THE P P I E A M I ~ ~ L ~  S Y S ~ B L  
-- 

Prim+al wmbinatwns of the Pflamidol 8yats1n.-A diligent study of the figures of 
these combinatiom, ss already given, will enable us to read mo& if not di, of the more 
complex combiitiom of this system. I t  is impossible, consistently with the limited 
space of an elementary work, to give ali these combinatiom ; but we hope those we 
have given wiü be quite sufücient for the piirposes of the student. 

Fig. 228. The dovbb @hl-fa& pyramid, a a a, &o., whoae aymbol is 1 n m, with 
the aiternate four-faced angles at ite base replaoed by faces b b, &c., of the four-faoed 
pyramid whoae symbol is Il m'. 

Fig. 229. The double eQht-fa& pyrmid, a aa, &c., whoae symbol is 1 nm, with 
the edges of ita base replaced by faces b b, &c., of the odagond p?Mism whose aymbol is 
I,n, m. 

Fig. 230. The double eight-faced.wratkd, a a a, &c., whose -bol is 1 n m, with 
the alternate four-faced solid anglea of its base replaced by two faces, b b, &c., of the 
octagonalpr~ whoae aymbol is 1, n',m. 

Fig. 231. The dovble eight-fami pyramid, aaa, &c.,whose symbol is 1 n m, with the 
alternate four-faced solid angles of ite base replaced by faces b b, &(r, of the spuara 
prisna whoae symbol is 1 1 w. 

Fig. 232. The doüble e@ht-faced plgramid, a a a, &c., with its eight-faced solid 
angles replaced by planes P P of the basalpinacoid whose symbol is a, m 1. 

Fig. 233. The double four-faced pyramécl, a a a, &c., whose symbol is Ill, with the 
edges at ita base replaced by faces b 6, &c., of the double fow-faced pyramid whose 
symbd is 1 1 m. 

Fig. 234. The h b l e  four-faoed pyramk?, a a a, &c., whose aymbol is 1 1 1, with ita 
edges replaced by faces b b, &cm, of the double four-faced pyramià 1 w 1. 

Fig. 236. The double four-faced pymatxad, a a a, &c., whose symbol ia 1 1 1, with 
the four-faced angles at ita base replaeed by two planes of the octagotaal prism 1 n m. 

Fig. 236. The doulle foîcr-facedpyramid, a a a, &c., whose symbol is 1 1 1, with 
the edges at i k  base replaced by Laces b b, &c., of the sqmrep im 1 1 w. 

Fig. 237. The dou6ds four-facsd pyrmid, a a a, &c., whose symbol is 1 1 1, with 
the four-faced angles at ita base replaced by faces b b, &c., of the square prism 1 m m. 

Fig. 238. The spuara pism, a a a, &IL, whose aymbol is 1 m w, inclosed by faces 
61, &o., of the Mlc four-faccd pyramid 1 1 1. 

Fig. 239. The quare pima, 6 b 6, &o., whose symbol is 1 1 m, with its edgea 
replaced by planes a a, &c., of the octugonul prism 1 n m, and incloseci by the pianea 
P, P of the basdpinawid. 

Fig. 240. The spuare priena, b 6 b, &c., whose -bol is I l  a, with its edgea 
replaced by planea a a, &c., of the spiarc prism 1 m ao, and enclosed by planes P, P of 
the basalpin&. 

Fig. 241. The gositiue qhnoid, a a, &c., derived from the double four-faced 
pyramid 1 1 1, with ita three-faced solid angles replaced by plane8 b 4 &c, of the 
negatwe aphenoid derived from the aame pyramid 

Fig. 242. !C4e pmiticw d p b i d ,  a a, &c., with its three-faced solid angles replaced 
by faces b b, &c., of the square prism 1 1 m. 

Fig. 243. The potoaitwc sphenoid, a a, &c., with four of its edges replaced by faces 
b b, &o., of the square pasfi, 1 a, w. 

Fig. 244. The double four-faced pyramUE, a a, &c., whose symbol is 1 m 1, with 
four of its edges replaced by faces b 6, &c., of the qhenoid derived from the double fow- 
, faced pyramid 1 1 m. IRIS - LILLIAD - Université Lille 1 
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Fig. 245. The double four-facsdpyramid, a a, &o., whose symbol ia 1 m 1, with the 
solid angles at ita apices replaced bp faces 6 6, &c., of the scak~aoh8drw~ derived from 
the double *At-facedpyrmid 1 nm. 

Fig. 246. The double four-faceà wranîHE, a a, &ce, whose symbol ia 1 m 1, the 
solid angles at ita apicea replaced by faces 6 6, &c., of the upksnoicG derived h m  the 
Boubk four-fadpyramid 1 1 nr. 

Fig. 247. A complex holohedral combination of several form of the pyramidal 
eystem in a crystal of Idocrase or pyramidal Gamet described by Nohs. 

P, planes of the buai pinaooU w w 1. 
8quareprisw, If of the prism 1 m m, d of the priam 1 1 CO. . 
Octagonalpkms, f of the prism 1,2, m - h of the prism 1,3, a. 
Bo&e f~~r-facedpyramids, o of the pyramid 1 m 1 - c of the pyramid 1,1,1- b 

of the pyramid 1,2,1 - r of the pyramid 1,4,1. 
Bouble eighf-facedpyramiap, c of the pyramid 1,2, 2 - s of the pyramid 1,3,3 - 

zofthepyramid1,4, 4-eofthepyra~nid1,2,4-aofthepyramid 1, 3,#. 
Fig. 248. A complex hemihedral combination of forms of the pyramidal system in 

a q a t a l  of Towanite or Pyramidal Copper *tes, described by Naumann, to whoae 
worka we take th& opportunity of expressing our great obligation. 

p, faces of the positive 8phenoid derived *om the four-faced pyramid 1 1 1. 
p., facea of the ncgatiwe qhernoid derived £rom the same pyramid. 
k, faces of the sealemhedrm derived €rom the double eight-faced pyramid 1 5 6. 
c, facea of the fw-facedpyramEid 1, œ, 2, and m those of the SpZCar8 prMm 1 1 m. 

This mtem ia called the r h b o h d r d  when ita forma are derived h m  the rhmboid: 
the kza&al  when derived from the regular he3qomdplism, or the doublepyramid m o 
hexagonal base. It has also been called the n u m o h ' t n e ~ l  and three-and-ons axiaZ, fiom 
the properties of ita axes. 

The IIodohedral ferma of this aystem are, two kinds of right prima on a regular 
hexagonab base; two ordera of double sa-facdpyramiap on regular hexagonal baaea; the 
double twelve-facedpyramid; and the right ps.ism on a twelve-e-eided hase. 

From each of these, by producing half their facea to meet one another, hemihedral 
fmna are d e r i d  

The hemihedral forma, with Mlclinsd farcm, are the tudangular pim, derived h m  the 
hexagonal prism; the double t h r e e - f d  pyramid, derived i?om the double six-faced 
pyramid ; the double &-fa& trqezohedron, derived h m  the double twelve-faced 
piramia. 

The hemihedral forms, with paraüd fmea, are the hexaqml priapic, derived from the 
twelve-faced prism; the double s i c - f d  pyramid, from the double twelve-faced 
ppramid ; the rhomboid, h m  the double siz-fa& pyramid; and the hezagond a& 
Mm, derived from the double twe lve - fd  pgramid. 

The tetartohedrd forms are the triangular prism h m  the twelve-faced prism ; the 
r h b o i d ,  &le three-faout pyrami4 and doudk t h r e s - f d  t r q t - w h e d q - a l l  derived 
h m  the double twelve-faced pyramid 

Some of these forma are either so rare or 80 dorlbtful, that we h a l l  confine our 
descriptions to the digerent kinds of prieme, the double six-faced pyramide, the rhom- 
boid, ruid the sealenohedron. IRIS - LILLIAD - Université Lille 1 



MLXEXAW BELOX~MQ m THE REOYBOHEDRAL SYST~M. 386 

AZpùabetkal List of Minorda belonging to the RhmnboheüraZ Systetn, together coith t h  
Angular Ehnats from whkh their ! Q p i c d  Fomc and rLw mag & &mcd 

Aiunite (Aium Stone) . 
Ankente 
Antimony . 
Apatita (Phosphate of Lime) . 
Brsenic 
Biotite (Mica) . 
Bismuth 
Breitbauptita (Nickel Antimonid) . . 
Breunnenta . 
Brucite 
Calamine 
Calcite (Carbonate of L i e )  . 
Chabasie 
Chalybite (Carbonifmus O d e  of Iron) 
Chlorite 
Clintonite 
Cinnabar (Sulphuret oC Mercury) . 
Connefite (Sdphato Chioride of Copper) 
Coquimbite . 
Corundura . 
Covelline 
Cmnafedtite . 
Davyne 
Diaiiogita (Carbonate of Manganeae) . 
Dioptaae 
Dolomite (Bitter Spar) . 
Emerald 
Eudialyte . 
Fluooerite (Neutrai Fluate of Cerium) . 
Grnelenite 
Graphite 
Greenockite (Sulphuret of Cadmium) . 
Hernatite (Specular h n )  , 
Hydrargiiiita . 
Ice . 
limenite 
Kupfernickel (Copper Nickel) . 
Levyne . 
Magnesite (Carbonate of Magneah) . 
Mesitine 
Millerite (Native Nickel) . 
Mimetita (henia ta  of Lead) . 
Molybdenite (Sulphuret of MolyMena) 
Nepheline . 
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386 H H X B Q O N ~  PBIS~~B 

Nitnithe (Nitrate of Soda) . - . 43" 40'. 
Osmiridium , . * ba" 27'. 
Parasite . 81" 20'. 
Phenakite - , 37" 19'. 
Plattnerite . . .  . Unknown, 
Polybaaite . . 70" 31'. 
Pmwtite (Red 9iI.v~) . . 420 61'. 
I>pargpnte (Snlphuret of Silver and Antimony) . 42" 18'. 
PyTomqhite (Phosphate of Z.ead) . 65" 49'. 
l'ymmalite . . 46" 42'. 
Pyrrliotine (Magnetic Iron Pyrites)  . . 600 7'. 
Quarta . . 61" 47'. 
Ripidolite . . 66' 2'. 
Riolite . . Unknom. 
Spartslite . . 37" 30'. 
Stilpwmelane . . Unknown. 
suemmite * 68" 38'. 
Tamarite ( h n i a t e  of Copper) . 71" 16'. 
Tellurinm . . 67" 36'. 
Telluraismuth . , Unknown. 
Teûndymite . . 74" 44'. 
Tourmaline . . 27" 2W. 
Vanadinite (ïanadiate of Lead) . Unlmowa 
Willemita . . 30" 7'. 
Xanthocime . . 69' 30'. 

aexagonsl Priama of the Fimt and Second Order.-As in  the pyramidal 
spstem, the two square prisme differ only in size and position, so in the rhomboidal 

~ i g .  249. Fig. fb 

syetem t'ne hexagonal prisms differ from one another in the aame manner. The hexe- 
gond prism ie a right prism standing on a base which is a regular hexagm ; it in 
bounded therefore by eight faces, six of which-such as B, B, B,, B, (Fig. 249), and 
A, A, A, A, (Fig. 250)-are rectangular parallelograms forming the sidea of the 
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pinin; the other two facea, forming the top and bottom of the prism, are rcgular 
hexagom. 

By mmy writera the aidea only of the hexagod priem are considered as the facee 
of the k a g o n d  pria;  the form being considered an qrm one. The two hexagonai 
facea which buhm it are then c d e d  bwdpinocoids. 

&ei of the gexagonrl  Prism, and of the ahomboidai Syetem.- 
Let Pl and P, be the centres of the hexagonal EPcee of the two hexagonal prisma 
(Figs. 249 and 250). 

Join Pl Pr Biaect Pl Pt in O. 
Let Ml, M,, &c., M., be the centres of the edges B, B,, B, B, &, Be El, of the 

hexagonal prism of the first order (Fig. 249). 
Join ad, Y, a6, Ma, k, & M,, 
Biaect M, ad,, Ml Y,, M, M, &c., by G,, Ga, G, &L 
Join G, Gk, G7 G6, and Gs G., ciitting one auother in C. 
kit G1, G, &c., G, be the ce- of the edgee of the hexagonal prism of the aeoond 

ordcr (Fig. 250). 
Join O, G4, G2 G,, and GS G, cutting one another in C. 
Then in the case of both prisma, P, Po Cfl Ci,, G, G, and G, G, d be the axea of 

the prismq and of the rhomboidal .yabm. 
I t  foiiowe, therefore, that in tbia eystem there are four a r a ,  three of which ïie 

in the same plane, and are inclined t o  ench other nt an angle of 60" ; and the third 
passes through their intenection, and in perpendicular to their plane. C G, CG, C G,, 
are the thme equal parameters of thii eystem, and a fourth unequai parameter in 
taken in the a;ria C P,. The form of the rhomboidal sptem are derived h m  theee 
axes by mont of the continemtal crystallographers ; but Profwar Miller refera them 
to three equal ares derived iiom 8 perticular rhomboid for esch substance, in the 
foliowing m u e r .  

Let P, El R, &a, P, (Fig. 261), be a partiouh 
rhomboid (i. e., a figure bounded by s u  equal 
rhombs), chosen, for each substance which crystal- 1,,, 
b e a  in thie qstem,  as ita tTpieal form. Join the 
opposite anglea of every faca Let H, be the point 
where Pl R, meeh B, &; H, is the centre of the 
face Pl BI B, ha, Let H,, H, H4, Hg and H,, be 
the centra of the other Eoces of the rhomboid 
found in a similsr manner. 

Join Hl H,, H, H,, and H3 Hm the oentres of PJ 
the opposite faces of the rhomboid, cutting each Fig. 251. 
0 t h  in the point C. 

Hl H,, H, H,, and Hg H,, wiU be the thsee equal axea of Pmfeseor Wier, and 
C Hl, C und C H3, the three quai parameters. 

Professor Miller refera the forma of the rhomboidai m m  to theae tiuw areq 
equaiiy indined to one another, and with quai  parameters. The inclination of thcsn 
axes, and the length of the equal parameters, WU dSer for each particular substance, 
and depend upon ita angular element. In  the previous system of four axa, the incli- 
nation of the axea are the aame fdr every aubstance; but the length of the unequa1 
parameter w i i i  depend upnn the anguiar element for each substance. 

Both syatems have thcir advantages. Professor Niiier's is more consintent aith IRIS - LILLIAD - Université Lille 1 
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the method adopted in other systemq as all of them are referred to three axes, and bip 
fornuls aiso possesa the advantage of being readily translated into those of Haüy, 
and the modifications of his system by Brooke and Levy. The system of four axes, 
however, by its formulae, givea a clearer view of the relations of the varioua f o m  tn each 
other ; and the axis in which the unequai parameter is taken is one of considerable 
importance, being the optic axis, in the case of every transparent substance orystallizing 
in the forms of the rhomboidal system. For these reasons we shaii adopt the system 
of four axes, translating its formulæ into those of Pmfessor Miller. 

Parameters.-Take any arbitrary line CG, (Fig. 252) as the length of the three 
equal parametera. With 

2 C as a contre, and C G, aa 
radius, describe the circle 1: GLG2G3- 

Take chordsG,G,, Ga Ct, 
&o., G, GL, eaoh equal to 
CG,. Join CG,, C G,, &., 
CG,. G,GzG3,&c.,Gg, 

I wili be a regular hexagon 
inscribed in the circle 

9 1 tl G, G2 G,. 

Pig. 252. Pig. 255. 
a1 G,, G,G6, fuld 4 6, 

d l  be three axes which 
lie in the same plane ; C G,, C G,, C G,, the three equal parameters. 

To determine the fourth parameter which lies in the axis passing through C per- 
pendicular to this plane, draw C E perpendicular to G, G,. Then (Fig. 253) take C H 
qua1 CH (Fig. 262), and draw C P, making an angle P C H, equal to the angle given ns 
the angular elemcnt for the particular substance whose parameters are to be oùtained. 

Through H draw H P  perpendicular to C H, and meeting C P in P, H P wili be the 
:enD$h of the fourth parameter. 

To Draw the two Hezagonal Prim.-Through each of the points G, G,, &o., Ge 
(Fig. %52), dmw M, Ml, Ml M.,, &es, M, M,, perpendicular to C G,, C G,, &c, C G, 
m:eting each other in the points Ml q, &o., M,. Ml M, and M, is a regular hexagon 
circumscribing the circle G, G, G,. 

Ml M,, &c., Mg, i8 the hexagonal base of the hcxugona2 prbm of the JErst wder. 
G ,  G?, &c., G6, thnt of the hxagoianlgtim of the sscond oralm. 

Throqh M, and M, draw D, D, and D, D, pardel to G, G,, meeting M, M, and 
1[, M, produced in the points D4 Dl D, and D3. 

Join G2 G, and G, G,, and produce both waya tu meet Dl D, in E, and El, and 
l), Di in E3 and El. 

Thed for the h e z q d  prim of the p e t  order (Fig. 249) drrrw Dl D4 equal Dl D, 
(Fig. 252), and D, D,, making an angle of about 30° with D, Dl. Draw Dl % 
pnrallel to D, D,. 

In Dl D4 (Fig. 249) take DI M,, Dl G,, and D, M,, equal to Dl Me, DI and 
DI M, (Fig. 262) ; also in Dl Da take D, El, Dl Ml, DI E, Dl D, (Fig. 249), esch 
equal the haif of Dl El, Dl Ml, Dl &, md D! D, (Fig. 252). 

Take Dl E,, DI M,, D4 I$, D, Da (Fig. 249), each equal tu Dl El, DI Mi, Di E?s 

and Dl D2 of the snme figure. Join D, D,, and make D, M,, D, 63, D1 each eqiial 

to D, MG, Dl G, Dl Me 
IRIS - LILLIAD - Université Lille 1 



Join PI M., Ml && M, M, and YI Y ,  ais0 E, Ek, cutting Ml M, in G ,  and Y, Jf, 
in G5, likewise join E, &, cutting MI M, in Ga, and Ml It& in G, 

Join G, G,, G, G,, and G3 Ge, intersecting in the point C. 
Through Ma draw M, B, perpendicuiar to If, M,. Take B& B, of any convenient 

length. Produce B, M, tn BI, make Ma BI, equal to M, B, 
Through Y, M, &c., M,, draw BI BI, B2 B,, &., B, B,,, each paralid tu B, BI, 

and take Ml BI, Ml B,, $c., each equd to M, Be. 
Join BI B,, B, B,, &o., B, B,, and B, Ba, B, B, &ce, BI, B7. 
And the hexagonal prism of the first order wiii be conetnicted. 
Through C draw Pl P, pardel ta BI B, ; take C PI and C P, equal ta Ml BI. Then 

Pl P, G, GA, G2 GH and G3 Ge, are the four axea of this priem. 
To draw the hexagonal prism of the second order, let P, P, G, G, Gs $o., G, (Fig. 

260), be determined in the asme manner as in Fig. 249. 
Througk G, G, &c., G, draw A, A,, 4 &, &o., b, A,, parallel tu Pl Pa and 

G1 A,, Gl A, G, h, &c., each equal to C Pl. 
Join Al d, d, A ,  &c., and A, A,, As A, &c., and the hexagonal prism of the 

w o n d  order wiii be deacribed. 
Pl P, G, G ,  G, 0, and G3 G,, are the four axes of this prism. 
Sydok-Each face of the h e z u g d  prwm of t h  $rat ordm cuta one of the axea 

in which the equal parametera are taken at distances equnl ta that parameter, and the 
two adjacent axes in the same plane at distance8 equd to twiw the equal parameter, 
and ia pardel to the axes in which the fourth unequai paruneter im iden.  

Thus the face BI B7 B,, B, (Fig. 249), if pmduced, would mit the mis C G, in G,, 
the axes C Ge, and C G2 produoed in pointa at a distance q u a i  to twice CG, h m  C ; it 
is also parallel to C P,. 

The aymbol which repreaenta thene relatiom to the axes ia 1, 2. m. 

Naurnann's syrnbol is rp P 2, Miller's O r 1, Brooke and Levy'a madi6cation of 
Haüy 4 or y,, acumüq ae the rhomboid or hexagond prinm in taken for the primi- 
tive. 

Each face of the h a g o n d  prbm of the moud or& outr two adjacent axeg 
in  whîch the equal parametera are taken, at diatances from the centre, equal to the 
equd parameter, and b pardel to the uis in which the unequal parameter is taken. 

Thue (Fig. 2M)) the face of the prism, A, A, A, A,, cuts the axes C 0, and C G, in 
the points G,  and G, C G1 and CG, being both equai to the q u a i  parameter, and is 
paraüel ta the a r i s  CP,. 

The aymboi which repreaentr th- relations b the mes n 1 1 rp, Numaun's 
symbol ia w P, Miliefa, 2 ri, Bmoke and Levy'a, 8 or m, according an the rhomboid 
or hexagonal prism in îaken for the primitive. 

The baralpUlaooi<i which inclose the prisniri of both orderq are perpendicuiar ta 
the aria C P, and paraiiel to the other axes ; their eymboi, therefore, is O w 1. 

Naumann'a symbol im O P, Millefa, 1 1 1, Brooke and Levy's al or p, oecorduig as 
S e  rhomboid or hexagonal prinm u îaken for the primitive. 

To 'orïbe a Nd for :ha H*i:agoffol Priam.-The reguhr hexsgon Ml M, &c., (Kg. 
252), wiii form the top md bottom of the hexagonal pnam of the h t  order, the hexagon 
O, G, Rc., G., those of the hexagonal prkm of the second order. Draw a reetanguiar 
paralleIogram, hsving two of its opposite sidee equal to the side of the regular holagon, 
uid the other two equal aiden of any convenient le- Arrange tvo qua1 rem 
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h a g o n g  and & e q d  parallelognime, aa in Pig. 253, and the aet wdl be cob&ûated. 

MimraZ~ wh0.w ctyatab p-ennt facas pwalkt #O dh ikragawil pi%& of the f i t  mda; 
whosr qu&d Cs 1 2 a, N ~ M I ~ M , I I  6d P !2, Millet 0 1 1, and B r m k  a d  L e ~ y  P 

Aniimonj. 
Apkite. 
Bioiite. 
Hrnhnptite. 
nrlicite. 
Calamine. 
Cnleite. 
Chahde. 
Chnlybite. 
Connellite. 
Caguimbite. 
CarUndum. 

Covelline. 
Davyne. 
Diallogite. 
Dioptale. 
Dolomite. 
Emeraid. 
Endialpte. 
FIuocerit6" 
Gnieliriite. 
Greeuoekite. 
Hematite. 
Hydrrirgillite. 

Ise. 
I~mtinite. 
Knpferniekei. 
MiI\erite. 
Mimetik. 
XolyMenlts. 
Xepheline. 
(Ismiridinuu 
Phenakite. 
Plnttnerite. 
Polybasite, 
Prcutiie. 

Yyrrhotine. 
Quarta. 
Ripidolite. 
Spartalite. 
Tourmahine. 
Vanaùinite. 
\Villemite. 

Ana-. 
Apatite. 
Brucite. 

Nepheline. 
Phenaiif& 

apatiie. 
Cnleite. 
Chnlybite. 
Cinnnbarr 
Conuellite. 
Coquimbire. 
C o m d u m ~  
Cronstedtite. 

Emm~ld. 
Endialp.  
hraphite. 
Greenoekiier 
Eematite. 
Hydra~~iilik.. 
Ilmenite. 
iüesitine. 
MiiieriW 

Mlmetitm Ripidofite. 
Molybdenite. BuMnnite. 
kepheline. Tamarite. 
Pbenakite. 'J'ellnriurn. 
Promite. Te1lura.inn~kh. 
PyIarg~ritc; Tmrmilinu 
Pymmorphit* W i l l e x ~ i b .  
Pyrrh0tin.a. 
awtr, IRIS - LILLIAD - Université Lille 1 
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Naam~ii1oP,Milk*111,Bmokrsndbvyd.- 

Alunite. Coquimbite. Ilmenite. 
Ankente Corundum. KupfernkkeL Ripidolite. 

%uta. 

Aniirnony. Cron&edtita Lergne. Spartalite. 
Apatite. Covelline Xesitine. Gtilpnomeliw 
Arneoic. D a w a  Mimetita  lusannite. 
Biotita L>iallogite. Mol bdenite. 
Bismuth. 

Tamarite. 
Dolomite. ~ e p i e ü n e .  Tellurium 

Breithauptita. Emerald. Osmiridium. Teilumiamuth. 
Bnioits. Eudialgte. Parmite. Tetmdvrnite. 
Calamine. Plumerite. Phttnorife. 
Calcite 

Tourm'alina 
Gmelinite. Polybpsita 

C h a h *  
Vanadinib 

Graphite. Proustite. Willemite. 
Chalybite Greenockit& P p r & t e .  Xinthooom. 
Clinbnite. Hematile. PynnnarphlU 
Chlorite. Hydrargiüitb 
Cinnrbpr. la. 

CkWagt4 pWa&d & th b a ~ d p # < a c o d ~  - *i fdlob7tk# 
Aiunib. Gmmdam. Ilmentta 
drtimony. CmnatedWs. Nepheiinc 
Apatita OooellW. Osmiridium. 
Ara- Emerald. P a r d e .  
Biotite. Endialyle. Pnlybaaita 
Bumuth. Graphite. P y r ~ i a l i C s  
Bcllci'fa Oreenochita Ppwbgaw. 
Calcite. Eematite. RipdoLLe. 
Clinfotiit8. i T y d r a r ~ i U i l r  Gparldiia. 
Chlori&. 1ce. â'l i lpmchne.  

&&unite. 
Tanurite. 
Tellurium. 
rellvroUuutA 
Tel r .dyr ik .  
wuleuiite. 
Xanthoo~na 

Poritiim of tbpoû of .th h i x u g o d  ptMiu d b d  p i 4  ar (ks 4pImqf p 
ieetion of th rhboida l  
.yrl~rn-With C as cen- 
tre, and any couvenient 
radius C Ml desoribe the 
c ide  Ml M, M,. 

Let Ml M, and G,G, 
be uig two diameters at 
ri& angles to each 
other. 

Take an\ci Y, O,, 
O,M, O,%, and C)S, m b  
each qua1 to 30". 
T h W h  4, M, Ma 

and O,, dmn the dia- 
meters QI O* $ MM* 
MI Mm uid  O3 Ge. 

Th= C WU repreaent 
the north pole of the 
sph- of projection, and 
the circleM, û,]IZiL 
equotor. Pig. nu. 

IRIS - LILLIAD - Université Lille 1 



392 THE WCBLE SIX-FACBD PYEMD. 

C will represent the pole of the upper bnraZpinacoid, G, G,, &c.. Gb, the poles of the 
h&agondprwm of th f i r s t  order, Ml M,, &c., Mm the poles of the h e ~ d p r l m o f  the 

crdsr, Gl C G,, G2 C G,, and G3 C G,, the zones in which the poles of the aî-faeed 
pymmids of the $rd or& lie, and Ml CM,, M, C Y,, and Ms CM, the zones in which 
the polea of the a i z - f d  pyrarnido of t h  a e d  wder lie. 

One pole of the twehe-fa& prima will lie in each of the arcs Y G, and one pole of 
the twelw-facedppmuX in each cornpartment of the aphere bounded by the u c s  
CM,MG, andGC. 

Double  8is-Paced Pyra~~id  of the Fkat O r d a -  The double six-faced 
pyramid &ta of two pyramids joined together, one on esoh side of a reguliu heaa- 
Gnal base. I t  is bounded by kelve  tri- 
anguîa~ faces, such as Pl Ml M, (Fig. 256), 
each face .hmg an isosceles trimgle. It has 
six four-faced sdid mg&, Ml M, $o., Me, 
and two mufaced solid angh, Pl and Pp 

There are six equal edges, Ml MW &c., 
which are the sides of the eommon hexagonal 
base, and twelve other edges, Pl M,, Pl M, 
&a, qua1 to each o h ,  but unequal to the 
former, which f o m  the sides of the isosceles 
triangles. The hexagonal base of this pyra- 
mid is the hexagon circumscribing the circle 

Pig. 256. 

described with one of the qua1 p&meters for its radius. 
To Draw t h  Ikn& 8k-fmed Ppamid of tJw 3 r d  &der.-%ck off the points 

Ml, M,, &c., M, G,, Ga bc., G,, Pl, P, and C, h m  Fig. 249. 
Join Ml M,, M2 MM3, &c., 116, Ml, G, G,, G,, G,, &e, and Pl P, 
Take C Pl and C P, equal H P (Fig. 253), the inrequal parameter. 
Join Pl Ml, P, 116, $c., P, M,, P, M, &G, and the pyramid will be oomtncted 
Azm-The axes O, C,, GI, CI, and Gs C, in which the equal parameters üe, join 

the centrea of the opposite edges of the hexagonal base of the pyramid; while the 
fourth axie, Pl P, dong which the une@ parameter is measured, joins the opposita 
apices of the pyramids. 

-.-Esch face of the pyramid would, if produced, eut one of the axes in whkh 
the qua1 parameters are taken nt the extremity of the parameter, the neighbouring 
axis in the hexagonal bsse at s distance fiom ita ceith trpice thsb cd the qua1 para- 
meter, and the fourth & perpendicular to the base at the extrcmity of the unequal 
parameter. Thus the face P, Id, Mm if produced, cuts the d s  G G, at G ,  C G, at a 
distance h m  C equal twice C G, and C P, nt Pl. 

The aymbol which expresse6 this relation to the axes is 1,2,1. Naumann'~ ~pmbol 
for thia formis P 2, or R m, Milleis 6,2,7, Brookeand Levy's di dt  Y, if the rhom- 
boid, and a2 if the hexagonal prism be taken as the primitive form. 

IntEn>ati6ii of tk Faces.-Let + be the angle of inclination of tKe facm measured 
over the edges Ml M, M, M, &c. ; 0 their inclination over the edges Pl Mx, Pl M, 
&c. ; a the angular element; and A the latitude of the faces measured h m  the 
pole C (Fig. 255), or the angle between the axia Pl and the nomals of the 
fecee. IRIS - LILLIAD - Université Lille 1 



TEE DOUBLE SIX-FACED PYBAiüID. 393 

Then tan. A = cos. 30" tan. a cos. 8- &I. 30. sin A and C$ = 2 A. 
2- 

Poation of the P o h  on the S ' k e  of Projetion.-The meridians of longitude in 
which the poles of this pyramid lie, will be those of 30°, 90°, and 1605 on both sides 
of Ml C M4 ; or four poles will lie in esch zone G, C G,, G, C Gg1 and G3 C G.. Six 
polea dl lie in the c i d e  of latitude ho north, and eix in the same parallei of south 
latitude. 

Apatiîe . . 61" 44'. 
Breithauptite . . 56" 6.' 
Emerald . . 40" 60'. 
Quarts . . 47" 43'. 

Dmrble Six-faced Pyzamido derived nom the Pyramid of the Fimt 
Order.-From the preceding pyramid othern may be derive4 by retaining the Bame 

base, and joining its angular pointa with pointa quidistant from C in the line P, P, 
or P, P, produced. Let Q, and Q, be these points. C QI and C &, are alwaye aome 
multiple m of the line C P. ni may be any whole number or hction. 

When m is leas than unity, or a proper M o n ,  Fig. 257 represents the pyramid 
which is more o b t w  than Fig. 266, h m  wbich it ia derived 

When m is p a t e r  than unity, Fig. 258 representa the pyramid which in thia case 
ia more ecute than Fig. 266, h m  which it ia denred. 

Bymbob.-Each face of this pyramid would, if produced, cnt one of the axee in 
which the e q d  parametere are taken et the extremity of the pammeter ; the neigh. 

Hg. 257. Pig. 258. 

bonring eB8 in the hexagonal base, at a distance h m  its centre King twice that of 
the equal parameter, and the fourth axia perpendioular to the plane of the base of the 
ppmid ,  at a distance fiom the centre equal to ni timea the unequai parameter. 

When m becomes infinitely great, the pyramid becomea the p h  of the Grst order. 
The p b o l  which expresses this relation to the axes is 1,2, m. Naurnann's qmbd IRIS - LILLIAD - Université Lille 1 
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for these pyrami& is m P 2, or m R ; Miller's h, k, 1; and Brooke and Levy's moditl- 

cation of ~ a i i ~ &  if the hexagonal be taken aa the primitive form. Their 
symbol if the rhomboid be taken as the primitive form, wili be gken under each 
particulsr fom. 

Inclitlation of the Fm&.-If A be the angle of latitudeof the faces, û their inclination 
mer the edges QI M,, &,Mm &c., over the edges M, M, M, M, &c., a the angular 
element for the substance, 

Then tan. h = m cos. 30° tan. a, 

cos. - 6in. 30" &in. A, and cp = 2 A. z- 
Pmition of t h  Pol@ of th& Formon t h  S p h e  of Prqècth.-!i'he poles of these 

pyramida always lie in the same zones as the pyramid of 
the h t  order h m  which they are denved; six being in 
the circlc of lstitude A" north, and six in the same latitude A, Fig. 259. B O u ~  To d m r i b e  the net for these Pyuamiar.-. 
Draw C M, and C P (Fig. 259) perpendi- 

odar ta each other. Take C M, equal to C Mt (Fig. 252), C P 
equal C P, (Fig. 256), or C QI (Figa. 257 and 258). 

@ Join P M,. 
Then Fig. 260.-Draw M, M, equal M, M, 

equal P M, (Fig. 259). 

m 
(Fig. 252). On Ml M, describe the isosoeles tri- MI K ai. 

angle P ML M, haviug its aides P M, and P M, ~ig. 260. 

Pic. 261. P Ml hl, will be a face of the pyramid, and twelve auch faces, 
srranged es in Fig. 2fi1, will foini the required net. 

Forwu of th DOuùb Siz-fwed Pyramida &rivai fm th pyramid of t h $ r d  ordcr 
wltich occur in nature, togetk with t h  Latitude of their Facar. 

The fom 1, 2, 4; 4 P 2 Naumann ; 2 3 1 Mider ; fl  or b1 64 b* Rrooke and Levy. 
Apatite . . 22" 65'. 
Breithauptite . - 26" 22'. 
Davyne . . 25" 6S. 

Greenockite . . 26" 28'. 
Hematite . . 24" 22'. 

The form 1, 2, 8 ; t P 2 Naumann ; 3 7 i Miiller ; a: or d i  & 6) Brooke and L e y  
Ripidolite . . 60" 00'. 

The form 1, 2, Q ; + P 2 Naumann ; 1 3 1  Miiier ; a$ or s, Brooke and Levy. 
Apatite . . 5S024'. 
chdybite . . 47" 30'. 
Corundum , . 61" 11'. 
Xmerald . . 49" Y, 
*Greenockite s . 62' la', 
Hematite , 6 . 61' P. 
nmenite . . 61' 7. 
Mimetite . . . 60" û'. IRIS - LILLIAD - Université Lille 1 
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Nepheiine . . 62' 40'. 
Osmiridium . . 6 2 ' 0 .  
Parasite . . 82" 29'. . 
Phenalcite . . 19" 17'. 
Pymmorphite . . 69" 3%. 
Pym8malite . . 60" 47'. 
Pyrrhotine . . 63" 25'. 

The form 1,2, j ; 9 P 2 Naumann ; 1 2 O Miller ; a3 or be Bmoke and Lery. 
Apatite . , 40" 13'. 
Calcite . . 29'40'. 
Chabasie . . 35" 15'. 
Coquimbite . . 29" 6'. 
Davpne . . 44" 8'. 
Emerald . . 29" 67'. 
Gmelinite . . 40" 4'. 
*Green&ta . 43' 37'. 
Hematita . . 42" 11'. 
Kupfemickel . . 43" 26'. 
Mimetite . . 40" 64'. 
MolyMenite . . Cfndetermineà 
Nepheline . 4 44O a“ 
tPhenakite . 11" 37'. 
Plattnerite . . Undetermined. 

, Polybaaite . . 68" 30'. 
Pyrargyrite . . a70 43'. 
Ppmorphita . . 40" 22'. 
Pyrosmalite . . 31" 30'. 
Pprhotine . . 63' 25'. 

Mimetite and Pyromorphite cleave pardel to thb fonn. 

The form 1,2, v; P 2 Naumann; 3 10 4 Miller; ut or d drb bt Brooke ma Levy. 
Corunduln . . 64" 45'. 

The form 1,2,2 ; 2 P 2 Naumann; 1 4 2  Miiier ; al or 6 4 M Brooke and hvy. 
Apatite . - 68" 29'. 
Biotita . . 78" 8'. 
i!onindani a . 69" 61'. 
&~artz . . 65' 33'. 

The form 1,2,3 ; ) P 2 Naumann; 2 9 6  Miller; <rij or dt d) M Brooke and Lw. 
Corundum . . 7 P  31'. 

Theforml ,q#;  #P2Naumann; 1 6 3 ~ e r ;  atord'dibl Bmokee+ndLevy. 
Biotite . . 81- 0'. 
Calaite . . 66' 18'. 
Coninduln . . 74' 36'. 
*Greeaockife 6 76" 18'. 
Yimetite . . 73' 64'. 
Pymmorphite . 73' 37'. 
6-u 6 6 60' 34'. IRIS - LILLIAD - Université Lille 1 



396 TBE DOUBLE BIX-FACED P Y R ~ D .  

The form 1, 2, Y ; y P 2 Naumann ; 1 6 4 Miller ; a3 or d'di 6% Brooke and Levy. 
Hematite . 7 P  33'. 
Ilmenite . . . . . .  77' 33'. 

The form 1, 2,4 ; 4 P 2 Naumann ; 175 Miller ; a& or d1d3 b i  Brooke and L q .  
Apatite . 780 51'. 
Biotite . .  840 W. 
Calcite . . .  730 41'. 
Comdum . 790 36'. 
Hematite . 790 46'. 

The form 1, 2,6 ; 5 P 2 Naumann ; 2,17,13 Miiier ; a; or d$ d h h  Brooke andlevp. 
l h d d  . 760 58'. 

The form 1, 2, y ; y P 2 Naumann ; 1 9 FMiller ; a-? or d'cd Brooke and Levp. 
Comdum . 82. 10'. 

The fonn 1,2,8 ; 8 P 2 Naumann; 1,13, ii Miiier ; a% or d'ci?* b* Brooke and Levy. 
Comndum . 84" 45'. 

The f o m  of Greenockite, marked thua *, am sometimea hemihedral, with pardel 
faces ; that of Phenakite, marked t, hemihedral, with inclined faces. The hemihedral 
forme, with paralle1 faces, are r h k i p e ;  thoae with inelined faces, double t h r e e - f d  
pyramidr. 

Double Six-faced P y i a m i d  of the Second Order-The dbuble six-faced 
pyramid of the second order is tho same form of solid as the pyramid of the &t order, 

and differs from it on$ in its position and rein- 
tion to the axes of the system. The base of this 
pyramid, G, G, &o., G, (Fig. 262) is the hexagon 
G, G,, &c., G, (Rg. 252) inscribed in the c h l e  
whose radius, C G,, is equal to one of the equal 
parameters. 

To Draw the Double Six-facd Pyramid of the 
Semd &a&.-Prick off the points G, G, &c., G ,  
Pl C, P,, h m  Fig. 250. Take C Pl and C P,, 
equal H P (Fig. 253), the unequd parameter. 

Fig. 262. Join Pl G,, PI G, &c., and the pyramid will be 
constructed. 

Am.-The axis P, P, in which the unequal parameter is taken, joins the opposite 
six-faced solid angles P, and P, ; while the axes in which the equd parameters are 
taken, mch as G, G,, join the opposite four-faced solid angles. Each face, therefore, of 
thia pyramid cuts t h e  axes at the extremities of their parameters. 

Symdo1.e.-The symbol which expresses the above relation of the faces of thia 
pyramid to its axis is 111. 

Naumann's aymbol for this form is P. Miller, Brooke, and Levy do not b a t  this 
pyramid as a distinct form, but regard it na a combination of the two equal rhomboids 
which are ita pardel  hemihedrai forms. 

Inclinutth of the Pacc8,-Let g be the angle of inclination of the faces measured over IRIS - LILLIAD - Université Lille 1 
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the e d w  Pl O,, Pz Gm &c., 8 their inclination over the edges G, Ga G, G,, &c, a the 
angular element. 

P d t k  of the Pol@ on the Hphcre of F'rg'ection.-The pole8 of the faces of thh pyramid 
lie in the meridians of O", 60°, and 120°, six in the circle of latitude a' north, and six 
in the same ckcle of vu th  latitude ; or four polea lie in each of the zones M, C MU 
?J2 C M5, and M, C M, (Fig. 255). 

Double Six-îàced PyIIrmids dezived î r o m  t h e  Pyramid of t h e  Second 
Ozder.-Retaining the same b v  other pyramids may be derived from that of the 
we~nd order by taking points QI and &in C P or 
C P produced, euch that C Q, or C &, ia qua1 to 
rn timea C P, (Fig. 262) ; m being a whole number 
or fraction greater than uni9 for the pyramid Fig. 
264, and leea than unity for Fig. 263. 

C ------- '; -'ai;:;; -- 
r.- r--- 

'. 0 ,  

8' 

Pi#. 268. 

When n, bemmea infinitely great, the pyramid 
becomes the prism of the second order. a. 264. 

SymS0Za.-The eymbol for these pyramide is 11 m, Naumann's m P. 
ImZinatim of tlis Face*.-If + be the angle of inclinnbion of the faca meaawed over 

the edges QI G,, 8, G,, &c., 8 over the edges G, G, G, G,, Bc., a the angular element 
of the subatance, and A the inclination of the normals of the faces to Q, &, or their 
iatitude on the sphere of projection, 

1 
tan. A = n tan. a 8 = 2 A, and coe. <P = sin. A. 

2 
P&tion of tlrs Po& an the G p h  of Prqcctiorr-The polea of the faaee of these 

pyramide lie in the meridiana of O; 60; and 120°, six for each ppaniil in the eircle of 
latitude ho north, and s u  in the eame circle of aouth latitude ; or four pole6 lie in each 
of the zones Ml C M., B& C Mg, and M3 C Ce Pig. 265). 

Nets for t h  Pyramida.-TaLe B C (Fig. 

C\ 
265), qua1 to C O, ~Fig. 252). Dmw B A  
perpendicular to B C. Take A B equal to 
C Q (Figs. 262 or 263) ; that ig equal ~JJ ai 

timen the unequal parameter. Join A C. 
l'heu (Fig. 266) draw G, O, equd G, Ci, 

(Fig. 262); on it describe the h e l e e  
î3 , ,, triangle p ,, GD Living tb. iides l' BI ad b m. 2ee. 

P G, equal A C (Fig. 266). 
P G, G, is a face of the p-id ; and twelve mch faces, arranged as in Fig. 261, 

wili form the required ne t  IRIS - LILLIAD - Université Lille 1 
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Theae pyramids occw so seldom, as homohedral or perfed forms in nature, that when 
they do so, they are regarded as combinations of the two hemihedral forme derived 
fiom them ; we shall therefore describe them ander their hemihedral forms. 

ahomboid.-The rhomboid may be considered aa a hemihedral form with pardel 
faces of the double six-faced p m d  The positive rhomboid (Fig. 267) ie derived 

fiom the pyramid Fig. 262 by praducing the facea Pl G, (f,, pl a8 Gd, PI Gs Ge, Pz Gi 
G,, P2 G, G, and P, G, G, to meet one another. The negative rhomboid (Fig. 268) is 
formed by producing the other six faces of the ppamid 

The rhomboid is bounded by sir equal faceg each of which, auch as Pi R6 Ri % 
are rhomba ; that is, four-sided flgurea, with equal sides and opposite angles, but d the 
angles not equai. It ùaa twelve equal edges, two three-faced ao ld  angles, Pl and P, 
(Figa. 267 and 268), formed by the union of three equal angles of the rhombic faces, 
and s u  three-faeed eolid aliglea, Bl R, &c. (Fig. 267), RI, Rll, &c. (Fig. 268), formed 
by the union of two equal angles of the rhombic facee with an unequal one. 

2% draw the -a.-Though the Rhomboid is derived from the double six-fsced 
~ ~ m i d  its hemihedral for% and might be constructed from that figure by pro. 
duc- it.8 faces, it is more easily obtained from the hexagonal prism of the dr. 

Fig. 269. Fig. 270. 

For Figs. 269 and 27% prkk off from Fig. 249 alI the pointa marked P C B and M. 
Take P 0 and B, MI, B2 M,, kt., in both Figs. equal to the unequa1 parameter P C 
(Fig. 262), as determined for the p a r t i c h  substance whose rhomboid is to be dm-. 
Join ail the B's and P, C P, 

Then for the positive rhomboid (Fig. 269), take R6 M, equal one-third of M6 BR,. IRIS - LILLIAD - Université Lille 1 



Ml Rl one-third of Nl B,, and KI on, taklig c m  that the pointa B are alternately above 
and below the points M. 

Join Pl with &, %and R1; and P, with RI, R, and R,; and R, Rl &%RI R, and 
R,, and the positive rhomboid d l  be c~nstructed 

The negative rhomboid i a  constructed by taging M R one-third of M B alternately 
above and below M, as sbown in Fig. 270, and joining the pointe B and B. 

Symbok-The symbol for the rhomboids derivecl h m  the pyramid whose aymbol -. 

P P 
1111, Y + [y]  and - [y], Naumann9s aym1101 I + - and -- or + R a 2 
ana - R. 

Milier's spmbol for the pdtios rbnboid I 100, Brooke and Levy's P, if that 
rhomboid be taken as %e primative form, )(bl) if the hexagonal p h  be chosen for the 
primative. 

Miller's symbol for the negative rlwndnii is 7 2 2, Brooke and L c v s  et or t(bI), 
acwrding as the rhomboid or the hexagonal priam are taken as the primative 
form. 

Id;nutkn of the F~cas of fk Rhomkid-It 9 be the angles of inclination over any 
of the edges P R (FigS. 267 and 268), $a over the edges R R, and a the anguiar 
dement. 

c a f = e ~ s o u ~ .  m a + = i a u a - r  
a is the latitude of the faces of the rhomboida on the sphcre of projection. 
Poles of t h  Rhmh& on the Sphm of P7ojectioro-The poles of the positive rhom- 

boid on the northern haLt of the aphere of projection (Fig. 266), aie the pointa where 

Fig. 271. PIE. m. 
u 

Pig. 275. 

the circle of latitude, a, euta the meridian C M,, C M3 and C M5, the polea of the 
negative rhomboid where the Bame circle cuta the meridians C Y, C M., and C M,. 
Nela fm the RAemboids.-Take C M (Fig. 271) equal C M (Fig. 262), &aw PL C P, 

perpendicular to M C,, take C Pl and C P, equal C Pl (Fig. 269 or 270). 
Through M d h w  B, B, parallel to P, P, and h u g h  P, and P, P, B, and P, B, 

paralie161 C M. 
Take R M one-third of B, M. Join Pl R and R P,. 
Then (Fig. 272) draw A B qua1 R P, (Fig. 271), on A B describe an bosceles 

triangle A C B, having its sidcs A C, B C equal Pl R (Fig. 271). Describe a similar 
and equal triangle A D  Bon the other aide of A B. The figure C A D B will be a face of 
the rhomboid, and six such faces, arranged, na in Fig. 273, will form the required n t. IRIS - LILLIAD - Université Lille 1 



400 TaBi RHOMBOTD . . . 
Fa~psrallel tn those of tiie Positiue Rlioneboid occw in ncsture h the fdlowing r d s t a ~ a c i  . 

The angles an those of the inclinations of thnr faces 0 and <p . The cmgle of th& hi tu& 
king tlic aam as îhe anguiar ekment. ir not ginen . 

. Alunite . . . .  92'50'; 87"1OP 
. . . .  Ankerite 106" 12'; 73" 48'. 

bntimony . . .  87'35'; 92'25'. 
Apatite . .  88"42'; 91'18'. 
Brsenia . 85"41'; 94'19'. 
Biotite . 71° 4'; 108" 56'. 
Bismuth . 87" 40'; 92" 20'. 
Breunnerite . 107" 23'; 72' 37'. 
Calamine . 107" 40'; 72" 20'. 
Calcite . . . . 105" 5'; 74" 55'. 
Chabaaie . 94" 46'; 85" 14'. 

. . . . . .  Chal~bite 106" 60'; 73' (Y 

Cinnabar . .  71" 48'; 108" 12'. 
Corundum . . .  86" 4'; 9.3' 66'. . Cronstedtite . Undetermined 
Diallogite . 106"61'; 73" 9'. 
Dioptaae . 95" 64' ; 84" 6'. 
Dolomite . 106" 15'; 73" 46'. 
Emerald . 104"34'; 76O26'. 
Eudialyta . 73" 30' ; 106' 3û'. . Gmelinite . Doubtful 
Hematite . . .  86" 10'; 93" 60'. 
Ilmenite . . . .  86" 10'; 93" 60'. 
Levyne . 106" 4'; 73" 56'. 
Magnesite . 107" 29'; 72' 31'. 
Mesitine . 107"14'; 72.46'. 
Muerita . 144" 8'; 36'52'. 
Mimetite . 86" 48'; 93" 12'. 
Nitratine . . .  106" 33'; 73' 27'. 
Phenaltite . 116O 40'; 63' 20'. 
h u s t i t e  . 10760'; 72.10'. 
wgyrita . .  106 O 42'; 73" 18'. 
Pyromorphite . 88" 28'; 91" 32'. 
b h o t i n e  . . .  82" 40'; 97O 2W . 
Quarte . 94" 15' ; 85O 45'. 
Ripidolite . 75" 22'; 104" 22'. 
spartalite . .  116" 30'; 63' 30'. 
susannite . 72°30'.10730' . 
Tamarite . 69" 48' ; 110" 12'. 
Telluriun . 86" ZO; 93" 68'. 
Tetradpite . 66q 40'; 113" 20'. 

. . . .  Tourmaline 133" 8'; 46.62'. 
Willemite . 128'30'; 51°3W . . . . .  Xanthocone 63" 18'; 116O 42 IRIS - LILLIAD - Université Lille 1 
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C : e w a p p ~ r a l l e l  to the positive R h d o i d  ocmr ira the following mànerals, the c!eavage 
being perfect in thosepr7nted in italics. 

Alunite. Diallogite. Mesiline. Bjrargyrife. 
Ankerite. Dolomite. Millerite. Quarte. 
Calcite. Eudialyte. Nitratine. Totrrndinc. 
Chaba-sie. Hematite. Phenakiîe. Wiiillemite. 
Cnalybite. Ilmenite. Proustite. Xanthocotbe. 
Cortuadum. dfagmmte. 

Cronstedtite, Phenakite, and Pyrargyiite present hemihedral forma of the sis-faced 
pyramid with inclincd faces. This form is a double three-faced pyramid. 

Faeespnrallel to the negatlve &ln 

Apatite . . . 8SJ 42'; 91° 18' 
Calcite . . . lOj0 5'; 54' 5.5' 
Comndum . . 86" 4' ' 93" 56' 
Dioptase . . 95* 54' f 84O 6* 
Emerald . . 104O 34' ; 75O 26' 
Hematite . . 8G0 1W. 9Ja SV 
Millerite . . 144O 8' ! 3J0 52' 
Ximetite . . 86" 48' f 93O 12' 

bot2 occur in the following minerais. 
Phenakite . . 116' 4 W ;  6 3 O  2V 
Pyromorpùite . 8 8 O  28' - 9i0 33' 
Pyrrhotine . . 82" 4G' f 97O 2V 
Quartz . . . 9P15'- 85545' 
Ripidolite . . 750 2Y f 1OP 22' 
Susannite . . 7Z0 SW ; 1 0 7 O  SW 
Tellurium . . 66" 2' ; 93O 58' 

Bfilleritc and Quartz are the only minerais whiçh cleave parailel to the negative 
rhoniboid, the cleavage of the first being perfect. 

ZChomboids may be dcrivcd from each of the double six-fnced pyrnmids (page 
397), whose symbol ia 11 ea; to draw them we have only to mnke C P in Figs. 269 
and 270 equal to m times the unequai parameter. Their nets may be constmctcd in a 
similv mnnner by making C P in Fig. 271 equd to thc same quantity. 

9n P Syndolr-The aymbois for thcse rhomboida wiU ba [?], kunnnn's - or a 
A - k  9n R7 and Mfler's h k k7 n-hm m = 
+ 

ia the relation cxisting bctwcen the 

numbers nscd by h'aumann and Miller; Brooke and Lcvy'e symbol will bc bk whcn 
they take the hexagonal prism for their primitive form; when they regard the 
positive rhomboid as their primitive form, thcir symbols for the derivedrhomboids will 
be given with each particulor case. 

Inclination of the Faces of the RhomOoid8.-If A be the htitudc of the fnco of thc 
rhomboid, and a its angular elemcnt, $J the angle of inclination over the edgea PR, 0 that 
ovcr the edgce RR (Figs. 267 and 268), 

tan. A = rn tan, a, cos. = m  in. G O  con. A tan. + 

and 8 = 180" - +. 
Rl~omboids deriwed j iwn  the Double Six--faecd Pyramids (p. 397), w h e  F m  have dm 

obserced in nature, togelhcr with t h i r  xati6udc o n  t h  Sphma of Pqkction. 

& R Naumann ; 655 Nfler ; a% Brookc and L w .  
Hematite . . 5 O  36' 

- & R Naumann ; 233 Miiier ; a3 Brooke and Levy. 
Hematite . . I lo  6' 

- f R Nsumann ; 122 Milier ; a* Brooke and Levy. 
Hematite . . l i  26' 

INORQANIC NATURE.-No. XIV. 2 II 
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402 RHOXBOIDS DERIVED FXOM T H E  DOUBLE SIX-PACED PYRAMIDS. 

f R Naumann ; 21 1 Milier ; a2 Brooke and Levy. 
Antimony . 2 W  4W Cinnabar . . 3 3 O  25' Hematite . . 21° 25' Pyrarpyrite . 1 9  49' 
Calcite . . 1 3 O  5%' 1 Endialyte. . 31" 22' 1 Proustite . . 135 5' 1 Tetradpi te .  4z5 3W 

Eudial* deaves paraliel to th% form. 

- $ R Naumann; 255 Miller ; a$ Brooke and Levy. 
Calcite. . . 13" 52' ] Hematite. . 2l0 25' 

- g R Naumann ; 133 Miiier ; a* Brooke and Levy. 
Hematite . . 2 P  9' 

5 R Nam- ; 522 MiUer ; a: Brooke and Levy. 
Corundum . 2ï0 41' 1 Cinnabar . . 41° 24' 

3 R Naumann; 311 Miller; as Brooke and Levy. 
Cinnnbar . . 46" 39' 1 Ilmenite . . $!P 7' 

+ R Nanmam ; 411 Miller ; a4 Brooke and Levy. 
Apatite . . 3 P  13' Hematite . . 3S5 7' Quartz . . 32" 25' 
Corundum . 3a0 12' 1 Millerile . . 1W 4Y 1 Tamarite. . 55" 51' 

- 4 R Banmann; 011 m iller ; 61 Brooke and Levy. 
Ankerite . . 255 42' Calcite. . . 260 15' Dolomite . . 25O 4V Phenakite 
Antimony . 3ï0 2' Chabarie . . 310 22' Euàiaiyte . . 50° 38' Proustite . 
Apatite . . 36" 13' Chalybite . . 25" 17' Hematite . . 3S0 7' Pyrar rite I I Arsenic . . 3S030' Cinnabnr . . 52054' Ilmenite . . 3S0 7 ~ u a r g  . 
Bismuth . . 3G.58, Diailacite . 25- 23' ( Mesithe . . 2 C  11' Tamarite . 
Breunnerite . 25O Gr Dioptase . . 31° 22' Miilente . . 10a46' Tourmaline 
Calamine . . 1 4 O  58 

Antimony, Bismuîh, Chalybite, Diallogite, Hematite, Ilmenite, Proustite, 
and Millerite, cleave parailel to  this form, the la3t two perfeetly. 

+ R Naumann ; 611 Miiler ; a6 Bmoke and Levy. 
Hematite . . 41O 23' 

g R Naumann; 711 Miller; a7 Brooke and Lely. 
Calcite. . . 33" 20' 

- 2 R Nanmann; 133 Miller ; e3 Brode and Levy. 
Calcite. . . 3S0 17' - - 2 R Naummn ; 2, 11, 11 Milier eA Brooke and Levy. 
Calcite. . . 4 P  4Y 

- R Nanmmn ; 233 Miller; e3 Brooke and Levy. 
Calcite. . . 50° 59' 

- $ R Naumann ; 455 Miller ; e t  Brooke and Lery. 
Arsenic . . 67O 16' 1 Calcite. . . 5 5 O  57' 1 Hemstitc. . G P  5%' 1 Pronstite . . 54' 1$' 

R Naumann; 13 ,g  2 Xii ie r  ; sv Brooke and Lcvy. 
Quartz. . . 64O 43' 

: R Naumam ; 6,1,1 Miller ; e6 Brooke and Levy. 
Ripidolite . 'i53 45' 

2 R Naumam ; 5i f Millcr ; c5 Brooke and Levy. 
Ap~t i te  . . . ilo 9 1 Quartz . . 68" 31' 

- 2 R Naumann ; i l 1  Miiier ; a i  Brwke and Levy. 
Antimony . 710 4W Chabn~ie . . 6ïJ4i' 1lmenite . . 
Apatite . , I l 0  9' Chnlj bite. . G2> 7' Levyne . . 
Biorite . . 70' 41' Corundun . 72' 22' Phenakite . 
Bismuth . . 71° 37' Dolomite . . 6 2  31' Proustite . . G1°41' Tourmaline . 45O 57' 
Calamine . . Gl0 46' Eudialyte . 7tî5 25' Pyrargyrite . i l0  13' ( Willemite . 1 P  
Çalcite. . . 63> 7' 1 Hematite . . 729 20' Quartz . . 68> 3Y ( Xnnthocone . r 9 0  25' 

Antimony, Bismuth, Levyne, and Tourmaline, cleavc p a r d e l  to thia form. 
3 R Xaumluui ; 4 i i  Mili r ; e4 Brooke 3nd Levy. 

Hcmatite . . i5' 42' 1 Ilmenite . . 75" 42' 1 Ripidolite . i O O  55' IRIS - LILLIAD - Université Lille 1 



POLES O F  THE DERIVED EHOXBOIDS. 403 

L 3 B Naumann ; 877 Milier ; 8 Brooke and Levy. 
Calcite. . . 670 56' 

3 R Naumann; 72% Miiier; e t  Bmoke and Levy. 
Quartz. . . 750 18' 

- 3 R Naumann ; 644 Milier ; e t  Bmoke and L e v .  
. 

Calcite. . . 71° 2û' ( Lerpe . . 70J 57' 1 Miilerite. . 4S2 47' 

- ) R Naumann ; 433 Milier ; e$ Brooke and Levy. 
Calamine. . 7 b  55' 1 Calcite. . . 730 51' 1 Quarte . . l iO 19' 

4 R Naumann ; 3TT Miller; sa Brooke and Levy. 
Calamine. . 74O 58' Dolomite . . 75O 25' Pyrargyrite . ilJ 36' 
Calcite. . . i5O 47' Hematite . . BO 57' 1 Quartz . . 18' 52' 
Chalybite. . 75'11' 

Calcite. . . :5" 47' 

I 
- 4 R Baiimann ; 555 lfiiier ; 6% Brooke and Levy. 

- 5 R Naumann ; 322 Miiler ; 8 Brooke and Levy. 

1 Tourmaline . 61" 4' 

I Spnrtalite . il0 5:' 
Tourmaline . GP 11' 

Calamine. -. 770 63* ~hai~bi te  . 7S0 3* l 11mekle . . 8 P  44' Tonrmsüne . 6S0 5 l V  
Calcite. . . 7B0 32' 1 Hematite . . 82 44' 1 Pprggri te  . 8; 11' 1 

y B Naumuxm; 838 Miller ; e3 Brooke and Levy. 
Quartz . . 81° 51' 

G R h'ausiann ; 13,& 5 NilIcr ; eY Brookc nnd L c q .  
, Quartz . . 82 31' 

- 7 R Xalaumann ; 13, 8, 8 Idillri ; Brooke and L c v .  
Quartz . . 83 3Y 1 Sueannite . 6S0 98' 

- 8 R Naumann ; 533 Miiier ; 8% Brookc and Lery. 
Calcite. . . 82 47' 

- 11 R Ka--; 744 Miller; 6% Brooke m d  L c y .  
Qunrtz . . 85O JY 

Pales of the derised Rhorn6oids.-The poles of the positive rhomboids, that is of those 
rhomboida m-hose symbol, aceording to Nnumann, is  of the form niR, will be found by 
obsening the points mhere the oircle of latitude for A north cuts thc meridians CM,, 
CM,, and CM, (Fig. 255), of the northern hemisphere of the sphere of projecti n, and 
vhere the same cirele of c ou th latitude euts the mcridians CM, CM,, and CM, in the 
southern hemis?hem. I n  the caso of thc negative rhomboids, or thosc rrhose symbol 
is - mR, thc poles will be the intersection of t h  circlc of 1101th latitude A, with the 
meridians CM, CM,, and CM,, and the same circle of south lntitudc with thc mcridinn 
CM,, CM,, and CM,. 

Circle of Lntitzrde on i3plrere of i'rcjectio~z.-We hem b g to call our rcaders' attention 
to an omission which me find we have made in the enrly part of our tmatise. We ought to 
hare wnrned our studcnts that it is far more conrenicnt for purposes of cqstall graphy 
to reckon the d grces of latitude from the pole to the equator instcnd of from thc 
equ-ttor to the pole. Strictly spcakiin~, the anglc which WC hzr8 cuilcd the an le of 
latitude is the north or south polur di tm . Our angle of latitudc is always, there- 
forc, the ditference b twe n 90 and th an& of latitude us rcckoncd on a ce1 tid or 
terr stria1 globe. This ob crvati n applics to the cubical and pyramidnl sptcma. 

The Right Prism on a Twelve-sibed Base.-This prisni, &O call d th 
d'liezagond p . is~n, is a solid b und d by f urt en fac q tn-elvc of whi h, su h as 
L, L, G, G, (Fig. 2?4), are rcctangular p u d  1 p m s ,  f rning tùc sides of the pr' m ; 
th ther two, mhich terminate the prisni, b in, irr d a r  polyg us, with t i  I r  sid . IRIS - LILLIAD - Université Lille 1 



401 THE RIGHT PRISM O N  A TWELVE-SIDED BASE. 

When this pr im is considered an open form, its sides alone are taken for the planes of 
thc prism, and the two faces which inclose it are considered faces of the same bnsnl 
pimcoids whbh inclose the hexagonal prisms. 

l'o Draw the DitiexngonalPrism-Take any arbitrary line, CG, (Fig. 275), f u r  one 
of the threc equal parameten (as in Fig. 252, page 386) ; drav CG?, CG,, CG,, &c., 

CG,, cnch equal to CG,, and inclined to cach other at an angle of 60". Join G, G?, 
G, G,, &c., G5 Go ; G1 G2 G3 &c. G, will be a rcgular hexagon, and G, GA, G, G,, und 
G, G, d l  represent the three axes of the hexagonal system in which the equal 
parameters are taken. 

Draw CL,, CL ,  CL3, &c., CL, bisecting the angles G,CG,, G,CGs, &c., G,CG,. 
Then Fig. 276, draw the equilateral triangle CG, G2 cqiial 
CG,G2 (Fig. 275) ; bisect G,CG, by CH, produce CG, and 

<:2 cq CG, to K, and R, ; take CK, and CI(, each equal n times CG,, 
the symbol for the prism being 1 n m. Join G, & and 
G, K, cutting CH produced in L. Lastly, in Fig. 2i5, take 
CL,, CL,, CL,, &c., CL, each equal to CL (Fig. 276); 
join G, LI, LI G,, G? L,, L, G,, tc., and G, L, G2 L, 6.c. 

K% 
LI G,, will be the base of the prism. Through G, and G, 

Fig. 5 6 .  draw the lines D, G, Dl and D, Gs D, parallel io L,CL, ; 
take G, Dl equal to any line greater than CL,; G, D1, 

G3 D2 and G, D,, each equal to G, D,. 
Join Dl D, and D4 D, ; produce L, LG to m e t  D, D, in M,, and Dl D, in MG, and 

L, L, to meet D, D3 in M,, and D, D, in hl,. 
Join L, L,, G, G,, G, G, and Lt LI, and produce these lines as ~ c l l  us L, LI to 

meet D, Dz and D, D3 in the points NE and M, as indicakd in Fig. 275. 
Draw Dl D, (Fig. 274) equal Dl D, (Fig. 27.5), and Dl D, and D, D3, ench mnking 

an angle of 30°, to Dl Da Take Dl D2 and D4 D, equal to the half of Dl D2 and 
D, D ,  in Fig. 275. 

I n  DI D, (Fig. 274) take DI N,, Dl El, Dl NI, Dl E,, Dl N?, cach half of Dl N,, 
Dl El, Dl Ml, &c., xespectively, in Fig. 275. 

Through NI, El, Ml, Ez and N, drav Nl Ni, E, E,, 31, M., E, E, and 3 S3 
pardel to D, D,. Take NI L ,  N, L'.,, El  G,, El G,, Ml LI, M, L,, E, G2, E, G,, 
N, L,, N, L,, Dl G, and D, G:, respectively equal to N, L,, N, L,, E, G,, El G,, &c. 
(Fig. 275). Draw G, G,, perpendicular to D, D,, take G, G,, equal the height of t h  IRIS - LILLIAD - Université Lille 1 
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prism intended to be represented; drsw L, L12, G, 6 7 ,  L1 LI, &c., us in Fig. 274, 
parallel and equal to G, G,, ; join G,, L,?, L12 G,, &c., and the right prism on a twelvc- 
sided base will be d r a m  in iaometricd perspective. 

&es.-G, G,, G, G5, and G, G, (Fig. 274) represent the three axes in which thc 
equnl parameten are takcn. The fourth mis corresponds to the geometrical a d  of 
thc prism, and would ba represented by a linc drawn through C pnrnllel to G, G,,. 

Sytnbo2.v.-Each face of the prism, if produced, would cut one of the thme equd 
axes ut a distance from the centre equd to the arbitras unit, and an adjacent axis s t  
ia times this distance, and is parullel to the fourth mis. 

The symbol which expresses this relation to the axes is 1 m. Kaumam's aymbol 
for this form is m P n; and Miller's II  k 2. Ir k 2 und n may be obtirined from each 
other by the furmula: 

h - l  
n = -- and 11 + k + Z = o. 

IL - k 
2'0 deswibe a Nd for the RqHt Prkm on a Twelve-8idedBnse.-Draw two tmelrc-sidcd 

polygons, each equal to G, L, G, L,, &o., 
L, G, (Fig. 275), and twclve rectungular 
pâ~aiielograms, ench equal in breadth to 
G, L, (Fig. 27-5), and of a lcngth equnl 
to that of the prism intended to be rc- 
prcscnted. Arrunge these fourteen figurcs 
as in Fig. 277, nnd tlic net wiii ,bo con- 
structed. 

Position of the Poles of flu Prisna on the 
Splielo of Projection.-The poles of the 
faces of the dihexagonal prisrn ainays lie 
in the ssme zone, und that zono is thc 
equator of the sphehere of projection; SI, 
S, S ,  S., &c., S,, (Fig. 253) represcnt 
t h s e  polcs, the arcs G, S,, G, s,, G, S,, Fig. 2 i7 .  
G, S,, &c., bcing equai to each other. 
Lct 0 bc the nngle N,CS,, or the longitude of the pole S, reckoning from JI,. 

Fori~s of the Diliezngonal PrMm, paraliez to cchich Hacea liavr Ieen observed in nafwr, 
wilh the Longitude of h i r  Po&$ on the Sphere of Prqeeiion. 

The f o r m l + m ;  ai P9Nnumann; 6 2 3 ~ i l l e r ;  a n d d f f  6 ~ ~ r o o k e a n d L e v y ;  
longitude 6" 35' occurs in Conuidum and *Dioptase. 

Thc f o m l f r n ;  m PtNaumann;  1 1 % 7 ~ i l l e r ; d i d f b *  ~ rooke  and ~ e ~ ;  
longitude 8" 57' occurs in Quartz. 

The form 1 $ m ;  rn P 3 Noumann; 3 2 Miller; di d3 12 Brooke and Lcry ; 
longitude 19' 54' occura in 'Apatite, Emerald, Hematite, *Phenakite, and 
Tourmaline. 

The form 1 3 co ; m P + Naumnnn ; 7 f b Miiier ; d ;  d5 63 Brooke and Levy ; 
longitude 13' 51' occurs in Calcite and *Dioptase. 
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The form 1 5 m ; ro P 5 Naumann ; 4 1 3 Miller ; dl d* h.% Brooke and Lcvy ; 
longitndc 16" û' occurs in  Tourmaline. 

The form 1 2 w ; w P 8 Naumann ; 5 1 4 Miller; dl d j  Brookr and L e q ;  
longitude 19" 6' occurs in 'Apatite, 'Dioptase, and Millerite. 

The forms marked thiis * are hemihcdrd, v i t h  pardlcl faces ; the hcmihedral forin 
of this prisiu with paraliel faces is a regular hexagonal prism, arising from the 
dcrelopment of the Jternatc faces, and differa o d y  from the prisms of tho First and 
Sccond Order, in its position with regard to the axes. 

D o u b l e  T w e l v e - f a c e d  Pymanxid.-The n'ozdls tuelue-fac~clpyrnffiid, or, as it is  
gcnerdy  d e d ,  the dihexagonal pyraszid, consists of tmo pyramib joined togethcr, 
one on each side of the dihexagonal base given in  Fig 275. I t  is boundcd by twenty- 
four equal and similar scdene triangles, i t  has tmelve fow-.ced solid angles at  the base 
of the pyramids, and two twe1e.e-faced solid angles, one at  each apex of the double 
pyramid. 

This pyramid may be easily dra-ivn; through C, in Fig 274, draw a line pcrpen-. 
diciilar to L, Li, takc two points in this line equidistant from C, and emh eqiial 
tn timcs C P, (Fig. 236), and join these points mith G, G ,  &c., G, and L, L,, &c., L, ; 
nt P n being the symbol of the pyramid. 

This pyramid ha3 never been observed alone, and scarcely ever in  combina th  
with othcr forms. When these latter occur, they may be regarded as the combination 
of thc positivc and negiitive sciilenohedron derived from it. 

Syntbob.-Each face of the pyramid would, if tproZuccd, cut one of the ascs in 
which the equal parameters me takeii at  the extremity of the parametcr ; the nejgh- 
bourinç asis in the hexagonal basc at  a distance from its centre n tinles that of the 
equal parameter, r. being any fraction grcatcr than one, and lcss t h m  ttwo ; and thc 
fourth mis, which is per~endicular to the base, ut a distance from the centre intimes 
that of the unequal parameter, 9n being a fraction or whole numbcr equal to, greater, or 
less than unity. The symbol which expresses thia relation is 1 m n. Xaumam's 
s jmhol is rn P n, and Miller's h k 1. 

Whcn qn becomes infiuitely great this pyramid passes into the n'ihexagoaal priant, 
and whcn tn is finite and n beccmes equal to two, it passes into a double sfx-fnced 
pyamid, derived from that of thc Firirst Oder. 

Position of the Pole8 on the Sphera of Projeetion.-Twclve poles lie in  the same circle 
of north latitude and tmelve in the same circle of south latitude, one pole lies r i th in  
each spherical triangle C G G (Fig. 2%), two poles lie in the same circle of latitude at  
cqiial angular distances on cach sidc of e v c q  meridian C G, siich as T, T, on both sides 
of C G, and Y, V, on both sides of C G,. 

Tho formulæ for determining the latitude and longitude of these poles, from the 
symbols for their forms, as wcll as the relation betmeen ciz pz A k and 1, will be given 
undcr the description of the hexagonal scalenohedron. 

B e x a g o n a l  Sca1cnohedron.-The Imagona1 scaleizoA&on is a hemihedral 
form with paralle1 faces, derived from the double Itucke-faced pyramid by proùucing 
half the faces of the upper p ~ a m i d  taken in pairs to meet half the faces of the lotwcr 
one which do not correspond to those tnken from thc upper. Thns the faces whosc 
poles are T,, Ve, T,, Y-, VA, and T, in the northcrn hemisphere of projection (Fig. 25û), 
being produced to meet one another, and thc faces whose polcs are T?, Y,, T,, Y,, T , 
and V, of the southern hemisphere, wiU form the positive sealcnohcdron. The 
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twelve remaining faces if produced to mect each other viil hm the negative 
scalenohedron. 

The hexagonal scalenohedron is bonndcd by tmelve equal and simila scalene 
triangles, such as El R, R2 (Fig. 278), and Kl RI? R, (Fig. 279); it has two six-fxed solil 

an$ s, K, and IL, (Fip. 278 and 279), and six four-faced solid mgles R,, R,, Bo, F 
(Fiÿ  278), and R;, R, &c., R,? (Fig. 279). T ~ C  four-faced solid angles ale j ind 

Pig. 280. Tig. 251. 

together by six equal edges, such as R, R? (Fig. 223,) nnd RI, R (Fig. 279). The c 
edgcs correspond to  the edges of a rhomboid ahich mly be inscribed in the scaien he- 
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dron, with the same axes as the fi,gre in which i t  is inscnbed. The remaining twelvc 
edges are equai in pairs, six being longer and six shorter, the longer and shorter edges 
joining the six-faced solid angles with the four-faced, alternately, as shown in 
F i p .  278 and 279. 

To draw thc Hezagoual ScalenoRedrm.-Though the hexagonal scalenohedron is 
derived from the double twelve-faced pyramid, by the development of half its faces, 
and might be constructed from that figure, i t  is more readily obtained from the positivc 
or negative rhomboid which may be supposed to be inscribed in the acalenohedron. 

Let two rhomboids (Figs. 280 and 281) be drawn as directed for Figs. 269 and270. 
Produce C Pl and C P, to K, and (Figs. 280 and 281), make C K, equal C K,, then 
(Fig. 280) join K, RI, K, q, &c., K, R,; K, R,, % q, &c., % R,, also in Fig. 281 
join KI R,, K, R,, &c., K, R,,; R,, E, R,, &c., & R,,. Fig. 280 wiU give the 
positive, and Fig. 281 the negative scalenohedron, the combination of whose faces 
together would give the double twelve-faeed pyramid. 

Symhols. - If m P e be Naumann's symbol for the double twelve -faced 
pyramid from which the scalenohedron is dcrived, his symbol for the latter mili 

m P a  m P n  
be + or - according as the scalenohedron is positive or 

negative. 
Naumann's symbol for the rhomboid inscribod in the scalenohedron whose 

rnp-n m(2- 
symbol is [ ] is + R ;  and C K ii equd to 2 times C Pl hence 

2 - l a  

N a u m m  chooses the arbitrary symbol*- n, R* to represent the scalcno- 

n a  P n 
hedron Ca]. 

To describe, thcrefore, the scalenohedron dcrired from the double twelve~fked 

pyramid n P x, n e  must describe the rhomboid m(l;-)~, produce C P, and C P, 

(Figs. 260 and !BI), and mnke C K equal times C P. 2 - n 

t 1 ;  
n - 2 

Miller's symbol for the scalenohedron ia n A 2 where m = - - 
h + k + I  

h - 2  
and n = - are the rdations between Naumann's and Bfiüer's symbols for the A - k  
same form. 

I\'etdfor the Scatenohedrons. , 

Describe the triangle RP, P, (Fig. 282) as in Fig. 271, to form the net of the 

rhomboid whose symbol is m*)~. Bisect Pl P, in Cl produce CP, to KI, make 

CK, equal en times CP,, produce CP, to &, and make CI& equal CH,. Join KIR 
- 

and S R .  
Then (Fig. 283) dram LM equal RP, ; on LM describe the triangle LMN, having 

its side LN equal RK,, and ita side MN equd R& L m -  will be a face of the 

acalenohedmn Reni and tvelue such faces, uranged as in Fig, 284, will 

form the net required. 
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Position of the Poies of the HmagonJ Scalenohedroa ou the Syhere of A.ajcction.- 
If mPn be the symbol of the double twelvc-faced pyramid from which the scalenohe- 

-n - 1 
dron is dcrived, take an an: NI SI, such that tan MS, = i0,,+1> mark offarcsM1 SI?, 

II2 S,, M, S5, Pc., Ne SI,, SI,, as in Fig. 255. Join CS,, CS?, CS,, &c., CS,,. Let 
O bc thc anp la r  distance of a circle of latitude from C, such that tan e = 
In 
; (/d - + 1 tan a, where a is the angular element for the substance of the crystal 

K, givcn in pages 386 and 386. Then this circle of latitude mil1 
cut the meridians CS,, CS,, CS,, CSI, &c., in thc points Tl, T,, 

TI, T,, VI, &, &c., wiil be thc polcs of thc double twclve- 
fnced pyramid on the sphere of projection. 

Fig. 232. Pig. 283. Fig. 294. 

The poles T, V2 T ,  V, TT, V, wiii be those of the positive, and T2 TT, T, Va T, V, 
those of the ncgative scalenohedron on the northern sphere of prcjection. 

The arc MS, which we may consider the longitude of the pole T, from the mcridim 
CM,, we sliall represent by the symbol <P. 

FWW of 8cale1ioiiedrona and othw forrna dcrived from the Double l'wdve-faced &ramida 
occur in ïiatttre, in Ckiistab of the jollowing wbstancea. 

The form - 13 P+a, or - 11  fi, Naumann ; 8 5 4 Miilcr ; df d i  bi Brooke und 
Lcvy. <p = 3" 58', in Qunrtz 0 = 8Go 24'. 

The form 3 Pff or R ~ S  Naumann; 11 O Milier; d4 Brooke and Levy. 
<p = 4" 18', in Dioptaee 0 = 64" 35'. 

The form # Pg, or 4 RP Knummn ; 7 1 3 Miiler ; d) b3 Brooke ond Lcvy. 
<P = 5" 49', in Pyrargyritc O = 62' 20'. 

The form - & P+, or - Ts Rf Naumann; 22 19 2 Miiler ; d* div b i  Brooke 
and Levy. <P = 6" 35', in Quartz O = 36" 25'. 

The form 3 P+, or ~ $ 1  N~umann ; O 7 1 Niiler ; di Brooke and Levy. <P = 6" 33, 
in Dioptase e = 56" 55'. 

The form 8 P9, or 6 ~ $ 1  Naumann ; 16 6 8MUer  ; dk d i  br'z Ero ke and Levy. 
<P = 6" 35', in Quarte O = 84" 3'. IRIS - LILLIAD - Université Lille 1 
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The form Pz, or RS, Naumann; 7 1 O Miller ; 65 Brooke and Levy. 9 = 7" 32, 
in Calcite. 8 = 38" 5%. 

The form 8 P9, or ~5 Naumann ; 6 0i Miiler; dG Brooke ami Lwy. g> s 7" 33, 
i n  Calcite 0 = 52' 18'. 

The form $ PS, or 3 R;, Naummn ; G 1 O Miller ; 6GBmoke and Levy. 9 = 8" 5 7 ,  
in Calcite 0 = 38" 8'. 

The form $ Pb, or R:, Xaumann ; 5 07 Miller ; dS Biaoke and Levy. 9 = 3" 57,  
i n  Calcite û = 53" 57'. 

The form 6 P?, or 4 I t g ,  f i umann ;  4 i 2 Nillar; d l  dB Brooke and Levy. 
@ = 8" 57,  in Dolomite 0 = 79" 25', and Quartz @ = 81" 57'. 

The forru 50 Pt, or ; ~ 2 7  Naumann ; 3 7 5 Niller ; d+ d i  2IQ Brookc and Levy. 
$ = 10" 54', in Corunduni 0 = 58" 2'. 

The form 5 P3, or ~ 4 ,  Naumann; 64Ï Millcr ; d4Brooke and Levy. 9 = 10' 54', 
in Apatite û = 69" 57', Calcite O = 5G0 26', Exuerald û E 56" 44', and Pyrargyrite 
0 = 54°16'. 

The form - 2 1'$ or - R:, Naumann ; 2 3' 2 Miller ; E ;  Brookc and Lcv. 
$= 10' 511, in Apatite 0 = 69' 57', and Emerald 0 = 56" 44'. 

The form - 12 Pq, or - 2 ~ $ 1  Naumann ; 5 3 5 Ililler ; c2  Brooke and Lcvy. 
@ = 10" 54', in Calcite B = 71' 39'. 

The form 5 Pz, or 3 RJ, Naumann ; 10 2 5 Miller; cih di b1'o Erooke and Levy. 
- 10 51', in Quartz 0 = 80' 15'. ' <lie form 4 Pt+, or RI? Aauuann; il O Millcr; d12 Brooke and Leup. 

9 = 11° 44', in Calcite 0 = 67" 35'. 

The form - 3 Pq, or - 2 RE, Naumann; T 3  5 Jfiller; dk dk 21% ErooBe and 
Lcvy. $ = 12" 13', i n  Calcite 0 = 63' 39'. 

The form - $. P 8 or - 4 R3 Naman?; 11 14 2 RIillcr ; dA hl+  6 Ijrouke and 
Lcvy. g> = 13" 64' in Quartz 0 = 26" 6%. 

The form $ P 3, or b IF Naumann ; 4 1 O Miller ; 64 Erooke and Levy. g = 13' S4' 
in Calcite û = 35' 26' and Pyrargyrite 8 = 33" 16'. 

The form 2 P 3, or RRZ Naurnann ; 3 O i Miiier ; d' Grooke and Levy. g = 13' 54' 
in Calcitc B = GO' 39', Dioptase û = 65" 33', Hematito û = 46" 4', Phcnatite 
û = 53' 37', and Tourmaline B = 42" 59'. 

The form - 2 P $ or - R? Naumann ; 7 4 5 Miller ; d7 '1% d Groolce and Levy. 
9 = 13" 54', in Dioptase 0 = 65" 33'. 

The form 4 P ,4, or 2x2 Nauinann; S 4 Miller ; 10 d t  Brooke and L c v ~  
rp r 13' 54' in Qumtz û = 77" 41'. 

The f o m  - 4 P $, or - 2 S Naummi; 3 1 2 Miller; e Brooke and L e v .  4 + = 13" 54', in Cslcite B = 74' 18', Phenakite 0 = 70" û', Quartz û = 77O 41', and 
Tourmaline 0 = 61" 47'. 

The form - y P y ,  OT - 9 RY Nmmnnn; 1 G  17 8 Miller; r& da Brmke and 
Lcvy. I$ = 15" 18', in Quartz 0 = 76" 31'. 

The form 6 P:, or 4 R i  Naumann ; 1 G i Miller ; 6 Brooke and Lery. = i 6" 6; 
in Apatite 0 = 56" 44'. 
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The form - 5 P 3, or - & R X  Saumann ; 3 5 2 Jliller; a i  dS bt Brookc and 
Lcvy. @ = 16" G', in Apatite 8 = 56' 44'. 

The form - ': P 3, or - 5 R% Knumann; 6 5 9 Xiller; e, Br oke and Lcr-y. 

The for= ; P 3, or ~3 Saumann; B-5" Niller ; à5 Brooke an& Lery. <P = 16' G', 
in  Apatite û = 76 (Y, and Calcite 0 = 64 2'. 

The fùrm - 4 P 3, or - Naumann ; 3 4 2 Miller ; t& d 3  b l  Broolie and L e s .  
@ = l G o  ô', in  Apatitc 0 = 76" 0' and Calcite 0 = 64" 2'. 

The form - 50 P y, or - 2 R% Naumann ; 14 16 7 Niller; d k  a+ b ? ~  Bro la  
and Levy. 9 = 17 û', in Quartz tJ = 75 7. 

The forni - 2 P jn or - t R3 Xamonn;  O 2 3 Niiler; b: Bmokc und Lery. 
9 = 19 G', in Calcitc û = 27' 31'. 

The form P 3, or $ R' Nnumann ; 3 1 O Miller; b Br ke and Levy. <P= 19 G', 
in Calcite 0 = 33 8', Phcnnliitc 0 = 26" 4S', Proustite 8 = 31 32', and P p r n  ritc O 
= 31 2'. 

Thc form 3 P 8, or ; R" Naummn ; 5 1 1 Nil1 r ; e, Brookc and Lcvy. @ = 19 G', 
in Corunduni û = 59' Y, Hematitc O = 58' 5 7 ,  and Pyrar,pite 0 = 43" 67. 

Thc form 8 P 9, or - $ R3 Snumnnn; 1 1 2 Nil1 r ;  - Brooke m l  L v. 
@ = 19 G', in Calcite 0 = 62 33', Dioptase 0 = 58 13', llematite O = G1 17, 
Phcnaliitc 8 = 45 14', Pyrnrgpritc :O li', und Tourmaline 8 = 34 22'. 

The f mn 12 P #, or s Ra Xaumann ; 11 1 4 Millcr ; E d 15% Brookc and Le*. 
@ = 19 G', in Ppargyritc 8 = 56 2g .  

Tho f i-m - y P g, or - 2 R3 X'numann; 5 3 7 Nillcr; d: df b i  B r o d e  and 
Lcvy. $J = 10 G', in  Calcite tJ = 64 25'. 

Tlie form 3 P +, or Rï Naumann ; 2 O 1 Mill r ; @ Br okc and L s. + = 19 G', 
incalcite 8 = 69 2', Chalybitc 8 = 58" 3 3 ,  D lomite û = 68 32', E u d i d ~ t c  0 = 81 Il', 
Hematito 8 = 76" 28', Phen&itc û = 63 38; Prous:itc 8 = 67 50', Pyrargyritc 
0 = GP 27,  and Tourmaline 8 = 53 49'. Calcite has an impcrfect cl avngc p w d  1 
to this fiirm. 

1 1  
The form - 3 P $ or - R? X'aumann ; 4 2 5 Miller ; dj ds D Brooke and Lcvy. 

q, = 19" 6', in Calcite e = 69' 2' and Quartz 8 = 73" 26'. 

Thc form 54 P 3, or 2 R' Nnumann; 15 1 9 Millcr ; cF d b* Brooke and Lcy.  
<p = 19 G', in Calcite 0 = 76" 32'. 

The form - 6 P *, or - 2 R3 h'aumonn; 3 1 3 Miller; 9 Bmoke und Lcq-. 
g = 19 G', in Calcitc 8 = 79 Y, Hematite 8 = 83" 8', and Pyrnrgyrite 0 = 7s 16'. 
. . 

The form Y P Y, or RY N a m a u n ;  7 O 4 J f i l l a ;  d Bmoke and L e s .  
@ = 19" ô', in Calcite û = 72' 30. 

Tlie form - 2 P 2, or - R4 Xmmann ; 3 9 5 Niiicr; d: d 5  d Bro ke nnd 
Levp. <p = 19 G', in Calcite 8 = 39 56'. 

The form 4 P 3, or Ra Nanmmn ; 5 O 3 XiUer ; & Br okc and Lmy. $I = 21 47', 
in Calcite 0 = 73 51. 
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The form 9 P *, or % RJ Naumann ; 4 1 3 Miller ; e, Brooke and Levy. 9 = 23" 29', 
in Corundum 6 = 59" 45', Emerald 6 = 41" 24', and Hematite 6 = 59" 41'. 

" The form - 4 P 3,  or - 3 RJ Naumann ; 5 11 4 Miller ; d5 d* 63 Brooke and Levy. 
9 = 23" 2 2 ,  in Emerdd O = 47" 24'. 

Tho form - $9 P 2, or - + RJ Naumann; 3 3 7 Niller ; ez Erookc and Levy. 

<P = 23" 25'. in Calcite O = 50' 52'. 

The form 3 P 3,  or ) P Naumnnn ; 4 11 2 Miier ; & & 6) Brookc and Levy. 
@ = 23" 25', i n  Quartz B = 61° 33'. 

The form - 9 P +, or - 3 RJ Naumann ; 3 1 3 Miiier ; dl db b4 Brookc and Lcvy. 
9 = 23" 23, in Calcite O = 65' 4', and Rematite 0 = 73" 42'. 

The form 5 P 4, or R5 Naumann ; 3 O 3 Nüler ; d: Brooke and Levy. @ = 23" 2?, 
in Calcite 6 .: 7GD 58', Emerald B = 71" 3', Proustite O = 76' 7, Pyrargyritc 
0 = 75' 51', and Tourmaline O = 66" 4'. 

The form - 5 P 8, or - RJ Naumann; 2 8 7 Miller; dg d i  I+ Brooke and Levy. 
$ = 23" 25'. in Emerald O = 71" 3'. 

- 
The form - Y P +?, or - + RB Naumann ; 14 22 7 Miller; dA d?r b h ~ r o o k e  and 

Levy. @ = 24" 30', in Quartz O = G9' 20'. 

Thc form 6 P 5 or R7 Naumann; 7 3 O Nilier; I:  Crooke and Levy. 
9 = 25" 1 7 ,  in Calcite O = 37" 37'. 

The form - 5 P 3, or - 3 R7 Naumam; 2 2 5 Miller; e* Brooke and Levy. 

9 = 25" 1 7 ,  in Calcite 0 = 57' 1'. 

The form 3 P 3 ,  or $ Ri Naumann; 5 1 2 Miller; (Ii ds 6) Brooke and L e v .  
9 = 25" 1 7 ,  in Pyrargyrite O = 54" 9'. 

The form 7 P 3, or R7 Naumann ; 4 O 3 Niller ; d$ Brookc and Levy. @= 25" 1 7 ,  
in Calcite 0 = 82" 36', and Pyrargyrite O = 79" 46'. 

The form - P 4, or - 4 R9 Naumann; 5 14 Milier ; dl d 3  6% Brooke and Levy. 
@ = 26" 20', in Dolomite 0 = 7 4 O  58'. 

The form 9 P 3, or Ra Naumann ; 5 O 4 Miller ; d* Erooke and Levy. @ = 26" 20', 
in Calcite O = 82' 30'. 

The form 11 P $', or RI1 Naumann; 6 O Miiler; & B~rooke m d  Levy. 
9 = 27" O', in Calcite 0 = 83' 56'. 

Tho form 12 P 34, or RI' Naumann; 1 3 O fi Miiier; d%3 Brooke and Levy. 
9 = 27" 13, in Calcite O = 84" 26'. 

Other fwms àerivedfiom the Double Twe2z.c-faced Pyramid.-If the faces of the 
pyramid, whose poles are marked by T, V, T, V, T, and V5 ((Rg. 255), are produced to 
meet the corresponding faces of the lowerpyramid ; the resulting form will be a double 
six-faced pyramid similar in form, but different in position to the double six-faced 
pyramids derived from those of the h s t  and second order. The remaining twehe fwcs 
being produced to meet each other d l  produce a similar double ais-facedpyramid. 

From these double stk-facedpyramids, rhomboids and double three-faced pyramids may 
be produced by producing half their faces to meet each other. 

If  the alternate faces of the upper pyrmid, whose polcs arc T, V, T, V, T, and V, IRIS - LILLIAD - Université Lille 1 
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(Fig. 255), be produced to meet the faces of the lower pyramid corresponding to T, T2 
Y, TI V, and T,, the resulting figure miii be a double six-faced trapezohedron. 

Half the faces of this trapezohedron, namely those corresponding to T, T, and T,. - - 
for the upper pyrarnid, and T, T, and Tc for the lower, when prod;ced to meet wiil 
form a dotldls three;faeed trapezohrdror.. This figure may also bc formed by produeing 
the altemate faces of the upper part of the scalenohedron to mect the altcrnate faccs of 
the lower scalenohedron which do not correspond to them. 

271e double three-fnced trapezohedron may be regarded as a hemihedra2 form of either 
the dotcbk six-faced trapewitedron or the hexagond scalenohedron, and consequently a 
telarlolredro2 form of the double twelve-faced pyrarnid. The forms of quartz givcn 
under the hcad of scaienohedrons, generaiiy present in their combinntions this species 
of the tetartohedral forms. 

PRINCIPAL CO3IBINATIONG OP THE RHOUBOHEDML 8YS1EY. 
Fig. 286. Combination of the dmrble six-facd pyramid of the aemnd order, with the 

hexagonal prism of the second order. O, faces of the negative rhomboid - R Naumann, 

Fig. 29G. l ig. 28;. Fig. 288. 

- 
1 2 2 Milier, e l  Brooke and Lcvy. 6, faces of the negatirc rhomboid R Ir'aumnnn, 
1 O O Miller, and P Brooke and Levy. c, faces of the hexagonal prism of the second 
ordcr, m P Naumann, 2 1 1 Miiier, and e? Brooke and Levy. 

Fig. 287. Combination of the double eiz-faced pyramid of #Tic second order n i th  thc 
hezagonal prism of t l ~ p r s t  wder. a, faces of the negatice rhomboid. b, faces of the 
positive rhomboid. e, fnccs of the hexagonal prism of the first ordcr, CO P 2 h'numnnn, 
O 1 1 Miller, and dl Brooko and Levy. 

Fig. 288. Combination of the heragona2 pristn of the second order n i t h  the ahble 
s i x - f d  mrnmid of the second order. a, faces of negative rhomboid. b. faccs of - - -  
positive rhomboid. - c, faces of hexagonal prism of the kcond order. 

Fig. 269. Combination of two positive rhomboih. r, faces of the rhomboid whosc 
symbols are R Naumann, 1 0 0 Miiier, and P Bmoke and L e w .  a, faces of the 
rhomboid whose symbols are 2 R Nanmann, 6 1 1 Miiier, Brooke and Levy. 

Fig. 290. Combination of a positive and negative rhomboid. r, fnccs of thc 
rhomboid 2 R Naumann, 5 i 1 Niiler, P Brookc and Levy. a, faccs of the rhomboid 

1 - R Kaumann, 1 2  2 Miller, c4 Brooke and Levy. IRIS - LILLIAD - Université Lille 1 
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Fig. 291. Combination of a scalenohedron and rhomboid r, faces of the rhoinboid l 414 

R Naumann, 1 0 O Miller, P Brooke and Le y. t, faces of the scalenohedron, R3 
Kaumann, 2 O ïMiller, d: Brooke and Levy. 

Fig. 292. Comb'iation of the positive rhomboid vith the hexagonal prism of the 
first order. r, faccs of the rhomboid. e, faces of the prism. 

ris. 2111. Fig. 2 63. Fig. 234. 

Tig. 293. Combination of a positivc scalenohedron with the hexagonal prism of the 
second order. t, faces of acalenohedron. c, faces of prism. 

Fig. 29-1. Combination of a positive scalcnohedron with the hexagonal prism of the 
firùt order. t ,  fices of scalcnohcdron. e, faces of piism. 

Fig. 295. Combination of Liesagond prkm of the seconCi order with positive 
rhomboid. r, faces of prism. R, faces of rhomboid. 
- 
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Fig. 296. Combination of hexagonal prism of the fint order with a positive rhomboid. 
e, faces of prism. R, faces of rhomboid. 

Pig. 2%. Fig. 2%. Fi:. 297. 

F i g  297. Complex combination cf forms in a crystal of Beryl. 
m, face of bnsal pinacoid, O P Nanmann, 1 1 1 Miller, al Bmoke nnd Levy. 
P, faces of the double six-faced pyramid P Kaumann ; or faces of the rhomboid R 

Fnumann, 1 O O Miller, P Brooke and Levy, and the rhomboid - R Naumann, i 2 2 
Jliller, ea Brooke and Levy. 

a, faccs of the double six-fnced ppun id  2 P Naumann ; or faces of the rhoxuboirl 
2 R Kaumann, 5 1 1 U e r ,  es Bmoke and Levp, and of the rhomboid - 2 R Nanmann, 
1 11 Miiier, a1 Brooke Md Levy. 

s, faces of the double six-fued pymuid 2 P 2 Na-ann, 1 4 2 Miiier, rd1 df ~3% 
Ilrooke and Lery. 

v, faces of the scalenohedron R3 Naumann, 2 0 1 Miiicr, d' Brookc and L ry. 

z, faces of tlic soalenohedron - R3 N a u m a ~ ,  4 2 5 Eilillcr, df d 01 Bmoke and 
Levy. 

s and v, togcther, giving the faccs of the double taelve-faced pyramid 3 P f 
Kaumann. 

If, faces of the hexngnd  prism m P Kaumann, 2 i 1 Xiiicr, e? Bro ke and Lc-. 
Fig. 298. Complex combination of forms in a crystal of Apatitc. 
P, face of bnsal pinncoid, O P haumnnn, 1 1 1 Miller, a' Brookc and Lcvy. 
N, faccs of the hexagonal prisms, m P Kaum3nn, 2 1 i ~Ii l lcr ,  02 Bro ke and 

LVy. 
e, faces of tlio henagond prism, CO P 2 Naumnnn, O 1 1 Mill r, d BrooLe an11 

L ry. 
a, faces of the pyramid, P2 Namanri, 5 2 1 M i U  r, d3 $4 b Bro ke and L vy. 

s, faces of the pyramid, 2 P 2 Naumann, 1 4 2 Niii r, dl d: d Brooke and Lcry. 

d, faces f tho pyram.d, 4 P 2 Xaumann, 1 7 a V U  r, d d' 4 Br oL m d  y. 
Y, fac s of the pyramiù, P Naumann; or of the rhomb idç, R Saummn, 1 1111 r, 
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z, faces of the pyramid, 2 P Naumann ; or of the rhomboids, 2 R Naumann, 5 i 1 
Niiler, eS Brooke and Levy; and of - 2 R Naumann, 1 1 Milier, el Brooke and 
L e q .  

r, faces of the pyramid, f P Naumann ; or of the rhomboids, $ R Naumann, 4 1 1 
Niller, a4 Brooke und Levy ; and of - $ R Naumam, O 1 1 Miller, and 61 Brooke and 
Lcvy. 

Fig. ?OS. Fig. 299. Fig. 800. 

Fis. 299. Complex combination of forms in a ciystal of calcareous spar. 
P, faces of the rhomboid, R Naummn, 1 O O Miiler, P Brooke and Levy. 
m, faces of the rhomboid, 4 R Naumann, 3 1 1 Miller, è1 Brooke and Levy. 

y, faces of the scaienohedron, RJ Naumann, 3 O 2 X i e r ,  dB Brooke and Levy. 
Y, faces of the scalenohedron, R3 Naumann, 2 O 1 Miller, d2 Brooke and Levy. 

r, faces of thc scaienohedron, 8 Rqaumann ,  15 1 3  Miller, dl d bA Brookc 
and Levy. 

c, faces of the hexagond prism, oo P Naumann, 2 i r Miiier ; E Brooke and Levy. 
Fig. 300. Coniplex combination of forms in a crystal of quartz. 
P, faces of the pyramid, P Naumann; or of the rhomboids, R Naumann, 1 O O 

Milier, P Brooke and Lcvy ; and - R Naumann, ï 2 2 Miller, e* Brooke and Levy. 
b, faces of the pyramid, + P Naumann; or of the rhomboids, 5 R Naurnann, 

13 2 3 Niiier, ek' Brooke and Levy ; and - 8 R Nsumann, 7 8 8  Miller, e% Brooke 
and Levy. 

m faces of the pyramid, 3 P Naumann; or of the rhomboids, 3 R Naumnnn, 

7 2 2 Miiier, e i  Brooke and Levy ; and - 3 R Naumann, 6 4 4 Miiler, e4 Rrooke and 
Levy. 

a faces of the pyramid, 4 P Nnumann ; or of the rhomboids, 4 R Kaumann, 3 T 
- 

Niller, c3 Brooke and L e v ,  and - 4 R Naumann, 7 5 5 Miiier, ez  Brooke and 
Levy. 

s faces of a double three-faced pyramid d e r i d  from the doublc sis-faced pymmid, 

2 P 2 Naunionn, 1 4 2 Miller, dl df b4 Brooke and Levy. 
-. 
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O faces of the double the-faced trnpezohedron derived from the scalenohedron 

- R3 Naumann, 4 2 6 Miller, d4 d i  b* Bmoke and Levy. 
e faces of the double three-faced tzapezohedron derived from the scalenoherlron 2 R2 

Kaiaurnann, 8 14 Kier, I d i  b i  Brooke and Levy. 

g faces of the trapezohedron 3 R% Nanmann, 10 5 5  Miiier, à4 d i  61% Brooke 
and Levy. 

r faces of the trapezohehn 4 R? Naumann, 4 1 3  Xiiier, d1 dlf b t  Brooke and 
Lev- 

v faces of the trapeaohcdron 6 R$ Naumann, 16 5 8 Niiier, d3  d b  b ~ %  B~rookc and 
hvy.  

r faces of the hexngond prism ce P Naumann, 2 7 Niilcr, 8 Brooke and 
Levy . 

d faces of the dihexagonal p r i a  ca P 3 Naumann, 5 1 4  Nillcr , dl d i  03 Brookc 
and Levy. 

POURTE BYSTEM-PRISMATIC O B  RHOPBIC. 

This aystem is cdled the Prismnlic or Rhombic, aa its form may be dcrived eithcr 
from the prisrn, or octahedron on a rhombic base. It has also been cailed the orthtypo 
und the one and one azMl system. 

The holoheùral forma of thii system are a right p r i m  on a rsctangtünr bnec, thrcc 
kinds or ordera of *At prbma on a r h a b i c  base, and the dmtbb fotrr-facd pyramid o,i 

a rhombK bmc. The k m i k d r a l  form is the rho~nbic splunoid derived h m  thc doubli: 
four-faced pyramid. 

AlZ>huktical list of Minerab belonging to thr Prwn~atic S y t o n ,  wilh the A y r t l a r  Ele~~woits 
fwm cchich l h i r  Typical Fotrna atïd Axe8 ~ n y  bc rlerived. 

Aeschynite . 
Alstonita 
Amblygonite . 

dalusite 
desite (solphakof lead) : 
timonsilber . 

intirnonite . 
Aragonite (carbonah of lime) 
Baryte (snlphate of barytes) 
Biemuthins . 
Boutnonite . 

xhmtite . 
mkite . 
.edonite (cupre&s sulphDiP 

carbonate of lead) - . 
Celestine (snlphate of strontian) 
Cerumite (carbonate of lead) 

Chlywberyl . 
Comptonite . 
Cordierite 
Cmhinnite 
Cryolits . 
Datholite. 
Diaspore . 
Dufrenite (phosphnie Miron) 
Epistilbite 
Epmmite ( d p h a t e  of mapesia) 
Euchroite 

2E02V; SS548 
300 34'. 36O 27' 
Unknokn. 
4P38'; S P  Y 
SED 11'; 520 16' 
900 0'; 3 3 O  53' 
440 37'; 4s0 3v 
31° 55'; 3.5" 47' 
39O IV; 52O 42' 
4 P W ;  Unkn. 
ASa IV- 41°5S' 
37 55'1 14" 4' 
4 w  5'; 43 2 2  

42' SV; Ho 31' 
37059'; 520 4' 
SI0 23'; S P  52' 
34' 3- 320 11' 
unkno'm. 
2.5 11'- SOD 7' 
~ n t n o ' m .  
90 23. 2ga11' 
40° f'f 26 Sb' 
Unknom. 
38 24; 26" 34' 
43O 4'; 900 34' 
Cnknom. 
2?? 25'; 16" 10' 
r149 43'; P 48' 
SlQ2W; Mo 4' 

Eudnophite . 
Fnyaliie . 
Pluellite . 
Gadolonite 
Glaserite (sulphaleof potnshj 
Glaucodoîe . 
Goslarite (sulphate of zinc) . 
Güthite . 
Haidmpnte . 
Harmotome . 
Hcrderita 

of lime) . . 41°42'; 44 2.7 
Leadhillita (sulphato-cnrbonato 

of lead) 29 50'. 51 37 
Lihethenite (phœpinteofcoher) 43 50.1 35 # 
Limfonite (octhecira1 arseniate . 

of copper) . . SO 20'. SB 2(Y 
Loprtniîe . . ~ . n k d w n .  
Lülingite . . 23 47'. 41 IV 
Aimgunite . 40" l l f  2E0 3 Y  
Mareasita 963 57'; 490 SV 
Yaaca~nine ( d p h . k a m m o h )  2W 28. 360 1W 
Yendipite . ~ n k n a k n .  
Menmte . . 21 W. 19011' 
Mesotppe . . 4430'; 1P2.1' 
Xlispickel . 54' 3'; 490 Su 
.Uonticellite . . 41° 5'; 48 46' 

INORGANIC NATURE.-No. XIV. 2 s 
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418 T H E  RIGHT BECTANGVLAR PRDM. 

Niobite . 
Nitre (nitrate of p:tssh) 
Olivenite (right prismatic ar- 

seniate of co@per] . 
Olivine . 
Orpiment 
Patrinite . 
Philliysite 
Picroamine . 
Poiianite . 
Polyhalite 
Polvkrase 
Polimignyte . 
Porzellanspath . 
Prehnite . 
Pymlusite 
Pgrophpllite . 
Redruthite . 
Remolinitc (mnriate of coppér) 
Fbselite . 
Samarskite . 
Schulzite 
Scorodite (martial arseniate 

of copper), . . 
Smithsonite (siliceous oside 

of zinc) . 

30° 5'; 33" (Y 
Unknown. 
4 4 O  24'; 34O 5Y 
28-4'; 16" 48' 
43O 34'; 31" W 
Unknomn. 
Z05 W. 18O53' 
3 5 O  7.1 31° 24' 

~ n k n i k n .  
30° 12'; 44O 8' 
3 5 O  5W; 31° 1 1  
23" 3P, 31° 51' 
390 40'; 41° 16' 
Unknown. 

staurolite 
Stephanite . 
Sternbergite - 
Stilbite 
8trontianiie (carbinate of ' 

strontian) . 
Stromeyerib , 
Strnvite . 
Solphur . 
Sylvanite . 
Tantalite. 
Thenardite (iulphak of soda) 
Thermonatrite (prismatic cÿr- 

bonate of soda) 
Topaz . 
Triplite (phosphate of man- 

ganese) . 
Tvrolite . 
~alentinite i 
Wavellite 
Witherite (carbonibof barytes) 
Wolchite . 
Wolfram (tungstatéoiiron) : 
Wolfsbergite . 
Zinckenite 
Zwiselite . 

Unknown. 
Unknown. - - -  - 

2l0 31'; 5 C  44' 
26" 47'; 20' 34' 
300 4 8  3G1 33' 
~nkn&vn. 
3 T  7 :  40° 4G' 
2Z0 24'; Unkn. 
290 40'; 8" 3w 
Unknown. 

The R i g h t  &ectangular Priam.-The right rectangular prism, or the right 
prism on a r e c t a n m r  base, is a solid form bounded 

B, by six facefi ; these faces are aU rectangular paral- 
lelograms, and equai to each other i n  pairs; thus 
(F i6  301), the face B, B, B, B4 is equal to the 
face B, B, B, E,, Bi B1 B, B6 to B, B, B, E,, and 
Bi B, B, BL to B, B, B, Bs. 

Modern writers consider th& prism as a com- 
bination of tliree open forms, each f o m  consisting 

M i  of a pair of paraiiel faces ; the bases of the prism 
are then called the basal pinacoids, the wider aides 
macro-pUzacoida, and the narrowor braehy-pinacoids. 

Aazs of t h  RigAt Reotangulnr Prim ami th8 
Ps~is~mtic Systm.-Join B, B, and B, Ba, cutting 
enoh other in Pl, aiso B, B, and B, Bi, cutting each 

8, other in P,. Biscct B, B,, B2 B,, BI B7, and B, Ba 
in the points NI, M,, M, and M4. Join Ml M,, 

Aa 6s M? MS, M3 Md, nnd M, Ml. Bisect Ml M2 and M, M, 
Fig. Sol. in the pointa G, and G,, and M, M, and &fz MM, in 

Hl and H,. Join Pl P,, H, a, and G, G,, cutting 
cach other in C. The three lines P, P,, H, Hz, and G, G,, which are a t  right 
angles to each other, are the axer of the r e e f q u l a r  pristn, and also of the 
vrismatic system. PI Pz is called the principal axis, and Hl H, and G, G, the 
secondary axes. 

Parameters.-The semi-axes CF,, CG,, and m l ,  are the parameters of the 
prismatic system ; the length of CCl is perfectly arbitrary, but ita length once chosen, 
the lengths of CP, and CH, depend upon the angular elemenk already given'for each 
mineral belonging to the system. 

To deterniinc CP, and %Hl draw CG (Fig. 302) of any convenicnt length, au t l ie  
nrbitjary unit of the system of axes. IRIS - LILLIAD - Université Lille 1 
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Draw CP perpendicular to GC. Let a be the angle given in the ht, and fi the 
anale aiven in the second column of the a n d a r  elements. - - 

Draw HG making the angle a, and PG making the angle 8, 1 r i t b  00. 1 / ~-~ - . 

Let H and P be the points where GH and GP meet the per- 
pendicular CP. 

For Aeachynite, the angle CGH is 26" 20', and the angle CGP 
33O 46' ; for Aistonite, the angle CGH is 30" 34', and the angle CGP 
36O 28' ; and no on for the other subatances belonging to the 
prismstic system. 

The lines CG, CH, and CP, thus determined, are the parameters 
of the prismatic system ; it appears, therefore, that the axes of c 

each other. 

4 
this system are mctangula~, and ita three pmamsbs  dl unepud io -2. 

To draw the Bight Rectartgular l'&m.-Dmw B, B, (Fig. 301) equd to twice GC 
(Tig. 302). Through B, draw B, B,, making an angle of about 30°, a ith B, B,. 

Make Bs B, e q d  to CH (Fig. 302). Through B, draw B, B, equal and parallei to 
B, B, ; join B, &. 

Through B, draw B8 B, perpendicular to B, B, and equnl to twice CP (Fig. 302). 
ThroughB, B, and B, draw B, BI, B, B, and B, B, parallel and equd to B. B,. 
Join the points B, B, B, and B,, and the p h  wiU beaepresented in perspective. 
Syinbo&.-Each face of the rectangular prism cuts one of the three axes at a dis- 

tmce from C (Fig. 301), the centre of the mes, equd to the length of one of thc 
pwmneters, and is parallcl to the other two axes. 

The two banal pinucoide, or extremities of the p r i m  B, B, B, B, and B, B, B, B,, 
rut the axia Pl P, in the points P, and P, and are parallel to the axes G, G, and H, Hz 
The symbol which representa thc relation of thcse facea of the prism to the mes 
is 00 m 1. 

Naurnnnn'~ nymbcl ia OP; Mider's 0 0 1; Brooke and Levy'a modification of 
Haüy is P, whcn they regard the right rhombic prism as the primitive form of the 
crystal. 

Tho tmo mm-pinacoida, or broader sides of the prism, Bl BI B, B, and B, B,B, B, 
cut the axin Hl H, in the pointa H, and II, and 
are p a d e l  to the axes Pl Pz and G, G,. The 
aymbol repreacnting thia relation is m 1 m. 

Naumann's symbol is m P a, Miller's O 1 0, 
Brooke and Levy'a H. 

The two b~achy-pinacoi&, or narrower sides 
of the prism, B, B, B, B, and B, B B, B ,  eut 
the mis G, G, in the points G, and G, and are 
pnrallel to the mes H, H, and Pl P-. Thc 
qmbol r prescnting this relation is 1 m m.  

Naumann's sgmbol is m ? m , IIiller's 1 0 0, 
Brooke and L vy's G .  

Ib dednib a lVct for the Rglit Rectangular 
Fig. MS. Priam. - Takc two parailelograms egud to 

BI B, B, B, (Fig. 301), to repment the macro-pkc ids, two 0th- equal in length to 
these, but  with a breadth equal io twicéCH (Fig. 302) f r the bmchy-~innm'dd, and t a o  IRIS - LILLIAD - Université Lille 1 



420 PINACOIDB. I 

Crystah of the following miflerals have Faces paraliel to the Basa2 Pinacoids oo cc 1 .  
O P Naumann, O O 1 Killer, P Brooke a n d  Levy. 

Ambynite Comptonite Ilvnite Oliane Strontianito 
Anànlusite Cordierite Jarnenonite Polyhalite Stromeyeritc 
Anglesite Cotunnite Karstenite Polymignite Sulphur 
Antimonsilber Cryolite Leadhiliite Prehnite Sylvanite 
htimonite Datholite Inganite Pyrolusite Tantalite 
Aragonite Diaspore Lolingite Redruthite Thenardite 
Raryte Euchroite Manganite Roselim Thermonatritc 
Bismuthine Eudnophite Marcasite Scorodite Topas 
Boninonite hyali te Masmgnine Smithsonite Tprolite 
Brookite Pluellite Mendipite Staurolite Witherite 
Caledonite üaciolonite Miripiclie1 Stephanite Valchite 
Celestine Glaserite Xiobite Sternbergite Wolfram 
Cernede Herdente Nitre Gtilbite Wolfabergite 
Chqsoberyl 

The followéng p~esent Clemages parallet to this form. 
Anglesite Chrysoberyl Jamesonite Mascaenine Bternbergile 
Antirnonuilber Comptonite Xarstenite Mispiokel Tantalite 
Antiionite Cryolite LeBdhillite Niobite Tkenardite 
Bapyte Eudnophits Loga+~ite Prehnite Topaz 
Bournonite Fayalite Lolingite Roselite Tyrolitc 
Caledonite Glaserite Mangünitc Smithsonite Wolfsbergite 
Celest&~e 

Ninerale wlrose Cystala pment Paces paralle2 to the Nacro-pinacoids ao 1 m . 
CO m Xaumann, O 1 O Miller, H Brooke and Levy. 

Aeschynite 
Andalusite 
Anglesite 
Antimonsilber 
Antimonite 
Aragonite 
Baryte 
Bismuthine 
Boumonite 
Brookite 
Celatine 
Cerussite 
Chrysoberyl 

Comptonite 
Cordierite 
Cotunnite 
Q o l i t e  
Dathohte 
Epsomite 
Eudnophite 
Fayalite 
Gadolonite 
Glanerite 
Goslarite 
Güthitc 

Haidinperite 
Harmotome 
Herderite 
Ilvaite 
Jamesonltc 
Iisrstenite 
Libethenite 
Loganite 
Xanganite 
lascagnlne 
Mendipite 
Niobite 

Nitre Remolinite 
Olivenite Echulzite 
Olivine Scorodite 
Orpiment Smithsonite 
Phillipsite Stephanite 
Picrosmine Stilbite 
Polianite Struvite 
Polykrase Sulphur 
Polymignite Sylvanite 
Prehnite Tnntalitcr 
Fyrolusite Wolchite 
Redruthite Wolfram 

CZsarages prallelto this form occw in the foRowUzg minevals. 

Aeschpite Chrysoberyl Jamesonite iVo6ite Pyrolusite 
Andalusite Comptonite Xarslmife Olivine Scorodite 
Antimonite Cwolrte Lonanite Orniment Slilbite ~ - ~ -  - 2 --, -- - ~ - , - - - ~ -  - - . ~  -... 
I<aryle Eiidnophite 31:&&Ïit.e Phillipnite Strucite 
nournonite Fngalite 3laacagiiine Picros~ine T~nLalite 
Celestine lhrmotome Mendipite I'olgmignite Wolfram 

CO m Naumann, 1 0 O Miiier, G Brooke a n d  Levy. 
Aescbynite Bismuthine Chrysoberyl 
Alstonite Bournonite Comptonite 
Andalusite Rrochantiîe Cordierite 
Angleaite Brookite Cotunnite 
Antimonsilber Caledonite Crvolite 
Antimonite Celestine Dàtholite 
Aragonite Cerueaite Diaapore 
Baryte Childrenite Epiatilbite 

Epsomite 
Euchroite 
Eudnophite 
Fayalite 
Glaserite 
Gcalarite 
GOthite 
Haidingente 

Harmotome 
Herderite 
Ilvaite 
Jamesonite 
Karstenite 
Leadhillite 
Libethenite 
Logunite 

parallelograms each twice GC (Fig. 30.2) in breadth, and twice CH in length  for  the 
&mal-pinu&; arrange these six rectan,dar parallelog~ams as in Fig. 303, and the 
required net will be comtructed. 
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Manganite 
Mascagnine 
Mendipite 
Mengite 
Mesotype 
Miipickel 
MonticelLite 
Niobite 
Nitre 

Olivenite 
Olivine .-- - -  

Orpiment 
PhiIlipsita 
Picmmine 
Polianite 
Polyhalita 
Polykrase 
Polymignito 

Prehnite 
Pyrolusite 
Rednithite 
Remolinite 
Roselite 
leorodite 
Smithsonite 
Staurolite 
Btephanite 

Bternbergite 
Btilbite 
Strontianite 
Stromeyerite 
Stmvite 
Sylvanite 
Tantalite 
Thenrudite 
Thennonatrite 

Topaz 
Tyrolitc 
Valentinite 
Wavellite 
Witheriie 
Wolchite 
Wolfram 
Wolfsbergite 
Zickenite 

Clcavagcs paralie2 lo th W f o m  ocmv in 

Alstonite Childrenite Glsserite 
Andaluite 
Anglenite 
dntimomite 
Aragonüe 

: ~ o n * t e  
Broohantilc 
Brookita 
Caledonite 
Celentine 

fingonit& 
Ep8omitc Maacagnine 
Eudnophite Mendipite 
Fayalite Nwbite 

Xitre Stepbanito 
Olii.int Sf ilbite 

~h; l l i jmte  Tantalm 
Acronnind Themonairite 
Polionile rVnvcllile 
Polymignite Witheriie 
Pyroltuitr  alc chi te 
Rmolintte ToIfram 
8 c ~ o d i t e  Woljsbergitc 

Right Bhombic Prbm of the Fust Order.-The right rhombic prism of the 
h t  order, or the rccûzngulcrr prirm on a rhombic t h e ,  is 
a solid bounded by six faces, four of which aw rectan- 
gular paraiielograms, such as Al E, E, A, (Fig. 304) ; 
the other two are rhomba. When thin prism ia con- 
sidered as an open form, the four rectan& faces only 
are taken as its faces, tho two rhombic faces which 
inclose it being then regarded as the baaalpinacoids. 

To draw the Riionabio Prism of th Pirst Order.-Bisect 

Pig. 504. Pig. 305. 

the edges B, B,, B, B,, B, Ba and B. B, of t h o  prisrn (Fig. 
301), in the points A,, A, A, und A,; also B, B ,  B, B, 
B5 B,, and B. B,, in El, &, E,, and E,. Prick off the points 
A,, &, A3, A,, El, E, E, and E,, an6 join theae points, as in 
Fig. $4, and the prism WU be repres&ed. 

t 
Fig. 30%. Symbo2u.-Each face of this prism, considcred as an open 

fom,  cuta two of the axes O, G, (Fig. 301) and Hl H ,  a t  the extremities of their 
parameters, and is parallel to the third a x i ~  P, P, ; the symbol representing thii 
property ia 1 1 cm ; Naummn's is cm P, Niiiefs 1 1 CO, and Brooke and Levy's M. 

To Describe a Net for the R h &  A-in-Draw two lines, G, G, and II, H, (Fig. 
305), cutting ench other nt right angles in the point C. Mske CG, and CG, each 
equal CG (Pig. 302), and CH,, CH, equal to CH (Fig. 302). 

Join Hl, G,, Il, and G, as in  Fig. 305. Draw two s u c h  rhombq al80 f o u r  equnl IRIS - LILLIAD - Université Lille 1 
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rectugular paralielograms, their bmadths beiug equd to Hl Gl, and of any couvenient 
length. Arrange these figures as in Fig. 306, and the net wiU be described. 

Sphere of Projection for the 
Prismatic System.-To draw a 
map of the sphere of projection of 
the prismatic systcm, with P, (Fig. 
307) as a centre, and any convenicnt 
radius Pl (i, describe the c i d e  G, H, 
G2. Let G, G?, and H, H,, be any 
t m o  diametent drawn perpendioular 
to each other. Then P,, representing GJ 
the north pole o f  the sphere of pro- 
jection, is the pole of the upper basal 
pinacoid ao a, 1, or O P, Naumann ; 
G, and G2 are the poles of the brachy- - 
pinacoids 1 w w , or m P <a, Nau- 
maun ; and H, and H, are the poles 
of the maoro-pinacoid m 1 ao , or 
w a, Naumann. Fig. 307. 

Faces paralle1 to the Rhombic Priam of t h  First Order, 1 1 m ; m P Naumana; 1 1 O 
Hi&; M Brook and Levy ; occur in the followiflg minerak : the angles are the 20ngitucle 
of their poles. 

Aeschpite  . 
Alstonite . 
Andalusite . 
Anglesite . 
Antimonsilber 
Antimonite . 
Aranonite . 
Baryte 
Bismuthine . 
Bournonite . 
Broehantite . 
Brookite . 
Caledonite . 
Celestine . 
Cerussite . 
Chloanthite . 
Chrrmbeiyl 
Com tonite 
cord%rite 
Corunnite 
Dntholite 
Epistilbite 
Epsomite 
Euchroite 
Endnophite 
Fayalite 
Gaùolonite 

The 
Alstonite 
Andalusita 
Anplesite 
Antimonsilber 
Antimonite 
Aragonite 
Baryte 
Bismuthine 

Gathite . . 
Haidingerite . 
Harmotome . 
Herderite . 
Ilvaite . , 
Jamemnite . 
Karstenite . 
Lendhillite . 
Libethenite . 
Liroconite . 

. 47O 26' 

. w w  
, 4 5 O  53' . 5 7 O  57' 
, 55O 36' . 50° 4û' . 48O 18' . 600 1w . 46> IO' . 5go4w 

Loganite . 
Lolingite , 
Manganite . 
Marcarite . 
Mascagnine . 
hlcnilipite . 
iMengite . 
Mesotype . 
Mispiekel . 
Monlicelute . 
i iobite . 
h-itre . . . 
Olivenite . 
Olivine . . 
Orpiment . 
Phillipnite . 
Picrosmine . 
Polianite . 

. Unkn. . 61" 13' . 49>5w . 5 3 O  3' . GO0 34' . 51° 18' 
, 68" 10' . 45O3W 

Polghalite . 
Polykrase . 
Polymignite . 
Prehnite . 
Pyrolnsite . 
Redruthite . 
Hemolinite . 
Roselite . 
Scorodite . 
Smithsonite . 
Stanrulite . 
Stephanite . 
Sternbergite . 
Stilbite . . 
Btrontianite . 
Struvitc . 
Sulphur . 
Sylvanite . 
Thenarate . 
Topa?. . . 
Tyrolite . 
Valentinite . 
Wavellite . 
Witherite . 
Wiilchite . 
Wolfram . 
Wolfsbergite . 
Zinckenite . 

Brochantite 
Caledonite 
Celestine 
Cerussi te  
Datholite 
Epsomite 
Euchroite 
Giaserite 

Jumesonite 
1.eadbillite 
Liroconite 
Lnganite 
Xangariite 
Mweisite 
Zendipite 
Mesotype 

Nitre 
Olivenite 
Prehnite 
Pyrolîrsite 
Redruthite 

. ~- -~ . 590 15' . Unkn. . 5lP 53' . 6 7 O  36' . W Z V ,  

Strontianiîs 
Sulphur 
Thenardite 
Topaz 
Pnlrntinite 
Wavellite 
Witherits IRIS - LILLIAD - Université Lille 1 
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Position of the Poles of the Right Rhombic Prisln on the Sphere of Prrjection.-The 
poles of this prism all lie in the equator, if 0 be the angle of longitude for cach 
substance given above; and if (in Fig. 307) G,  D,, G, D,, G, D,, and G, D,, be cacli 
taken equal tn 8, Dl, DZ, D, and D,, wiii rcpresent the four poles of the prism. 

Bight Rhombic Prisms d e r i d  from the Right Rlxnnbic Prism of the First Order by 
increaszhg t l ~  grealer As# G, Gv-Thcse prisms will be similar, in all respects, to the 
prism of the first order, from which they are deriveci, exccpt that CG, and CG, (Fiç. 
301) must be taken PI times p a t e r  than GC (Fig. 30%). Makimg this alteration, the 
points A,, A-, A,, AL, El, E, E ,  and C,, wili give the angular points of the derived 

lr+l 

prism. Their symbole wili be 7s 1 w, oo P s Naurnam, h k O Miller, IIn -' Brookc 
and Levy. 

Faces parnllel to the follotving f o m  of tharc Prisvu have Qee~ i  o8served in t I ni; t l o  
angle i s  that of their lonyitu&. 

The form ) 1 m ; m Y ) Naumann ; 3 4 O Miiia ; H7 Brooke and Levy. 
Fayalite . . 5S0 20' 1 Nanganite . . 57 4W 

The form # 1 rn ; m P 8 Naumann ; 2 3 O Miiier ; HI Brookc and L e s .  
Baryte . . . 61 SW 1 Bomnonite . . 57 5Y 

The furm 2 1 m ; a; P 3 Naumann ; 3 5 0 Miller ; H4 Brooke and Levy. 
Cerusaite . . 600 3 8  

The f o m  2 1 m ; m @ 2 Naumann ; 1 2 O Miiler ; HQrooke and Lcvy. 
Andalusite . . 63 41' Fayalite . . 6 3  12' Monticellite . . GG" 21' 
.4ntimonite . . 63 44' Güthite . . . 65 2W Nobite . . . f 7 2V 
Baryte . . . 670 5W Ilvaite . . . 7 i  6' Olivine . . . 65 1' 
Bournonite . . 6 P  52' Libethenite . . 6 4 O  22' Strorite . . 42'82' 
Brookite . . G i  11' Manganite . . G i  7' Woifrom . . G7 52' 
Diaspore . . 640 67' 

Dinsporc han an imperfect cleavnge paraUcl to the above form. 
The f o m  4 1 a> ; a> P 4 Haumann ; 1 4 O Miller ; Hi Broulie and Levy. 

Broolrite . . 7E0 7' 1 Mangaûite . . 78 5' 

The form '2 1 a, ; m Y Saurnann ; 2 11 O Kdier ; HV Bfooke and L e q .  
Braukite . . 81 18' 

The form Y 1 a> ; ai P Y Saiimann ; 4 23 O Nilier ; H;B Brookc and hvy. 
Brwliita . . 81°4W 

Pales of thwa derired Rhombic P d  of tlu Tir& &der on tk h'phere of Prrjedion, 4c. 
-If G, Il, G, 4, G, S, and G, Z,, on the equator of the  pho ore of projection, bc each takcn 
equal to the angle of longitude given above, in Fig. 307, l,, <, 1 , and Z,, ail1 be thc four 
polcs of the prism. If  a be the angular clcnient given in the first column, O tho 
longitude of the pNm n 1 m, for any particulai substance, tben 

tan 0 = n cot a. 

2 0 will be the inclination of the faces of the prism over thc edges E, E, or E, E, (Fig. 
304) ; 180' - 28, their inclination ovcr the edgcs Al A, and A, A,. 

Right Rhombic Prisms derired fro n tlie Ri@ RI , bic Pris II of t h  F'rst O .der, IJ  
inm-eas'hg tlie Lcss r Axi8 Hl -.-These prisms are derir d fiom the prim of the 
fi& ordcr, by making CH, and CH, (Fig. 301) eqiial to n times CIE (Fig. 301). 
With this alteration A,, &, A , A,, El, E-, E and E,, wiii give the angular points of 
the new prism. IRIS - LILLIAD - Université Lille 1 
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The aymbol of these derived prisms wiii be 1 n m ; m F n  Kaumann ; rl- A O Miiler ; 
7 3  

G" - ' Brooke and L e v .  

Fuees paraElcl to the follotui~zg f o ~ n z s  of these Prim Aaîe Zeen observed <n nature; the 
angle is  tAat of their Lngituh. 

The form 1 f ca ; co 'P $ Naumann ; 4 3 O Miller ; Gi Brooke and Levy. 
Anglesite . . 43O 34' 1 Antimonite . . 37O 1 4  1 Bouruonite . . 38O 39 

Waveilite . . 50° 3' - 
The form 1 3 m ; m P 4 Naumann ; 3 2 O Muer  ; G5 Brooke and Levy. 

Dianpore . . 35" 3W Manganite . . 3E0 18' Rcdruthite . . 48O 52' 
Euchroite . . 36' Olivine . . . 35" 35' 1 Topas . . . 51° 31' 
Fayaiite . . 35" 6P 1 

The form 1 g m ; co P g Naumann ; 5 2 O Miiler ; 6 3  Brooke and Levy. . 
Fapalite . . 23= 27' 1 Mangonite . . 2S0 21' 

The form 1 2 m ; m P2 Naumann ; 2 1 O Miller ; 6.3 Brooke and Levy. '' 

deschpite . . 45" 17' Disspore . . 28' Y Remolinite . . 360 43' 
Anglesite . . 3Z027' Epsomite . . 26O4Y Schulzite . . 30° 8' 
Antirnomilber . 40° 54' 1 Euchroite . . 3g0 24' Scorodite . . 2S0 55' 
Baryte . . . 31° 33' Goslarite . . 26O 45' Sulphur . . 310 4Y 
Bournonitc . . 283 4' Gothite . . . 28" 34' Sglsauite . 35O 56' 
Brochantite . . 32O4!t' Ilvaite . . . 360 S1 ~hermonatri& . 53055' 
Celestine. . . 32' 38' Mangnnite . . 301 38' Topaz . . . 430 26' 
Chrysoberyl . . 56O 47' Olivine . . . iC 13' 1 WoIfram . . 310 35' 
Cotunnite . . 30"41' Orpiment . . 3S0 4W Wolfabergite . 50° 3W 
Datholite . . 3 2 O  17' Polmianite . . 35O 25' . - -  

The form 1 3 co ; ~ P B  Naumann ; 9 4 O Niilor ; GY Brooke and Ley-. 
Toninlite . . 2E0 33' 

The form 1 3 co ; m'i; 3 Naumann ; 3 1 0 Miiier ; 6 2  Brooke and Levy. 
Antimonsilber . 301 W Glaserite . . 301 l!? Mengite . . 39'40' 
Bismuthine . . 1E040' Ilvaite . . 25"57' Xiobite . . . 21°54' 
Cerussite . . 2R0 39 ~eadhill i te . . 30° 1V Smithsonite . . 2S0 4' 

Dutholite . . 223 5W 
I 

Chrgaoberyl . . 95'21' Manganite . . 21' 33' Sylvanite . . 25'47' 
Cordierite . . 29' 35' Mascagnine . . 30" 34' 1 Topoz . . . 3Z0 10' 

- 
The form 1% m ; ra P 1 Naumann ; 7 2 O Miiier ; G d Brooka and Levy. 

Chrysoberyl . . 31° 17' 

The form 1 4 m; oo P 4  Naumann; 4 1 O Miller ; 6% Brooiie and Levg. 
Ilrnite . . 203 3' Polymignite . . :i 32; 1 Topas . . . 250 2V 
~eoùhilliie . . 2S3 33' 1 Bemolinite . . 

The f o m  1 5 m ; m 5 Naumann ; 6 1 O Miller ; 64 Brooke and Levy. 
Antimonsilber . 160 6' 1 Antimonite . . 11° 17' 1 Smithsonite . . 1 C  ?O' 

l ' o h  of thesc de, iredRlwnibic P>-i.sms of the First Orch on t h  Sphere of Pqection, Sc. 
-Take G, K,, G, &, G2 K, and G, K, (Fig. 307) on the equator of the sphere of 
projection, each equal to the angle of longitude given above. K, g2 K, and K, will be 
the four poles of the prism. 

Tf a be the angular element given in the first column, 8 the longitude of the prism, 
1 n m for nny particular substance, thcn 

cot 8 = 12 tan a 

20 wiii be the inclination of the fnces of the prism over the edges A, A3, At AA (Fig. 304) ; 
180' - 28, their inclination over the edgea El E3 or E, E,. IRIS - LILLIAD - Université Lille 1 
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Right Rhombic Prism of the Second Order.-The right rhombic prism 
of the second order is  similar in form, but difïerent 
in position, to that of the fht  order. The four faces 
(Fig. 308) whicharerectangularparallelopm, cutthe 
two axes Pl P, and G, G, (Fig. 301) in the pointa P 
and G, and are parallel to the third axis H, H, 
(Fig. 301). 
The rhombic planes A, Ml 4 M, and 8, M, 
M, which inclose the prism are the macra-pina- M 

coids. 
To draw this prism, we have only to prick off the 

pointa A,, A,, A,, A,, E,, E,, E,, and E, from the 
Fig. 301, and join them as in Fig. 308. 

Symbob.-The symbol which represents the rela- 
tion of this prism to the axes of the prismatic system 

ia 1 oo 1; Kaumann'sPoo; Miller's 1 O 1; Brooke 
A J  

and Levy's E&. Fig. 308. 

Alstonite . . 
Andalunib . . 
Anslesite . . 
Antirnonuilber 
Antirnonite . k: 
Aragonite . . 
Baryte . . . 
Bournonite . . 
Bmehantite . . 
Caledonite . . 
Celestine . . 
Cerussite . . 
Cbrysoberyi . . 
Cordierite . . 
Cotunnite . . 
Dntholite - . 
Dinapore . . 
Epiatilbite . . 

that of their latitude. ' 
360 27' Epsomite 
3.50 5, 1 Euohroita 
Ji. F,gi,G-- 
SSO 53' Ohserite 
4W 86' Coslarite 
359 47' Gothite . 
520 42. Haidinueritc 
41° 6 4  ~armofome 
1 8  4' Karsteuite 
54O 31' Leadbillite 
52O 4' Libethenite 
SS0 52' Lolingite 
3W 7. nfnnmnito 
19. ,,, y ; T L  
26O 58' Maseaimine 
26" 94' Mispickel 
S03 2 9  Monticellite 
16O 1V 1 Nitre . 

Olivenite . 
Olivine . . 
Phillipsite . 
Polianite . 
Pyrolusite . 
Remolinite - 
Smitbsonita . 
Stephanite . 
Rtrontianite . 
âtrurite . 
Sulphur . 
Rylvanite . 
T~~utalite 
~hermonatri& 
Topaz . . 
Valentinib . 
Withurib . 
W o l h m  . 

Andaladte Arogonite Epsomite I.olingitc 
Ant~monsilber üuurnonite Euchroita Narrasite 

Position of the pote8 of t l ~  Right R W i c  Priam of :lu S d  Ordw m the SpJiera of 
Projection. 

The four poles of this prism al1 lie in the same meridian or zone G, Pl G,, (Fig. 
307). The poles a,, a, in the northem hemisphere for any particular substance are 
determined by obseving where the circle of latitude, whose north polar distance is 
equal ta tho angle  of latitude given above, cuts the meridian G, P, G,, the other two 
poles are where the same circle of south latitude cuts the eame meridian. 

The angle for determining the latitude of the poles of this form is that giveu in the 
second column of the angular elementa, for substances belonging ta the prismatic 
system. Let S represent this angle. 

Then 28 and 180" - 28 are the inclinations of the faces of thispriam to each other. IRIS - LILLIAD - Université Lille 1 
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Right ~hombic  Prisme derived from those of .the Second Order.- 
By increasing or diminishing the axis Pl PZ (Fig. 301), by making CP, (Fig. 301) 
equal t o  rn times the parameter CP (Ëig. 302), where 111 may be any whole number or 
fraction greater or less than unity, and then from Fig. 301 so altered constructing a 
right rhombic prism of the second order, a new mies of prisms may be described. 

Sjm60Zs.-The symbol which wili represent the relation of these prisms to the 

axes of the prismatic system is 1 ca na ; Naumann's is m F m  ; Xiiier's 6 O 2 ;  Broolre 
" 

and Levy's ET. 

Faces patnllol to these detived RAom6io Prisezs of the Seco~zd O~der ,  &th the folloioing 
angles fot. dcterminiq the latitude of their poles, Aaee 6een observed in nnture. . . - 

The form 1 m &; P ai Naumann ; 1, 0,12 Miller ; E & Brooke and Levy. 
Celestine . . 6> 6' - 

The form 1 ao 4 ; 2 P m Nauniann ; 1 O 6 Miller ; E?T B i d e  and Levp. 
Tantalite . . 6' 11' - 

The form 1 m $ ; t P co N a u ~ a n n ;  1 O 4 Miller ; E+ Brooke and Levy. 
Gaùolinite . . 16O 5 8  1 Marcasite . . lGO 30' 1 Nispicliel . . 16* 16' 

The form 1 ai 4 ;  $5 m Naumam; 1 O 3 Miller; E& Brooke and Levy. 
Celcstine . . 9' 1 Marcasite . . 21° 83' 1 Sulphur . . 3Z0 18' 

Vulentinite . . 250 14' 

The form 1 CO 4 ; a Fca Naummn; 1 D 2 Miller ; E$ Brooke and Levy. 
Antirnonite . . 2ï0 4' Ilwite . . . 1 Y  51' Olivine . . . 3W 24' 
Aragonite . . 19' 4Y Leadhillite . . 8 2 O  16' Smithsonite . . 13" 34' 
Baryte . . . 3 P  15' Mispiokel . . 3l0 4' Stromeyeiite. . 25" 69' 

Glaserite . . 56O 11' 

I 
&rusite . . 190 69' Mnrcasite . . 803 38' Thermonatrite . 280 7' 
Fapli te . . 300 4' Nitre . . . 1 9 O  l I  1 Witherite . . 20° 21' I 

The form 1 8 ; 3 P CO Nmmann ; 2 O 3 Miller ; ~f Brooke an6 Levy. . . 
Dntholite . . 18026' Roselite . . 2!P SW Tops2 . . . 3Z0 19' 
Redruthite . . 3 2 O  54' 1 Sulphar . . 510 40' 1 Wolfram . . 2g3 5.1' . . 

The form 1 m 3 ; t P m Xaumann ; 4 O 3 Miller ; E% Brooke ami Levy. 
Brwkite . . 51' 32' l Dathoüte . . 53' 41' 

The form 1 m 3 ; 3 m Naumann ; 3 O 1 Miller ; E! Brooke and Levy. 
Aragonite . . 6 5 O  11' Misnickel . . 74' 32' I Sglvnnite . . 61° 23' 
Ceru-site . . CsJ 15' 1 Smithsonite . . JJo 23' 1 Tantalite . . 6Z0 5 1  
Dîiholita . . 06' 1 9  1 

The form 1 ai 8 ; 2 P ca Xaumann; 3 O 2 Miller ; Eif Brooke and Leq.  
Aragonite . . -lis 14 1 Herderite . . 32" 30' 1 Stnurolite . . 45' 48' 

Stroutinnite . . 4ï0 .2P 
The form 1 CO 2 ; 2P m Naumann; 2 O 1 Miller; E' Brooke and Levy. 

The form 1 m 4 ; 4 P CO Naumans; 4 O 1 Miller; Ee Erooke and Levy. 
Cenissite . . 70' 55' Strontianite . . :O3 67' Topaz . . . 7%' 15' 
Datholite . . 633 26' Sylvanite . , 67O 45' 1 Vnlentinite . . 7g0 58' 
Prehnite . . 7S0 SV 1 

Rednithite . . 62" 44' 
Smithsonite . . 44' V 
Stephanite . . 53" 34' 
Sternbergite. . 59" 12' 
Strontianite . . .55= 22' 
Sylvanite . . 50° 43' 
Topaz . . G 2 O  13' 
~ i t l i e r i f e  . . 5 6 O  O* 

Aeschynite . . 535 15' 
Alstonite . . 559 55' 
Antimonsilher . 53= 20' 
Araponite . . 55" 15' 
Broolcite , . @? 6' 
Cerussite . . 55" PV 
Childrenite . . 52= 7' 
Dathohte . . 450 v 

Cemsitt, Stephanite, Strontianite, and Fitherite cleave parallel to  this form. 

Epsoinite . . 49' 4'. 
Harmotome . . 54O 15' 
Ilraite . . . 4Z3 23' 
Leadhillite . . 68. 24' 
Masmgnine . . 5 5 O  87' 
Niobite . . . 60' 2W 
Nitre . . . 540 Sû' 
OiiTine . . . 6 6 O  55, 

IRIS - LILLIAD - Université Lille 1 
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The form 1 w 6; 5: m Naumann ; 5 O 1 Miller; EQ Brooke and Levy. 
Aragonite . . 1 4 O  20' 1 Smithsonite . . 67' 3V 

The form 1 m 6 ; 6P m Naiiman 6 O 1 Xiller ; E3 Brooke and Levp. 
Aragonite . . 76'59' 1 Herderite . . 68'34' 1 Strontianite . . 7 F  2' 

The form 1 m 7 ; 7P ca Naumann ; 7 O 1 Milier ; ES Erooke and Levy. 
Smithsonite . . 73'31' 

The form 1 m 8 ; S ca Xaumann ; 8 O 1 Niilcr ; E* Brooke and Lery. 
Strontianite . . 50' 12' 

The form 1 ce 10 ; 10 y co Naumann ; 10, 0, 1 31ill~.r ; Es B:ooke and Levy. 
Sternbergite . . 8 3 O  13' 

The form 1 co 12 ; 12 P w Naumann ; 12, 0, 1 Niiier ; E-rooke and Le-. 
Strontianite . . 83 26' 

Poles of the derhed Rhom6ic Prisnls of the Second &der on 116 Spherc of Projcclim- 
Let A be the angle @en in the list above for detcrmining the latitude of any form for 
a particular substance. The two points where the circle of north latitude, whosepolnr 
distance from Pl is h, cuts the meridian or zone 
G, P, G, (Fig. 307); and the two pointa where 
the eame circle of south latitude ciits the same 
zone, wili give the four poles of the derived 
rhombic prism. 

Let 0 be the angle given in  the secoud column 
(pages 417, 418), 

tan A = m tan B. 
Right Rhombic P h  of the Thixd 

0xdex.-The right rhombic prism of the third Mr 

order is similar in form to that of the firat order, 
but diffcrs in position with regard to the nxea 

+--eV 
Sym6ols.-Each face passes throuçh one ofthe ex- 

tren~ities of the axes Pl P, and II, H,, and is pnrallcl I 
to the third axis G,  G? The symbol ahich expresses E Es 
this relation i s  w 1 1 ; Kaumann'i is P co ; Nillcr's 

Fig. 503. 
O 1 1 ; Brooke and Levy's 84. 

To draw this prism prick off the points E,, E, E,, E, ~a ?dl, N,, M ,  Ji, from 
Fiç. 301, and join them as in Fig. 309. 

Facm paraiiel to the Priom of the Third Order o c m r  in the follow0.l minerab : tJw angle 
ia lhat of their latitude. 

~ndalus i te  . . 95 26' 
Aatirnonsilb r . 49 19' 
Aragonite . . 49 IV 
B 7 r ) t e .  . . 58 1C' 
Bournonite . . 43 43' 
Chrgwb ryl . . 50 ;Y 
Datholite . . 33 li' 
Epistilbite . . 35 5' 
Epsomite . . 19 58' 
Eudnnphite, undetern in d. 
PayaLite . . 51 28' 

G *Inrite , . 29 S N  
GGt ite . . . 53 8< 
1 raite . . . 33 4W 
Liroeonite . . 53 49' 
Lo ingite . . 64 20' 
Yancunite . . 3YJO. 
Mi%pichel . . GO 24' 
Olirenite . . 35 46' 
Olivine . . . 51 33' 
Orpirnent . . 48 3V 
h e h n i t e .  . . 4JJ 7' 

Remolinite . . 48 31' 
Smithsonite . . 31 M' 
Staurolite . . 55 22' 
Stilbite . . . 39 8' 
Struvite . . 49 25' 
Bulphur. . . Bb.53' 
Sylvanite . . 41 32' 
Topaz . . . G 55' 
Wavellite . 36 37' 
\Volchite, und crrnin a. 
Zhckenite . . 14 42' IRIS - LILLIAD - Université Lille 1 
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The following presmt CZeauages paralleà to th& form. 
Bournonite. Liroconite. Remolinite. Smithsonite. Topae. 

Position of the Polss of theRight Rliornbic PîGm of the Third Order on the SpAere of Pro- 
jectim8.-Let A be the angle given in the above list for determining the latitude for any 
particular substance. The two points hl, 6, (Fig. 307) where the circle of northlatitude, 
whose polar distance from P, is h, cuta the meridian G, PG,, and the two points where 
the same circle of south latitude cuts the same meridian, WU give the four poles of the 
rhombic prism of the third order. 

Let  a be the angle given in the first column, and j3 that given in the second column 
(pages 417, 418). Then A may be obtaincd from the formula 

tan ,9 
tan A = 

tan a 

Big& Rho~nbic Prisnu derived fro~n those of the Third 01der.-By taking CP, 
(Fig. 301) m times CP (Fig. 302) whorc ?n may he any fraction or whole number ; and 
from Fig. 301 so aitercd, describing a right rhombic prism of the third order, a series of 
prisms sirnilar in form and position, but differing i n  magnitude from Fig. 309, may be 
formed. 

8yenbob.-Each face of thcse derived prisms cuts tvo  of the axes Pl P,, Hl Hz, 
and is parailel to the thiud G, G,, and the symbol which expresses thii relation to the 

m 
axcs is co 1 tn ; Naumann's is m P w ; Miller's o B 2 ;  and Brooke and Levy's AT 

Faces parde2 to these dwived Rhombic PP-Utns of the Third Order, with the following angles 
for determining the Zatitude of their poles, have lem odse~üwi in nature. 

- ..- 
The form co 1 8 ; & P w Naumann; O 1 6 M i ;  A?T Brooks and Levy. 

Baryte . . . 15' 2' 1 Iiobite . . . 10° (Y 

The form ce 1 3 ; f P co Naumann ; O 1 5 Milier ; A& Brooke and Lcvy. 
Baryte . . . 17' 52' 

The form co 1 3 ; 4 w Xaumann ; O 1 4 M i e r  ; 84 Brooke and Levy. 
Anglesite . . 22" 2 W  Bournonite . . 13" 27' Celestine . . 29' 22' 
Barrte . . . 21' 56' 1 Brookite. . . 15' 40' 1 Leadhillite . . 28' 50' 

The form m 1 3 ; 4 P w Naumann ; O 1 3 Miiier ; A& Brooke and Lcvy. 
Baryte . . . 28" 11' 1 Cernssite . . Z1° 33' Sulphur . . . 37O 58' 
Celestine . . 28' 43' Niobite . . , 19O 26' 1 Top= . . . 303 55' 

The form m 1 4 ; 4 co ~ a u m a n n  ; O 1 2 K i e r  ; 84 Brooke sud Levy. 
Anglesite . . 59' 2;' 1 Cerussite . . JO0 39' 1 Prehnite . . 26> 4W 
Baryte . . . S V  51' Epsomite . . 48= 47' Strontianite . . 30V 43' 
Bournonite . . 25" 33' Olaserite . . SF 5' Sylranite . . 235 53' 
Broolrite . . 29' 18' Haidinnerite . . 16J 33' Wolfram . . 28' 1' 
Celestine . . 59' 24' Leaùbillite . . 4iJ 45' 

Baryte has au imperfect clcavage parallel to this form. 

The form w 1 3 ; 3 P co Naumann ; O 2 3 M i e r  ; 8f Brooke and Levy. 
Bournonite . . 32> 31' 1 Chryaoberyl . . 39' 27'1 Niobite . . . 35l 1Y 

The form m 1 9 ; 3 P w Naumann ; O 3 4 Milier ; ~8 Brooke nnd Levy. 
Celestine . . 50° 5 7  1 Leadhillite . . 74> 24' IRIS - LILLIAD - Université Lille 1 
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The form m 1 a; P ce Nanmam; O 3 2 M i e r  ; ~2 Brookc and L e v .  
Datholite . 4 F  27' 1 Splvanite . . SV '2' 

The form m 1 2 ; 2 m Naumann ; O 2 1 Miiler ; Al Brookc and Levy. 
Bournonite . . 6Z0 24' Datholite . . 51' 38' Polykrase . . 6 P  (Y 
Brocharkite . . 32' 54' Haidingerite . . 49" 56' ücorodite . . 6P 30' 
Calcdonite . . 71- 55' 1 Yanganite . . 52' 14' Smithsonite . . 50" 56' 

The form CO 1 3 ; 3 P m Naurnann ; O 3 1 Niiler ; A$ Brooke and Le-iy. 
Ilvaite . . . 6S0 25' I Smithsonite . . 61° Si'  

The for* m 1 4 ; 4 P CO Naurnann ; O 4 i Niiier ; A2 Brooke and Levy. 
Haidingerite . . 67' 11' 

The form ca 1 6; 6 jP m Xaumann; O 6 1 NiUcr ; AJ Brooke and Levy. 
Sternber#ite . . 76' 31' 

Position of the Pole8 of ths deriued Xlronrbic Pi-Wm of the Third Or& on the 8phere 
of Prgèctbn.-Let b, and b, (Fig. 307) be the pointa where the circle of latitude, whosc 
polar distance fmrn Pl  is the angle A given for each particular substance in the pre- 
ceding article, cuts the meridian Hl  PH, ; these points, together with two simiiar ones 
whcre the same circle of south latitude mits Hl PI&, will be thc four pole8 of the 
rhombic prism. 

If a bc the angle in the first, and B that in t h  second column (pages 417, 418), 

Rhombic Pyxamid.-The double four-fnccd pyrainid or octalredrcn on a rhombic 
ame is a solid bounded by eight triangular faces ; each face, such as P, H, G, (Fig. 310) 
being a ecalene triangle. It has six four-faced solid angles, 
equal to one another in pairs, that at Pl being equal to that 
at P,, at H, to &, and at G, to G,. The edge P, Hl equals 
H, Pz, H, P, and P, H, ; the edge Pl G, equals P, G,, Pz G,, 
and P, G,; and the edge H l  G, equah G, H,, Hz G, and 
'32 Hl. 

b draw the Rhotnbic Pyraf~iid-Prick off from Fig. 301 
the pointa Pl, P,, H,, IL, G, and G, and join theae os in 
Fig. Am.-The 310. prismatic axes join the opposile ;four-faced % (j f l  
solid angles of the rhombic pyraniid. 

Sym&Zs.-Every face of the pyramid cuta the three axes 
Pl P,, G, G, and Hl H, at the extremities of the parameters ; 
the aymbol which expresees this relation is 1 1 1 ; Naumann'~ Pa 
is P ; Miiier's 1 1 1 ; and Brooke and Levy's B. Fig. 310. 

Position of tk Polca of the Rhombic Pyrarnid on the Spherc 
of Projedion-Four of the poles of this pyramid lie in the same paraliel of north 
latitude, and four in the same parallel of south latitude. 

Let h be the polar distance of the pole el (Fig. 307) of the face Pl Hz G, (Fig. 310) 
from Pl ; p its longitnde from G, or the arc GD,. 

T'en the eight polea of the rhombic pymmid dl beywhere the north and south 
cucIea of latihde, whose polar diatances are equal to eut the meridians of longitude p, 
180-p,180+p,and360-p. 

If a and B be the angles given in the fint and second columns @aga 417 and 418), 
Then p = 90 - a, and tan A = tan coscc a. IRIS - LILLIAD - Université Lille 1 



4 30 NET FOE THE RHOMBIC PYRAMID. 

To dsaan'be e Nef for the Rlwrnbis Pyramd. 
Draw two lines, CG and CP (Fig. 311); at nght angles to each other; take CP 

L H C  

Fig. 311. Pif. 31% 

equai CP (Fig. 302), and CG and CH equal to CG 
aud CH (Fig. 302). Join PH and PG. tl 

Then (Fig. 312) take GH equal to GH (Fig. 302), 
and on GH, as a base, describe the triangle PGH, Fig. 513. 
having its sides PG and P H  equal to PG and PH 
(Fig. 311). Eight of these triangles, arranged as in Fiq. 313, will give the requked 
net. 

Pace8 paralhd to the Rhonabic Prima whoae s y ~ b o d  is 1 1 1 ,  with the foUowing A&es fol. 
detemainkg t h  position of their Po'oles, hure 6een obamvd in nature. 

Aeschynite . 
Alstonite . 
Anglesite . 
Anti~çousilber 
Antimonite. 
Arirgonite . 
Baryte . 
Bournonite . 
Brookite . 
Caledonite . 
Celestine . 
Cerussite . 
Childrenite . 
Chrvsohervl 
cordieritë" 
Cotunnite . 
Datholite . 
Diaspore . 
Epsomite . 
Fayalite . 
Fluellite . 
Gadolonite . 
Gluserite . 
üoslarite . 
Gotbite . 
Harn~otomc 
Berderite . 
Ilvaite . 
i ïnr~tenite . 
Leadhillite . 
Libethenite . 
Manganite . 

Mascagnine 
Mengite . 
Mesotype . 
Mispickel . 
Niobite . 
Nitre . . 
Olirine . 
Orpirnent . 
Pliillipb.ite . 
Polvkrnse . 

~tepnbergite 
Stilùite . 
Strontianite 
Struvite . 
Sulphur . 
Sylvanite . 
Tantalite . 
Thenardite . 
Thermonatrite 
Topaz . . 
Warellite . 
Witherite . 
WoLh-am . 

. Unknown. . . A=55'20' p = 2 9 0 6 8  . A =  52' 10' r = 57O 50' . A = 59' W p. = 5 P  45' . A=48' û' p z 4 5 0  8' . A = 54" 17' /L = 58O40' . A = 5 P  6' p=61°25'  . A =  71'39' p = 50059' . A = 47' 6' p = 5 5 O  24' . A = 4 8 5 1 t  p=50J4fY . A = 61' 51' p = 64" 41' . A = 72'56' p = 69'59' . A = f i P 4 b '  p=6Y10 '  . A = 39'47' r = 6.Y 13' . A = 55'24' p = 59" 15' . h=5F55' p=5O15.3' 

Indination of the T a r n  qf the RhoPnbic Pyranhi.-If 0 be the angle of inclination of 
tmo fnces;over any of the edges HG (Fig. N O ) ,  <P over the edges PR, and iI, over the 
edges PG, 

e = 2 ~  C o s ~ = t m ~ , o , ~  sin+ t t a n ~ m s ~  
2 - tan u IRIS - LILLIAD - Université Lille 1 



YERIVED RHOYBlC PYRAMII>Ss 43 1 

D e r i v e d  Xhombio Pyramids.-From the rhomb~c pyrnmid just dcscribcd, a 
series of rhombic pyramids rnay be derived, similar in p&ion, but  differing i n  
magnitude from the fundameittal pyramid &am$~hich they are derived. These 
p y r a ~ i d s  may conveniently be divided into three clnsçes, 

D e r i v e d  Bhombic Pyramid of the F k s t  C1ass.-This pyramid is Gerived 
from the fundamental pyramid, by making the vertical axes CP, and CP, (Fig. 301) 
equal to m times the parameter CP (Fig. 302), where rn may be an7 wliole nurnber, or 
fraction greater or less than unity. 

Symbok-The symbol for this pyramid is 1 1 9n ; Naumann's m P ; Miiier's Ii IL t ; 
1 

and Brooke and Lcvy'a B*c 
fitcliization of Egccs, Positbn of Po&s, &.-If the symbols a, BI A, p, O, 9, and $J 

represent the same angles as in the case of the fundamentd pprnmid, 
u c (90" - p) tan A = m tan 6 coscc a 

tnn B cos A 
0 = 2 A  c o s * = r n t a n B c r n l  sin:=* - 

2 tan a 

The poles of this pyrnmid always Lie in  the two zones D, P, D, and DP, D, 
(Fig. 307), being bctween the points P and C a hep w i  is l m  t lm  uniîy, and betvcen 
C and D mhcn m is grenter than unity. 

Facca paraüet l o  the followi~~g Pyramids of the Pirst Chss have Been obseroed in flatioa. 

The form 1 1 4 ; 4 P Naumann ; 1 1 8 Miller; Ba Brooke and Levy. 
Bar~te . . A = 14 34' p = 50 5V 

Tbe form 1 1 8 ; & P Naumann ; 1 1 6 Millcr ; Be Brooke and Lcvy. 
Anglesite . . A = 19 22' p = 51 40' 

The form 1 1 &; 1 P Rnumnm; 1 1 5 Nilier; BS Brooke and Levy. 
Bnryte . . A = 12 34' p - W5O'  1 sulphur . . A = 31 5' g - JO 59' 

The form 1 1 f ; f P Naumann; 1 1 4 BIillcr ; B' Brooke and 1 . c ~ ~ - .  
P~ryte . . A = 27 2;' = JOJSO 6ylv?nite . . A 15 4' p 55 24' 
Çelestiue . . A = 27 31' p - 5 1  1' l o p z  . . A - 26 '6' p - 6- lu' 
4troniejerite . A = 25 44' p = 593 4â' 1 

The form 1 1 j ; j P Naumnnn ; 1 1 3 MiUcr ; Bq Iir o h  and L c v .  
Antirnonile . A = 55 53' p = 45 28' 6 n l p h ~  . . A = 45 8' p 5 P 5 V  
Baryte . . A - 34 43' p -  W5O'  GyIVLUilte . . A - 18 44' p = 55 SI' 
cdèbtine . . A = 34 4;' p - 52 1' Tlienardite . A - 31 5 D' p - 64 41' 
Cerussite . . A = 24 50' p j$ 3;' T P U  . . A - W 7' p = 62' 1iY 
harstenite . A = 26 1 i '  ir - 49" 18' 1 W o h m  . . A - A 3.1' u = 50 53' 

The form 1 1 4 ; 
An~lesite . . 
Anrimonsilber . 
Bar) te . . 
Bournonik . 
Brookite . . 
Cerussire . . 
Cordierite. . 
Olaqerite . . 
Karstenite . 
Leadhillitc . 

Theform 11  Q; 
Caledonik . 

er ; B? Brookc and 
RedtUthite . A - 43 
Scorodite . . A = 36 
Stephanite . A = 32. 
Str ntianite . A = 34 
6tromejerite . A = 43 
Sulphur . . A = 56 
Sllranite . . A = 28 
Top'll . . A = 45 
Nitherite. . A - 35 

4 P h'oumann ; 1 1 2 Miller ; B? Brookc and L c v .  

er ; Ba Brooke and 

A = 46 1 8  ,, - 51 49' 
A = 33 53' - 60 0' 
A = 4 ,  6' = 505 5 v  
A = 33 14' - 4% 5 v  
A - 36 15' fi  - 49 53' 
A = 34 46' - 58 3;' 
A = 28 53' = SV 3;' 
A = 96 M p = 603 12' 
A = 363 23' p = 4 F  18' 
A = 5 1  46' ,'=GU 1ü' 

Lcv 
Redruthite . A - 43 5:' fi = 59= 48' 
Scorodite . . A = 36 1' p - 29 5 j '  
Stephanite . A = 3 2 ' W  p - 57 sw 
Str ntianite . A = 34 4'3 p 58 40' 
Gtromejerite . A = 43 57' p = 59 49' 
Sulphur . . A = 56 26' p = 50 19' 
Sllranite . . A = 28 17' p - 55 24' 
Top'll  . . A = 45 SR' = 62" IV 
Nitherite . . A - 35 56' fi - 59 15' 

5:' 
1' 

' *6' 
4'3 
57' 
26' 
17' 
SR' 
56' 

% P Naumann ; 2 2 3 niiller ; Ba Brooke and Leq-. 
A = 5Y 1W fi 5 47 Sü' Childrenite . h = 97 35' rr = 55 51' 

Lev 

The form 1 1 ; 4 P Naumann ; 4 4 5 BIillcr ; BS B m k e  and L e s .  
Strontianik . A = 4So 3' p = 68 4V 
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The form 1 1 + ; 2 P Naumann; 4 4 3 Miiier ; B% Brooke and Levy. 
Prehnite . . A = 6 8 O  15' p = 49'58' 

The form 1 1 2 ; 4 P Naumann ; 3 3 2 Miiler ; B% Brooke and Levy. 
tjtrontianits . A = 64' 24' p = 58' 40' 1 Sylvanite . . A = 68' 13' p =.55O 24' 

The form 1 1 2 ; 2 P Naumann; 2 2 1 K i e r  ; ~i Brooke and Levy. 
Alstonite . . A = 71" û' p = 59'26' Stephanite . A = fiso 46' p = 57' 5V 
Brookite . . A = Il0 11' p = 43" .55 Stembergite . A = 73' 17' p = 59' 45' 
Dstholite . . A = 58' 1V p = 51" 38' Strontianite . A = IV 14' p = 58' 40' 
Mangemite . A = 30°37' p = 49' 5û' 

The form 1 1 3 ; 3 P Naumann; 3 3 1 Muer ; B* Brooke and Levy. 
Herderite . . A = 67a 2.5' p = 51° 57' ] Strontianite . A = 7 6 O  31' p = 5S0 40' 

The form 1 1 4 ; 4 P Naumann; 4 4 1 Miller ; ~f Brooke and Levy.' 
Datbolite . . A = 72O 45' p = 51' 38' Prehnite . . A = 7g3 13' p = 49' 58' 
Herderite. . A = 72' 39' p = 57" 57' 1 Strontianite . A = 79' 49' p = 5S3 W 

The form 1 1 8 ; 8 P Naumann; 8 8 1 K i e r  ; BB Brooke and Levy. 
Strontinnite . A = 84O 52' ,u = 5E0 4û' 

Derived Rhombic Pyramid of the Second C1ass.-TKspyramidis:derived 
from the fundamental pyramid by making the vertical axes CP, and OP, (Fig. 301) 
equal to m timcs the parameter CP (Fig. 302) ; where m may be any whole number or 
fraction, equal to, greater, or less than unity ; and the lesser horizonta1 axes CH, 
and C R ,  (Fig. 301) equal to n times the parameter CH (Fig. 302), where n may be 
any whole number or fraction greater than unity. 

SymboZs.-The symbol for these pyramids is 1 n m ; Naumann's m Pn ; Milier's h k I ; 
n + 1 ai(* + 1) 

Brooke and Levy's BI B" G Z r .  

Inclination of Faeaî, Position of Poks, &.-If the symbols a, 6, A, p, 8, 9, and + 
represent the same angles as in the case of the fundamental pyramid, 

cot p = n tan a tan A = în tan ,3 eec p tJ = 2A 
J, m tan 6 cos h 

cos 8 = n t a o  cos A sin - - - - 
2 - n  t ana  ' 

Four of the poles E,, E,, E,, and EL (Fig. 307) lie in the same circle of north 
latitude, and the other f o u  in the same circle of south latitude, each withh one of the 
spherical triangles GPD. 

Facee pazallel to the folbwing Pyranda of the Second Cla'lass have been observeil in-nature. 

The form 1 3 2 ; 2 7  9 Naumann ; 8 7 4 Miiler ; BL BI6 GY Brooke and Levy. 
Brookite . . A = 69'51' u = 46' 7' 

The form 1 $ 2  ; 2 PS Naumann; 4 3 2 Miller; B1 B7 Ga Brooke and Leq-. 
Brookite . . A = 6S0 26' p, = 41° 42' 

The form 1 3 4; g?! 4 Naumann; 3 2 2 Miiier ; Bl B5 GS Brooke and Levy. 
Payalita . . A = 64O SV p = 5s0 52' SBurolite . . A =; 60' 37' p = 51' 37' 
Olivine . . A = 65'12' p = 3.5'35' 1 

The form 1 8 3 ; 3 P$ Naumann ; 3 2 1 Miiier ; BL BE G* Brooke and Levy. 
' 

Dntholite . . A = 630 (Y p = 40' G' 

The form 1 2 4 ; & jP' 2 Naumann ; 2 1 4 Niier ; BI B3 G$ Brooke and Levy. 
Bpryte . . A = 37'36' p = 31° 33' [ Iendhillite . A = 68°11' rr = 41' 5' 
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Tho form 1 2 $ ; fP 2 Naumann ; 2 1 3 Miller ; Bl B3 63 Brooke and Levy. 
Antimonite . A = 31' 21' p = 26' 52' 

fi = 5G, 1 TOP= . . A = 41' 4' p = 43'26' 
Bylvanite . . A = 2GJ a' 

The form 1 2 1 ; 2 Naumann ; 2 1 2 Miller; BI B3 ~3 Brooke and Levp. 
Angleaite . . A = 5G3 51' p = 32927' Celestine . . A = 5G5 43' p = 32' 38' 
Aragonite. . A = 4P4.5' p = 38" 45' Chrymberyl . A = 46' 38' p = 56'47' 
Baryte . . A = 57 W p = W33'  Datholite . . A = 305 36' p = 32" 17' 
Brookite . . A =  47 41' p = 59' 1;' Leadhillite . A= 59' 1û' p = 41" 5' 

The form 1 2 8 ; 3 2 Naumann ; 6 3 5 Miller ; BI B3 GA Brooke and Levg. 
Manganite . A = 37" 14' p = 30" 38' 

RHOMBIC PYRAPIDS, SECOND CLASS. 435 

The f o m  1 2 $ ; $ 2 Naumann ; 4 2 3 Miller ; B1 B3 G1 Broolce and Levy. 
Datholite . . A = SE0 15' p = 32' 1;' 

The form 1 2 2 ;  
Anglesite. . 
Antimonite . 
Aragonite. . 
Brookite . . 
Cerussite . . 
Chrysoberyl . 
Datholite . . 
Epistilbite . 
Epsomite . . 
Goslarite . . 

The form 1 2 4 ; 4P 2 Naumann; 4 2 1 Miiier; BI BWs or E, Brooke and Lcvy. 
Datholite . . A = 67* Y p = 32> 1;' 

2y 2 Naumann ; 2 1 1 Miller; B1 B3 GZ Bmoke and Levy. 

The form 1 @ 8 ; ~'i; 4 Naumann ; 5 2 2 Millcr ; B1 BI G Z  Brooke and Levy. 
GDthite . . A = sa0 52' fi = z S o s r  

A = Ï1° 55' p = 32O 27' 
A = 66> 24' p = 2 6  52' 
A = 61J35' p = 3E045' 
A = W32' = 59" 17' 
A = 61 52' p = 500 40. 
A = 59' 26' p = 5G0 47' 
A = 48 47' p = 329 17' 
A = 4Z0 21' p = 5O02Y 
A=5I05Y p = 2 6 4 Q  

The form 1 8 ;  5 P Naumann ; 14, 5, 18 Jdiller ; BI B~ G B ~  Brookc and 
Levp. 

Brookitc . A = W 3 Y  p =22D 59' 

Manganite . A = 51° 42' p = 300 SB' 
Orpiment . . A = 59'21' p = 39 10' 
Smithsonite . A = 48 44' p = 32' 34' 
Sternbergite . A = 65 38' p = .MO 37' 
Bylvanite . . A = 56' 28' p = 35 5 1  
Topna . A = GC 6' p = 43'26' 
~alentini te '  . A = 77O38' p = 51 45' 
Wavellite . . A = 46' 33' p = 44 44' 
Wolfram . . ~ = 6 3 ~ 4 8 '  p = 3 1 S 5 '  

The form 1 3 9 ; Q P 3 Naumann ; 3 1 8 Miller ; B1 B2 G )  Brooke and L c v .  
Sylvanite . . A = 14 27' p = 2 8  47' 

A = 52 11' p = 263 43' 

The form 1 3 +; Q P 3 Kaumann ; 3 1 6 Miiier ; B1 B3 6 3  Brooke and Levy. 
Celestine . . A = 59" 50' p = 23= 7' Topna . . A = 3 3 O  57' p = 32 16' 
Sulphur . . A = 50) 54' p = 2Za22' 1 

The fonn 1 3 9 ; 9 P 3 Naumann; 3 1 4 M i e r  ; BI EZ G B  Brooke and Levy. 
Boiunonite . . A = 85' 31' p = 19 9 8  1 Sylvanite . . A = 26'51 p = 25 47' 

The fonn 1 3 1 ; 3 N a u m a ~ ;  3 1 3 Miiier; BI B' G: Brooke and Lcvy. 
Antimonsilber . A = 3r0 47' p = 300 [Y Bulphnr . . A = MD (Y p = 22 2 2  
Celestine . . A = 54 22' fi = 23 5' 1 

The form 1 3 3 ; t? 3 n'aumann ; 3 1 2 Miiier ; B1 B: Gl Brooke and Levy. 
Baryte . . A= 8 P 4 9  p = 22" 15' . A = 45 31' p = 25 47' 
Celestma . . A = 690 5û' p = 23' 1' 1 sylvoni~  

INOROANIC NATURE-No. XV. 2 P 
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431 XHOYBIC PYUAYIDS, THIRD CLASS. 

The form 1 4 1 ; ? 4 Kaumann; 4 1 4 Milier ; Bi B* G$ Brooke and Levy. 
Cclestine . . A =  581 25' p s 17O48' L e a m i t e  . A = 5 P  !Y p = 23' 33' 
Urmotorne . A =  35'39' p = 14°W 1 

The form 1 4 3; 3P 4 Naumann ; 4 1 3 Miller ; Bi BB GQ Brooke and Levy. 
Celesthe . . A = 6V 23' p = 1P48' 1 Topaz . . à = 54O27' p = 25'20' 

The form 1 4 2 ; 2 ?! 4 Naumann ; 4 1 2 Miiier ; B1 ~2 GS Brooke and Levy. 
Anglesite . . h = 73O 7' p = 17' 38' 

The form 1 4 4 ; 4 'i;4 Naumann; 4 1 1 Miller ; Bi B% GE Brooke and Levg. 
Datholite . . A = 6 4  33' p = 17°32' 1 Smithsonite . A =  6 P  45' p = 17'43' 

The form 1 + 2 ; P P 2 Naumann ; 9 2  2 Miller ; B1 BV GY Brooke and Leq-. 
Disspore . . h = 6gJ 68' p = 13O 22' 

The form 1 5 5 ; 6 P 6 Naumann ; 5 1 1 Miiier ; B1 B% 6 3  Brooke and Levy. 
Brookite . . A = 78" 22' = 13"21 1 Datbolite . . à = 68'48' p = 14" 10' 

The form 1 6 2 ; 2P 6 Naumann; 6 1 3 Miller ; B1 ~5 G )  Brooke and L e v ~  
hïobite . . A c  6O049 p = 11°22 

Derived Rhombic Pyramid of. the Third Clam.-This pyramid is derived 
ïrom the fundamental pyramid, by making the vertical axes CP, and CF, (Fig. 301) 
cqual to m times the parameter CP (Fig. 302), mhere m may lie any whole number or 
fraction, equal to, geater, or less than unity ; and the greater horizontal axes 
CG,, CG, (Fig. 301) equal to n times the paramcter CH (Fig. 302) where pa may lie 
nriy whole number or frnction greater than unity. 

Symbob.-The s p b o l  forthese pgramida is la 1 m; Raumann'p, In 2 sa ; Miller's, 
n t 1 nitn + 1) 

7 i(: 1 ;  Brooke and Levy's, BI B X  H F .  
fitclinntiola of Faces, position of Poles, &.-If the symbols a, P,  h, p, O, 9, and # 

r present the same angles as in the case of the fundamental pyramid, 

tan 0 cos A 
O = 2 1  c a s $ = ~ t i n f l c o s h  sin:=, -- 

tan a 
Four of the poles A, f,, f,, and f, (Fig. 307), lie in  the same circle of north 

latitude, and the other four in  the same cirele of south latitude, mhme polar distances 
arc both equal to A, each within one of the spherical triangles DPH. 

Faces paralhl to t h  following Pyrmid< of the Third C h s  hnve been obser~ed in nature. 

The form # 1 4; 4P 3 Naumann ; 3 4 1 Miller; B1 B' HZ Brooke and Levy. 
Smithsonite . A = 70' 42' p = 59' 35' 

The faim 4 1 $ ; 4 F3 Naumann ; 2 3 6 Milier ; BI BS H?T Brookc and Levy. 
Broolÿte . . A = 32'46 p = GOa4P 

The f o m  8 1 3 ; 2 P Naumann ; 2 3 4 K i c r ;  B1 B5 II$ Brooke and Le-. 
Anglesite . . A = 54" 19' p = 62'20' 

Thc form $ 1  8 ; 2F $ Naumann; 2 3 2 Miiier ; El BJ ~2 Drooke and Levy. 
Brmlÿte . . A = G2 Si '  p = GO' 42' 1 Tantalite . . h = 63' 43' = GF 26' IRIS - LILLIAD - Université Lille 1 
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The f o m  4 1 Q ; 4 P $ Naumann ; 4 6 2 Miiier ; B1 Bs HP Brooke and Levy. 
Haidingerite . A = 60°4S' p = 56- 7' 

The form 2 1 1 ; P 2 Ifaumann ; 1 2 2 Miller ; BI Bs ~f Brooke and Levy. 
Bourxionite . 
Datholite . . 
Diaspore . . 
Fayalite . . 

The form 2 1 2 ;  
Bonrnonite. . 
Cerussite . . 
Chrysoberyl . 
Dathoiite . 

Gothite . . A =.SV 1' p = 6Ei02û' 
Manganite . A = 35 1' p = 67' 7' 
31onticellite . A = 55' N p = 66' 27' 
Olivine . . A = 54 15' p = 65' 1' 

Miiier ; BI B H: Brooke and Levy. 
Epsomite . . A = 52 Y p = 63'4LY 
111 aite . . A = 54 38' p = 71' 6' 
Smithsonite . A = 52 5;' p = Ga3 38' 
Tantalite . . A = 59 51' p = 67 47' 

Haidingerite , A = 68' 47' p = 67O 14' 

I 
The form 2 1 4 ; 4P 2 Naumann ; 2 4 1 Miller ; B' Ba H , or A,, Brooke and Levy- 

The form S 1 1 ; F 3 Naumann ; 1 3 3 Miller ; BI B ~ H ;  Bmokc and Levy. 
Manganite . A = 38 51' p = 7 4 O  17' 

The form 3 1 3 ; 4 P 3 Naumann ; 1 3 2 Miiier ; BI B'- II1 Brooko and Levy. 
Baryte . . A = 68 14' p = 74 48' Mispiekel . . A = 6S0 42' rr = 17 18' 
Dotholite . . A = 44 25' p = 75 13' 1 Bylvarute . . A =  91 56' f i  = 77 3' 

The forni 3 1 3 ; 3P 3 Naumann ; 1 3 1 Miiier ; B1 B? II-, or 4, Brooke and Levy. 
G0thii.e . . A = 64 16' p = 72 59' 

The form # 1 3 ; 3 P 3 Naumann; 2 3 1 Miller; BI B5 HP Brooke and Levy. 
Grnithnite . A = 64 24' p = 62 27' 

The form 4 1 1 ; 1; 4 Naumann ; 1 4 4 Miiier ; B1 B# H% Brooke and Levy. 
Olivine . , A = 52 22' p = 763 54' 

Rhombic  Sphenoid.-The Rliotabic SpireMid, or, ïrregidhr Tctralredron, is a 
Iic»lihtd,nl form, deriyed from the dodie four-faced rlwmbic pyramid, by the dcvelop- 
mont of half its faces. I t  is bounded by four equal and similnr triangular faces, each 

face, mch as BI B, B6 
(Fig. 314), or B, B, a.? 

B, (Fig. S16), b ing 
a rrcalcne triangle. 
Thii aolid haa f o u  
three-faced aolid an- 
gleg BI, B3, B,, Be 
(Fig. 314), and B, B,, 
B,, B,(Fig. 315),each 
equal to one another; 
the aix edges are 
equal to one another 

be derirod from eyery 
one of the pynimids 

Fig. 315. Pig. 314. previonsly dc ribed. 

To draw the Ràombic 3phenoid.-Fig. 301 b ing d r a n  with mes P,P, Il H,, and 
GIG, of t h e  requisite lengths for the pyramid; the points B,, B , B4, and B, b ing IRIS - LILLIAD - Université Lille 1 



436 COMBINATIONS OP T H E  PRISMATIC SYSTEM. 

pricked off and joined, as in Fig. 314, wiil give the positive sphenoid, and the points 

m B2, B,, B ,  and B, joined, as in Fig. 315, will giw 
the negative aphenoid. 

To Dcscrae a Net for the Rhomdic Sphenoid.- 
Let PGH (Fig. 312) be the face of the pyramid 
from which the sphenoid is derived; a triangle, 
each of whose sides is twice the corresponding sidc 
in PGH, wiii be a face of the derived sphenoid; 

Fig. 316. 
and four such faces, arrangea as in Fig. 316, will 
form the required net. 

Piincipal Combinat ions  of the P r i sma t i c  System.-Fig. 317. Corn6ination 
of a double four-faced rhombic pyramidwith the fnces of the right rectangular prism. 
a, faces ofthepyramtd; b, faces of the basal pinacoids CO m 1 ; O PNaumann; O O 1 Miller; 
P Brooke and Levy ; replacing the solid angles P, and P, (Fig. 310) of the pyramid by 
planes. 

d 

c, faces of the braclry-pinacoids 1 m a, ; a, P a, Naumann ; 1 O O Miller ; G Brookc 
and Levy ; roplacing the solid angles G ,  and G, (Fig. 310) of the pyramid. 

Fig. 317. Fig. 318. 

4 faces of the mm-pitaacoicki CO 1 CO; m 9 CO Naumann ; O 1 O Miüer ; E Brookc 
and Levy ; replacing the solid angles H, and H, (Fig. 310) of the pyramid. 

Fig. 318. Combination of the doub2e four-faced rhombio pyramid with the faces of 
the right rhombic p r i m  of t h a j h t  order. 

If a, a, âc., represent the faces of the rhombic pyramid whose symbol is 1 1 1 ; 
P Naumann ; 1 1 1 Milier ; B Brooke and Levy ; or of the pyramid 1 1 m, m P Naumann ; 

h h k Miller ; B^R, Brooke and Levy ; 8, b, &c., will represent the faces of the prism 1 1 m ; 
a, P Naumann ; 1 1 O Miier ; M Brooke and Levy ; replacing the edges HG (F'ig. 
310) of the pyrarnid. 

If a, a, tc . ,  represent the faces of the pyramid n 1 m ; m P n Naumann ; 4 b, &o., 
will represent the faces of the prism n 1 m ; m Fin Naumann. 

If a, a, &c., represent the facea of the pyramid 1 s m; m Naumann ; b, 21, &c., 

will represent the face8 of the priam 1 n ce ; a, 98 Naumann. 
Fig. 319. Cwnbiraath of the pyramid with a rQht rhombic priam of tirs second 

wder. 
If a, a, &c., represent faces of the ppamid 1 1 m ; m P Naumann ; 4 8, &c., will 

represent the facea of the prism 1 oa m ; m P o o  Naumann ; replacing Me edgea PG 
(Fig. 310) of the pyramid. 
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In a similar manner the faces of the prism oo m 1 ; m P  co h - a u m m  ; wiU replace 
the edges PH (Pig. 310) of the pyramid. 

Fig. 320. Combinalion of thepyramid withprima of lhojîrst and second orders. 

Pig. 319. Fig. 820. 

5, fnces of the rhombic prism of the accond order 1 w m; m'ij co Naumann ; 
rcplacing the aolid angles Pl P, (Fig. 310) of the pyramid a, a, &c., whose symbol is 
1 1 m' ; m' P Naumann-where in' is leas than in. 

c, faces of the rhombic prism of the h t  order 1 n m ; m F m  Nnumann ; replacing 
the solid ~ g l e s  G,, G, (Fig. 310), of the pyramid a, a, &c., whose symbol is 1 n' m ; - 
tir P d, where n' is less than n. 

d, faces of the rhombic prism of the f h t  order n v  1 oo ; w f n Naumann; replacing 
the solid angles H, Hz (Fig. 310) of the pyramid a, a, bc., ahose symbol is n' 1 na; 
rn P n' Naumann, where n' is p a t e r  than n. 

Fig. 321. Cmnbinntion of the pyramid witli the prisma of the r e d  and third 
ovders. 

b, faces of the prism of the third order m 1 m ; m P oo b a r i n  ; replncing the 
solid angles P,, P, (Fig. 310) of the pyramid a, u, &c., whose symbol is 1 n m', or 

n Naumann: or n l tn' ; m' F n Naumann, where m' in grenter than m. 

Fig. 321. Fig. 821. 

c, faces of the prism of the aecond order 1 ca m ; ni P m h'aumann ; repiacing tho 
solid angles Gl G, (Fig. 310) of the preccding pyrarnids, where m' is leas than in. 

6, faces of the prism of the third order a, 1 m; tn P oo Naumann; replacing th0 
solid angles H, l& (Fig. 310) of the snme pyramids, where in' is leas than m. 

Fig. 322. Con~binatim of rhombicpyramids. 

4 faces of the pymmid 1 n m; m P n  Nsumann. IRIS - LILLIAD - Université Lille 1 



438 CONBINATIONS OF THE PRISNATIC STSTEN. 

- 
6, faces of the pyramid 1 n m' ; nt' P la Naumann; repincing the soIid angles 

Pl and P, of the pyramid a, a, &o., mith a four-faced solid angle, where m' is less 
thau m. - 

c, faces of the pyramid 1 98 m" ; m" P n Naumann; 'beveling the edges HG 
(Fig. 310) of the pyramid a, a, Ero, where m" is grcater than m. 

The same figure shows the combinations of the pyramid 98 1 m ; m P n Naumann; 
with the pyramids n 1 m' ; n i  P n Naumann, and n 1 m" ; m" P n Naumann under 
similar conditions. 

F i p .  323 and 384. Cotnbitanfhs of the p r k m  of t h e p r s t  orcter with 0 t h  f o ~ f n s .  

Fig. 3'23. Pig. 324. 

Fig. 323. a, face6 of the prisms L h q ; m P Naumann. 
6, faces of the basal pinaüoid a m 1 ; O P Naumann. 

F, faces of thcprism 1 w 1 ; P m  Naumnnn. 
(a, faces of the prism n 1 cc ; m P n Raumann. 

Fig. 324. fi, faces of the prism n 1 rn ; m P n Naumann. 
b, fnces of the basal pinacoid, m m 1 ; O P Nauinann. - 
e, faces of thc brachy pinacoid, 1 a w ; a P w Mmmttnn. 
à, fnces of t h  pyramid 1 1 1 ; P Naumann. 

TIITII SYSTEZI-THE OBLIQCE. 

This system is called thc oblique, bccause its forms may be rlerived from the oblique 
prism, or oblique octaliedron on a rhombic base. It has d s o  been calied the naonorlif?o- 
hedrlc, hemiprismatic, henaiorthotype, cli~zorhornbic~ he~ihed~ic-~honafiic,  and Iwo nnd @PL- 

memhtcd q d e r n .  
The forms of this systeni are the oUiqtte grisna of* a tectmgzrLr base; two orders of 

prisma 0% 7ilom6iu bnsea, a seriea of ri@ p r i s m  on oblique rhombic buses, and tho inclineil 
or oblique doubk four-fnced py~nmid 09. oetnhedron on a rhonzbic h e .  IRIS - LILLIAD - Université Lille 1 



OBLIQUE SYSTEN. 439 

Alyhnbetieal lid tf minernls klo>?giig to the Ob qus qysten , u d h  the anqukér eleme ts, fro n 
zuhich tluir t y p a  forinr and mes mny 6e derbed. B l a ~ h  are teft V, t h  cases tohere 
the angular ebntents have nol been detennined. 

The Obiiqne Xectanguiax Priam.-The obiiquo r c tanp la r  prism, or the 
oblique prism on a rectangular 
base, is a soiid bounded by a u  
faces; two of these faces (Fig. 325), 
B, & B3 B. and B, B,, Br Bg) are 
equnl und sirnilar rectangulnr 
parnllclograme ; two other faceq, 
B, B, B, B, and B, B, B, B, are 
&O eqiial nnd nimilm rectangular 
pnrallelograms, differing in magni- 
tude from the former pair ; and the 
remaining sides, B, B, Bg Ba and 
B R2 B, B. are equd nnd similnr 
O' lique parallelograrns. 

This form is now generdiy 
r gardcd aü a combination of three F'g. 32'. 

open forms, each consisting of a pair of paraiiel faces, and sometimes qpearing by IRIS - LILLIAD - Université Lille 1 



410 PARAMETERS OF THE OBLIQUE SYSTEM. 

itscif in  combination with other forms without the othcr *o. 13, B, II, B, aiid 
B, B, B, Fi, are then called the basal pinacoifi, B, B, Ba B, and B, B, B, B, the 
clino-pinacoids, and B, B, B, B, and B, B3 B, B, the ortho-pihacoids. 

Axes of the Oblique Pr+m and Oblique &stem.-Bisect the edges B, B5, B, B,, &c., 
Fig. 325, by the points Y,, Y?, M,, and M, ; the edges B, B,, BA B,, &c., by the points 
El, &, E,, and E,; and the edges B, B,, B, B,, &c., by the points A,, 4, A,, and A,. 

Join Ml M, M, and MI; El E, and A, 4 cutting in P, ; and E, E, and A, A, 
cutting in P,. 

Bisect M, M, and M, M, in G, an6 G,; and also Ml M, and JI2 Y, in Hl and 'H,. 
Join Pl P,, H l  H ,  and G, G?, cutting each other in C. 
Then Pl P,, H, H,, and G, G, are the three axes of the prim, and dao of the 

oblique system. 
Pl P, is ealled the chief ot. principal asis; Hl H, and G, G, the aecondary axes. 

Hl E, is the ortho-diagonal, and G, G, the dino-diagond of Namann. 
Pl P, and G, G, are incLined to one another, at  some angle greater or less than, but 

never equal to, a right angle ; Hl Hz ia perpendicular to both Pl  P, and G, G,, and 
consequently to the plane in which they lie. 

Parameters.-The semi-axes CP,, CG,, and CH,, are the parameters of the oblique 
system; the length of CG, is perfectly arbitras; but ita length once chosen, the 
magnitudo of CP, and CH, for any particular mineral depends upon the angular 
elements previously given. 

To determine CP and CH. Draw CG (Fig. 326) of any convenient length. 
Then if a, B and y be the three angles given as the 

angular elements of any particular substance, A: Draw CP making an angle equal to 180" - (a + 8) 
with CG, and through G the line GP, making an angle 
equal to B with CG. 

Let CP and GIP meet in the point P ;  through C 
draw CL perpendicular to PG. 

d Then (Fig. 327) draw CL equal to CL (Fig. 326). 
Fig. 326. Pig. 527. Through C draw CH perpendicular to CL, and 

through L, LI1 making an angle equal to y with CL. Let H be the point where 
CI1 and L H  meet. 

The lines CG, CH and CP thus determincd are the prameteva of the oblique 
system. 

I t  appeara, therefore, that in the oblique syatem one mis on& si perpendicular to the 
o&r two ; and the thrce paramelero are unepd.  

Ib draw the Oblique Rectanguhr Prim.-Draw B, B, (Fig. 325) equal to twice CG 
(Fig. 326). Through B, draw B, B7, making an angle of about 30" with z8 B, ; make 
B, B, equal CH (Fig 327), through B, draw B, B, equal and parallel to B, B,, join 
B7 Be 

Through B, draw Ba B, equal to twice CP (Fig. 326), and making the angle B, B, B, 
equal to the angle PCG (Fig. 326) ; through B,, B, and B7 draw BI BI, Bg B, and 
B, B,, each pnraüel and equal-to B, B4. Join Il,, B,, B, and Bp> and the prism will be 
represented in perspective. 

r9ymbols.-Each face of the oblique rectangÿlar prism cuts one of the three axes, at  
a distance from their centre, equal to the length of one of the parameters, an3 is 
pardel  to the other two axes. 

IRIS - LILLIAD - Université Lille 1 



NET FOI( OBLIQUE RECTANGULAB PBISX. 44 1 

Tho two basatpinacoidp B, B, B3 B, and B, B, B, B, cut the mis Pl P, in the points 
Pl and P, and are parde l  to the axes Hl & and G, G,. 

The syrnbol which re- 
presents the relation of 81 

these faces to the axes 
i s w o o l .  

Kauniann'a aymbol ia 
OP ; Miller's, 0 0 1 ; 
Bmoke and Lepy's modi- 
fication of Hnüy is P, 
when they regard the 
oblique rhombia prism ~\a 
the primitive f o m  of thc 
c rystd. B8 

The two mtho-pina- 
coi& BI B, Bg Bs and 
B4 B, B, B, cut the aris P1 

G, G, in the points G, and 
G2, and are parallcl to 
thc uses Hl H, and P, P,. P 

The symbol whiah repre- Fig. 328. 
aents this relation ia 1 m m. 

Naumann'~ symbol is a~ P m ; Miller's 1 0 0 ; Brwke nnd Lcvy's II. 
The two clino-pinowicu B, B, Bg B, and B2 B. B, Bc cut the axis Hl H, in thc 

pointa Hl and H,, and are pnraiirl to the area P, P, and G, G,. The aymbol which 
rcpresents thii relntion is m 1 m. 

Naomann's syrnbol is (w P m ) ; Miiler'a O 1 O ; Bmoke and Levy'a G. 
To daiwibs a Net for t h  Obliqua ReokznguZar Pria .  - Describe a paraiiclogram 

Fig. 329. 
-. 

Pig. SU). 

B, B, B, B, ((Fig. 328) equal and aimiiar to B, & B. (Fig. 326). Through BI draw 
B, B, perpendicular ta B, B,, make B, B, equal to bite CH (Fig. 327). Through IRIS - LILLIAD - Université Lille 1 
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B, draw T3, Bo perpendicular to BI B,, making B, B, equal to B, B1, m d  join B, B,. 
Through R, draw B, F perpendicular to B, B,, and eqnal to B5 B,, and throngh B5, 
B5 D parallel and equal to B, F. Join FD. 

Then arrange t v o  parallelograms equal and similar to each of the paral lel~~rams 
B, Ej B, B4, B, B, B, B,, and B, B, CD, as in  Fig. 329, and the required net mill be 
constructcd. 

Sphere of Projection for the Oblique System.-To draw a map of thc sphere 
of projection for the oblique system, with C (Fig. 330) as a centre, and any eonvenient 
radius CG, describe a circle G, Pl G y  

Let Pl C P ,  and G, C G, be tmo diameters intersecting one anothcr in snch a 
mnnner, that the angle P, C G, is equal to a $ 6 .  Thcn C, the north pole of the 
hcmisphcrc, may be taken as the pole of the clino-pinacoid B,B4 B, B, (Fig. 326), 
0, and G, as the pales of the artho-pinacoids, and P, and P2 a3 the polea of the basal 
pinaco ids. 

Crystals of the folhwing minerais present faces gnrallel to the Basal Pinawids m GO 1 ; 
O P, Xazi~fiann; O 0 1, Miller; P, Bïooke and Ley. The angle is the Zougitude of 
the pole P, froin G,. 

Allanite . . 114' 55' Glnuberite . . GUJ 16' 
.4mphibole . . 75 2' Heulandite . . 91" 25' 
Augite . . . 3 5 1 u i t e  . . 1 0 1  48' 
Bnrvtoealcite . 1flP 26' Johannite . . 5.Y 29' 
~ i e b e r i t e  
Botryogm 
Hrognti nite 
Brewsterite 
Bronzite 
Bucklnndite 
Chesaylite 
Epidote . 
Euelase. 

-- -~ ~ 

hermes. 
Klaprothine 
Iilinoclase 
Lehmannite 
Lepidolite, 1 
Linarite 
Lunnite 

. -  - 
mined 
102" 43' 
900 O' 

: 1 Malachite . . 61'45' 
Yelanterite . . 75'40' 

Felspar . . . 116O 7' Xiargyrite . . S1° 36' 
Preieslebenite . S7"46' Xiea . . 80' 1' 
Gaylusite . . 78" 27' Nirabilite . . 107'45' 

Monazite . . 76' 14' 
Pargasite . . 750 y 
Pharmaeolite . 835 14' 
Plagionite . . 72'28' 
Realgar . . . IlSn 55' 
Rhodonite . . 73O 5S' 
Khyacolite . . 116O C' 
Sphene . . . 9P54' 
Spodnmene . . 110°30' 
Tincal . . . 106'35' 
Triphyline. mdetermined. 
Vnuquelinite ,, 
Virianite . . 103'35: 
W n p e r i t e  . . l O k  1 
Whewellite . . 107' 1 1  
Woolastouite . OC 46' 

The follo&ng present Ckauages parallel to this forin. 

Rronzite Humite -linlachite Realgar ï'riplqjlim? 
Fpldote ïï2i~iocasc Velnnterite Rhodonite Wagnerite 
P'elspav Lehmannite 3fica Rhyawlite WhencllitP 
Gnylu9ite Lrpidolite XirnbiZite Bphene Woolastonite 

&ces paraIlel to the Ortho-pi~zaeoids 1 m m ; m P m Xaicinanm; 1 0 0 iUzXer ; 
H Brooke and Lely, occtw in Crystaln of 

Acmite 
A:ger!te 
Allanite 
Amphibole 
Augite 
Bragationite 
Bremsteii:e 
Bronzite 
Bucklnndite 
Chessylite 

Epidote 
Erythrine 
Euclase 
Pelspar 
Peuerblende 
Freieslebenite 
Gnylusite 
Glanberite 
GYP- 
Heulandite 

Hnmite 
Hureaulite 
Hyperstene 
Kermes 
Klaprothine 
Klinoclnse 
Laumonite 
Lehrnaunite 
Linarite 
Lunnite 

Malachite 
Melinterite 
àliargyrite 
Xirabilite 
Nonazire 
Natron 
Plaeodine 
Plagionite 

Rhodonite 
Rhpaeolite 
Ycolezite 
Spodnmene 
'1 inca1 
Vauqudinite 
Vivianite 
Wagnerite 
Woolmtcnite IRIS - LILLIAD - Université Lille 1 
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The following pesent Clcavagcs p w z l l  2 to th's fmm.  

Acmite Epidote Laumonite >Iirabilite S p o d m e i e  
Amphibole Erythrine Lchmdnnite Monazite Tincal 
Augite Euclase Lhiar te Placoi inc Virianite 
Brevsteritr Gypsuin Lunnite 1leai:ar Ti'agne .ite 
Bronnte Hypetstenc Uiarggrite Khodonite Wool~istonitc 
Chessylite Kermes 

Faces parnlZd to th6 Cli 20-p .? acoids CO 1 ce ; ( XJ 1' CO) Nt21 I Z R  zn j O 1 O X I l c  Y : 
C BrooHe and Lwy, oc ur ipa C~ys tah  of 

Acmite Epiùote Klnprotbine Xica Scolezite 
Almerite Ergthrine Küttigitc Mirabilitc bl hcne 
Amphibole Monaz tc bpodumene 

ron S ~ m p l  =A 
1 inc.il 

Aupite Gyps lm Linarite Ph i rm colite riiphglinc 
Botrgocen Heuinnditc Malachite Rea1g.i~ Viri inite 
B r e ~ s t c r i t e  Humite Melanterite Khodonite Wheaellite 
Bronrite Hvnerstene Xiaravrite Bhyacolite Zobite 

The fol1 ,c'>y pr sent Chauop parnllel lo this f rra. 

Acniite Er thr'uc hütiiq ' U nazite Rhywolitc 
Amphi d e  E r na Latm O hntron SJ 1 plcsite 
An r d r r  ' I n  ICI-par Lepi ioli e Pargas te  l inça l  
Arfreda;>nit G pstrm J l~ loc l r  i PJwr ,in 'fc Triplq linc 
l u ~ i t e  l f~u lnnd i l e  WCR Renlrar B'rint i tr  
Brewstarils Hgperstene Mirubllile Xhodonito \ \heacl  ito 
Bronzi e 

Oblique Rhombic P&m of the Fhst &der.-Thc obliq te rho bic p i  '\ 1 

or the obliq leprisnt on a rhombic base, is r solid b undcd bp six fnccs. fo u of  which 

Fig. 331. 

arc similnr and cqua1 obliquc plrd1 1 - 
p m s ,  such as A, E, E, A, (Fig. 331 , 
and thc 0th r t a o  am similm and equ. 1 
rhombs. 

This prism ia g neraiiy regarded a 
an open f o r m  ; the four oblique paral- 
lelograms are thcn considercd its faces, 
anù the h v o  rhombs which incloee it th 
basa2 pinnc ids. 

To Draio the Obliqus Rhombia A 'SIIL 

-Pkk off the points A,, .& A,, A,, 
E l  IL, E,, E, fiom Fig. 325; join 
these p ints as in Fig. 331, and the 
prism will be repr sented in perqwctirc. 

S.ymboIs.-Each face of this prism, 
considercd an open form, cuts two of the axes G, G2 (Fig. 325) and Hl H, a t  the 
extremities of their parametc~, and is paral: 1 ta the third mis Pl P-. The syrnb 1 
represmting this property is 1 1 x ; Nrumann's ia m P, Yili r's 1 1 O, Brooke ma 
hvy's Ji. IRIS - LILLIAD - Université Lille 1 



444 OBLIQUE RHOXBIC PRISM, FIRST ORDER. 

To Describe a Net for the ObGque Rhom6ic Prhw of the Rrst  Order.-Bisect B, B, 
(Fig. 328) and F D by the points As Ad, also the lines B, D and B, F by E, and E,. 

Join E,, A,, E4, and A4 ; then E, A, E, -A& d l  be 
the rhomb which forms the base of the prism. 

Through B5 (Fig. 325) draw B, K perpendicular to 
B, B,. I n  B, B2 tnke B, L equal B, K. Join Bt L. 

Thcn (Fig. 332) draw XI N' equd B, L (Pig. 32S), 
N P perpendicular to M N 
and equai B, K (Fig. 328). 

Join P X i ,  and bisect it 
in Q ; produce P M to RI 
and make P R equal B, B, 
(Fig. 325). Through Q 
draw Q 8 parallel an3 7 e t o  P R ;  andjjoiv 

P Q R S WU be one 
of the four obliaue ~ a r a l -  

> .  

Fig. 332. lelogrnms forming one of Fia. 333. 

the sidcs of the prism. Four such parallelograms, and tmo rhombs equal A, E, A, El, 
arranged as in Fig. 333, will form the required net. 

Poles of the Oblique RJwvnbic P&tn of the Fi& Order on the Sphere of Projection.-Tho 
four poles of this form lie in the zone or meridian Ga C G, (Fig. 330) : two, A, and 
4 (Fig. 33O), where the circle of north latitude, mhose polar distance from C the 
north pole is A, cuts the zone 6, C G,; and two where the circle of south latitude, 
whosc polar distance from the south pole is A, cuts the aame zonc. A is determined 
from the formula- 

tan. h = sin. ,¶ tan. y cosec (a + p), 

where a, B, and 7 are the three angles previously given as the angular elcments, for 
the substance, whose polea for this form are required. 

Polea para2lel to th Oblique Rhmnbic Prim, 1 1 m ; a> P Naumann ; 1 1 O Miller ; 
M Brook and Zevy, acncr ira'the followin~ Ninerals. The angls is the angle A, 
whicA cleferm»tes the Latitude of the* Pohs. 

Acrnite . . . 430 28' 
Algerite . . 47O W 
Amphibole . . G20 G' 
Arfvedsonite . . GZO 6' 
Augite . . 43" 33' 
~ a r p m i o i t e  . 4Z0 26' 
Bie ente . . 41" 1W 
Botryogen . . 59" 58' 
Brewsterite . . 68' W 
Bronzite . . 4s0 38' 
Bucklandite . . 31° 34' 
Chrssylite . . 4g0 4? 
Epidote . . . 31°34' 
Ruclase . . . 57O 25' 
Felspar . . . 59" 24' 
Peuerblende . . 69' 36' 
Preieslebenite . 59" 36' 
Gaylessite . . S4O 25' 

Glauberite . . 41'' 46' 

Hureaulite . . 31" 15' 
Eyperslene . . 43O 15' 
Johannite . . 3 4 O  30' 
Klanrothine . . 450 45' 
~liÛoclnse . . 280 W 
Laumonite . . 4S0 8' 
Lehmannite . . 46- 52' 
Lepidolite . . 5g0 30' 
Linarite . . 30" 3W 
Malachite . . 53" 4W 
Nelaraterite . . 41° IV 
Niargyrite . . 1P 49' 
Mica . . 60° 23' 
~ irabi l i i e  . 40° 11 

Monszite . . 46O 35' 
Natron . . . 3E0 14' 
Pargasite . 6%' 15' 
pharmacolite' . 3 8 O  42' 
Plawdine . . 32' 16' 
Realgar . . 37O 13' 
Rhodonite . . 4 P  33' 
Soolezite . . 45- 48' 
Snhene . . . 66O 54' - r - ~ - ~ ~ ~  - 
Spodumene . . 43" 30. 
Tincal . . . 43"30' 
Triphgline . . 66O (Y 
Vivianite . . 5ri0 SB . - - - - - - . - -  

wagnerite . . 47O 42' 
Whewellite . . 5 0 ° 1 1  
Woolastonite. . 47O 41' 
Zoisite . , . 58O 8' IRIS - LILLIAD - Université Lille 1 
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The foiïotriq present Cleavage~ paralld to this prim. 
Aemite Felspar Laumanitc Pargasite Sphene 
Amphibob Freiesle+nite LeBninnnite Flacodine Gpodumene 
Arfvedsonite Gay lusale Lepidolite Renlgar Tincal 
Avgite Glauberite Melanterite Rhodonite Triphpline 
Botryogen Hyperstene Mica SeoleziM Whewellite 
ChessrLite Johnn~te Natron 

Oblique Rhombic Pr&m derived from the Obliquz Rhombic Prism of t h  Rrst  Order 
1 1 w ,  by increasing tire azid CH,, or tlt4 Orthodiagonnl H,&.-These prisms will bc 
uimilar in magnitude and position to the prism 1 1 co (Fig. 331) from which they are 
denved, but wiil differ in magnitude. To draw these prisms and describe their nets, 
we must make H, H2 (Fig. 325) equal to n times the parameter CH (Fig. 327), where 
n may be any whole number or fraction greater than unity. Making this alteration 
inFig. 325, the points A,, A?, 4, Ai, and El, E, E3, E,, W U  givc the angular points 
of the derived prism. Fmm Fig 325 so altered, the net for the derived prism may bc 
obtained in the way descmbcd for the prism 1 1 W .  

The symbol which represents the relation of this derived prism to the axcs of 
the oblique system ia  1 n w ; Naumann's is w P n ; bfiiier's X- h O ; Brookc and 

n t 1  
Levy's En7. 

Position of the Polm of thae  dcrived Pvhms on tAe Spfrere of Pr@ction.-The four 
polcs of these prisms lie in the zone or meridiun Q, C G2 (Fig. 330). Two mherc the 
circle of north latitude, whose polar diatance from C, the north polc, is A, cuta thc 
eone O, C G ,  these pointe al and 6, aiways lie betmeen A, G, and A, G, ; the othcr 
two poles wiii be where tho circle of latitude, whose south polar distance is A, cuta the 
same eone. A is determined from the formula 

tan A = n sin tan y cosec (a + 8). 

Faus paralld lo the following f m  of these Prisnu have bun oban~cd; llw angk giwn 
for sneh d i i w a l  i8 h. 

The form 1 j w ; o? P 4 Naumann ; 4 3 O Miiier ; H7 Brooke and Levy. 
Euclase . , . €A0 24' 1 Preieslebenite . 66' 2 4  ( Realgar . . 4J0 2W 

The form 1 # w ; oo P 5 Naumann ; 3 2 O M u e r  ; II' Brooke and Levy. 
Chesnylit. . W 3.9 Euclase . . . 66O 55' Plaeodine . . 4S0 25' 
Bryihrine . : 65" 5' 1 Lehmannite . . 58O 1' ( Wagnerite . . !@ 46' 

The form 1 2 w ; m P 2 Naumann ; 2 1 O M i e r  ; H3 Brooke nnd Lcvy. 
Amphibole . . 6!F lY Enclasa . . . 7Z0 17' Realgar . . 5 6 O  3s' 
Botryagen . . 40" 5: Lehmnnnite . . 04" 51' Wapierite . . f5" 32' 
Chessglite . . 6 7  4 i r b  . . 2 2 ' 5 8  Zoisite . . . 19'44' 
Epidote. . . J00 51' 1 

Botryogen has a cleavage parallel to thia form. 

I 
The form 1 Q m ; m P q Naumann ; 6 2 O Milier ; HZ Brooke and Levy. 

Rdgar.  . . 620 14' 
The form 1 3 m ; oo P 3 Naumann ; 3 1 O NiUer ; Hz Brooke and Lew.  

Amphibole . . 80° 3' . 78" 56' Pharmacolite . 7%' 33' 
bngite . . . 1 8  40 . 45'' 15' 1 Vivianite . . ?in  7' 
Felspnr. . . 29'25' 

Obliqua R M i c  Prisms dvrivcd from the Oblique P r k m  1 1 w , Ey inerm'ng the azk 
CG,, or the CZitw-diagonal G,G,-These prisma also wiii be simiiar in magnitude and 
position to the prism 1 1 w (Fig. 331), from whieh they are denveà ; they rnay be 
drawn and their nets described by making CGI and CG, (Fig. 326) equai ton timcs the 
panuneter CG (Fig. 326), where n may be any whole number or fraction greater Chan 
unity. IRIS - LILLIAD - Université Lille 1 
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The symbol which represents the relation of the derived prism to the axes of 
t h  oblique system is n 1 m; Naumann's is (a P n) ; Miller's h k O; Brooke and 

n + l 
Lcvfs Cr"-;. 

Posilion of the Pales of these dericed P r k m  om the Sphdrs of Projectim-The four 
poles of these prinms lie in the zone or mcridian G,CG, (Fig. 330), two where the circle 
of north latitude, whosepolar distance from C, the north pole, is A, cuts the eone 
GICG, ; these points d, and d, always lie detween CA, and C& ; the other two poles 
will be where the circle of latitude, whose south polar distance is A, cuts the same zone. 
A is determincd from the formula 

1 
tan A = ; sin B tan y cosec (a + B). 

FaccsparaZ2d to the followBzy~orms of thes  Prisma have 6een o6scrved; ths ungle gimz for 
each Mineral M A. 

The form 2 1 w ; (a P +)ISaumann ; 6 6 O Miller ; Gl1 Brooke and Lesy. 
Freieslebenite . 5 P  51' 

The form 4 1 m ; (w P 2) Eaumann; 3 4 O Miiler ; G' Brooke and Levy. 
Erythrine , . 470 ô' 

The form 8 I m ; (m P $) Kaumann; 2 3 O Miller ; @ Brooke and Levy. 
lwalgar . . 2 6 O  51' 

The form 9 1 m ; (oo P {) Naumann; 3 6 O Miller; G< Brooke and Levy. 
Freieslebenite . 450 3Y 

The form 2 1 w ; (cc P 2) Kaumann ; 1 2 O Miiier ; G' Brooke and Levy. 
AuRte . . . 25O 25' Gppsurn . . 36- 12' Monadte . . 2ia II' 
Ilrevstei.ite . . 5L0 4' Lehrn?nnite . . 28" 5' Wagnerite . . 2S0 47' 
Chessvlitc . . SO' 35' Luunite , . lgO 28' Whewellile . . 31° Y' 

Freieslebenite and TVaguci,ite have cleawges parallel to this form. 
The form 3 1 w ; (m P 3) Naumann ; 1 3 O M i e r  ; G2 Brooke and Levy. 

Amphibole . . 3Z0 21' Barptooa1cit.e . Mn 27' 1 Sphene . . . 58" 1' 
Augite . . . 17O 35' 1 Gypsurn . . 1' i Spdumene . . 15' 33' 

RigM Pxism on an Obïique ELbombio Base.-This prism has two faces 
.Il A, M, Ml (Fig. 334) A3 A, N, Idb, which are eimilar and equal rectangular paral- 

lelograms, two other faces A, A, M, M, and 
Ml Mii, A, A, also rectangular parallelograms, and 
similar and equal to each other, al l  inclosed by the 
two faces A, Ml  A, M4 and M, $ M3 Ap which 

,,/" ;si's /.,* ,, are faces The similar of this four and prism rectangular equal when oblique i t  parallelograms is parallelograma. regarded as an are open the 

. L f ~ r m  ; the oblique parailelograms which inclose it 
am then the faces of the cliio-pinacoids. 

The four faces of thia prism cut the two axes 
P, P, and G, G,, in the pointa P and G, and are 
parallel to the third axis H l  H2 (Fig. 325). 

A4 
L 

The two faces A, B, 31, Ml and M4 MS A4A3 are 
Fig. 334. calied the positive; and A, 8, Md M, Ml M, Aa A, 

the negatice ortho-domes. 
IRIS - LILLIAD - Université Lille 1 
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To draw thk prism we have onlf to prick off the points A,, 4, As, & El, &, E3. 
and E, (Fig. 325), and join them as in Fig. 334. 

Sym6oZs.-The symbol mhieh represents the relation of this prism to the mes of 
the oblique system is 1 m 1 ; Naumann's is P m, Miiier's 1 O 1, Brooke and Levy's 
01, for the positivs artksdon>er ; and i oo 1, - P ca Naumann, 1 O 1 Milier, Al Brooke 
and Lcvy, for the negative ortlw-domes. 

ATetjor the Right Priam on an Oblique Rhomfiic Bm.-Describe two oblique rhornbic 
parallelograms similar and equal to A, Ml A, M. (Fig. 334), t ~ o  rectanguiar paralielo- 
&am, having their breadth equai to 
A, Ml and leu,& to twice Ml A,, and 
two 0 t h  rectangular parallelograma of 
the same length, but having their 
breadth equal to MI A, ; arrange these 
six parallelograma as in Fig. 335, and 
the nct will be constructcd. 

Posilion of the Poles of t h  Prism on 
an Oblique 2&nabic ~ a s c - o n  tilt S ' k m  
of P,.iection.-The four poles of this 
prism always lie in the equator, E, P, E2, 
Fig. 330, the poles of the positive 
ortho-domes between P, G, and P, G,, Fic. 335. 
the arc G, EL being q u a  to the & ü, E:; FI, F, the poles-of th0 negstivc ortho- 
domes between PI G, and P, G,, the arc G,  F, being equai to G ,  F,. 

To determine the longitude of E, from G,, WC have the foiioffing formul3e :- 

I f  + be auch an angle that tan <p = sin S c s (a + 8)  cosec a, 

And p such an angle that cot p = sin cp c sec (49" + 9) ain 45 tan (a + B 
Then longitude of El equals p + a + B - 90. 

To dctermine the longitude of F,, wc have 

Ad cot p = sin 9 cosec (45" + <p) sin 45 tan (a + 8).  

Fa~sparaUcJ to ti>e Biglit Aism on a Rhotnbic Base hart becn obscrwcd in tIe f U o  i g 
Ninerab; the atgk i s  Uat of tlsir Icnyiluds. 

The form 1 ca 1 ; P oo Naumann; 1 O 1 Niller; 0; Brooke and L vy. 

Allanite . 
Amphibole . 
Auiite . . 
ïi I ytocilcito 
Buberitc . 
Botrgo,en . 
Draqltionite 
Ctiess) Lita . 
àp'  1 te . 
Errtùrine . 

Freiesleb nit 
Gypbum . 
H imite . 
Jolidunite . 
hcrmes . 
k lnprotliine 
h in a* . 
lrhmannite . 
\ ldnt rite . 
\ IdT,.TrIte . 
UirabiLte . 

Monazite . . . 9  2<1 
Natron . . a 5 r  
1' oùinc . . 61 56' 
H a l p r  . . 5 33' 
J i  1)  c ii e . . G 37' 
fiphenc r . 34 Pi' 
1 11 )liiic . . u ùet. 
Vau ue ini . 1 i t. 

Euclase has a clearage pardl 1 t this foirn. IRIS - LILLIAD - Université Lille 1 
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- - - - -- -- - 

The form 1 a 1 ; - P m Xaumann ; 1 0 1 ï h e r  ; A' Brooke and Levy. 

Barytocalcite has a cleavage parallel to this form. 

Amphibo!e . . 10P. 2' Hypersthene . 105O 7' 
Augite . . 105O 7' Klaprothine . 14g0 45' 
Barytocalcito . 134O 52' 1 Lehmunnite . 128O 58' 
Bieberite . . 13S0 31' Melanterite . 137O 38' 
Ches~glite . . 137'' 19' Miargyrite . . 131" 46' 
Gypsum . . 113O 46' Xonazite . . 12G0 8' 

Prisms derived from the ïlight Pdsm on an Oblique Ehonnbic Base.- 
Dy making CP, and CP, (Fig. 325) equal to m times the parumeter CP (Fig. 326) ; 
and from (Fig. 325) so altered derking a prism, as in Fig. 334, a new series of prisms, 
similar i n  form and position, but differing in magnitude from the prism (Fig. 334, 
may be formed 

m may be any fraction or ahole number greater or less than unity. 
The symbols for these prisms mil1 be +_ 1, w, rn; + m P w Naumann; h O k, or 

m n 

3 o k Milier; and 0' or A" Brooke and Levy, according as the ortho-domes are 
positive or negative. 

The formulre for determining the longitude for the poles of these prisms, which al1 
lie i n  the equator, are, 

Natron . . 12G0 32' 
Placodine . . 1200 5' 
Sphene . . 1480 28' 
Triphyline . . nndet. 
Yivianite 4 . 14P 2W 

tan rp = ' rn sin B cos (a + 8) cosec a 

cot p = sin <p cosec (46 + 9) sin 45 tan (a + f i )  
and longitude equal to p + a + 8 - 90. 

Facc8 paralGe1 to thesa derived Prisms, with tk fonowitag angles fw deternairailtg the 
Zongitude of thek Pokes, have been olerved Ga tanature. 

P 
The form 1 op 3 ; + P CO Naumann ; 1 O 8 Miiler ; O& Brooke and Levy. 

Chessylite . . 8 2  55' 1 Linante . . 9g3 18 

The form 1 CO & ; 3 P ai Naumann ; 1 O 5 Milier ; O T ~  Brooke and Levy. 
Chessylitc . . 800 3 P  

The form 1 oaJ ; ;t P m Naumann ; 1 O 3 m e r  ; 04 Brooke and Levy. - .  - 
Bucklundite . . 98" 38' Kermes . . . 102' Y Nelanterite . . 54'46' 
Epidote . . . 98O 38' 1 Klapmthine . . 5P SW 1 Yi-ite . . 89. 5' 
Ersthrie . . 89'52' 

Eiythrine hm a cleavage parallel to this form. 

The form 1 op 3 ; 5 P a Naumann ; 2 O 5 Miller ; 03 Brooke and Levy. 
Woolostonite . 4W 18' 

The form 1 m 4 ; S P m Naumann ; 1 O 2 Miiler ; 0k Brooke and ~ e v y . '  
Bragationite. . ;!; ;5; 1 Epidote . . . 8 9  27' Lunnite . . 7 6 O  34' 
Chessylite . . Laumonite . . 68' 4û' ] Sphene . . . 5 5 O  33' 

The form 1 oo a ; $ P m Naumann ; 2 O 3 M u e r  ; 0; Brooke and Levy. 
Felspnr . . . 81° 54' 1 Linarite . . 83O 42' 1 Woolastonite . 4CP 7 

The form 1 oc 2 ; b P oo Naumann ; 6 O 6 Miiier ; 01% Brooke and Levy. 
Linnrite . . iBJ 5 9  

The form 1 CO # ; $ P oa Naumann ; 4 O 3 Miller ; 0: Brooke and Lexy. 
Felspar. . . 53O 40' 1 H d t û  . . 5 P  19 IRIS - LILLIAD - Université Lille 1 
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The f o m  i co 2 ; - 2 P co Raumann ; 2 O 1 Miner ; A' Brooke and Levy. 

The form 1 m 3 ; P m  Naumonn ; 3 O 2 Miller; 02 Broolre and Levy. 
Ailanite . . 3P0 3W ) Chessglite . . 3P2V 1 Epidote . . . 45' 37' 

The form I m 2 ; 2 P w Naumann; 2 O 1 Miller; O1 Brooke and Levy. 

Tho form 1 cc. 3 ; - 3 P m Naumann ; r( O 1 MiUcr ; A; Brooke and L q .  
Lehmannite . . 1GO 41' 

The form 1 m 4 ; - 4 P m Naumann ; 4 O 1 Niiicr ; A2 Bmoke and Ley.  
liumitc. . . 1G1 (Y 1 Lehmunnite . . 165 31' 

Brneationite . . SV 19 Heulandite . . 2 b  25' 
Che~sylitc . . 2G0 Y Humite , . 405 37' 
Epidote . . 3 P  21' 1 Lehmannite . . 23O 55' 
Felspar . . . 350 45' Linnrite . . 51° 54' 
Gagiu~site . . 51°54, 1 Mirabilite . . 32"26' 

Oblique Prism on a ILhombic Base of the Second 0rdex.-The obliqiie 
rhombic prias of the second ordcr is 
similar in form to thnt of the first ordcr, f 

but diffcrs in its pos~ion  with regard to 
the arcs of the system. The faces of this 
prism are called ditzo-doiiics. 

Syin6oLP.-Eaoh fnce pnascs througbone 
of the extremities of the axes P,P, (Fip. 325) 
and 9, H, and is pnrnlicl to the third agis 
G, G,. The spmbol ~ h i c h  expresses this 
relation is w 1 1 ; Kaumann's is (P m )  ; 

Piacodie . . 45- 15' 
Renlgar . . 44' 2' 
Rhyamlite . ' 33" 38' 
Vivianite . . 29> ?Y 
Wooiastonite . 1D. 3G' 

Xiller's O 1 1 ; Bmoke and Levy's E+. 
To draw this prism priclr off the points 

E,, E-, E,, E,, and NI,, MZ, MS, M., from 
Y 

Fis. 936. 
Fig. 325, and join them as in Fig. 336. 

Position of the Polea o j  the Ollique Rlioit bic Priam of t h  Sc o>vl Ordw ON f l e  6p lc  .e 
of Projedion.-The poles of this prism aU lie in the zone or meridian P, CP? Fig. 330 ; 

The form l w  3 ; 3 Poo Naumann ; 3 0 1 Niiier ; 0% Brooke and Levy. 
Bragationite . . 2P 22' 1 Çhessrlite . . la3 1' 1 Miargyrite . . 17" 38' 

!ïke form 1 m 4 ; 4 P m Naumann ; 4 O 1 Milier ; 0 2  Brooke and Levy. 
Eumite. . . 91" SB' ( L e h m d t e  . . 13O 6' 

The form i m j ; - 4 P m Naumann; 3 O 1 Muer  ; A* Brooke and Levp. 
Angite . . . 144O2C 1 Gyps~m . . 9P 3' 

The t o m  i m 4 ; - P m Xaumann; 5 O 1 Miller; df Brooke and Levy. 
.4ugite . . . 89' ?(Y Laumonite . . 125" 41' Lunnite. . . 103' 26' 
Cheaeylite . . 11g3 16' 1 

The form i co ) ; - f P co Nsumann ; 5 O 3 Miller ; ~f Brooke and Levy. 
Woolastonite . 114O 17' 

The form i m 5 ;  - 3 P m Naumann ; 4 O 3 Niiier ; ~f Brooke and Levy. 
linmile. . lSID 36' 

The form ï co # ; - 4 P w  Naumann ; 3 O 2 Miller ; A$ Brooke and Levy. 
Erythrine . . 15Z5 3' ( Glauberite . . 13s 4ô' 1 iUnocinea . . 161 00' 

INORGANIC NATURE.-No. XV. 2 O 
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4 KI OBLIQUB PRISM, SECOND ORDER. 

two where the circle of north latitude, whose polar distance from c is A, cuts the 
meridian Pl CP, ; and two where the circle of south latitude, whose south polar distance 
is A, cuts the same zone. 

The formula for determining ia 

Faces paraliel to the ObZipue Rhombic P r i m  ocncr On the fo2lowing Ninevals : the angle 
tP h which determines the latitude of theirpoles. 

Allanite . . 35" 25' 
Augite . . . GO0 2û' 
Bieberite . . 322 55' 
Bragationite . . 35O 25' 
Chessylite . . 4S0 41' 
Epidote . . . 55O 4' 
Peuerblende . . 37O (Y 
Freieslebenite . 4 7 O  1W 
Gypsum . . 670 47' 
Heulandite . . 49"2W 

Sphene hi 

Humite . . . 35= 17' 
Hureaulite . . 44" 0' 
KLaprothine . . 3W 42' 
Laumonite . . 5g743' 

~ . . 
Lehmnnnite . . 47031' 
Lunnite. . . 56' 19' 
Melanterite . . 33> 44' 
Miargyrite . . 19' Y 
Mirabilite . . 4 P  15' 

Natron . . . 555 2' 
Pharmacolite . 70° 34' 
Realgar . . 48O 41' 
Sohene . . . 563 44' ~z ~~ ~ 

. . 
Spodumene . . 39" 45' 
Yirianite . . 55"3%' 
Wagnerite . . 54$ 26' 
Whewellite . . 37' 25' 
Woolastonite . 43' 44' 

%s a cleavagc parallel to this form. 

Oblique Rhombic Priems derived from those of the Second Order.- 
By taking CP, and CP, (Fig. 325) m times the parameter CP (Fig. 326), where N may 
be any fraction or whole number; and from Fig. 325, so altered, describing an 
oblique rhombic prism of the aecond order, a series of prisms, similar in form and 
position, but d8ering in magnitude from Fig. 336, may be formed. The faces of 
these prisms are calied clino-domes. 

8ynzlols.-Each face of these derived prisma. cnts two of the axes Pl Pz, HL H,, and 
is parallel to the third G, G, ; the symbol which expresses this relation to the axes is 

l n  

m 1 m; Naumann's is (m P m )  ; Mier's O k Z; Brooke and Leyy's Er' 
Positwn cf the Poles of the del hed 0blip.w Prisms of the Second Oder on the Sphere of 

Projection.-The poles of these prisms aU lie in the zone or meridian P, CP, (Fig. 330); 
two for each prisrn where the circle of north latitude, whose p o h  distance €rom C is 
h, cuts the meridian P, CP,, and two where the circle of south latitude, whose south 
polar distance is A, cuts the same zone. 

The formula for determining A is, 
1 sin y sin a 

tan A = 
na sin (a+p)' 

fices parallel fo tlie derived 08lipue Rhombic PrLÎm of the Secofid &der, *coith tac 
following angles for deferminittg the Zatitude of theirpobs, I m e  Qeen obse)ved in nature. 

The form ai 1 $ ; () P m ) Kaumann ; 0 1 3 Miller ; E* Brooke and Levy. 
Melanterite . . 63" 28' 1 Sphene . . 7 i a  40' 

The form ai 1 -5; (3 P m ) Naumann ; O 2 5 Niller ; ~3 Brooke and Levy. 
Chesyiite . . i(iO 38' 

The form OJ 1 3, ; ($ P m ) Naumann ; 0 1 2 Miller ; ~f Brooke and L c v .  
Allanite . . 5 P  53' Euclaae . . . 810 6' 1 Lehmannite . G Y  2 Y 
Bieberite . . G2J 45' Feuerblende . 56" 26' Realgar . . CG' 2' 
Biicklandite . . 5 P  33' Freieslebenite . 6S0 8' W'iignerite . 70' 19' 
Epidote . M" 33' IUaprothine . . 4g3 45, ( Wooiastonite . 25' 3~ IRIS - LILLIAD - Université Lille 1 
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The form m 1 ; (3 P ua ) Naumann ; O 2 3 MiUer ; E& Brooke and Lmy. 
- - -  

Botryogen . . 70° 9W Felspar . : . 71° 36' Wmlastonite 7 55* 8' 
Chesqlite . . 593 37 1 Hum.te . . 4 6 O  43' [ 

The form m 1 $; (BP m) Naumam; O 3 2 Miller ; EQ Brooke and Levy. 
Freieslebenite . 3 5 O  43' ( Bealgsr . . 36O 51' 1 Wagnerite . . 4 P  5Y 

The form m 1 2 ; (2 P CU ) Naumann ; O 2 1 Miiler ; El Brooke and Levy. 
Amphibole . . W 2 6 '  Gaylussite . . 35' 15' Monazite . . 2g0 Y 
Augite . . . 41- 37' 1 Humire . . 15i3 2 1  Khyaooiite . . 45O 16ï 

. Cheasylite . . 2 9  37' Lehmannite . . 2S0 38' Tincal . . 24O 51' 
Felspar. . . 4 3  S ' ) M U  . . . W 4 5 '  wagnerke S45 57' 
Freieslebenite . 28' 21' 

Chessyiite  ha^ a perfect cleavage pardel to this form. 
The form CO 1 4; (4 P m ) Naumann ; O 4 1 Milier ; EZ Brooice ana Levy. 

AuSite . . . 23= 42' - 
The form 1 G ; (6 P m ) Naumann ; O 6 1 MiIler ; Es Brooke and Levy. 

Oblique Rhombic  0ctahedxon.-The obliqtre rhnib 
foztr-jmedobl~ue~ra~ncld on a ~honabic b e ,  which is also 
caiied the mmclinoliedràc pyramhi, is a eolid hounded by 
eight scalene triangles. These triangulnr faces are of h o  
kinds; the faces Pl Hl, 6, (Fig. 337), P, H, G ,  Pz Hl G-,  
and P, H, G2, being equal and similar scalcne triangles ; and 
the faces Pl G, Hl, Pl B, G,, P, H, G,, and P, H, G, be4 
also similar and equalscaiene triangles, whieh ara not similar 
or equal to the former. This solid may be regardcd as a mm- 
bination of two open forms, each consisting only of those 
fues which are similar and equal to each other. 

To draw tk Obliqua R W i c  0ctahedro~-Prick off from 
Fig. 325 the pointa P,, P,, Hl, H, G,, G,, and join these 
as in Fig. 337. 

Azes.-The axes of the oblique system join the points 
Pl P,, HI Ev and G, G,, Fig. 337. 

Sjmbols.-Every face of the pyramid cuts the three axes 

PS 

Fig. 3,;. 

P, P ,  Hl He, and G, G,, at the extremities of the parametcrs. 
1 1 1 may be taken as the symbol for the form whose faces are PI H, G,, P, 11- G, .  

P, Hl G ,  and Pa Hz G2. Naumann's aynibol for this form is P; Millefa, 1 1 1 ; 
Brooke and Lerp's, 1). This form is called the posit 'vc I--pyramid. - 

1 1 1 may be taken as the symbol for the form whose faees are Pl II, G ,  Pl 11- G ,  
P, El G,, and P, H, G,. Naumann's in - P; Milier'g i 1 1 ; Brooke and Lery's E. 
This form is cailed the negolice h i - p y v a m i d .  

Position of th Pobs on the gphere of ProjscfMn.-Two of the polea of each of these 
forms lie in the same circle of north latitude, and two in the circle of :south latitude, 
whose south polar distance A is eqiial b the north polar diatance of the former. 

Lct p be the longitude of the pole nearest to G, (Fig. 380) on the aorthern hemisphere, 
reckoning its longitude h m  G,, of the form 1 1 1, the four polea O F  this form wiU be 
v-here the circles of latitule rrhose north and south polar distances arc h eut the 
neridians p and 180 f p. IRIS - LILLIAD - Université Lille 1 
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I f  p be the longitude of the nearest pole of i 1 1 ta G,, reckoning its longitude from 
G,, its four pales WU be where the circles of latitude, whose north and south polar 
distances are A, out the meridians p and 180 + p. 

The foliowing f o d æ  are used for the determination of A and p for the form 1 1 1. 
If <g be mch an angle that tan <g = si; 6 cos (a + 8)  cosec a 
and J ,  such that cot J ,  3 sin <p cosec (45 + +) d in 45 tan (a $ B) 
Then p = 9 + a + 6 - 90" and tan A = sin tan y sec i j ,  
For the form 1 1'1 the formuls are the same, except that 

t a n q = - s i q B c o s  (a+,3)coseca 

Ib descrae a Net for the O&qm Rhomdic 0otaWron.-Draw V 
CH and CP (Fig. 338) nt right angles ta each other ; take C H  ~ i ~ .  s4*, 
and CP equal to the parameters CH and CP (Figs. 326 and 
327), and in CP take CG equal to the parameter CG (Fig. 326). Join HG and HP. 

Then (Fig. 339) describe the triangle H l  P, G,, having its sides H, Gl and H, P, 
cquai to HG and H P  (Fig. 338), and the side G, Pl equal to a line joining G ,  and P, 
(Eig. 325). 

Likewise (Kg. 340) describe the triangle &Pl  G,, having its sides H2 G, and H,Pl 
q u a 1  to H G  and H P  (Fig. 338), and the side G, Pl equal to a line joining G, and P, 
(Fig. 325). 

Then four triangles equal and similar to Pl H, G, (Fig. 339), and four other equal 
and similar to P, H, G, (Fig. 340) arrangea as in Pig. 341, wili form the reqiiied net. 

Faces paallel fo the Positive Hemipyramid 1 1 1 ; P Naumann ; 1 1 1 Xiller; 
D Brmke and Xevy, have been obswved in the following Mz'nerals. 

Allanite . . A = 35- 45. p = 1i3~ 4û' 
Amphibole . A = 77' 13' p = 50" 35' 
Augite . . A = 65'42' p = 491 50' 
Bargtocaleite . A = 53O 27* p = 61° W 
Eotryogen. . A = 6Z0 41' p = 63O 5' 
Brngationite . A = 35O4S' p = 630 25' 
Chemylite . . A = 58- 3' p = 4 5 O  4' 
Epidote . . A = 35O 16' p = 63'43' 
Erythrine . . A = 5g0 12' p = 55O !Y 
Enclse . . A = 75"54' p = 4g0 17' 
Felspar . . A = 63O 7, p = W 4 8 '  
Freieslebeoite . A = 64" Y p = 31'41' 
Gaylussite. . A = 55" 15' p = 73O 5W 
Glauberite . A = 58°1(Y p = 37" 23' 
Ggpsm . . A = 71° 51' p = 5 P  16' 
Heulandite . A = 73'28' p = 43O 53' 
Humite . . h = S7O 43' p = W 0' 
Klaprothine . A = 50° 10' p = 2gJ25' 

Lanmonite - A = 6 6 O  43' p = 4 6 O  37' 
Lehmannite . A = 59" 29' p = 39' 2' 
Lunnite . A = 58' 54' p = 64' 28' 
 ela an te ri té . A = 50° 46* p = 31' 53' 
Miargerite . A = 26j 38' p = 40' 2' 
Mica . . . A =  64' 46' p = 25' 19' 
Mirabilite . . A = 46" 36' c = 57' 55' 
Monazite . . A = 591 41' p = 39' 20' 
Plagiouite . . h = 71" 1' p = 51' 51' 
Realgar . . A = 4 8  53' p = 70' 33' 
Rhpacalite. . A = 63O 19' p = 65" S i '  
Scolezite . . A = 72' 2 W  p = 61)* 5Y 
Spodumene . A = 45' 33' (r = 49" 50' 
Tincal . . A = 48' 20' p = 69'33' 
Vauquelinite, not aetermùied. 
Fivianite . . A = 59" 35' p = 54'13' 
Wsgnerite . A = 56" 3' p = 6'B 25' 
Woolastonite . A = 59' 24' p = 32' 4' 

Barytocalcite ha8 a perfed cleavage p a r d e l  to this form. IRIS - LILLIAD - Université Lille 1 
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D e r i v e d  O b l i q u e  R h o m b i c  0ctahedrons.-From the oblique rliombic octa- 
hedron just described, a series of oblique rhombie octnhedrons may be derived, similar 
to i t  i n  position, but differing i n  magnitude. These octahedrons may conveniently be 
nrrnnçed under three classes. 

Faces paralld to the Negative Hemipyrainid 1 1 ;  - P Naumann; 1 1 1 Nilkr; 
B Brooke and Zmy, have been obscrred in the fothwing diinmals. 

D e r i v e d  O b l i q u e  O c t a h e d r o n  of the Fixst Cham.-These pyramih may 
be drawn by making CP, and CP, (Fig. 325) equal to m times the parameter Cl! 
(Fig. 326), where m may be any whole number or fraction greater or le= than unity. 

Symbols.-The symbol for the positive hemipyrnmid is 1 1 m ; m P Naumann ; 
A II Z Miiier; D" Bmoke and Levy. For  the negative hemippramid 11 m; - m P, 
Nnumann ; R m  Brookc and Levy. 

Po&s.-The poles of the positive hemippmids  lie i n  the zone E l  CE,  (Fig. 330), 
und those of the negative in the zono F, CF,. To determine A and we hnve the 
foiiowing formulœ :- 

Allanite . . A = 4 8 O  18' p = 144" 56' 
Amphibole . h = 74'14' p = 106' 2' 
Augite . . A = 60" 16' p= 105O 7' 
Chessybite . A = 5LiJ 8' p = 137= 19 
Epidote . . A =4S3 Y p = 145O 17' 
Euclase . . A = 71° 5.5' p = 99" 5W 
Felspar . . A = 7Z02W p = 14S0 2' 
Glauberite . A = 47O 41' p = 117" 6' 
Ggps"m . . A = 69" 14' p = 113O 46' 
Humite . . A = 4P39 p = 131- W 

tan rp = 5 m sin B cos (a + 8 )  cosec a 
cot # = sin + cosec (45 + +) sin 43 tan (a + 6) 
r =  # + a + B - 9 0  and t a n A = s i n B f a n y s e c + b .  

Klaprothine . A = 4g3 25' p = 1 W  4Y 
Lelimannit8 . A = 5 3 O  5 7  p =  l28O 58' 
Mica . . A = G1° 27' p = 1500 27' 
Mirabilib . A = 55'21' p = 141° 42 
Monazite . A = 53' 18' p = 126O W 
Pargasite . A =  ;P 14' & = 106O !2' 
Plagionite . A = 6 7 O  13' p = 94' Y 
Scolezite . A = 72' 10' p = 10SO ?.Y 
Vivianite . A = G7O 7' p = 144O 20. 
Wagnerita . A = 6 P  46' p = 13P 5' 

Faces paralld to the following Pyrawicéj of the Firot Chsa have bsen odsmed m Xa'alz~rc. 

Augite has a clenvage paralle1 to this form. 

The form 1 1 ; P Naumann ; 1, 1, 10 Miller; Dl0 Brooke and Lovy. 
Yiargyrite . A = 73- 12 fi = 75'49 

The form 1 1 4 ; Q P Naumunn ; 1 1 6 Miller ; Da Brooke and Levy. 
Miargyrita . . A = Mo 5L' p = 72'13' 

The form 1 1 f ; $ P Nnumann; 1 1 4 Miiler ; Da Brooke and Leu. 
Miargyriîe . . A = 5 4  2 6  p = 67' SW 

The form 1 1 h ;  f P Naumann ; 1 1 3 Miiicr ; D3 Brooke and Leyï. 
Klqxnthine . A = 64' W p = 58' 30. Sphene . . A =  78' 28' p = 6ff !Z 
Miargwle . A = 47> 9' p = 6SJ 37' 1 

The form 1 1 4 ; + P Naumann ; 1 1 2 Miller; D= Brooko and Levp. 
Bucklandiîe . A = 51" 45' p = 89 27' Mica . . . A = 70' 4' p = 413 7. 
Fpidote . . A = 51' 45' p = 89' 27' Plnuionite . . A = 60 2 4  p = 42 ?Y 
Felspar . . A =  74 28' p = 41 Y Sphene . . A = 74 4 8  p = 55 3 3  
Preieslebenite . A = 70'21' p = 50" 311 Sp~luicene . A = 513~ (Y p - ;E 48' 
Eiumite . . A = 54 3V p = 81 39' Tincal . . A = 61° 17' p = 76 49' 
Iilnprothinc . A = 57'45' p = 47 55' Viîianite . . A = 70' 26 p = 79 8' 
Miargyrite . A =  37"41 p = 5P 11' Wngnerite . A - 69 2 7  p = 85 4' 

Plagionite has a perfect cleavage pardiel to this form. 

The form 1 1 ; ; + P Raumann ; 2 2 3 Miiier ; D* Brooke and Levy. 
Chesaylite . . A = G P  4V ,s = 56'57' IRIS - LILLIAD - Université Lille 1 
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1 he for= 1 1 2 ; 2 P Mauniann ; 2 4 1 Niiler ; ~3 Erookc and Levy. 
Augite . A ,  jj 3jr p = SP 30' 1 IIuiiiite . . A = ?SO 6' p = 40' 37' 
ChcssSlite . . A = 52' 13' p = 26" 0' Woolastonite . A = 53' 22' p = 19' 30' 
Felspnr . . A =57  0' p = 3S045' 1 , 

The form 1 1 3 ; 3 P Xaumacii ; 3 3 1 Xller ;  D3 Brobke and Levy. 
Euclase . . . h = GjO 6' += 27 51' 

The form 1 1 4 ; 4 P Snumann ; 4 4 1 Xller  ; Df Brooke and Lery. 
Lelimnnnite . A = 49' 4' p = 13516' 

The form 1 3 ; - 4 P Xaumann ; l 2 Niller ; BZ B d c  and Levy. 
Bngationite . h = 6013i' p = 133 27' Vivianite . . A = i4'41' u = 1300 51' 
Niiwgyrite . A = 34O33' p = 1103 30' 1 Whewl l i t e  . X = 65 30' fi = 138"40' 

1 $ ; - 5 P Naumann ; i 1 3 Miller; 3 3  Brooke and Levy. 
. A = 7I02P p = 8+' 27' Klaprotliine . A = G P  2- p = 11S058' 

, . A = S P  O' 2' 1 
Thc form 1 

Glauberite 
Gyp~urn . 

The form 1 
.4mphibole 
Augite . 
Chessglite 
kiumite . 

1 2 ; - 2 P Scumann , 3 2 1 Niller ; B$ Brooke and Levy. 
. A = 6 5 " N  p =  130' li' liargyrite . A = 19'22' p = 152'48' . A = liO 40' p = LB 18' Wagueiite . A = 50 51' e = 153O 14' . A = 53 i' p = 151'44' Woolastonite . A = 46' 7' p = 154 25' . A= 3 P  3 ' p = 147' 6' 

The formi 1 3 ; - 3 P Xaumann ; 5 3 1 Miller ; B$ Brooke and Levy. 
hugite . . A = 4 P  4' p = 143O 17' 1 Glnuberitc . A = 71°?2' p = 84'2i' 

Dexived Oblique Octahedron of the Second Class.-This octahedron may 
be drawn and its net described, by making CP, and CP, (Fig. 326) m times the para- 
meter CP (Fig. 326); Where m may be any mhole numbcr or fraction equal to, 
greater, or less than unity : and CH, and CH, (Fig. 326) n times the parameter CH 
(Fig. 327), where n may be any whole number or fraction greater than unity. 

Sym6ols.-The symbol for the positive hemipyramid of this octahehon is 1 n m  ; 
m a )  

m P n Naampn ; h R Z Miller; DL Dm-' H Broolre and Levg : for the negative 
n + l  

hemipyramid ï n m ; - m P a N a u m  ; 7; k 2 Miiier ; B1 B1* 9 H Brooke and 
Levy. 

pales.-To determine the position of the poles me have the fcllowing formulce :- 

tan <p = & rn sin B cos (a + 6) cosec a 
cot J/ E. sin 9 cosec (45 + +) sin 45 tan (a + 8) 

Thc positive or negative sign being used for tan q5, according as the hemippmid is 1 
positive or negative. I 

Faces p a ~ a l l e l  fo the folZowi,ig Pgrainids of t 7 ~  Secortd C?ass have been obsereed in n a f w c .  1 
I 

The form 1 2 4 ; 4 P 2 Naumann ; 2 1 4 Miiier ; Dl D3 HQ Brooke und Levy. 
Sphene . . h = 82 16' p = W S 3 '  1 

The f o m  1 2 1 ; P 2 Raiin:ann ; 2 1 2 Jliller ; Dl D"$ Brooke and Levy. 
Klnprotbine . A = 67°2T p =?Y 25' Spodumcne . A = 4P 33' CI = 48 50' 
Xiarp)rite . A = 45' 5' p = 40" 2' Wqnerite . A = 71°24' p = 6 8 2 5 '  
Kealgar . . A =  GS 5Y p = 73'33' 1 

Rcalgar has a cleavage parallel to this form. IRIS - LILLIAD - Université Lille 1 
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The form 1 2 $ ; $ P 2 Nau~ann ; 4 2 3 Miller ; Dl D3 H1 Brooke and h v y .  
Humite . . A = 59' 2' p = 54'2Y 

1 The form 1 2 2 ; 2 P 2 Naumarn ; 2 1 1 Miller ; Dl D3 HZ Brooke and Le-. 
Chessylite . A = Gq0 4V p = 2.9 Y MiargYrite . A = 5 6  36' p = 25' S' 
Epidote . . A = 48 91' <r = 34 21' Mirabilite . A = 59' 6' p = 3 2  ?ô' 
Huniite . . A = 45 53' p = 40°3i' 1 

i The form 1 2 4 ; 4 P 2 Naumann; 4 2 1 Miiier ; Di D3H3 or ,A Brooke and Levy. 
Xiargy i te  . A = 3 5 O  34' p = 13O 4' 1 Realgar . . A = 5 1  15' p = 2û3 7' 

The form 1 3 7 ; 7 P f Naumann ; 7 3 1 Xiiier ; Dl D* H ~ r o o k c  ana Levy. 
Xiarggrite . A = SS 56' p = 7O3Y 

The form 1 3 3 ; 3 P 3 Naumann; 3 1 4  Niiier; Dl D? H A  Eroolie and Levy. 
Wagnerite . A = 79J 35' p = 7 3 O  37' 

'I'he form 1 3 # ; # P 3 Naumann ; 3 1 2 Miller ; Dl D? Hl Brooke and L e v .  
Freieslebenite A = lgO 55' f i  = 22" 31' 

The form 1 3 2 ; 2 P 3 Naumnn ; 6 2 3 Miller; Dl D? H* Brooke and Leyi 
Humits . . A = 59' 1' p = W87' 

The form 1 8 3 ; 3 P 3 Naumann ; 3 1 1 Muer  ; Dl D"? or ,A Brooko and 1, vy. 
Xinrgrrite . A = 4i 59' p = 17 38' 

The form 1 4  1 ; P 4 Naumann ; 4 1 4 Uillrr ; Dl D% HQ Brooko and L c y .  
Freiealebenite . A = 83 S' p = 31' 4' 

The form 1 4 2 ; 2 P 4 Xaumann ; 4 1 2 Miiicr; Dl DP HO Brookc und Levy. 
Realpûr . . A = :1 10' p = 4 F  2' 

The form 1 4 4 ; 4 P 4 Saumann ; 4 1 1 Miller; Dl DQ HS Brooke and LT. 
C h c q l i t e  . A = 78" 16' p = 14 1W 

The form 1 5 5 ; 5 P 5 Naumann ; 6 1 1 Milier; Dl DZ H3 Brooke and Levp. 
Xiargyrite . A = 6C 23' p = 10° 34' I 

I The form 1 2 1 ; - P 2 Saumann ; 5 1 2 Niller ; Bl Ba Broolie and Levy. 
Reaigar . . A = 72 33' p = 139 1' . 

l The fom i 2 2 ; - 2 P 2 Naumann ; 2 1 1 Miller ; Bi B3 H$ Brwke and Lew. 
Bragationite . A = 59' 8' p = 137 SW 1 L e b a n n i t e  . A = 65 49' p = 128 5s' 

The form i 2 4 ; - 4 P 2 Xaumann ; 4 2 1 Miller ; Bl B3 H3 Pr A3 Brook0 md I Lev. 
l Humite . . A = 46 52' fi = 161 0. 

The formi  3 1 ; - P 3 Nnumann ; 3 1 3 MiIlcr ; B1 B ? H ~  Brooke and Lcvy. 
Gyp-um . . A = 6 7 O  3W p = 113 46' 1 Xargjrite  . A = 53 10' p = 131 46' 

T h e f o r m ï 3 3 ;  -3P3Xaumann; 3 1 1  Nilier; BlB?HZ o r 4  Bmoke nnd 

Amphibole . A = 4P 52' p = 10~? 2' Glauberite . A = 68 4 p - 155 25' 
Euelase . . A = 78" 6' p = 140 20' 1 IRIS - LILLIAD - Université Lille 1 
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The form i 6 1 ; - P 6 Naumann ; 61 6 Muer  ; B1 ~3 H& Brooke and Levy. 
Miargvite . A = 70" 30' p = 131' 48' 

Denved Oblique Octahedron of the Thid C1ass.-This octahedron rnay 
be drawn and its net deseribed, by making CP, and CP, (Fig. 325) m times the para- 
mcter CP (Fig. 336; ; where nz rnay be any whole number or fraction, equal to, 
greator, or less than unity ; and CG,, CG3 (Fig. 325) equal to n times the parameter 
CG (Fig. 326), where n may be any whole number, or fraction greater than unity. 

8ymbols.-The symbol for the positive hemipyramid of this octahedron is n 1 In ; 
n + l tnrn + 1) 

( n a  P n) Naumann; k h 1 Miller; D1 Dtr-1 G y  Brooke and Lew.  For the - -1) 

ncgative hemipyramid 11 1 m ; - (m P rt) Naumann; i 7, 1 Miller ; BI BIL-1 G "8 

Brooke and Levy. 
Pales.-To determinc the position of the poles we have the foiioming formule. :- 

cot + = sin + eosec (45 + +) sin 45 tan (a + B )  

The positive or negative sign being used for tan 9 accoraing as the hemipyramid is 
positive or negntive. 

Facm parallel lo II@ fo l lowi~~g Pyramida of the Thini Class havs 6een okerved b 
nnturs. 

The fo& 8 1 8; (3 P 4) Naumann ; 2 3 2 Miller; Dl DJ G$ Braoke and Levy. 
Realgar . . A = 35O 33' p = 73'33' 

The form 2 1 ; (2 P 2) Naumann ; 1 2 5, Miiier ; Dl DWT% ~ r o o d e  and Levp. 
Cllessylite , . A = 71° 35' p = 32' 

The form 2 1 f ; (3 P 2) Naumann ; 1 2 3 Miller; Dl DG$ Brooke and Levy. 
fàphene. . . A = 68' 2' p = 66' 52' 

The form 2 1 4 ; (4 P 2) Kaumann ; 2 4 5 Muer  ; Dl DW% Brooke and Levy. 
Chessylite . . A = 56' 35' IL = 6 9  29' 

The fo in  2 1 1 ; (P 2) Naumann; 1 2 2 Miller ; D' D3 G$ Bmoke and Levy. 
Epidote . . h = 3Z5 23' p = 89" 2:' 1 Wagnerite . A = 531 2' p = S5O 4' 

The form 2 1 4 ; ($ P 2) Naumann; 2 4 3 Miller ; Dl D" G' Brooke and Levy. 
Chessylite . . A = 4P 29 p = 56' 57' 

The form 2 1 2 ; (2 P 2) Noumnnn ; 1 ,2 1 Miller ; Dl D W ~  Brookc and Levy. 
Rarytocalcite . h = 3-1' N p = 61° (Y Monadte . . A = 40' 32' p = 390 ZN 
Frcieslebeuite . A = TGJ 1s' p = 31" 41' 1 h'atron . A = 39" 50' p = 58' 52' 

The form 2 1 4 ; (4 P 2) Naumann ; 2 4 1 Miiler ; Dl D3 63 or EJ Brooke und Lcvy 
Chessylite . . A = 32' 5û' p = 26" Y 1 Felspar . . A = 3 7 O  35' p = 3 3  4 8  

The form 8 1 3 ; (2 P 3) Naumann ; 1 3 4 Millcr ; Di D"$ Brooke and Levy. 
Cheesylite . . A = 57' 12' f i  = 77' 41' 

The form 3 1 g ; (4 P 3) Raumann; 1 3 2 Miiier ; DI D? G1 Bioolie and Levy. 
Wheweilite . A = 2B0 41' p = 623 4 9  

IRIS - LILLIAD - Université Lille 1 



ANOXTHIC SYSTEM. 457 

The form 3 1 3 ; (3 P 3) Naumnnn ; 1 3 1 Miiier ; Dl D q ?  or E, Broolie and 
Levy. 

Amphibole. . A = 55> 46' p = 50° 35' Felspar . . A = 3 3 O  ?O' p = 63' 48' 
Augite . . A = 3ü3 26' p = 4SJ 5W Ggpsum . . A = 45'39' p = 5 P  16' 
huclase . . A = 53> W p = 4g5 17' 1 

The form 4 1 4 ; (4 P 4) Raumann ; 1 4 1 NUer  ; D1 D% G: Brookc and Levp. 
Sphene . . A = 33> 52' p= 3 8  27' 

The form 5  1 $ ; (Q P 5 )  Naumann; 1 5.2 Miiier; D1 ~f or Ea Brooke and 

Levy. 
Augite . . A = 3i0 4Y p = 605 2 9  

The form 6 1 2 ; (2 P 6) Kaumann; 1 6 3 Miiier; D1 D% G: Crooke and L e q .  
Spheno . . A = 3S034' p = 6C 52' 

The form 3 1 4 ; - (4 P 3) Nnumann; 3 4 1 Miiicr ; B' B: G :  Brooke and Levy. 
Euclase . . A = 4Q0 52' p = 1400 2V 

The form 2 1 1 ; - (P 2) Naumann ; 1 2 2 Miller; B' B3 G: Brookc and Lcq-. 
Wngnerite . A = 5 F  3W p = 1?B0 32' 1 Luunite . . A = 56'58' fi = 103' 26' 

Thc form 2 1 3 ; - (S P 2) Naumann ; C 3 M u e r  ; B1 B3 G1 Brooke and Levy. 
Chessylite . A = 465 36' p = 126"Y 

- 
The form 2 1 2 ; - (2 P 2) f aumann ; 1 2 1 Miller ; BI B3 G: Ilrooke and Levy. 

Chessylite . . A = 39 55' p = 137* 13' Gmsum . . A = 5?O 5W A = 113O 4 8  
huclnse . . A = 56"52' p = 9S0 53' 1 bphene . . A= 55 27' A = 14B5 28' 

The form 2 1 8 ; - (3 P 2) Naumann ; 4 8 3 Miller, BI B3 G? Brookc and Lcvy. 
Augite . . A = 3P 51' p = 114= 31' 

The form 2 1 4 ; - (4 P 2) Nnuqann; 2 4 1 Niller ; BI B3 6 3  or Brooke and 
Levy. 

Fclapnr . . A = 4W1W p = 157O 7' 

The form 3 1 3 ; - (3 P 3) n'aumann ; i 3 1 Miller ; B1 B= G? or ,E Brooke and 
Eevy. 

Amphibole . A - 49'45' @ = l(BO 2' . . A = 31" 30' p = 1500 27' 
G~psum . . A = 41 1B = 113O W 1 

The combinations of this system are so like those of the Prismatic, that we nccd 
not give my examples of them. 

SIXTH SYSTE36-mORTE1C, OR DODBLY OBLIQUE. 

This system is c d e d  the anorthic from the w m t  of symmetrg of its forms; und the 
doubly oblique because its forms may be derived from the àoubly oblique prism, and àoubly 
oblique octahcdron. I t  h m  also been c d e d  the ï'n'clinohedric, Atiorthotype, TetarLo- 
prkmatic, Igtarto-rkoinbic, and the One-and-one-inembered sy~tem. 

To thia system aii forma may be referred which c m o t  be placcd under any of the 
preceding systems. 

Only two forms belong to the aliorthic systam : the doubly ~bliquc priarn, and the 
doubly odliquc octahcdrcn or pjratnid. IRIS - LILLIAD - Université Lille 1 



458 ANGULAB ELEMENTS, ANORTEIIC STSTEX. 

Alphabelical list of Xinerds behnging lo t h  Anoïthic or Doualy Obiigue Systenb, with the 
rlv.&ar Ele,iaents fioin which th&- typical forms and axes may bs derived. Blanb 
are left in the case8 w h e  thedngular Elmnts have not been determinea. 

Albite (eleavelandite : Tetarto- 
prismatic felspa?) . . . 

Asinite. . . . . . 
Babingtonita . . . . . 
Blue vitriol (oulnhate of copper) . 
Christianite (morthite) . . 
Kyanite (disthene) . . . 
Llbrddorite (Labrador felspar) . 
Latrobite . . . . . 
Leucaphane . . . . 
Oligodase . . . . . 
Sassoline (native boracic acid) . 

Barameters  and Axes.-In the anorthic system the three parameters are 
unequal, and no tmo axes ara inclined to each other at right angles. By means of the 

a anplar elements a, 8, A, 8 and G we may determine the lengths 
of the parameters and the inclination of the axes. 

To &tergzine the Lmgths of the Parameters.-Take a straight 
p line OT (Fig. 342) of anp couvenient length to represent one ;A of the parameters; this will be the arbitrary unit of the system. 

Through one of its extremities O, draw OQ perpendicular 
to OT; through T draw TM, making an  angle 6 ; and TF 

~ i g .  342, 
making an angle e with OT; let TM and TP cut O& in 
M and P. 

Then OM and OP will represent t& lengths of the oiher tmo parameters. 
ITo represent t h  Inclination of 

t h  d m  in Perspective.-Draw a 
straight line XOX' (Fig. 343), 
and through O a point in it the 
lin8 OZ perpendicular to XX', 
and the line O P  making. with 
OX' an angle of about 3& with* r 
OX'. Along OX take OT, equal a- OT (Fig. 342). Y * 

Then (Fig. 344) draw a line 
Pig. 913. 

ABC, and through B a point in 
id draw BD making the angle y with AB, take BD equd to OM (Fig. 342), and 

through D draw DF perpendicular to AC. 

&le A 
In  O P  (Fig. 343) take OD equal to half 
of DF (Fig. 344), and through D (Fig. 343) 
draw DM, parallel to OX and equd to BF 
(Fig. 344). Join OM, and produce it to OY'. 

L " Now (Fig, 344) draw FG making the 
Pig. 3 W. Fig. 345. angle 6 mith FC, take FG equal to O P  

(Fig. 342), and t h u g h  G dran- GE perpendicular to DI?. 
Draw HIC and EL (Fig. 345) at right angles tu each otfrer, take KH equd 
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DOUBLY OBLIQUE PRISM, PIRST ORDER. 459 

t o  FE (Fie;. 344) ; through H dram HL, malring the angle 90" - A  with H g  and 
meeting K L  in  L. 

I n  O P  (Fjg. 343) take OE equd to h d f  of LK (Fig. 345), through E dram EF 
parallel to OZ and equal to HE (Fig. 315). 

Through F F a w  FP, parallel ta OX and equal to EG (Fig. 336) ; j o b  OP, and 
produce it to any point Z'. 

Then OX, OY' and OZ' mill represent the direction of the axes for any substnnce 
whose angular elements a, B and A are giwn (page 458), and OT, OX, and OP WU 
represent the magnitude of its paramcters, dependhg upon the angle8 6 and e. 

Doubl y Oblique Pnsm-Fiist Order.-The doubly oblique is a solid 
bounded by six faces, which are aU oblique ~ a r n l l e l o ~ ~ ~ ,  and squal to each other 

Fig. 346. 

symbol ia 1 m m ; CO m Naumann ; 1 O O Miller ; T Brooke and Levy. 
To draw the Doubly Oblique Prim, Tirs1 0rder.-Prick off frorn Fig. 343 the points 

O, Pl, Ml and Tl. Join Ml O and produce it to M.,, making OM2 equd OMl. 
Join P, O and produce to P,, making OP2 equal to OP,. And join Tl O, produoe it 

to T,, muking OT, eqnal to OT,. 
Through Ml and M2 draw Hl GG, and G, & parde l  to Tl T, making Y, H,, Ml G,, 

JI, G,, and A& H, each equd  to OT,. 
Join Hl Gl and H? G,. Thrangh H,, G,, Hz, snd G, drP.w O, O,, 1, ',Al A, and 

E, 4 garallel to Pl P,. 
Make O, E,, O, H,, G, 1,. G ,  1, H. 4, n, A, G, El and G, E, each equal to OP . 
Join O1 Il, 1, A,, Al E,, El OMO2 1-, Iz A, A, E, and 0, q. IRIS - LILLIAD - Université Lille 1 



460  DOUBLY OBLIQUE PRISM, FIRST ORDER. 

Ib describe a Net jor the lloubly Obliqw Prism.-Draw C D  (Fig. 347) equal twice OT 
(Fig. 342) and DB, making the 
angle y with CD, and equai to 
twice OM (Fig. 342). 

Through C draw CA parallel 
to BD, and through B, BA par- 
allel to CD meeting in A. 

Draw GK (Fig. 348) equal 
twice OT (Fig. 342) and GE, 
making the angle with GH, 

C and equal to twice OP (Fig. 
Fig. 347. 342). 

fis0 draw ( ~ i g ,  349) egud to twice OM (FiS. 344) and 
m*ing the 

angle a with M N  and 
equal to twice O P  (Fig. 
342). 

Through K draw IfL 
paraiiei to MN and through 
N, NL parallel to MK 
meeting in L. 

Then arrange six par 
aiielograms, equal and 
similar in pairs to the 
three paralielograms (Figs. 
347, 348, and 349), 3s in 
Fig. 350, and the net will 
be described. Fig. 350. 

Gystah of tire foliouing mineralx Lace pac8* parailel t~ the Basal Pinacoids m w 1 ; 
0 P A-aumann ; O O 1 dCilkr ; P Brooke andLeu+ Th6 ?mlh and south pohs of the 

, Sphere of Prqkt ion rnny 6e eon~ùiered tlz polea of the Iwo facu of tk Basal Pinacoids. 
Albite Babineonite Christinnite Oligwlase 
Axinite Blue Vitriol Labruiorire Sassoline 

The follou5ng prese?lt Cieavayes~aral2d io Ili13 fmm. 
Albits Bnoingtoniid Lnbradorite Sa.ssoline 
Axiilite Christiunitc Oligoclaae 
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DOEBLY OBLIQUE RHOMBIC PRISM, SECOND ORDER. 461 

Crysials of the followieg minera18 have Faces parallel to the BTamo-pitaacoids ca 1 a, ; 

a, P ca Nautnanla; O 1 O Milbr. ; M BrooBe and Levy. T h  angles will determine t h  
position of one of the poks. 

Albite 
Axinite 
Babingîonite 
Blue Vitriol 
Chrislianite 
Lnbradorite 
Oligookse 

North Polnr 
North 
North :: 
South ,, 
North ,, 
North 
North :: 

distance 

9 s  

9s 

86O 24' Longitude West 
8So 55' 
870 26' " " 

> >  >> 
700 22' ,, ,, 
85=48' ,, ,, 
86" 24' ,, ,, 
SG" 24' ,, ,, 

The fohwing present Cieuoayes pardiet ta this foim. 

Albite Axinite Clrristianits Lobradorite Oligoclaee. 

Axinite South Polnr distancc 8 2 O  14' Longitude West 12'36' 
Babingtonite South ,. , 8iI0 (1 ,, West 2Z0 SY 
Blue Vitriol South ., ,, 65O 4' ,. East T 0  4' 
Suasoline North ,, ,, 1 5 O  42' ,, East O0 18' 

Axinite and Babiigtonit. hnve imperfect cleuvages pardel  to thi3 form. 

boubly Oblique Rhombic Priam, Second Order.-If we bisect the cdges 
O, Il (Fig. 346) 0,I, in F, and F,, the e d s s  A, El and & l3- in B, und U2 ; the cdgcs 
O, El, O, E, in D, und D,; and tho 
cdges A, 1,, A, I2 in Cl and C, : and cz 
thcn prick off the poiqts BI, Dl, F,, 
Cl, B,, Dz, F2> C,, and join thcm as 
in Fig. 350, we shall denve from 
the doubly oblique prism (Fig. 346) 
another ùoubly obLique prism, similar 
in form, but diffenng in position and 
magnitude with rcapect tothe oblique 
axes of the anorthic system. 

Tbis prism is generdy considered g; 
as the combination of ,three forms, 
each consisting of a pair of p d e l  Pig. 351. 
faces. 

B, Dl Cl F, und B, D, C, F, nre regardcd as faces of the busal pinacoid. 
SytnboZ8.-The form ahose faces are Dl F, F, D2 and B, Cl C2 B, cut<cach of  thc 

axes Ml M2, Tl T, at the exf  emities of their paramctem, and is pudie l  to the third 
asis P, P,. Its symbol is 1 1 ar' ; m P: Naummn ; 1 1 0 Miller ; II1 Broolie and 
Levy. 

The form whose faces are B, Dl B? D, und Cl FI C, F, cuta ench:of the aws 
11, M2, Tl T, (Fig. 346) at the extremities of theirparumeters, and is pardel to the third 
axis P, P, Its  symbolis 1 a ; a IP Naumann ; ï 1 O Niller; G Brooke and Levp. IRIS - LILLIAD - Université Lille 1 



462 DOUBLY OBLIQUE PRISYS, SECOND ORDEX. 1 
The form 1 1 oo ; a Pi Naumann; 1 1 0 Miller ; Hl Brooke and Levy, occurs in 1 Albite South Polar distance 69O Y Longitude West 33O 5iY 

Arinite South ,, ,, 8%' ,291 , West 45O $1' 
Blue Vitriol South ,, ,, GZO 2S ,, We6t 60° 29' 
Christianite South .. .. 69' 3' .. West 31" 33' .. .. 
Labradorite South ,, Cg0 9' ;; West 330 50' 
Oligoclase south " ,, 69= 9' ,, West 33O 50' 
Sassoline North ,: ,, 8W 33' ,, West 590 6* 

Blue l&riol, Labradorite, and Oligoclase have imperfect cIenvap8 pardel to this 
form. 

Thc form i 1 CO ; m l  P Naumann ; i 1 O Miller; G1 Brooke and L q .  
Albite Xorth Polar distance G 4 O  55' Longitude West 150° 44' 
Axinite North ,, ,, 83" 33' , West 150J 1' 
Bnbingtonite Korth ,, ,, 85'54' ,, West 137" 4Y 
Blue Vitriol South ,, ,, 83" 8' ,, West 116O 24' 
Christianite North ,, , 65O 38' ,, West 146O 35' . 
Labradorite Xorth ,, ,, 64'55' ,, West 150° 44' 
Oligoelasc North ,, ,, 6 P 5 S  ,, West 15G0 44' 
Snisoline Eouth ,, ,, 84" 57' ,, West 110° 55' 

Alliite and Blue Vitriol have cleavages paraiiel to this form. 

Doubly Oblique Prisms demived from that o f  the Second Order.-Ey 
making OS, and OT, in Fig. 346 n times greater than the parameter OT (Fig. 3421, 
where n is any whole number or fraction greater than nnity, n e  may from Fig. 346, 
so altered, derive another prism of the second order composed of the buai pinacoids 
and tmo forrns mhose symbols wiil be 

n 1 m ; w PI 12 Naumann ; 1 n O Miller; Hu Bmoke and Levy. 
and i 1 ; m ;p n Naumann ; % n O Miller ; Gn Brooke and Levy. 

By making OM, and OM, (Fig. 346) r times greater than the parameter OX 
(Fig. 342), w-here n is any whole number or fraction greater than unity, we may from 
Fig. 346, 60 altered, derive a prism of the second order composed of the basal pinacoi& 
and two forms whose symbols will be - 

1 n w ; w P: n Naumann ; n 1 O Miller ; H* Brooke and Levy. 

and i n oo ; w P n Naumann ; k 1 O Niiler ; G': Brooke and Levy. 

The form 3 1 O ; oo P: 3 Naumann ; 1 3-0 Milier ; H3 Brooke and Levy. 
Albite South Polar distance 7g0 56' Longitude West 6Z0 15' 
Christianite ,, ,, 80° 33' 19 91  620 51 

Oligoclase ,, ,, 7Y0 56' ,, ,, GP 15' 

The form 3 1 O ; w IP 3 Kaumann ; i 3 O Miller ; 63 Brooke and Levy. 
Albite North Polnr distance 735 21' Longitude West 119VW 
Chrietianite ,, ,, 7 3 O  42' ,, ,, I l l 0  21' 
Oligoclase ,, ,, 21' ,, ,, 119' 10' 

The forin 2 1 6; CO P: 2 Naumann; 1 2 O Miiler ; H2 Brooke and Levy. 
Axinite, Sûuth Polar distance BGJ 14' Longitude West 61° 7' 

The form 2 1 0 ; CO 1 P 2 Naumann ; l 2  O Milier ; 62 Brooke and Levy. 
Blue Vitriol, South Polar distance 770 47' Longitude West 10P 22' 

The form 1 2 0 ; wP1 2 Naumann; 2 1 O Miller; H$ Brooke and Levy. 
Babingtonite, North Polar distance 880 35' Longitude Tes t  47" 10' 

Thc form 1 2  0 ; m :F 2 Nanmann ; %1 O Miller ; G: Brooke and Levp. 
EIue Vitriol, North Polar distance BiJ 24' Longitude West 1 3 8  5' 
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DOUBLY OBLIQVE PPBISM, THIRD ORDER. 463 

Doubly Oblique Prism, Thlld Order.-The doubly oblique prism of the 
third order may be 
drawn by pricking off Cl 

the points D,, C,, H,, 
G1, D, C ,  HZ> a d  G, 
from Fig. 346, and 
joining them ns in 
Fig. 352. I t  is simi- 
lar in form, but differs 
both in magnitude and 
position, from that of 
the first order. It 
may be regarded as 

DZ 
Fig. 352. 

composed of three 
foïms, each consisting of two pardel faces. Dl Hl G, D, and Cl G, C, H, are the faces 
of the macro-pinacoid. 

8ymbols.-The faces of both the other forms cut the axes Pl P, (Fig. 346), Tl TL 
a t  the extremities of their parameterg and are parde l  to the third axis Ml M,. 

The symbol for the form whosc faces are Dl Cl Hl G1 and G2 H2 C1 D2 i8 1 1 ; 
m Naumann ; 1 O 1 Nilier ; F1 Brooke and Levy. 
The symbol for the form whose faces are D, Cl Hz G, m d  Hl G, C, D2 iy 1 w 1 ; 

'FI ai Naumnnn ; 1 O 1 Niiier; BI Brooke and Levy. 

The form 1 w 1 ; ,PI' ce Naumann ; 1 O 1 Miiier ; Fi Brooke and Levy, occurs in 
Albite North Polar diinnce 52" 3 7  Longitude West 3 8' 
Arinite ,, 55: , West 12 56' 
BlueFitriol ,, a95 4. , East t 4' 
Christinnite ,, ,, 51 33' ,, East 1 1Y 
Oligoelase ,. ,, 5?0 37' ,, West 3 1 
8ns8olme ,, ,, 2 4 2 1 '  ,, mt O 117 

Axinite has an imperfect cleavnge parnilei to this form. 

The fo rmi  w 1 ; 'Pl m h'aumann ; 1 O 1 Miller ; B1 Brooko and Levy. 
Bine Vitriol Xorth P o l v  distance 20' 27' Longitude F nct  1 - 4' 
Snesoline I. ,, 90 25' ,, \ lest  1 4.' 

Denved boably Oblique Pliemii of the Third 0z"cx.-By making 
OP, and OP2 in Fig. 346, rn tiines the paramcter OP (Fig. 340), and from the figure so 
nlteredobtaining a prism of the third order, another series of doubly oblique prisms similnr 
in form and position, but differing in magnitude h m  Fig. 352, mny be derived. na 
rnay be any whole number or frnction grenter or less than unity. 

Symbols.-The symbol for the form whose faces are Dl C Hl G, and G2 II, C, D,, is 

1 ca m ; m ,Tl ce Naumann ; m O 1 Miiier ; F,= Bmoke and Levy. 

The symbol for the form whose faces are Dl Ci H, G- and Hl G, C- D,, is 1 m m; 

va 15 w n'aumann ; rn O 1 Miller ; BA Brooke and Levp. 

The fora  1 or> Q ; ;3 ,I" m Rnumann ; 2 O 3 Briller ; ~3 Bro ke and Levy. 
Chistianite North Polnr didance 54 49' Longitude Enst 1 1 ' 
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1 464 DOUBLY OBLIQUE PRISMS) FOURTH ORDER. 

1 The form 1 m 2 ; 2 a Naumann; 2 O 1 Miiier ; FI Brooke and Levy. 
Albite North Polar distance 8 P  25' Longitude West 3" 8' 
Blue Vitriol ,. ,, 57a 16' ,, East 7" 4' 
Christianite ,, ,, 81° 31' ,, Enst 1' 19' 
Labradorite ,, ,, 82'25' ,, West 3 O  8' 
Oligoelnse ,, I 82' 25' ,, West 3'8'  

I The form i m 2 ; 2 lx m Nau-n; 2 0 1 Miller ; B& Brooke and Levy. 
Christianite North Polar distance 41'14' Longitude West 178' il' 

l The form 1 m 3 ; 3, m Naumann ; 3 O 1 N i e r  ; ~f Brooke and Levy. 
Blue Vitriol North Polar distance 7 4 O  42' Longitude East I o  4' 

Doubly Oblique of the Fourth Order.-By prickiig off the pointa 

F x  FI, F,, BI, B2, Hl, Hz, G, 
and G, from Fig. 346, 

Gl and joining them as in 
Fig. 353, a doubly ob- 
lique prism of the fourth 
order may be derived, 
similar in form but dif- 
fering in magnitude and 
position from that of 

6 2  the first order. This 

prism is a combination 
of three forms, each 

Fig. 353. consisting of a pair of 
paralld faces- FI HI F2 G1 and B, H, B, G, are regarded as faces of the 6racAy-piîaa- 
coids, being parailel to the axes Pl P, and M, M, (Fig. 346). 

Symbols.-The faces of bath the other foms eut the axes Pl P,, M,M,, a t  the 
extremities of their puameters, and are pardlel to the third axis Tl T, (Fig. 346). 

The symbol for the form whose faces are B, F, H, G2 and H, G1 F2 B, is m 1 1 ; 
1 P '  a, Naumann ; O 1 1 Miller ; Di Brooke and Lcvy. 

The symbol for the form whose faces are B, F I  G, H, and G, H, F, B, is m 1 ; - 
,lB, m Naumann : 01 1 Miller ; Cl Brooke and Levy. 

- 
The form m 1 1; ,P, a Naumann ; O 1 1Miller ; D' Brooke and Levy, occurs in- . .  & 

Axinite h'orth polar distance 44O 43' Longitude West 90° O' 
B~bingtonite ,, ,, 29" 35' 9 ,, go0 0, 
Blue Vitriol ,, ,, 500 25' ., ,, 90" O' 

Axinite has a cleavage parauel to this form. 
The form m l  1 ; ,Tl m Naumann ; 0 1 1 Miller ; Cl Brooke and Levy. 

Asinite South pnlîr distance 44O 48' Longitude West 90D 0' 

Derived Doubly Oblique Ps i sms  of the Fourth Order.-By making OP, 
and OP, (Fig. 346) ma timcs the parameter OP (Fig. 3421, where m may be any whole 
numbcr or fraction greater or less than unity ; and from Fig. 346, so altered, obtaining 
a prism of the fourth order, a series of prisms may be derivcd, similar in form and 
position, but differing i n  magnitude from Fig. 353. 

Synbo1s.-The spmbol for the form whose faces are B, FI H, G2 an2 LI2 G, F2 E-, 

1 i s  m l m ; nz m Naumnnn ; O m l Miller ; D A  Brooke and Levy. 
f 
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DOUBLY OBLIQUE OCTBHEDEON. 465 

The symbol for the form whose faces are B, Fl G, H, and G, Hl F, B ,  is ml m ; 
1 

m ,P, m Kaumann ; O m 1 Miiler ; CG Brooke and Le-q. 
The form m 1 4 ; 4 'p m Naumann ; 0 1 2 Miicr ; DJ Brooke and Levy. 

Axinite North polar distance ? 6 O  21' Longitude 'West 900 0' 

The form m 1 2 : 2 'P m Naumann ; O 2 1 Miiler : 1)4 Brooke and Lesv. 
Albite North polar distance 4?'3F Longitude West 90° 0' 
Christianite ,, ,, 4!?38' 9. ,, 90'0' 
Oligoclase ,, ,, 43' 34' 3, ,, 90'0' 

The form m 1 2 ; 2 ,F. m Raumann ; O 2 1 Miller ; ~3 Brooke and Levy. 
Albite Northpolar distance 4G3 5' Longitude East 90° 0; 
Christimite ,, ,, 4GJ4i' 9r ,, 90 G' 
Oiigoclnse ,. ,, 4 6 ' 5 '  ,, ,, 90" If 

Doubly Oblique Octahedron-Thc~rloz~hI~y o6lique octa?,edrm, or the triclmohe- 
driapyrnmui, is a a l i d  bounded by cight 
scalene triangles. These triangular faces 
are only equni and sidbilar to each sther 

P. 

Pic. 354. 

in pairs; ëwry face, such as P, Ml Tl 
(Fig. 354), having a similar and equal 
face, Pz M2 T,, paralld to  it. This solid 
map bc rcgarded as a combination of 
four open forms, cwh fora consisting of 
a pair of similu and pardiel faccs. 
Thcse for= are callcd te nrto-pjram'dr, 
and can only appcar in combination u ith O! th r f rms. 

To ' o ~ a i t h i d  u6i/ o G I i  ir oclnlcdrort.-Piick off from Fin. 346 the points P,, P, , 
Ml, M, TI and T, and join then ns 'n Fi-. 354. 

&.-The axcs of thc doubly oblique or an rthic eyst m join the points Pl Pz, 
H, M,, and Tl TA (Fig 354). 

~~n~ols.-Cvcry face of the doubly oblique occahedron cuts the three axes Pl P-, 
Mi Id,, and TI T a t  thc cxtrcmitics of their paramctcrs. 

Thc spmbol f r the fonn rhosc faccs arc Pl Ml T and Pz If2 T- is 1 1 1 ; 
P' Xaumann ; 1 1 1 IiIillcr ; O' Brooke and Lcvy. 

The spmb 1 for thc form whosc fnc s are l', 11, T- and 1'- BI, Tl is 1 1 1  ; 
IP Xaumann ; 1 1 I Miilet- ; E Broûhc ond L y.  

Tho qmbol f r the f rm whosc fac s are Pl If- T- ana & V T, is 1 1 1 ;  

P, Kaumann ; 1 1 Miller ; Al Broohe und L c v .  
The s p b o l  for the form whose faccs arc P, M- T, and 1'- JI: T- is 1 1 1 

,P Raiimann; 1 i L Miiicr ; 11 Brooke and Lev-y. 
To describe a A e  for fl D 6% 0bZip.e 0clairedmm.- 

,A\, 1, t a, 6, and -y be the thrcc au,-ular elemcnts givenunder 
those lctt rs for a particular substance (page 468), vhose 
oetlhcdrw ie to be constructeù. 

Dmw t r o  iines OY,, OP, (Fig. 355), making the 
"2 

Pi. 555. 
angle a, m-ith each other, produce OU, tu M2, make 
OM,, OM, each equal to thc paramcter 011 (Fig. 342) 

constructcd for the particular substance, and OP, cqual to the parameter OP (Fig. 342). 
Join Pl M, and Pl N2. 

INORGANIC NATURE.-No, XVI. 2 a 
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466 NET FOR DOUBLY OBLIQUE OCTAHEDRON. 

Draw OP,, OT, (Fig. 356), making the angle ,9 with each other, produce OT, to T,, 
make OT, and OT, equal to OT (Fig. 342), and OP, equal to OP (Fig. 342). Jain 
Pl Tl and Pl T,. 

MI 

Fig. 356. Fi& 357. 

Also draw OT, and ON, (Fig. 357), making the angle y with each other, proùuce 

Fig. 358. 

OT, to T?, make OT, and OT, e&al to 
OT (Fig. 342), and ON, equal to 0M 
(Fig. 342). JoirQf, Tl and Ml T,. 

Then Fig. 358, draw Ml Tl equal 
to Ml Tl (Fig. 357), on it construct 
the triangle Ml Pl Tl having its side 
N, Pl equal Ml Pl  (Fig. 355), and the 
remaining side Pl T, equal P, Tl (Fig. 
356). 

On P, M, construct the triangle 
Pl T, Ml, having ML T, equal Ml T, 
(Fig. 357) and Pl T, equal to Pl T, 
(Fig. 366). 

On Pl T, construct the triangle 
Pl T, having T, M2 equal Tl Ml 
(Fig. 357) and P, Nz equal Pl 
(Fig. 355). 

On Pl M, construct the triangle 
Pl M2 T, having M, T3 equal ML T2 
(Fig. 357) and P, T, equal Pl Tl 
(Fig. 356). 

Then construct four other triandes u 

equal and similar to each of these, and arrange them as in Fig. 358, and the net will 
bc described. 

The form 1 1 1 ; Pl  Naumann; 1 1 1 Miiicr ; O' Brooke and Levy, has been 
o?iservcd in 

Albite North Polar distance 54O 44' Longitude West 3 3 O  50' 
Asinit0 ,, 64O 57' ,, ,, 4j0 41' 
Christimite :: ,, 54' 32' ,, ,, SI0 33' 
Oligoclase 19 ,, 54O 44' , , S3O 50' 
Ssssoline $9 ,, 41° 6' ,, ,, 59' 6' 

The form 1 1 ; 1P Naumann ; i 1 1 Miiier ; E l  Brooke and Levy. 
Axinite North Polar distance 50" 36' Longitude West 150° 1' 
Blue Vitriol $ 9  ,, 4S0 51' ,, ,, 116' 24' 
Christianite $ 9  , 4 5 O  14' ,, ,, 146O 3Y 
Sassoline 19 ,, 4 8 O  O' ,, , 119" 53' 

The form 1 1 7 ; Pl Naumann; 1 1 1 Miiier ; Al Brookc and Levy. 
Sassoline North Polar distance 50' 5 2  Longitude East 1200 54' IRIS - LILLIAD - Université Lille 1 
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The form 1 i 1 ; ,P Naumann ; 1 1 Willer ; Il Brooke and Levy. 
Albite North Polnr distance 570 3;' Longitude East 2 9 O  16' 
.hinite South ,, 602 0' ,, West l.50° 1' 
Christimite North :: ,, 58' LW ,, East 3 P  25' 
Oliaoclase North ,, ,, 57" Si' ,, East 2 P  16' 
Sassoline North ,, ,, 42" 51' ,, East GO0 5' 

Angulnr Elements of the Aaorthic System.-Five of the angular elements given in 
page 458 are necessary for the construction of any of the forms of the anorthicsystem ; 
a is the inclination of the axis OP, (Fig. 340) to OM,, B of the axis OP, to OS,, 
and y of the mis ON, to OT, ; A is the inclination of the plane Pl  OT, to the plane 
Ml OT, ; B is the inclination of the plane Pl OM, to the plane N, OT, ; and c is the 
inclination of the plane Pl OM, to the plane Pl OT, ; the remnining elements 6 and r 
dependupon the ratios which the unequal parametcm OP,, OJL, and OT, bear to 
each other. 

De r ived  Bonbly Oblique Octa,hedrons.-By mnking OP, und OP, cqual 
to m times the parameter OP (Fig. 342) where In may be any whole number or 
fraction geater, equal to, or less thau unity ; and OT, and OT, equal to n times the 
parameter OT (Fig. 3-32), where n is nny whole number or fraction greater than unity, 
we may frcm Fig. 342 BO dtered derive a senes of doubly oblique octahedrons, whose 
general symbol wiii be n 1 m. By mnking OM, and OM, equal to n times OM 
(Fig. 342) instead of OT, n timcs OT,, we may obtnin anotlier serics of octahedrons 
ahose genernl symbol wiii be 1 n m. 

Symhols jor the For M conposing the De~iued OctnlreiZrons. 

The gmboia for the forni 1 1 m are m P1 Naumann ; m m 1 Miiier ; 0" Brook0 
and Levy. 

For the form 1 tn , ,n 'P Naumann ; m m 1 Yiiicr ; E'" Brooke and Lcvy. 

For the form 1 I tn ; vr Naumann ; ,n m 1 Xilier ; 1 ' Brooke and L ~ v y .  
For the form 1 1 h ; m Pl Naumann ; pn m 1 Miller; A" Brookc and Lery. 

For the form 1 n 1 

For the form i n 1 

For the form 1 1i 1 

For the form 1 n 1 

For the form ,z 1 1 

- 
; P, n Naumann ; n 1 n Miller; ,,O Brooke and Levy. 

; '5 n Noumnnn ; » 1 s JIillcr ; ,,E Brookc and Levy. 
L 

; ,P n Noumann ; n 1 n Nilier; ,,I Brooke and Levy. - 
; Pl s Snumnnn ; e 1 ri BLiiicr ; ,,A Eroolie and Levy. 

; 1% n Saumann ; 1 r. n Miller ; O,, Bmokc and Levy. 

For the form n 1 1 ; 'P ta Saumann ; 1 n n Miilcr ; E, Erooke and Levy. 

For the form n 1 1 ; ,P n Nnumnnn ; 1 Y? ;Miller ; 1,, Brooke and Lcvy. 

For the form n 1 1 ; Pl n Snumann ; 1 n ri Millcr ; A ,  Bmoke and Lcvy. 
1 1 1  

For the form 1 n m ; rn Pl n Saumann ; h k 2 Miller ; D* F k  Hi Brooke an6 Lcvp. 
1 1 1  

For the form ï w in ; m s Nnumann ; II X- l Xiller ; Bb Dk Gr Brook and Levy. 
1 1 1  

For the form 1 j r  m ; tn ,F n Naumann ; h k 1 Miller ; Fh 0 ff Brooke und Levy. 
I I 1  

For the form 1 rz i ; m F, fi Naumann ; h k ï ~ i l l e r  ; Ch B k  HI Br0 ke and L e v .  
1 

For the form n 1 m ; m 1'1 n Naumann ; h k 1 Miiier ; D 1 F* II' Brooke and Levy. IRIS - LILLIAD - Université Lille 1 



468 POLES OP DOUBLY OBLKQUE OCTAEEDRONS. 

1 1 1  

For the form * 1 m ; m @ n Naumann ; B 2 Miller ; B" ~k G'- Brooke and Levy. 
1 1 1  

For the form n i m ; m ,P n Naumann ; h d 2 Miiier ; E'VQ Gr Brooke and Lcvy. 
1 1 1  

For tbe form n 1 & ; m Pl A Naumann ; h k Milier; Cc Bi Hi Brooke and Levy. 
The relation between the symbols h k 1, and 1 n on, is that the former are the 

numerators of the reciprocals of the latter reduced to a common denominator. 

The form 1 1 & ; 4 Pl Naumann ; 1 1 2iMiller ; 04 Brooke and Levp occurs in 
Albite North Polar distnnce 2 9 O  5û' Longitude West 33- 5û' 

The form 1 i ; ) ,P Naumann ; 1 1 2  Milier; 14 Brooke and Levg. 
Albite North Polar distance 2g5 55' Longitude East 2g5 18 
Axinite South ,, ,, 38O 4' ,, West 150' 1' 

The f o m  1 1 2 ; 2 ,P Naumann ; 2 2  1 Miller ; IVrooke and Levy. 
Christianite North Polar distance 85n 7' Longitude East 3 3 O  25' 
Oligoclase South ,, ,, 8 5 O  17' , ,, 29" l@ 

The form 1 3 3 ; 3 PT 3 Naumann ; 3 1 1 Miller ; D& Pl Hl Brooke and Lev). 
Blue Vitriol North Polar distance 86O 23' Longitude M'est :Bo 51' 

The form 1 2  2;  2 2 Naumann; 2 1 1 Miller, B$ Dl G1 Brooke and L e v .  
Blue Vitriol North Polar distance 51° 1' Longitude West 133O 5' 

The form 1 2 2 ; 2 ,? 2 Naumann ; 2 i  1 Miller ; I?i Cl G1 Brooke and Lovy. 
Aainite South Polar distance 75O 27' ~ongi tude  West 16g3 59' 

The form 2 1 4 ; 4 P l  2 Naumann; 2 4 1 Miller ; D& ~f Hl Brooke and Lev>-. 
Christianite North Polar distance 810 23' Longitude West 51°21' 

The fora  2 i 4 ; 4 ,Ï' 2 Naumann ; 2 4 1 Miller; F: ~4 G1 Brooke and L e v .  
Christianite North Polar distance 8S0 4' Longitude East 55O 22' 

The form 2 1 2 ; 2 2 Naumann ; 1 2 1 Miller ; Dl F: Hl Brooke and Leq-. 
Axinite North Polar distanae 72" Q' Longitude West 61' 17' 

The form 3 1 3 ; 3 P' 3 Naumann ; 1 3 1 Miller ; Dl E'f II1 Brooke and Levq-. 
Aainite North Polar distance 76O 34' Longitude West 69' 5' 

ir, determine the position of the pole8 of any form on tAe sphere of prqeotim.-If h, k 
and I be Miller's symbols for any facc, and h the north polar distance of the pole of one 
of its faces on the sphere of projection, and p the longitude of that pole, west from the 
point where the axis O Tl cuta the sphere, the point where the axis O Z cuts the 
sphere, or the pole of the face co ar 1, being taken as the no& pole of the sphere. 

tan <g = cos y tan 6 q = 6 cos (45 + 9) cot 6 cosec y sec 45 sec <p 
li 

tan + = c o s A  r = g' COS (45 + +) cosec A sec 43. sec + 
q' 

tan p = h 
h 

t a n k =  -8ecp  
r 

When h = o  and k = o  t h e n q i o ;  when h = o  and Z=o thengV=o ;  and 
ahcn  q = O and q' = O, then r = o. O, 9 and 9 are subsidiary anglee. IRIS - LILLIAD - Université Lille 1 
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TWIN CRYSTALS. 

A Twin G>./sta.Z, or Xac& Crystal, is composed of two crystak, or similar portions of 
tvo  crystals joined tog.ther in such a manner that one would corne into the position f12 ; i. , c -- ;---.-.. F* P a  

- - 
Pd 

P+ 

A R  

Pig. 3j9. Fig. 360. 

of the other by rcvolving through ttmo right anglcs round an axis which is perpendicular 
to a plane, which either is, or may be, a 

P? 

e.5 - 

face of either crystal. From this property, 
twin crystais are c d e d  hemitropc cryeida, by 
IIauy. 

Tho axis about which the crystais are 
supposed to revolve is cailed the twin agis ,  

and the planc to which it is perpendicular 
the twin plane. 

Twin C~yslcu of the Ocfahedron adout the 
Oclahedrd Axk-If we bisect the edges P, P, 
(Fig. 361), P, P5, P, Pm Pz P,, P, P,, and 
P, P, of the octnheùron P, P, P, by thc points a,, 4, %, a,, a5 and a,, and join these 

points; then suppose the 

/ octahedron cut in hdf  by 
a plane pnssing through 
a, a, a, a, a, a,, and a wire 
nsis or pin passed through 
the centre of the octahedron 
perpcndiculm ta tho plane 
a, %O, a, a, a,. This axis will 
correspond to the octahcdral 
a& A? As (Fig. 17 , if the 

J octah dron bc inrcribed in 
a cube, na in I"g. 21. 

1 - - - . - - - - - - - - - -4 6 Let now the lover portion 
U I  of thc oetahedmn be s e p  

.\x - 9  mted from the upper and 

/ made to revolve through an 
angie of 180; mund the 

ng. 362. uis A, till it wmer auc- 
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cessively into the position &own in Figs. 360 and 359 ; and a twin crystal will be 
formed. The plane a, a, &c. a,, is the twin plane, and the line 8, A,, which is per- 

/ 
pendicular toit, the tmiu axis. 

This twin crystai is of fre- 
quent occurrence among crys- 

A3 A2 tals of the diamond and the 
spinelie ruby. 

Twin Cry~tal of the Cube 
about the Oetalsed~aZ Azk. - 
By bisecting the edges of the 
cube & Ap (Fig. 362), A, A&, 
A1 A,, A5 86, A,, A, 8 3 ,  

in the points a, a? a, a, as and 
A6 a, ; making a section of it by a 

plane passing through these 
points, and eausing the lower 
section to revolve through an 
angle of 180" round the axis 

Fig. 363. 8, A,, mhen i t  wiii como into 
the position indicated in Fig. 363, we shali obtain a twin crystal of the cube. 

The twin crystal of the octahedron (Fig. 361), and cf the cube (Fig. 363), present 
cases of some of the faces being inclincd to each other at re-entering angles. This is a 
general characteristic of twin crystals ; though there are instances, of which the twin 

of the rhombic dodecahedron is one, where the twins are united without producing re- 
entering angles. 

Twin Crysta.2~ of the Rhoqnbic Bo&cahedron about the Octahedral Azk-Take points 
a, a, a, and ad on the edges of the rhombic dodecahedron (Fig. 3G5), such that O, a, is 
one-third of Pl O, ; 0 ,  a, one-third of P, O,; O, a, one-third of O, P, and O, a, one- 
third of O, P, ; join a, a, a, and draw a, a, pnrallel to a, a,, a, a5 to a, a,, and 
a, a4 to a, a,. The plane passing through a, a, a, &c., a, mili be perpendicular to the 
octahedral axis A, A, ; a section being made through this plane and the lower p x t  of 
the rhombic dodecahedron made to revolve about the axis A, As until it cornes into 
the position (Fig. 364), a twin crystal wili be formed, which haa no re-entering 
anglcs. 

I t  is not essential that the members of a twin erystal should be exactly the haif 
of the form from which they are derived. Thus two sections of the octahedron, similar 
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to that shown in Fig. 11, may be united to form a twin. Sometimes the two members 
of the twin may both be completely formed, so as to produce the appearance of two 
crystals penetrating one another. Thus Fig. 366 represents each cube in Fig. 363 

Fig. S6G. Fig. 967. 

completed, and forming, as i t  mcre, two cubes pcnetrating each other. This form of 
twin crystai is frequentiy found in fluor spar and iron pyrites. 

Fig. 367 represents two octahedrons of fahlerz, or gray copper ore, interseetin6 
each other, and forming a t a in  crystal. 

Xetsfor Twin Crystala of the Octahdron. 

Fie 568. Pig. 969. Pig. Sio .  

Prick off the points Pl P5 P, O, RI RI from Fig. 22 ; join p, P,, P, Pz, Pl P, and 
BI R,, then one triangle similar and equal to Pl Pb Pz, three q u a i  to Pl R, RI and 
three trapeziums similar and equal to R, RA P, P, and 
a regular hexagon having ita sides equai to R, Ri 
arranged as in Fig. 369 ; wili form the net for one 
member of the twin; the axia will pass through the 
point O, of the triangle Pl P5 P, and the centre of the 
hexagonal face. 

Ii'et for the Twin C y d a l  of the Rhombic Dodecahedron. 
-Draw the rhomb Pl O, O, Pz (Fig. 370) similar and 
equal to the rhomb (Fig. 30). Through R, the centre 
of the rhomb draw the line a, R, a, perpendicular to * Fi. 87 1. 
Pl O, or O, P,. Then three rhombs similar and equai to Pl O, P, 0,; six trapeziums 
aimilar and equai to Pl 0, (5 a,, and a regular hexagon having its sides equai to  
a, q, arranged es in Fig. 371, WU form 8 net for one member of the twin. The 
twin ssia will paas through the point where the three rhombs meet, and the centre of 
the hexagonal faee. 
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473 TWIN CRYSTALS. 

m e n  the crystallographic -es of the two membcrs of the twin erystal are parallel 
to each other, as in the case of the twin, Fig. 367, 60 that the cleavages of the one are 
p a r d e l  to or continucd one into the other without interruption ; w e  cannot determine 
withcertainty whether such crystals are to be considcrcd as twius, or only single 
crystals whose faces arc repeatd with a certain degree of regularity. Thus i t  is 
doubtful whether Fig. 367 is a twin, or a regdar  combinaiion of the positive and 
negative tetrahcdrons, Figs. 02 and 93. 

I n  pyrites the positive and negative pentngonal doàecahedrons, Figs. 113 and 114, 
and in the diamond the ~os i t ive  and ne~a t ive  six-faoed tetrahedrong Figs. 107 and 108, 

Pyrite 
Silver 
Spiselle 
Tennantite 

Pyrite 

Tomnnite 

Lcrine 
Pyraw rke 
Quartz 

Twin face paraiiel to a face of the hexagonal prism of the second order 1 1 m. 
Phenakite 

Twin face paralle1 to a face of the six-faced pyramid of the 6rst order 1 2 1. 
Quartz 

Twin face parallel to a face of the positive rhomboid f R. 
Calcite Corunùurn Hematite Quartz Pvargpite 

Twin face parailel to a face of the positive rhomboid + $ R. 
Tetradgmite Pyrnigyrite 

Twin face paraIIcl to a face of the nrgative rhoniboid - 6 R. 
Ankerite Bismuth Chalybita 
Arsenic Calcite Uioptase 

Twin face parallcl t a  a face of the negative rhomboid - 2 R. 
Calcite 

u 

are united togcther in  a similar mauner, formins; doubtful tvins. 

T~cin Crysfals, Cirbical Syslena. 
Twin face parallel to a fdce of the octahcdron. 

Alabandice Diarnond Galena 
Blende E'ah!erz Gold 
Bornite rluar Linneite 
Copper Gaùnite Megnetite 

Twin face parallel to a face of the rhombic dodecahedron. 
Diamonù Bulytine Fahlerz 

Twin CrystaZs PyamidaG Systenz. 

Twin face r a r d c l  to a face of the square prism 1 m m. 
Towanite 

Twin face parallel to a face of tlic sqnare p r i m  1 1 m. 
Scheelite 

Twin face parallel to a face of the pyramid 1 CC 1. 
Cassitcrite Panjasite Rutile bchcelite 

Twin face paralle1 to a face of the pyramid 1 w 3. 
Rutile 

Twin facc parallel to  a face of the pyramid 1 1 1. 
Hansinnnnite Tin Torranite 

Twin face parallel to a facc of the pyramid 1 1 3. 
Tin 

Tmin face p a r d e l  to a face of the basal pinacoid w CO 1. 
Ankeriie Cinmbar Kematite 
Calcite nolomlte Ilmenite 
Chabasite Gmeiiite Ice 
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The folloiring figures show some of the beautiful foims assumed by twin erystals 
of ice or snor. 

Twin Ctystals-P&matic Sjston 

Twin-face pardel  to a face of thc macro-pinacoid w 1 m. 
wolfram. 

Tain-face parull 1 to a face of the brachy-pinacoid 1 w m. 
Stnivite. 

Twin-face parailci to a fnce of the prism of the 1st orùcr 1 1 m. 
Alntonite. Epistilbite. philIfpsita 
Antimon-ilbcr. Glaserite. Redruthite. 
Aragonite. Iinmotome. 6te:nber~ite. 
Xournoniîe. Narcesite. Stephanite. 
Cerussite. ~VispicLel. S b  nüauite. 

Twin-face parailel to a f m  of the prism of the 2nd order 1 œ 1. 
CnryaoberyL Leaùhiiiite. Mangnnite. 

T h - f a c e  parallel to 8 face of the p r h  of the 2nd orbr 1 oo +, 
Btpurolite. 

Twin-face parailcl to a face of the prism of the 2nd orùer 1 ce 2. 
N iobite. 

Twin-face paralle1 to a face of the prism of the 2nd order 1 ol 3 .  
Wolfram. 

Stroneyerite. 
Sulphur. 
U itberite. 
Zinckenite. 

Twin-face parailel to a face of thc prism of the 3rd ordcr m 1 1. 
1Iarcasite. Xspickel. Smithsonite. Btilbite. 

Twin-face p d e l  to s fece of the pyramid cf the 1st c h s  1 1 1. 
Redruthite. Stromeyerite. 

Twin-face paraiiel to a face of the ppromid of the 2nd class 1 : 2. 
Staurolite. 

Twin-face parullcl to a face of the basai piriscoid oa cm 1. 
Epidoîe. Felapnr. Mirnbilite. Sphene. 

Tain-face parnllel to a face of the ortho-pinacoid 1 w W. 

Acmite. Felspnr. CIypsu~i. Rhyaeolita. 
Amphibole. Feuerblende. Linarite. Scoleeite. 
Augite. Preieslebenite. Malachite. Vauquel dite. 
Epidote. 
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Twin-face parauel to a face of the prism 3 1 m. 
Felspar. 

Twin-face paraliel to a face of the prism 1 o? 1. 
Chesaylite. Gypsum. Natron. Sphene. Whewellite. 

Twin-face paraiiel ta a face of the prism 1 o, 2. 
Humite. 

Twin-face parailel to a face of the prism m 1 1. 
Woolastonite. 

Twin-face paraliel to a face of the prism ca 1 2. 
Felspar. Rhyacolitc. 

Tmin-face parailel to a face of the basal-pinacoid m m 1. 
Labradorite. 

Twin-face paralle1 to a face of the macro-pinacoid ca 1 m. 
Albite. Christianite. Laliradorite. 0l;goclase. 

Twin-axis perpendicular to the plane passing through the poles of the forms 1 1 m, 
m 1 m, and1 1 m. 

Albite. 

Twin-da perpendicular to a face of the plane passing through the poles of the 
forms CO m 1, 1 m 1, and 1 m 2. 

Albite. Oligoclase. 

Twin-axis perpendicular to a face of the plane passing through the poles of the 
formsl m m , l  1 q a n d i l  m. 

Sassoline. 

Pseudomorphous Crysta1s.-Pseudomorphous csstals are those which pre- 
sent the form of a minera1 differing from that of which they are composed. They 
may be produeed by the decomposition of the crystal after it has been formed, or by 
another substance being deposited upon it so as to assume its form. Sometimes after 
another substance has been deposited on a crystal, the crystal may have been removed, 
and a third mineral deposited in ita cast. 

The foliowing is a list of pseudomorphous substances quoted b ~ -  Professor Nilier 
from Blum :- 

Pseudomqlious by Loss of an Ingredient. 

Calcite . . replacing crptals of Gaylussite. 
Quarts . . . . . ,, Heulandite and Stilbite. 
Xvanite .  . . . . .. Andalusite. 
stéatite . . . . . ;; Amphibole. 
Copper . . . . . ,, Cuprite. 
Argentite. . . . , ,, Pyrargyrite. 

Pscu&morphous 8y t h  Addition of an Irtgredient. 

Gypsom . . replncing crystals of Karstenite. 
Mica . . . . . ,, Pinite. 
Valenenite . . . . , Antimonp. 
Anglesite. . . . . , Galena. 
Hematite. . . . . ,, Magnetite. 
Limonite. . . . , Hematite. 
Maltichite. . . . . ,, Cupnte. 
Bornite and Towanite . . ,, Redruthite. 
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Pscudomorp?wus by Excl~ang6 of Ingredients. 
Baryte . . . replacing crystals of Wilherite and Barvtocalcite. 
Fluor and Gypsnm . . . 
Calcite . . . . . 
Magnesite . . . . 
Calcedony . . . . 
Jasper -. . . . . 
Opal and Cimolite . . . 
Lithomarge . . . . 
Kaolin . . . . . 
Mica 
Mica, ~ar'dfahiunité, ~spssio: 

lite, Pahlunite, Esmarkite, 
Eoiisdorüite, Chlorophyl. 
lite, Weiaeite, Plaseolite, 
Pyrargillite, Gigantoliite, 
and Pinite . . . . 

Prehnite . . . . . 
Talc . . . . , . 

Serpentine . . . 
Amphibole . . . . 
Chlor i te .  . . . . 
Prrolusite, Hausmannite, Mun- 

ganite, Valentinite. Stibiolite, 

Minium . . 
Galena . . 
Pyromorphite . 
Cerussite . . 
\Vulfenite . 
Yagnetite . 
Hematite . . 
Limonite . . 
Stilpnosiderite 
Pyrite . . 
MeInnterite . 
Grünerde . 
Pseudotriplite 
Wolfram . . 
Erythrine . 
Kupferschaarze 
Hupferpecherz 
Coveline . . 
Malachite . 
Chessylite . 

Calcite. 
~ypsÜm. 
Calcite. 
Datholite. 
Amphibole. 
Augite. 
Topaz, Pelspar and Nepheline. 
Felspar, ~orze i lans~ath ,  and Leucite. 
Andalusite, Felspar, Scapoiite, andTourmalin@. 

1 
} Cordierite. 

Analcine, Mesotype and Leonhardite. 
Chiastolite, ~ ~ a n i t é ,  Couzeranite, Felspar, { and P,irope. . ' 
Mamesite, Spinelle Qunrtz Andalusite. 

Chiastolite, ~opaz:  Felspar: blica, Scapo- 1 lite, Toumrline. Itaurolite. Dunet. 
[ Idocrase, and Augite. 

Spinelle, Mica, Garnet, Augite, Chondrodite, ( Amphibole, and Olirine. 
Augite. 
Felspar, Garnet, and Amphibole. 

Patrinite. 
Gnlena nnd Cerussite. 
Pyromorphite. 
Galena and Ceruasite. 
Galena, Anglesite, Leadhillite. 
Gnlena. 

and 

Pyrite. 
Augite. 
Triphvline. 
~cheeiite. 
Smaltite. 
Redruthite. 
Towanite, and Fahlerz. 
Towanite. 
Chessylite, Towanite, and Pahlerr. 
Fahlerz. 

Graphite . . replacing crplals of Pyrite. 
Saï t . . . . . . ,, Magnesite. 
Karstenite, Gjpwm, and Po- 

lyhalite . . . . ,, ) Sdt. 
Baryte, Fïuor, Gypsnm, Calcite, Barytoc~l- 

Quartz . , . . . cite, Magnesite, ôcheelite, Galena, Cenia. 
site, Hematite, Pyrite, and Chaljbite. 

Prasen and Eisenkiesel . . ,, Calcite. 
Baryte, Fluor, Calcite, Magnesite. and ch al ce don^ - . . - 1 pvomorphite. 

Carnelian . . . . ,, ' Calcite. - 
Hornstone . . . . , Pluor, Calcite, Mica, and Chalgbite. 
Semiopal. . . . . ,, Calcite. 
Lithomarge . . . . ,, Fluor. 
Pyrite . . . . . ,, Quartz, Stephanite. and Ppnrgyrice. 
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Marmite . . replncing crjstnls of Pyrargyrite. 
Chalybite , . . . ,, Bante, Caleite, and Magnesite. 
Malachite . . . . ,, Caicite and Cerussite. 
Crpsocolla . . . . 
Feldstine, Uccrsch:ium, anù 

Pvrolusite . . . - .. 
~rrblusite . . . . ,, Xngnesite. 
~ausmannite and >fangmite ,, Calcite. 

I 
Psilomelaoe . . . . ,, Baryte, Pluor, and Pharmacosiderite. I 

Smithsonite . . . . 3, 
f Fluor, Calcite, Xagnesite, Galena, cnd 

Pvromor~hite. 1 
Kassiterite . . . . ,, ' ~elipar. - 
Cerussite . . . . . .. Barrte and Fhior. 
StilpnoçiCo.rte . . . ;; ~u&esite and Calamine. 
Hem~titc . . . . ,, Pluor and Calcite. 

(Bar-ste, Fluor, Calcite, BIagnesite, &ilart?. 
Limonite . . . , .. 1 Comotonite.. Bleude. Galena. Pyromori 

'' ( phité, ~ e r d t e ,  nnd'cuprite. - 
Pyrite , . . . . . ,, Baryte and Calcite. 
Xarcante . . . . ,, Fluor and Calcite. 

Calcite . 
Marcasite 

. replacing crystala of Aragonite. . . . Pyrite. 

Calcite, Baryte, Celestine, Fluor, Gypsum, Quartz. Opal. Talc, Pyrite, IIematitq 
Limonite, Chalybite, Blencle, Galcna, Cerussite, Coppcr. Tmranite, Bornite, Red. 
ruthite, and Ginnabar. 

Dim0rphis.m.-Bodies of the smne chemical compositian, which crystallize in 
forms belonging to trvo different systems, or i f  in  the same sysbrn in forms which 
can only be referred to  two different sets of parametcrs, which will be indicated by 
their having different angular elements, are said to be dintorpltcs.' Sulphur and car- 
bonate of lime sre instances of dimorphous substances, the system of crptaliization to 
mhich each of these WU belong seema ta dcpend upon the temperature a t  which the 
crystal is formed. Titanic acid is tri-morphous, as Brookite i t  is prismatic, as Anatase 
and Rutile it is pyramidal, but the nngdar  elements of  A4natasc and Rutiie differ. 

b o m o r p h i s m - S u b s t a n c c s  fomirig crystals belonging to the same system, if 
their angular elements di ier  bu t  a fem minutes, are said to be Gonzotphoau, Autncxmor- 
phow, or pleswmorphous. Aiumina, red oxide of iron, and oside of chrome ; car- 
bonates of lime (calcite), of magnesia (magnesite), of protaxido of iron (chalybite), of 
protoxide of manganese (diailogite), of oside of zinc : antimony, bismuth, arsenic, 
und tellurium form three isomorphous groups of the ~ h m b o h e d r a l  system. Carbonatc 
of lime (aragonite), of barytes, of strontian, and of o d e  of lcad; Sulphate of potash, 
seleniate of potash, chromate of potash, and manganate of potash ; sulphate of soda, 
scleniate of soda, sulphate of oxide of silvcr, and seleniate of oxido of silver, are threc 
isomorphous groups of the prismatic system. Gypsum, sulphate of iron, and seleniate 
of iron is an isomorphous groiip of the oblique system. Seleniate of oxide of coppcr, 
sulphate of oxide of copper, and sdphate of protoxidq of mangmese are isomorphous 
forms of the anorthic vstem. 

dny chemical elements or oompound substances which niIl replace each other with- 
, out altcring the crystailographie character of the compound i n  which the change takes 

place, are also said to be eiovnorplrous. Thus in the gamets and alums, iron, edcium, 
magnesium, and aluminium replace each other, and are therefore said to be isomor- 
phoup. 
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Goni0metexs.-Instruments which enable us to d~termine the angles at which 
adjacent faces of crystals are incli;ned to each other, are called gonimetm.  Professor 
Miiier's description of the method of using them having been given in the chemical 
department O£ t h  mrk ,  we here quote &. Brooke's, from the " Encyolopædia Metro- 
politana :"- 

L I  The mutuai inclination of any tmo planes, as of a and 8,  Fig. 372, is inzcated 
by the angle formed by two iines, s d, s f, drawn upon them from any point 4 on 
the edge at which they meet, and perpendicular to that edge. 

' l  Now it ia known that if two right lines, as g f, d h, Fig. 373 cross each other 
at any point e, the opposite angles d e f, y e A,  are equal. If7 therefore, the lines, 
gf, d h, are suppsed to be v q  thin. and narrow ~lntes, and to be attached together 

Fi;. 372. Fi:. 373. Fig. 374. 

by 3 pin at  e, serving a s  3n axis to permit the point,f, to be brought nearer either to 
dl or to h, and that the cdges, e d, e f, of those plates, are applied to the plancs of the 
crystal, Fig. 372, so as tu rest upon the lines, e d, ef, it is obvious that the angle, 
g e A, of the moveable plates would be exactly cqunl to the angle, d e f, of the 
cqstal. 

The common goniometer is a small instrum~nt for mcasuring this angle, g O X, of 
the moveable plates. It consists of a semicircle, Fig. 374, divided into 360 eqilal 
parts, or half degrces, and a pair of moveable arms, d I i ,  gf, Fig. 37.5, the semicircle 
having a pin at i, which fits into a hole in thehioveable arms at e. 

The method of using this instrument is to app1~- the edges, de ,  ef, of the move- 
able arms to the two adjacent planes of any crystnls, so thnt they skdi actually tuueh 
or rest upon those plmes diwctims perpndicular io lheir e 4 e .  The a m ,  d A, ie 

Fig. 376. 
'\ 

then to be laid on the plate, rm n, of the semicircle, f ig.  374, the hole a t  s being 
suffered to drop on the pin at i, and the edge nesrest ta k of the arm g e ail1 then indi- 
cate on the eemicircle, ss in Pig. 276, the number of degrees ahich the measnred 
angle contains. 
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< '  When this i n s t~men t  is applied to the planes of a crystal, the points, 2 andf, 
Fig. 375, should be previously brought sufficiently near together for the edges, d e, ef, 
to form a more acute angle than that about to be measured. The edges being then 
gently pressed upon the crystal, the points, d andf, will be gradualiy separated, until 
the edges coincide so accurately with the planes that no light c m  be perceived 
between them. 

IL The common goniometer is, however, incapable of affordig very precise results, 
owing to the occasional imperfection of the planes of crystals, their frequent minute- 
ness, and the difiiculty of applying the instrument with the requisite degree of 
precision. 

The more perfect instrument, and one of the highest value to erystallography, is 
the reflecting goniometer, invented by Dr. Wollaston, which will give the inclination 
of planes whose area is less than & of an inch, to less than a minute of a degree. 
This instrument has been less resorted to than might, from its importance to the 
science, have been expected, owing, perhaps, to an opinion of its use bekg attended 
with some diiculty. But the observance of simple mles will render its application 
easy. The principle of the instrument may be thus explained :- 

" Let a 6, Fjg. 377 represent a crystal, of which one plane only is visible in the 

8 
Fig. 377. Fig. 378. 

figure, attached to a circle, graduated on its edge, and moveable on its axis nt O ; and 
lct a and 6 mark the position of the two planes whose mutual inclination is required. 

And let the lines, O e, O g, represent imaginary lines, resting on those planes in 
directions perpendicular to their common edge, and the dots at i and h, some permanent 
marks in a line with the centre, o. N 

"Let the circle bc in such a position that the linc, O e, would pass through the dot 
at d, if extended in that direction, as in Fig. 378. 

< '  If tho circle nom be turned round with its attached crystal, as in Fig. 377, until 
the imaginary line, o g, is brought into the position of the line, o e, in Fig. 378, the 
number 120 wiü stand oppssite the dot at i. This is the number of degrees at which 
the planes a and b incline to each other. For if the line O g be extended in the 
direction O i, as in Fig. 377, it is obvious that the lines, o e, O i, which are perpen- 
dicular to the common edge of the planes, a and 6, would intercept exactly 120° of 
the circle. 

IL Hence an instrument constructed upon the principle of these diagrame is capable 
of giving with accuracy the mutud indination of any two planes which reflect objects 
with sufficient distinctness, if the means can be found for placing them successively in 
the relntive positions shown in the two preceding figures. 
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This purpose is effected by causing an object, as the line at  m (Fig. 379), to be 
reflected successively from the two planes, n and 6, at the snme angle. I t  is well 
known that the images of objecta are reflected from bright planes at the same angle 
as that at which their rays fnii on those planes; and that when the image of an 
object reflected from a horizontal plane is observed, i t  appem so much below the 
rcflecting surface as the object itself is above. 

"If, therefore, the planes n and b (Fig. 379) are successively brougbt into 
such positions as wiil cause the reflection of the line at m, from each plane, to 

Pig. 379. Fig. 380. 

appear to coincide with nnother line at fi, both planes wili be mceessively placed in the 
relative positions of the corresponding plnnea in Figs. 377 and 378. To bring the 
planes of any crystal succeaaively into these relative positions, the foliowing directions 
d l  be found useful. 

The ins t~ment ,  3s shown in the sketch (Fig. 380) shouid be firat placed on a 
pyramidal stand, and the stand on a smali steady table, about six to ten or twelve feet 
from a flat window. The graduated circular plate should stand perpendicuimly from 
the window, the pin GH being horizontai, not in the direction of the axis, as it is 
usually figured, but with the d i t  end nenrest to the eye. 

adPlace the erystal which is to be measured on the table, resting on one of the two 
planes whose inclination is required, and with the edge, at which those planes meet, 
nearest a& parallel to the window. 

<lAttsch a portion of wax, about the size of dl to one side of a small brass plate, e 
(Fig. 381) ; lay the plate on the table with the edgc, f, 
pardel to the window, the side to which the wax is 
attached being uppermost, and press the end of the w u  
against the crystal until i t  adheres ; then lift the plate f 

Pig. 981. with its attached crystal, and place it in the slit of the pin 
GH, with that aide uppermost which restcd on the tablc. 

"Bring the eye now 80 near the orystal, as, without perceiving the crystal itself, ta 
permit the imagee of objecta reflected from ita planee to be distinctly observed, and 
raise or lower that end of the pin GH whieh has the smaii circuiar plate on it, until one of IRIS - LILLIAD - Université Lille 1 
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the horizontal upper bars of the window is seen reflected from the upper or hst plane 
of the crystai, correspondhg with the plane a (Fig. 377), and until the image of the 
bar appears to touch eome h e  below the whdow, as the edge of the akirting-board 
where it joins the h r .  

'' Turn the pin GH on its own sxis also, if necesaary, until the reflccted image of the 
bar of the window coincides accurately with the observed line bebw the window. 

'' Turn now the smali  circular handle, S, on ita a i s ,  untii the same bar of the win- 
dow appears reflected from the aeoond plane of the crystal correspondmg with plane b 
(Fig.  377 and 378), and until i t  appears to touch the iine belov ; and having, in 
adjusting t h e p s t  plane, turned the pin GH on its axis, to bring the reflected image of 
the bar of the window to coincide meurately with the line below, m w  moue the l o ~ e r  
e9rd of thepin Zaterally, either towards or from the instrument, in ordcr to make tlie 
image of the same bar, reflected from the second plane, coincide with the same line 
bclow. 

" Haring ascertained by repeatedly looking at, and adjusting both planes, that thc 
irnnge of the horizontal bar, reflected successively from each plane, coincides with the 
obscrved lower line, the crystal may be considered ready for measurement. 

"Let the 180" on the graduated circle be now brought opposite the O of the vernier 
at L, by turning the handle, DI; and whiie the circlc is retained accurately in this 
position, bring the reflected image of the bar from the Jirst plane to coincide with the 
line below, by turning the ssnaZC circular handle, S. Now turn the graduated circle, 
by means of the handie, M, until the image of the bar, refloctcd from thc second plane, 
is also obscrved to coincide with the aame line below. In this state of the instrument 
the vernier at L will indicate tlie degrees and minutes at which the t\ro planes arc 
inclined to each other. 

" The accuracy of the measurements taken with this instrument nill depend upon 
the precision with which the image of the bar, reflected successirely fiom both planes, 
is made to appear to coincide with the same line below ; and a h  upon the O, or the 
18O0, on the graduated circle, being made to stand precisely men with the lower iinc 
of the vernier, when the h s t  plane of the crystal is adjusted for measurement. A 
wire b e i q  placed horizontally between two upper bars of the window, and a black 
line of the same tliicknem being dram parailel to it below the window, will contribute 
to the exactness of the mensurement, by being nsed instead of the bar of tha windoa- 
and any other line. 

'' Persons beginning to use thii instniment me recommended to appl J it f h t  to the 
measurement of fragmenta at  lcast as large as that represented in Fig. 381, and of somc 
substance whose planes are bright. Crystds of carbonate of lime wiii supply good 
fragments for this purpose, if they are merely broken bp a &ght blow of a mal1 
hammer. 

" Por accnrate measarement, however, the fragments oiight not, when the planes 
are bright, to excced the size of that ahown in Fig. 380, and they ought to be so plreed 
on the instmment, that a h e  passing through its axia should also pass through the 
centre of the s m d  minute fragment which is to be meamirea. This position on the 
instrument ongbt also to be attended to when the fragments of crystal are large. In  
which case the common edge of the h o  planes, whose inclination is required, should 
be brought very neariy to coincide rith the axia of the goniorneter; and it ia fre- 
qwntly useful fa blacken the whole of the planes to be measured, eacept a narrow 
stripe on each close to the cage over which the meaeurement ie to be taken." 
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MINERALOGY. 

The science which enablcs us to classify and arrange those inorganic productions 
of nature which are called minerais, and enables us to identify or distinguish them 
from one another, is  termed mninernlogy. 

Mineral.-By the word mineral v.-e understand all substances fuund in nature, 
which are homogeneous or of the same composition throughout their stmcture, and do 
not owe their ongin to the action of animal or vegetable life. This definition excludes 
al1 rocks which are variable in their character and composition, as well as ail sub- 
stances, such aa mal, which are producta of vegetable life. Some of these are retained 
in most descriptions of minerais though they do not strictip belong to the subject of 
mineraiogy. 

Species of Minerais.-The various members of the minerai kingdom which 
essentidy m e r  from one another are divided into X-inda or apecies. By far the 
majority of mineral substances are found to assume dehi te  mathematical forms, 
bounded, for the most part, by plane surfaces and straight lines-these are called crys- 
tals. The subject of crystdiography we have already discussed at some length, par- 
ticularly in its relation to minerais. Generally speaking, substances which m e r  in 
chemical composition from other substances constitute distinct minerai species; again, 
substances which agree in chemical constitution, but m e r  in the character of their 
crystalline forms, are divided into separate mineralogical species. Thus native gold, 
silver, and copper, which have the same crystalline forms, but differ in chemical com- 
position, give three distinct species of minerala. Calcite and aragonite,-which have 
the same chcmical composition, being bath carbonate of lime, but present different 
kiuds of cqstniiine forms, one series belonging to the rhomboidal and the other to the 
prismatic system,-constitute two distinct species. Diffcrcnce in chemical composition, 
independently of crystalline form, or difference in the clam of crystaliine form, while 
the chemicai composition remains the same, principally determine the division of 
minerais into species. This ruie does not hold true universaliy, for some bodies admit 
of considerable change in their chemicai composition without affecting their form and 
many other propertie-veral classes of such substances, of which the gamets and 
alu~ne may be taken aa an illustration, have by the common consent of mineralogists 
bcen considered as similar species, though differing from one anothcr in chcmical 
composition. 

Chruacteristics of Minerais.-The cq-stslline form and chemical constitution 
of minerais are the principal characteristics by which, when known, their species and 
names may be discovered. Though these, in general, are sdlcient for the identifl- 
cation of a minerai; yet, when the crystalline form is not apparent, or the chemicai 
constitution determined without great trouble, there are many other characteriatm 
which wlll enable us to deacribe and identify the species. The chief of these are the 
hardness, speciiic gravity, fracture, lustre, colour, brittleness, flexibilit~; malieability, 
taste, amen, and other natural propcrties of the eubstance. Sometimee the opticnl and 
electrical properties afford assistance. 

INORGANIC NATURE.-No. XVI. 2 L 
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Crystalline Form-This subject has already been discussed at such consider- 

able length, that it is unnecessary to say anything more here than to quote from 
Dana that, " To leam to distinguish minerals by their colour, weight, and lustre, is 
BO far very well ; but the accomplishment is of a low degree of merif and when most 
perfect makes but a poor mineralogist. But when the science is viewed in the light 
of chemistry and crystallography, it becomes a branch of knowledge perfect in itself, 
and surprisingly beautiful in its exhibitions of truth. We are no longer dealing with 
pebbles of pretty shapes and tints, but with objects modelled by a divine hand, and 1 
every additional fact becomes to the mina a new revelation of His wisdom." 

Chernical Composition-There are sixty-tmo or sixty-three elementary bodies / 
known (See CHEMIGTRY, page 29) ; al1 qeoies of minerals are formed by some one of 1 
these elements, or else result from their combinations. The following is a list of 

l their symbola and chemical equivalents :- 

Ag, Argentnm (silver) . . 
Al, Aluminium . . . .  
As, Arsenia . . . .  
Au, Aurum (gold) . . .  
Ba, Barium . . . .  
Bi, Bismuth . . . .  
B, Boran . . . . .  
Br. Bromine . . .  
Cd, Cadmium . . . .  
Ca, Calcium. . . .  
C, Carbon . . . .  
Ce, Cerium. . - - . 
Cl, C h l 0 ~ ü  . . . .  
Cr, Chrome. . . . .  
Co, Cobalt . . . . . . .  Cu, Cuprum (oopper) 
D, Didymium . . . .  
Do, Donorium . . .  
E, Erbium . . . .  
Fe, Fenum (iron) . . .  
F, Fluorine. . .  
G, Glucinium . . . .  
H, Hydrogen . . .  
Hg, Hy2rargyrum (meroury) . 
1, Iodine . . . . .  
I r , I r id ium'  . . . .  
K, Kalium (potanaiun) . . 
La, Lanthanium . . . .  
L, Lithium . . . . .  
Mg, Magnesium . . . .  
Mn, Maugmese . . . .  
Mo, Molybdenum . . .  

Na, Katrium (sodium) . 287'17 
Ni, Nickel . . .  369.14 
Nb,Xiobium . . . . .  
N, Kitrogen . 175-25 . . . . .  Nr, Norium 
Os, Osmium . 1242.60 
O, Oxygen . . .  100.00 
Pb, Plumbum (leaù) . . .  129450 
Pd, Palladium . . . . 662.54 
P1,Pelopium . . . . .  
P, Phosphorus . .  391.55 
Pt, Platinum . 1233 50 
R, Rhodium . 652.00 
Rt, Ruthenium . . . . .  
Se, Seleniam . . .  495.30 
Si, Silicon . . .  184~38 
Sr, Strontium . . .  545.60 
S, Sulphnr . . . .  200.00 
Sb. Stibium (antimony) . .  1612.90 
Sn, Stannium (tin) . . .  735.30 . . . . .  Ta, Tantalum 114840 
Te, Tellurium . . .  801%30 . . . . .  Tc, Terbium 
Th,Thorium . 743.90 
T i  Titanium . . .  301%0 
U, Uranium . 742Yi0 
Va, Vanadium . . .  85690 
W, Wolfram [scheeiium) . .  1188.40 
Y, Yttrium . .  402'50 
Zn. Zinc . . .  406'60 
Zr, Zirconium . . .  281.20 

The Ietters or symbols placed before these elementary bodiea enable us to  express 
with great conciseness the chemical composition of any mineral, and the numbers 
which follow them, to determine the comparative weighta of ita component elements. 

Thus, Zn0 representa the red oxide of zinc, spartalite, consisting of one equivalent 
of zinc and one of oxygen. 

FeS?, iron pyrites cousisting of one equivalent of iron and two equivalents of 
sulphur. IRIS - LILLIAD - Université Lille 1 
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AsO5, arsenic acid, consisting of one equivalent of arsenic and five equivalents of 

Fe203 the red oxide of iron or hematite, consisting of two quivalenta of iron and 
three of oxygen. 

oxygen. 
HO, water consisting of one equivalent of hydrogen and one of water. 
Pharmacosiderite, an arseniate of bon, is represented by the more complex symbol 

3FezOS + 2AsOJ + 12H0, showing that it consists of 3 equivalents of red oxide of 
iron, 2 of arsenic acid, ana 12 of water. The foliowing formule will show the relative 
weights of the constituents of the above substances. 

Spartalite. Iron Pyrites. 
Zn = 1 equiv. of Zinc = 4ûû.60 or 90% Fe = 1 equiv. of Iron = 350.00 or 4 6 6 7  
0 = 1 ,, Oxygen = 1~0.00 19.74 62 = 2 ,, sulpliur = 400'00 53.30 -- -- 

Zn0 = 1 , 8partülite = 5 0 6 G l  100.00 Fe91 = 1 ,, IronPyrites = 750.00 100.00 

The first column is obtained by multiplying the equivalent number of the elements 
by the number of its equivalents in the substance, and shows that 506.60 parts by 
weight of spartalite wntain 406-60 parts of zinc and 100 parts of oxygen, or that 750 
parts of iron pyrites contain 350 parts of iron and 400 of sulphur. 

The second eolumn shows that 100 parts by weight of spartalite eontain 80.26 parts 
of zinc and 19.74 of oxygen; ana 100 parts of iron pyrites contnin 46.67 of iron and 
63.30 of dphur .  This column is found by multiplying the numbcr for the zinc, 
oqgen, iron, or suiphnr of the 5rst column by 100 and dividing i t  by the equivalent 
number for the mbstance, thus, 

To determine the relative weighta of the constituents of pharmacoaiderite we have 
the foilowing calcnlations :- 

Fer = 7M)'OO As = 936.49 
01 = s00m 0 3  = 50000 - - 

PeW = 1 W 0 0  A 0  = 143648 
S 2 

3FeZ@ = 3 equivalents of the Red oxide of Iron = 3000'00 or 41.53 
2AsO5 = 2 ,, ,, Arsenic acid = 3972.96 39%4 
12HO = 12 ,. ,, Water = 1950.00 18.69 - - 

1 ,, ,, Pharmaconiderite r 832298 100.00 

There are two methods of investigating the chemical composition of a mineral- 
the qualitative and the quantitative. The qualitative analysis determines the nature 
of the constituents, and the quantitative their relative proportions. For the method of 
conducting these anaiyses we muat refer the student to the science of chemistry, con- 
tenting ourselves with expressing the chemical composition of the minerai in symbole, 
according to the bsst authorities, and indicating after thc letter B whether they are 
fusible or not before the blowpipe, and also whether they are wluble or insoluble 
in acids. 

Eaxdness.-The comparative hardness of minerals is of great assistance in 
determining their species, and it is a matter of gea t  rcgrct that this important pro- IRIS - LILLIAD - Université Lille 1 
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perty has not been more accurately observed. The folioming seale introduced by Mohs 
is that generally adopted for indicating the hardness of minerals :- 

The specimens of the abovo minerals uscd for testing the hardness of other mineralil 
are generaliy fragments of transparent or cleavable varieties. 

The hardness of talc is said to be 1, of rock salt 2, of calcite 3, and so on. A 
mineral which neither scratches nor is scratched by any membcr of the series is said to 
be of the same hardness. Thue, a mineral which neithcr scratches nor is scratched 
by quartz is said to be of the hardness of 7, generally indicated thus, H 7. A mineral 
which scratches calcite, and is scratched by fluor, is  said to be of a degree of hardness 
between 3 and 4, which is indicated by 3.25, 3.5, or 3.75, aceording as it is regarded 
as 2, 4, or 3 harder than calcite, No. 3. To ascertain these fractional degrees of 
hardness the three minerals are passed successively over a finely-cut hard steel file, 
one end of the file being held by the hand, while the other rests on a table. The 
degree of hardness of the intermediate substance is determincd by observing the degree 
of resistance it affords to the file, the quantity of powder left on its surface, and the 
sound produced by the operation. Care must be taken to use specimens nearly of the 
same form and size, and also of great purity. 

Streak.-This is a property examined by scratching the mineral by a substance 
hardcr than itself, or when it is not too hard, by rubbing it on a piece of unglazed 
porcelain. A vriting diamond will scratch al1 other minerals; but a fragment of 
comndum, quartz, or a hard steel point, wili be sufficient for most. The scratch 
may be a rough or smooth line, and i t  may be accompanied bp the pomder of the 
mineral. 

The colour of this powder determines the colour of the streak, and i t is  distinguished 
as shining or dull, according as the scratch is of a greater or less lustre than the sur- 
face of the mineral scratched. 

SpecWc Gravity.-Equal volumes of different substances are frequently found 
to differ in their meights. To determine the relative wcights, or the specific gravity 
of equal volumes of substances, distilled water at a temperature of 60" of Fahrenheit, 
or 15.55" centrigrade, is takcn as the standard unit of comparison. As it would be 
extremely difficult to obtain equal volumes of the substances whose specific gravity is 

required, aavantage is taken of the hydro- 
statical property, that a body immersed in 
water displaces a mass of water equal in 
volume to itself, and hm its weight diminished 
by that of the equal volume of water it dis- 
places. The specific gravity of a body being 
the ratio of its weight to an equal volume of 
distiied water at the temperature of 60" 

Pig. 382. Fah., al1 we have to do to dctermine it, is 
to weigh the substances first in air, and then in distiiled water at 60" Fah. For this 
purpose the hydrostatic balance (Fig. 382) is made use of. 

The hydrostatic balance is an ordiary balance, the scale pan of which is removed 
from one aide, and replaced by a counterpoise b, which balances the other male pan ; 
nnder b is placed a haok, to which the substance to be weighed is suspended by a fine 
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fibre or platinum wire. For accurate expcriments the balance should be sufficiently 
delicate to wcigh to the one-hundredth part of a grain. Let A be the weight of the 
substance in air, W ita apparent weight when suspended in water, and S G its specific 
gavity-then : 

A S G =  - 
A - W  

When great accuracy is required, it may be necessary to take into account thc weight 
of the mass of air displaced by the body when weighed in air. Since water is 816 
times heavier tknn air, v-7 must subtract from the specific gravity obtnined above- 

Thus in a spccimen of cordicrite, whose weight in air is 31191 grains, weight in 
watcr 195.46 grains. 

311.91 
Hcre S G = 311.91 - 195.46 = 2'678 

If  we take into account the weight of the air disphced when it is msighed in air, we 
must deduct îrom the above- 

195.46 
816 x (311.91 - 195.46) = 'Oo2 

which makes the corrected specific gravity 2'676. The bubblcs of air which attach 
themselvcs to the surfrice of the mineral whcn suspendcd in water, are removed by 
boiling the watcr in which i l  is suspended briskly for aome minutes, the wholc bcing 
left to cool down to the temperature of 60" Fah. 

If the mineral bc so light as to float on the mater, a sinker of brass, or Borne other 
substance whose apparent meight when suspendcd by itseif in the distiiied water is B, 
is attached to it, so as to cause it to sink. 

Let Abe  the weight of the light minernl, B thnt of the sinker suspended by itsclf 
in the distilled wntcr, C the weight of A and B when suspended in the wntcr togcther ; 
then in this case 

Thus, to h d  the apeciflc gravity of a substance which weighs 20 grains in air, i t  is 
sunk by a weight which weighs 87.22 graina when immerscd by itsclf in water; the 
two substances being suspendcd in the water togethcr, wcigh 23.89 grains. I n  this 
case 

20 20 
S G =  - - = -240 

20 + 87-22 - 23.89 - 83.33 

If the m i n c d  can only be obtained in smaii fragments, or if i t  be supposed to con- 
tain vacuities i t  must bc reduccd to fine powder, and the epeeific gravit7 bottle 
(Fig. 383) made use of. This instrument ia eqiially applicable for the determination 
of the speei5c gravity of solids or fluids. I t  consists of a thin glasa bottle of n globu- 
lar shape, and is generally made to contain either 500 or 1,000 grains of distilled 
water at 60" Fah. It ia furnished with a ground glass stopper which is p i e r d  through 
the centre with a straight hole of rery fine bore. The 01 jeet of this is, tliat when IRIS - LILLIAD - Université Lille 1 
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the bottle is f l e d  up to the neck with ra te r  or m y  other liquid, the stopper may be 
inserted, and, the excess of liquid escaping through the hole in the stopper, the bottle 

may be flled with a definite volume of liquid. Suppose our object 
is to find the specific gravity of a liquid, and that we use a 1,000 
grain bottle, we procecd as folioms :-Having placed the empty 
bottle in one pan of a balance, we counterpoise it by a weight in the 
other; we then fi11 the bottle with the liquid at  60" Fah. in the way 
described, wipe it dry, replace i t  in the acales and restore the equi- 
librium by adding more weights. The weight added is evidently 
that of the liquid, but as the same volume of water at  60' weighs 
1,000 grs., if the bottle be accurately made, the specific gravity of the 

 FI^. 3-3. liquid is cqual to its meight expressed in grains divided by 1,000. AB 
the bottlcs are seldom made with such accuracy as to contain exactly the right quantity 
of water, let V be the weight of bottle full of air, W' its weight fiiied with distilled 
water at  60' Fah., then making un allowance for the weight of the air contained in the 
bottle, the weight of the water contained in thc bottle wiU be 

815(W - w) 
814 

and the weight of the bottle will be the difference betmeen this quantity and W'. A 
piece of lead equal to this must be cut and kept as a couuterpoise for the bottle. I f  a 
bottle, which has thus been found to contain 500'72 graina of water, be counterpoised 
by a piece of lead, and GUed with sea watcr weighs 516.86 grains, the epecific gravity 

516.86 
of the sea water will be -- or 1,032. 

500.72 
To determine the speci6c gravity of a powdered mineral, a known weight M of the 

substance is introduced into the apecific gravity bottle, which is then carefuily flled 
with water and weighed. 

Let M be the weight of the mineral intrcduced. 
M' the weight of the water i t  displaces in the bottle. 
w the weight of the water which the bottle would contain when full. 
W the weight of the bottie filied with the mineral and water, the lead counter- 

poise for the weight of the bottle itself beiug in the opposite scale. 

Then the specific gravity of the substance - M 
- -x 

. . 

and therefore SG = 
~ + M - W .  

Let 86.02 gains of a mineral be introduced into a bottle formed to contai11 500.72 
grains of water, and the bottlc Wed with distilied water, let itthen weigh 654.74 pains. 

Wichoison's Areorneter.-A cherp and convenient substitute for the balance is 
fouud in a little instrument rcpresented in Fi:. 384, and called Nieholsaz's Arcmeter, 
which we will briefly describe. V is a metaliic bal1 or float having a descending hook, 
to  which is hung a little weighted pan Z to hold the substance which is weighed in 
water; the mire stem f supports a cup c. A mark t, on the stem, shows the point a t  IRIS - LILLIAD - Université Lille 1 
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which the whole apparatus wili float in a tail vesse1 of water, when a certain Bnown 
weight (calied the balance-weight) is put in the cup c. The specimen 
under examinatiop must not exeeed in weight the balance-weight, this 2' 
being the lirait of the instrument. Suppose the b i t  to be 100 grains. 
To find by this instrument the specific gravity of a substance, place i t  
on c, and add weights tili the instrument sinks to the mark t, the added 
weight being subtracted from 100, gives the weight of the specimen in 
air. Now place the specimen in the pan 1, and again add weights to c. 
As much more weight on c will now be required as corresponds ta the 
weight of a bulk of water equal to  the specimen, which, it must be 
remembered, is buoyeà up by a power just equal to such ~ e i g h t .  The 
difference of weight thus found will be the divisor of the vveight of the 
specimen, and the quoticnt will be the specilïc gravity sought. 

This instrument ie generally made of brass or tin-plate, but may be 
more elegantly made of glass. Fig. 584. 

For example, put the specimen in balance-weight = . . . . 100.00 
Weights addcd to si& instrument to t = . . . . . . . . . . 22-57 grs. - 
Weight of specimen in air = . . . . . . . . . . . . . . . . . 77.43 
Spccim~n placed in lower pan requires additional weiglits = 35'43 

77'43 
35.43 - 22.57 = 12.8G1 the weight of a lilie bulk of water; then - = 6.02, the 

21.86 
specific gravity sought. 

When the specific gravity of two substances an: known, by taliing the specilïc 
grarity of their compound, we may h d  the relative weighta of the two compononta. 
Thus, knowing the weight of a nugget of quartz and gold, by means of its specific 
gravity we can determine the weight of the gold contained in it. 

Let G be the weight of gold in a nugget. g its specific gravity. 
Q thc wcight of the quartz in a nugget. q its specific gravity. 
N thc wcight of the nugget. n its speci6c gravity. 

then G + Q = N  

and !+a=! 
g q n  

From which equatione we may obtain the following, 

Thus, if the specific gravity of a nugget whose weight is I l )  oz. be 7-43, con- 
sidering thc specific gravity of the quartz as 2.62 and that of fine gold as 19.35, we 
s h d  have from the above formula 

or the amount of fine gold in the nuggct will  bc about 8.6107 ounces. 
The asperities on the surface of the quartz, as weii as the cavities it containa, causes 

the nugget to displace more water than it should; conscquently the amount of gold ia 
rather understated. (Galbraith and Haughton's '' Manual of Hydrostatics!') 

Double Refraction and Poïa.rized Light.-If a ray of light f d  obliquely 
on a plate of g l a s  or any other transparent mcdium, its ducction is changed as it 
passes into the substance, and it is bent or rcfracted according to a laa, h o w n  as the IRIS - LILLIAD - Université Lille 1 
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law of sinea. There are certain transparent substances which possess the pover of 
splitting the refracted ray into two, one of which mostly follows the ordiiary law of 
refraction, which belongs to transparent substances, and the other a moro complicated 
law. Such substances are said to nossess the nomer of double refraction. Calcite 

O O 

Fig. 385. 

possesses this property in so'high a degree, that 
all objects seen through it appear double. This 
is most strikingly observed in the very trans- 
parent varieties called Iceland spar. 

If a ray of light R r fall obliquely on any one 
of the surfaces of a cleavage rhomboid of calcite 
(Fig. 3SBj,it will be divided on entering into the 
crystal into two rays, one r O in the same plane as 
the ray R T, folloving the ordinary law of refrac- 
tion, and therefore calied the ordinary ray ; and 
the other, r E, following a more complicated law, 
and calied the extraordinary ray. If  the rhom- 
boid be placed on a piece of paper having a 

black dot, the dot secn through the crystal will appe& double, and one image 
of the dot wiil seem to be above the other; and in  
whatever position the rhomboid is placed, an imagi- 
nary line joining the two dots wiU always be parallel Rb 

to the axis, P, P:, which joins the two three-faced solid -,.-. t3 

angles, P l  and P,, of the rhomboid (Fig. 38G), formed .----&... ------*- 

by printed three characters equai and viewed similar through oblique angles. the rhomboid A l i e  will or R~ a 
appear double ; the distance between the two images 
will depend on the thickness of the rhomboid, being pzA 

greater as the rhomboid is thicker. Fig. 386. 

If the solid angles, PL and Pz, of the rhomboid be gound domn and replaced by 
two triangular surfaces, as in Fig. 387, pcrpendicular to the axis, P, P,, and these 

surfaces be polished, i t  will be found that a ray passing 
diiectly through these triangular swfaces d l  not suffer 

. double refraction ; and any object viewed through tliese 
planes WU appear single. The axis, Pl P,, parallel to 
which there is no double refraction, is called the opfic axis 
of the crystal. Ali transparent erystals, with the exception 

,,- -..... of those belonging to the cubical spstem, possess the 
Fig. 387. property of double refraction, though few so powerfullr 

as to cause objects seen through them to appear double. 
Kitrate of soda possesses the same crystalline form, cleavage, and the property of 
double refraction in the same degree of energy as calcite, and may be substituted for i t  
in experiments on these optical peculiarities. 

The light which passes through a doubly-refracting crystal auffem a peculiar 
change, which is called polat.i3atiota. A ray of light which has bcen once split by 
passing through a doubly-refracting substance, will not be divided again on passing 
through another doubly-refracting surface, and there is a certain angle for every 
substance which is not metallic, and is capable of reflecting ordinary light, at   hi eh 
the ray of light which hm suffered double refraction cannot be reflected. A ray of IRIS - LILLIAD - Université Lille 1 
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light which has acquired these two properties, is called polarized Zight. Light may be 
polarized not only by passing through a doubly-refracting substance, but also by being 
reflected at a particular angle by a non-metallio reflector, or by being refractcd 
at a particular angle through parallel plates of a transparent substance, which does not 

possess the pmperty of double-refraction. 
Tourmaline, especially the green and 

brown transparent varieties, can be so 
prepared as to polarize light. If a crystal 
of tourmaline be cut into plates, parallcl 
to any one of the faces of the hexagonal 
prism, or to the principal or optic asis of 
the orystal, ordinary light on pwing 399. 

Fig. 388. through the plate of tourmaline aiii be 
doubly refracted; but one of the two rays into which the ray is split wiii be com- 
pletely absorbed by the tourmaline, if the plate be thick enough, and the other wiii be 
transmitted If  we look through the plates of tourmaline in the position of Fig. 386. 
as they are eut from the crgstal, we can seo through them; but if they be placed 
across each other, as in Fig. 389, we shali not be able to see through them, where the 
planes of the two plates are placed in contact with each othcr. 

I f  we cause one plate of tourmaline to revolve on the other, in its own plane, 
through an angle of 360°, me shall find that there are two positions 
in which it is incapable of transmitting polarized light. A bundle 
of plates of glass, consisting of eight or ten similnr pieces, with their 
edges united together with soaling-wax, or any other means, held 
in such a manner as to cause the light to pass through the plates 
obliquely, as in Fig. 390, may be substituted for the plate of tour- 
maline. There is &O an instrument calied Nicoi's prism, con- 
aisting of two prisma of Iceland spar, united togethcr with Canada 
bdsam, at such an angle as to d o w  only one of the two raya of the 
d~ubly-refracted light to pass through the prism. The Nicols' 
prism and the plates of glass, have thia advantage over the plates of \ 
tourmaline, that the light which is polarized by passingr througk R 

rig. 300. 
them is not coloured. 

If  a ray of light, whicl: bas been polarized, pass through a doubly refracting cryatal, 
i t  becomes depolarized, or recovers its property of being reflecting at aii angles by a non- 
metallic reflector, and of passing through the plate of tourmnline, the bundie of glass, 
or the Nicol's prism, in every position in which they may be held. 

This property aEords a ready test of double refractioq-if a plate, with parallel 
surfaces, be cleared or cut from any doubly-refracting crystal and placed betwecn the 
two plates of the tourmaline, in the position, Fig. 389, in which they lose their t m s -  
parency, the transparency will be restored ; and if the plate be of a certain dcgree of 
thinness, depending upon the substance of which i t  is cornposed, i tai l l  appenr coloured. 
The plate of tourmaline, through which thelight inpassing is polarized, is called the polar- 
izer, the doubly-refracting plate the depolarkm, and the other plate of tourmaline through 
which itis seen the a n a l p r .  Any non-metallic reflector, a plate of tourmaline, a bundle 
of glass plates, or the Nicol's pnsm, may be uscd ss the polm-2t-r or as the analyzer. 
Any instrument arrangea with any combination of any two of these for the annlper 
and polarizer, for the purpose of observing this phenornena, is cnlled apolariacop=-. IRIS - LILLIAD - Université Lille 1 
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The most convenient analyzer is a polished mahogany table or sheet of glass lying 
on the table, reflecting the light of the sky failing on it through a window. If a thii 
plate of mica or selenite, held in the hand with its plane perpendicular to that of the 
table, be viewed through a plate of Tourmaline, a bundle of glass held obliquely, or a 
Nicol's prism, by advancing or retiring from the table its polarizing angle will soon be 
discovered by the b~illiant tints assumed by the mica or selenite. When this angle 
hm been determined,-if we substitute for the plate of mica a thicker slice cut from 
any transparent crystal belonging to the rhombohedral system, perpendicular to the 
principal or optic nxis, or to any of the faces of the hexagonal prism, taking care to 
hold the slice close to the analyzer,-as wc cause the analyzer to revolve round its 

axis we shaii see a black 
cross, surrounded by a 
brilliant series of rings, & exhibiting nll the colours 
of the spectrum, as in 

8 Fig. 391, succeeded by 
another series of rings, in- 

%$$$ tersected by a transparent 
cross (Fig.392). The cleav- 
age rhomb of calcite, or 
that of nitrate of soda, pre- 

w pared as in Fig. 357, and 
Fig. 391. Fig. 392. viewed through the two 

triangular planes, will exhibit these phenomena with great brilliancy, if the thickness 
of the plate, or the distance between the trian,oular planes, be from a quarter to an 
cighth of an inch. The intervals between the rings are smaller as the th&kness of thc 
dice increases, or, the thickness of the slice being the same, as the doubly refractino; 
cnergy of the substanos from which it is eut. I n  crystals of the polramidaal systetn, the 
slice must be cut parallel to the basal pinacoids of the cryatal. 

Quartz is an exception to other substances belonging to the rhombohedral system 
as it presents the phenomena of circular polarization. The slice of quartz, cut perpen- 
dicular to the optic axis or any of the planes of the hexagonal prism, presenta in every 
position of the nnalyzer the rings without the cross, the centre of the inner ring being 
of one colour, which passes through all the varieties of the spectrum as the analyzer 
is rotated on its axis. In some specimens the oolours succeed in their order from red 
to violet, as the analyzer is moved h m  right to left, and in others when it is moved 
from left to right. 

Slices cut in proper directions h m  translucent crystals belonging to the primatic, 

Fig. 393. Fig. 394. 

oblique, and anorthic systems, aii of which have two axes of doubled refraction, when 
IRIS - LILLIAD - Université Lille 1 
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viewed as above, present a double system of rings round each axis, whcn the axes are 
sufficientlv near to be observed at  once. as i n  the case of nitrate of potash, the ana lver  - .  
being held i n  the position in which i t  would show the black cross i n  the preceding 
case, Figs. 393 and 394 will be aeen, consisting of two series of oval-colonred rings, 
intersected b y  dark b m h e g  w E c h  mill change from the position, Fig. 393, to that i n  
Fig. 394, as the slice of the crystal is made to rotate round its mis, whiie the analyzer 
is held h e d .  I f  the slice of the crystal be h e d  while the analyzer is made to  
revolve, the dark b m h e s  wili alternately vanish and re-appear, as in  the crystals mith 
one optic axis. 

A r r a n g e m e n t  and D e s c r i p t i o n  of 1VTinexais.-Most modem works on 
Mineralogy h a ~ i n g  followed a chemical arrangement of minerals, we shall adopt that 
of Berzelius, as modiiied i n  the collection i n  the British Nuseum. The British 
Yuseum contains probably the finest collcction of minerala in  the world; it is public 
property, and easy of access to every student ; we shail, therefore, in our description 
of each mineral indicate the number of the casc in  which i t  n n y  be found. For the 
sake of distinguishing the specimens of one mineral froui those of another, in the 
British Museum, the name of each mineral in  the case is printed on a label with a 
border coloured red, green, blue, or  yeliow ; a t h i i  slip of wood, of the same colour as 
the border, surrounds all the specimens of the minera1 indicated by the name on the 
label. Some idea of the value of the collection in the British Nuseum may be formed 
from the fact that i t  cost government more than £30,000, and has been greatly enriched 
by many valuable contributions presented to it, cspccially the rich private collection 
of the Rev. Mr. Cracherode. 

I n  describing each minera1 we shnll give its name and synonymes, chemical compo- 
eition i n  symbols, crystaiüne system, hardness, and specific gravity, indicnted by the 
letters H and G;  case i n  the British Museum ; fracture, transparency, or opacity ; 
lustre, colour, streak ; brittleness, or other remarkable property ; fusibility or infusi- 
bility before the blowpipe ; the manner i n  which it ia affected by acida, foliowed by 
aome of its principal localitieq and any observations which may be neceasary as to  ite 
mes and properties. 

bon.-Native Irm-Fe. cubic. H = 4.5 G 7.0 . . . 7% Cam 1. Soluble in 
Iiydmchloric acid. B. infusible. sac. hacklp. Opaque. Lua. metallic. QL paie, 
steei-gray. Str. the same. 

Native iron of terrestrial ongin is mixed with a 8maU portion of other metals, but 
without nicksL Dauphine, Auvergne, Brazils, Yaks, United States. Mctemic iron; Bw-  
lite, Mtteorile.-Found in metronc Stones, with nickel, cobalt, and other metals. Siberia, 
Pern, Mexico, North Ameries, Cape of Good Hope, several parts of Europe. Meteonc iron 
t o m s  the substance of the rough-shaped knives of somr of the Esquimaux tribes of North 
America. Iron is most estensivelp used in the arts and mannfactuxes. 

Copper.-Nativc Copper.-Cu. cnbic. II 2-5 . . . 3.0 G 8.5 . . . 8.9. Case 1 
Soluble in nitric acid. B. easiiy fusible. A-ac. hackly. Lw. metallio. COL red. 
Str. shining. 

Found in veins and beds. Disseminated through rocks of aii formations. Hungary, 
Siberia, Cornwall, Waterford, Mansfield, Kaursdorf, Chessy, Spain, E'ahlun, North America, 
Cuba, Brazils, China, Japau, Nassau, Saxony. Copper, either by itseif or else in combina- 
tion with otLer metals, is extensively nsed in the arts and manufactiues. Copper is osed 
for the stamping machinery of powder-miils, because it does not emit spnrks. 
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Bismuth.-Native Bismuth.-Bi. rhombohedral. H 2.0 . . . 2.5 G 9.6 . . . 9.8. 
Case 1. Soluble in nitric acid. B. easily fusible. h c .  indistinct. Opaque. Lus. 
metallic. Col. reddish-silver-white. 

Found in veins, in granite, gneiss, mica slate, and transition rocks. Snxony, Thuringia, 
Bohemia, Koiway, Sweden, the Pyrenees, Connecticut, Cornwall. Bismuth enters into 
several allors used in the arts, such as pewter, solder, and tgpe metal. 

Lead.-Kativs Lead.-Pb. cubic.  H 1.5 G = 11.35. Case 1. Soluble i n  nihic 
scid. B. emily fusible. Frac. hackly. Opaque. Lua. metaiiic. Col. lead-gray. 
Str. ehining. 

Said to be foiind in lam and carboniferous limestone. Madeira; Bristol ; Kenmare 
Ireland; Alston, Cumberland. Used extensively in the urts arid mannfactures. 

Si1ver.-Native 8iZrer.-Ag. cubic.  H 2.5 - 3.0 G 10.1 - 11.0. Case 2. 
Soluble in nitric acid. B. easily fusible. Frac. hackly. Opaque. bis. metaliic. 
Col. white. Str. shining. 

Foiind inveins, rarely in bedu; in crystaiiine slate rocks, gneiss, mica slate, hornblende 
slate, granite, syenite, porphyry. Norway, Svreden, Saxony, Bohemia, Hungary, Tran- 
sylvania, Siberia, the Hartz, Badeu, the Tyrol, France, Peru, Mexico, Chili, Cornwall, Alva, 
Scotland. Used extensively in the arts and manufactures ; mixed with copper in  the pro- 
portion of 12i to 1, it f o i m  the standard silver of British coinage. 

Mercury.-Natiw Mercury.-Hg. cubic.  HnO' G 13'6. Case 2. Soluble in 
nitric aciù. B. volatilizes. Opaque. Lus. bright metallic. Col. tin-white. 

Found in cavities or crevices of rock containiug cinnabar. Carniola, Spain, Bohemia, 
the Paiatinate, the Tyrol, Carinthin, Pern, Chia ,  the Hartz. 

Amaigam.-Hybnlguret of fli1ver.-Ag. Hg. cubic.  H 3.0 - 3.5 G 13.7 - 14.1 
8olublc in nit& acid. B. volatilizes. Frac. conchoidal. Opaque. Lua. bright 
metallic. Col. silver-white. Str. thc same. 

Found in beds containing mercury and cinnabar. The Palatinate, Eungary, Spain, 
France, Sweden. That founù in the Arquero mine, in Chili, ha8 been callerl Arquerite. 
Extensively used in the arts and for philosophieal appnratus, and in the manufacture of 
chemical and pharmaceutical preparations. 

Palladium.-Native Palladium. Pd. cubic .  H 4.5 - 5.0 G 11-8 - 1214. 
Case 2. Soluble in nitric acid. B. infusible. Frac. hackly. Opaque. Lm. metallic. 
Col. light steel gray. 

Occnrs in rolled grains with platina, and particles imbedded in and combined with gold. 
Brazils, Tilkerode in the Hnrtz. Does not tarnisà Has been used in the manufacture of 
philosophical instruments, particularly balances. 

Plathum.-Native Platina.-Pt. cubic.  H 4.0- 4'6 G 17.3 - 18.94. Case 2. 
Soluble only in nitro-muriatic aeid. B. infusible. Bac. hackly. Opaque. Lus. 
metallie. Col. deel  gray. Str. the same, bright. Ductile. 

Found with gold in veins of quartz, in syenite, and in alluvial sand. The Ural, Brazils, 
St. Domingo, Borneo, the Rhone, North Carolina. Of great value in the constriiction of 
philosophical and chemical apparatus. It is used in painting on porcelah. 

0smiridium.-Alloy of Iridium and 0stniitm.-Ir. Os. rhombohedraï. H 7.0 
G 19.3 - 21.2. Case S. Insoluble in  acids. B. infusible. Frac. uneven. Opaque. 
Lus. metallic. Col. th-white  and lead-gray. Str. the same. 

Occurs in isolated crystals and grains with gold and platinum. South America, the 
Urai, Borneo. 

IRIS - LILLIAD - Université Lille 1 



METALS AND TELLURIDES. 493 

Ir idium.-Allq of Iridium nnà Plathum. Ir. Pt. c u b i c .  H 6.0 - 7.0 G 
22.65- 22.80. Insoluble in acids. B. infusible. Opaque. Lus. metallic. al. 
silver-white. Highly ductile. 

Occura with platinum and osmi-iridium. The Ural, Ava. Harder, heavier, and pnler in 
colonr than platinnm. 

Go1d.-Xativc Go1d.-Au. cub ic .  H 2.5 - 3.0 G 14.55 - 19.1. Case 3. Soluble 
i n  nitro-munatic acid. B. fusible. Frac. hackly. Opaque. Lus. metallic. COL 
gold yeliow. Str. bright. Ductile and malleable. 

Occurs in felspathic and hornblende rocks, in conçlomerates, in  aiinmal deposits-and 
snnds of rivers, in veins of greenstone and syenitic porphyry, in veins of quartz, in seleni- 
nret of lead; generally comhiied with silver-when the proportion is considernble, i t  is cnlled 
Electrum. Hungary, Transylvania, Mexico, Peni, and New Spain ; California, Brazils, 
North Carolina, Australia, St. Domingo, Bohemia, Aîrica, Tliibet, Ch ia ,  Java, Borneo, 
Snmatra, the Hartz, Danube, Rhine, Wicklow, Perthshùe, Cornwall. The most ductile and 
flexible of aii  metals; extensively used for coinsge, articles of luxury, and in the arts. 

Te1lurium.-Natiua Tellurizrm-Te. rhombohedxa l .  Case 3. H 2.0 - 2'6 
G 61 - 6.3. Soluble in  nitric acid. B. easily fusible. Opaque. Lm. metallic. 
Col. tin-white. Str. the same. 

Occurs in a sandstone rock. Faceby, Transylvania. 

Tetradgmite.-Telk6)ï~i~muth, Bornine, Mooly6dena-.sileer, XulpAo-telluret of Bis- 
muth. R h o m b o h e d r a l .  Case 3. H 1.0 - 1'5 G 7.4 - 7.5. Soluble in nitric 
acid. B. easily fusible. Opaque. Lm. metallic. Col. bright ateel-gray. Str. the 
sime. 

Occnrs in conçlomerate. Schoubkan in Hungary, Deutsch Pilsen, near Grard. 

Petzite.-Hesaile, Tellur Sifier, Telélluret of Xi1eer.-Ag. Te. cub ic .  Case 3, 
H 2.5 . . . 3'0 G 8.31 - 8.83. Solublc in hot  nitric acid. B. volatilizes. Frac. even. 
Opaque. Lus. metaiiic. Col. steel-gray. Str. the same. Maileable. 

O c c m  with iron and copper pyrites in talk-slnte. Siberin, Transylvania. 

#agyagite.-Black or Foliated Tellurium. Armo-pluinbijkous ieZ1uret.-Pb. Te. 
Au. p y r a m i d a l .  Case 3. H 1.0 - 1.8 G 7.0 - 7'2. Soluble in nihic  a d .  B. 
easily fusible. Opaque. Zus. metallic. Col. blackih l e a d - p j .  Str. the same. 

Occura in veins with qunrtz. Kagyag and Offenbaqa, Transylvania. Prizeù for the 
gold it contains. 

A1taite.-Teüuret of Xead.-Pb. Te. c u b i c ,  H 3.0 - 3.5 G 8.15. Soluble i n  
ni tnc acid. B. fusible. Frac. uneven. Opaque. Lw. metallic. Col. tin-white. 
Str. the same. 

Fonnd with petzite in Sawodinski mine, in the Altai. 
Sy1vanite.-Graphie and Yeüoc TeZlurium, SchriJt-eiz, Mtcllerine.-Te. Pb. Au. 

p r i s m a t i c .  Case 3. H 1.5 - 2.0 G 7.99 - 8.33. Soluble innitric acid. B. fusible. 
Xru. uneven. Opaque. Lw. metallic. CbZ. steel-gay. Str. the same. 

Found in porphyry. Offenbanya and Nagysg, Transylvania. A very rare minernl. 
Antimony.-Nativs Antimn?y.-Sb. xhombohedza l .  H 3'0 - 3.5 G 6.6 -6'7. 

Case 3. Soluble in nitro-muriatic acid B. easily fusible. Opaque. Lus. metdic. 
QL tin-white. Sfr. the same. 

Occors in veins in crystalline rocks. Sahlberg in Sweden, AUemont in Danphine, l'rzi- 
bram, in Bohemia, Andreasberg in the Hartz. Used as an aiioy to harden the softer metnls, 
particularly type metnl; i t  is also used for some pharmacentical prepamtions. 
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AnGmonsi1ber.-AntimniaZ Si1ver.-Ag4 Sb. p r i smat ic .  H 3.5 G 9.4 - 9'8. 
Case 3. Soluble partialiy in nitric ncid. B. easily fusible. .Frac. uneven. Opaque. 
Lus. metallic. Col. siiver white. Str. the same. 

Occurs in veins in granite, porphyry, and crystaliine date rocks. Andreasberg in the 
Hartz, Guadal canal in Spain, Aiiemont in France, Mexico. A rare mineral, highly vaiuable 
for extracting siiver, when found in sufficient quantity. 

Breithauptite.-Nickel Astiinonial.-Ni.% Sb. rhombohedra l .  3 5.0 G 7.54. 
Soluble in nitro-muriatic acid. B. volatiiizes. Bac. uneven-conchoidal. Opaque. 
Lus. metallic. COL light copper-red. Str. reddish-brorrn. Brittle. 

Occars with ores of cobalt at Andreasberg in the Hartz. 

Arsenic.-Native &se&.-As. ~ b o m b o h e d r a l .  H 3.5 G 5.7 - 5.8. Case 4. 
Witù nitric acid changes to  arsenious acid. B. eaeiiy fusible, on charcoal volntilizee. 
B a c .  uneven. Opaque. Lus. metaiiic. CbL tin-white. Str. the same. Brittle. 

Occurs in veins, seldom in beds, in crystalline date rocks. The Hartz, Saxony, Baden, 
Bohemia, Transylvania, the Banat, Dauphine, Alsace, Korway. A virulent poison, it is 
nsed in metallurgical processes and in the manufacture of glass and colours. 

Xapfernicke1.-Coppw -Vickd, Arset~iate of Atcke1.-Ni.2 As. rhombohedra l .  
II 5.5 G 7.2 - 7.8. Case 4. Soluble i n  nitro-chloric acid. B. fusible. Trac. con- 
choidal. Opaque. Lus. metaiiic. Colcopper-red. Str. brownish-black. Brittle. 

Occnrs in veins, seldom in beds, in granite, clay, date, and transition rocks. Saxony, 
Bohemia, Thnringia, Hessia, the Hartz, Baden, Dauphine, Styris, the Banat, Spain, Connec- 
ticut, Cornwall, Linlithgowshire. Distinguished from native copper by its brittle nature, 
and the green deposit it forms in nitric acid. 

&unmelsbergite.-White Arsenical Nickel.-Ni. As. cubic .  II 5.5 G 6.43 - 
6.73. Case 4. Soluble in nitric acid. B. easiiy fusible. B a c .  unevcn. Opaque. 
Lus. metallie. Col. tin-white. Brittle. 

Found? Schneeberg in Saxony, Richelsdorf in Hessia, Kamsdorf near Saalfield. 

Ch1oanthite.-TPhiteNickel.-Ki. As. pr i smat ic .  I-I 5.5 G 7.09-7.18. Opaque. 
Lw.  metaiiic. Col. tin-white. 

Found at Riechelsdorf and Schneeberg. 

Sma1tine.-Tir-white Cobalt, Arae~lical CoLZt.-Co. AB. c a b i c .  H 5.5 G 6.3 - 
6.6. Case 4. Soluble in nitric acid. B. casiiy fusible. Frm. uneven. Opaque. 
Lw. metaliic. COL tin-white. Str. grayish-blaok. 

Found in veins in date rocks. Saxony, Bohemia, Hessia, Styria, Hungary, Piedmont, 
Cornwail. Distinguished from native bismiith and copper nickel by its perfect cleavage, 
inferior hsrdness, and reddish tinge. Roasted to drive off the menie; and finely powdered, 
i t  affords a blue colour for painting porcelain, &c.; with silex and potash it produces 
smalt. 

Safnorite.-Cobalt Arsemcal, Cllathamife, Iron Cbba1t.-Co. As. and Fe. As. cubic.  
H 5.5 G 6-92 - 7'3. Soluble in  nitric acid. Frac. uneven. Col. light stcel-gray. 

Found in veins traversing primitive rocks. Schneeberg. 

Skattemdite.-Modumife, Hard uhife Cobalt.40.2 As.3 cubic. H 6.0 G 6-74 - 6.84. Case 4. Soluble i n  nit& acid. B. easily fusible. F~ac. conchcidal. 
Opaque. Lus. metallic. Col. tin-white. 

Found in mica state, at Sisuttenid in Nomay. IRIS - LILLIAD - Université Lille 1 
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Lo1ingite.-Arsenical Pyrites, Leucopyrite.-Fe.' As.3 pr i smat ic .  H 5.5 G 
7.0 - 7.3. Soluble in nitric acid, pa r t idy .  B. fusible. B a c .  unevea Opaque. 
Lus. metallic. Col. silver white. Str. grayish-blnck. 

Fonnd in veins in clay date, in beds of chalybite, and in serpentine. Andreasberg, 
Carinthia, Styria, Silesia, Norway. The accidental admixture of siiver renders some of the 
varieties of this species useful as an ore of that metal. It is employed in the manufactnre of 
white arsenic and of realgar. Sometimes it contains a small portion of gold. 

P1acodine.-Ni.' AB. obl ique .  H 5.0 - 5.5 G 7.99 - 8-06, Soluble i n  nitric 
ncid. B. easily fusible. Opaque. Lzra. metallic. COL between bronze-yellow and 
copper-red. Str. black. Brittle. 

Found at Miisen in Siegen. 

Domeykite.-Arsniiuret of Coppcr, Condurrite.-Cu.# As. II 3.5 G 4.20 - 4.29. 
Case 4. Not soluble i n  hydro-chloric acid. B. easily fusible. Opaque. Lus. m e  
tallic. Col. tin-white. 

Eound in veins in porphyritic mountains. Pern, Chili, Cornwall. 

Diamond.-C. cub ic .  H = 10.0 G - 3.6 - 3.6. Case 4. Insoluble in  aci ls  
Frac. conchoidai. Transparent-translucent. Lus. adamantine. Col. colourless, white, 
gray, brown, green, yellow, red, blue, rarely black. Str. gray. 

Fonnd in quartz, conglomerate, in strata of clay and sand contaiuing an iron o d e ,  in 
allnviums, and in a micaceous sandstone. The Deccan, Malacca, Borneo, Celebes, Java, 
Brnzils, Mexico, the Ural, North Carolina, Georgia. The most valued of aii the gems. 
Employed for cutting glass, and its powder for cut thg and polishiig hard gems and Stones. 

Graphite.-Plumbago, Carburtt of Irm-C. xhombohedxaL H 1.0 - 2.0 
Q 1.8 - 2.1. Case 4. Insoluble in acids. B. infusible. Prao. uneven. Opaque. 
Lw. metallio. Col. iron-black, dark steel g a y .  Str. black, shùiing. 

Fonnd in beds in gneiss. trap, and in the con1 formation. Norway, Bavaria, the 
wenees ,  North Amenca, Austria, Styria, Rohemia, Jloravia, Cumberland, Aberdeenshiie, 
U e n n y ,  Ayrshire, Spain, Ccylon, the Brazils, Massachusetts. Used for the mannfaoture 
of pencils and cnicibles ; also to diminish friction in machines. 

Anthracite.-fflancs Cod H 2.0 - 2.5 G 1'3 - 1.75. Case 4. Frac. con- 
choidal. Zua. vitreous or waxy. Col. black. Str. black. Brittle. 

Foand in sevard pnrts of the Alps, the Pyrenees, France, Pennsylvania, Massachusetts, 
Bohemia, Silesia, Saxony, Staiïordshire, Brecknockshire, Cnrmarthensliire, Pembrokeshiie, 
K i a n i o c k ,  and Kiikenny. Used as fuel for fnrnaces, and in the manufacture of metais. 

Se len iam. -Se .  Case 4. H 2.0 G 4.3. Frac. conchoidal. T d u c e n t .  Lus. 
vitreous. CoL pale duIl red. 

F o n d  incrnsting snlphur in Sicily, Mexico. 

Berxeline.-Se?eniwct of G~ppo..-Cu.= Se. Case 4. Crystalline. Lu. metallic. 
Col. dver-white. Str. ahinmg. SoR and malleable. 

F o n d  coating calcite at Skrickerum, Sweden, rarely in the Hartz. 

Eukairite.-Seleniuret of Silacr andCoppcr. Cu.2 Se. +Ag. Sc. Case 4. Soluble 
in  hot  n i t i c  acid. B. fusible. Crystalline. Opaque. Xua. metnllic. CoL lcad-gray. 
8tr. shining. Soft. 

Found in serpentine at  Sinickerum, Sweden. 
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Naumannite.-Sekniuret of 6ilver.-Ag. Se. cubic.  H 2.4 G 8'0. Soluble in 
concentrated nitric acid. B. fusible. Opaque. Lus. metallic. COL iron-black. 
Str. same. Malleable. 

Fonnd in narrow veins in diabase at Tilkerode in the Hartz. 

C1austhalite.-Seleniwet of Lead.-Pb. Se. cubic. Case 4. H 2.5 - 3.0 
G 8.2 - 8.8. Soluble in  nitric acid part idp.  B. volatilizes. Opaque. Lus. 
metuiiic. COL Lead-gray. Str. gray. 

Fonnd in transition rocks in the Hartz and Saxony. 

Lerbachite.-Seleniùret of Lead and Nercury.-Pb. Se. and Hg. Se. Case 4. 
Cubic. Soft. G 7.3. Opaque. Lw. metallio. Col. lead-gray. Str. black. 

Found in trnnsition rocks in the Hartz. 

2orgite.-Seleniuret of Lead and Copper.-Pb. Se. with Cu. Se. Case 4. H 2.5 
G 7.0 - 7.5. B. volatilizes. Frac. conchoidal. Opaque. Lus. rnatailic. Col. light 
lead gray, grass-yellow. Str. darker than colour. 

Found in transition rocks and in a vein in clay slate. The Hartz and Thuringia. 

Bio1ite.-Ag. Se.3 rhombohedra l .  Colour lead-gay. Very malleable. 
Fonnd in Tasco in Mexico. 

Onofrite.-Seleniuret of Neercury.-Hg. Se. with Hg. S. Case 4. H 2.5. Jus. 
metallic. Col. b lachh ,  lead-gay. Str. shiniq.  
; Fonnd massive in veins at San Onofre, Mexico. 

Su1phur.-S. prismatic.  H 1.5 - 2.5 G 2.0 - 2.1. Case 5. A.ae. conchoidal, 
uneven. Transparent. Translucent on the edges. Lw. resinous, inclining to ada- 
mantine. BZ. sulphur-yellow, passing into red-brown, gray. Str. sulphur, yellow- 
white. 

Found in mica slate, lime-stone, metaiiiu veins, beds of gypsum, sandstone, in alluviiim, 
as a volcanic sublimate, and a deposit from hot springs, Anito, Hungary, the Black Forest, 
Sicily, Tuscany, Spain, Cracow, Hanover, Greenland, Thuringia, Naples, Btna,  Iceland, 
Java, Teneriffe, Bourbon. Used in the manufacture of gunpowder, sulphuric acid, einnabar, 
and varions pharmacentical preparations. 

Alabandine.-Su&hzcïet of Manganese, Hexahedral Glanee BWA-Mn. S. cubic.  
H 4.0 - G 3.95 - 4.01. Case 5. Frac. uneven, imperfect, conchoidal. Opaque. 
Lus. metallic, imperfect. COL iron-black. Str. dark-green. B. fusible. Soluble in 
hydrochloric acid. 

A rare mineral, fonnd in veins. Nagyag, Transylvania, and in Mexico. 
Hauerite.-Mn. S?. cubic.  H 4.0 - G 3-46. Case 5. h. adamantine. Col. 

dark reddish-brown. Str. b r o d s h - r e d  
Found in clay with gypsurn, and sometimes with sulphur. Kalinka, Hungary. 
Blende.-Sùlphuret of Zinc, Dodecaküral Garnet Blende, Black Jack of Niwa.- 

Zn. S. cubic.  H 3'5 - 4.0 G 3.9 - 4.2. Case 5. B a c .  conchoidal. Lw. adamantine. 
Col. green, yezow, red, brown, and black. Transparent. B. fusible with difficulty. 
Soluble in powder in concentrated nitric acid, with exception sf the sulphurs. 

Widely diiused in veins and beds, in crystaliine date and transition rocks. Hungary, 
Transylvania, Bohemia, Ssnony, the Hartz, Sweden, Derbyshire, Flintsiire, Cornwall, 
Perthshire, Leadhills, and Lanarkshire. Distinguished fPom the varietien of galena, gamet, 
and th, which it resembles by the facility with which it yields to the knife. Of little valne 
as an ore of zinc, from the di5culty of extracting that metai from it. 
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Pyrite.-lron Pyritcs, Sdphuret of Eon, Hexahedrnl Iron Pyrites. Fe. S2. cub ic .  
H 6-0 - 6.6 G 4.9 - 5'1. Case 6. Fraa. conchoidal, uneven. Opaque. Lw. 
metallic. Col. brass-yellow, gold-yellow, brown. Brittle. B. fusible. Partly 
soluble in nitric acid. Some varieties contain a smnii qusntity of gold. 

A veiy common mineral, universaliy diffused in beds nnd veins of the most different 
formations. Elba, Piedmont, Saxony, Bohemie, Hungary, Norway, Sweden, Dauphine, 
Derbyshire, Cornwall, &c. Used in the manufacture of suiphur, suiphate of iron, and 
sulphurie acid. Distinguished from copper pyrites by being too hard to be cut by a lin& ; 
from the ores of silver by its pale bronze colour, and hardness nnd difficdty of fusion. 
Gold is sectile, malieable, and does not give off a sulphur odour before the blow-pipe. 

marcasite.-W7tite Iron Pyrites. Prismatic Ban  Pyrites.-Fe. Sz p r i s m a t i c .  
II 6.0 - 6.5 G 465 - 4.9. Case 6. Frac. uneven. Opaque. Lw. metallic. Col. 
pale bronze-yeiiow, sometimes inclining to  green or gray. 81r. dark grecnish-gray, 
Brittle. 

Not so common as pyrite, and not fouud in the older rocks. Saxony, Bohemia, Hessia, 
the Hartz, Condé, Cornwall, Derbyshire. Used for the same purposes as pyrite. 

Pymhotine.- l ihdohedral  o r  Xqnetic Iron Pyrites. 5 Fe. S + Fe" S3= Fe.7S8 
zhombohedra i .  H 3 6  - 4'5 G 4.6 - 4.7. Case 6. Erm. conchoidai. Opaque. 
Lus. metdic.  Go!. brass-yellow. Btr. grayish-black. Fecbly magnetic. Brittle. 

Occurs principally in beds in the older rocks, anci sometimes inmeteorites. The Hartz, 
liavaria, Snxony, Silesia, Comwail, Argyleshire, and Gnlioway. 

Linneite.-Sulphuret of Cobalt. lsontebical Cobalt-Liu.-Co. S + Co.= S3 cub ic .  
IE 5.5 G 4.8 - 5'0. Frac. conchoidal-uneven. Opaque. Lw. metailic. Col. silvcr- 
white, inclining to steel-gray. Str. blackish-gray. Brittle. B. fusille. Pnrtly soluble 
in warm nitric acid. 

Found in Smeden in beds of gneiss. 

Syepoor i t eAulpAure t  of Cobalt.-Co. S. f i l .  sted-gray, inclining to pcllow. 
Found in Syepoor, in Hindostan. 

Miilente.-Sulphuret of Nicbl. ,Vickel Pyrites. Native Nickel.-Ni. S. rhom-  
bohedxal ,  H 3.5 G 5.25 - 5.30. Cnse 6. Opaque. Lw. metallic. Col. brasa- 
yellow. Xtr. bright. B. easily fusible. Soluble in  nitro-muriatic acid. Green. 

Oconrs in cavities, and disperseci am ng the erystals of other minerala. Bohemia, 
Saxony, Andreasl erg, and Cornwnll. 

Eisennicke1kies.-2 Fe. S + Ki. S. cnb ic .  R 3.5 - 4 0  G 4.6. Frac. un- 
even. Opaque. &. metdic. Col. light pinchbeck-bromn. Str. rather darker. 
Brittle. 

Fouud in crystalline masses with towauite in amphibole, X'orwny. 

Gersdodtte.-Diumnosc. Arsenica2Nickel.-Xi. S2 + Ki. As2or 2 Ki. S +Ki. As' 
c u b i c .  H 6.0 - 5.5 G 6'1 - 6.13. Case 6. Frac. uneven. Opaque. LIU. rnetallio. 
Col. Light lead-gray. Str. grayish-black. Biittle. B. fusible. Partinlly soluble in 
nitric acid. 

The Hartz, Saeden, Hungary, Spain, and the Brazils. 

Ul1manite.-Nickelifcroua Gray Antimony. Hartnaannitc.-Ni. Sb $- Ki. 9' 
oubic.  H 5.0 - 5.5 G 6.2 - 6.55. Casc 10. Opaque. Lus. metallic. Col. gray. IRIS - LILLIAD - Université Lille 1 
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Sa. grayish-black. Brittle. B. fusible. PastjrJly soluble in nitro-muriatio acid, 
forming a green solution. 

F o n d  in iron-atone veins. Nassau, Prussia, and the HaAe. 

Grunamite.-Saynite. Nickel Bismuth GZance. Bismuthiferous Sdphuret of NckeZ. 
c u b i c .  H 4.5 G = 5.13. Opque. Lus. metaliic. Col. light steel-grey. Btr. dark 
gray. Brittie. B. fusible. Green solution in nitric ac ià  

Fomd in veins. Bohemh and CornwaLL 

Greenocki te . -Su~huretof  Cadmium. Cd. S. rhombohedra l .  H 3.8 G 4.8 - 4.9. 
Case 6. Translucent. Lw. adamantine. 6'02. yellow. Str. orange. Soluble in  warm 
hydrochloric acid. 

Occm in crystals in porphyritic aqda lo ida l  trap, at Bishopton, in Renfrewshire. 

Eedruth i t e . -  Pitreous Copper. Prismatic Copper Glume.-Cu.2 S .  p r i smat ic .  
H 2.5 - 3.0 G 5.5 . . . 5.5. Case 7. Frac. conehoidal. Opaque. Lus. metdbc. 
Col. blaclrish lead-gray. Str. the same, sh i ing .  Very sectile. B. easily fusible. 
Blue solution in marm nitric acid. 

Found in beds and veins in biturainous eopper slate, iroa &one and clay slata Silesia, 
the Hartz, Sweden, Norway, North America, Peru, Nexico, Cmwali ,  Yorkshire, Aphire ,  
the Orkneys, and Shetland. Cu.2 S. formed by utlie fusion of coppex glance, or of copper 
and sulpliur in the same proportions, can be obtaiiled in octahedral crystais; this substance 
is therefore dimorphous. I t  is a rich and highly valuable ore of copper. 

Covellin8.-Ku~ferindig. Indigo Copper. Blue Copper.-Cu. S. rhombohedra l .  
H 1'5 - 2.0 G 3.8 - 3'82. Case 7. Opaque. Lus. resinous. Col. indigo-blne. Str. 
black, shining. Sectile. B. fusible. Soluble in  nit& acid. 

Found in Thuringia, Salzbnrç, Poland, Vesnvius. 

Tennantite.-Dodecahed~al dystoa e Glume.--4 (Fe, 2Cu.) S + As. S3  c u b i c .  
H 4.0 G 4.3 - 4.5. Case 7. Opaque. Lus. metallic. Cd. blackish lead-gray-iron- 
black. Str. dark reddish-gray. Brittle. B. fusible. 

I n  peins in  granite and clay slate. Redruth, and St. Day, in Cornwall. 

Boxnite.-Purple Copper. Vareigated Copptr. Octahedral alid Hepntic Copper 
Pyvites. Bu&upfererz. Er~lbescite.-3 Cu? S + Fe.2 SS c u b i e .  H 3.0 G 4-9 - 5.1. 
Case 7. Frac. conchoidal-uneven. Opaque. Lm. metallic. Col. betweeu copper- 
red and pinchbeck-brom . Str. grayish-black. Rather sectile. B. fusible. Partially 
soluble i n  concentrated hydrochloric acid. 

Found in beds and veins of the older rocks. The Banat, Norway, Thnringia, Silesia, 
Siberia, Greenland, Sweden, North America, Saxony, the Hsrtz, Cornwall. A valuable 
minerd for extracting copper. 

Cubane.-Cu." Fe.- S3 + 2 Fe S or Cu. S + Fe.- S3 c u b i c .  H 4.0 G 4.026 - 
4,042. Opaque. Liis. metdic.  Col. brass-yellow. Sfr.  black. B. fusible. 

Found at Bacaranao in Cuba. 

Towanite.-Pyramidal Coppr Pyrites. Yelloto Copper Ore. Chalkopyrite.- 
 CU.^ S f Fe.2 S3. p y r a m i d a l .  H 3.5 - 4.0 G 4.1 - 4-3. Case 7. Frac. con- 
choidal. Opaque. Lus. metallic. Col. brass-yellow. Btr. greenish-black. Slightly 
brittle. B. fusible. Soluble partiaiiy in  nitro-muriatic acid. It sometimes contain, 
traces of silver or gold. 

Occnm in beds and ~ e i n s  with several other minerais. Sarong, Bohemia, Nom* IRIS - LILLIAD - Université Lille 1 



Sweden, the Rartz, Cornwall, Anglesea, Derbgshire, Cumberland, Perthshire, Shetland. 
Wicklow, Hungnry, Siberia, North and South America, M c a ,  Japan. An important ore of 
copper. Also used in the manafacture of blue vitriol, or snlphate of copper. 

P a t r i n i t e .  - Pluna60 cupriferous sulphuret of Bi.mulh. Nadelm &?edh Ore 
Arikinite. Acinclite-(3Cu.2 P + Bi. 53) +- 2 (Pb.3 S + Bi. S3) ptismatic. H 2.0 
- 2.5 G 6.75. Opaque. Lus. metallic. Cod. Blackish lead-gray. SW. biackish- 
gray. Slightly brittle. B. easily fusible. Partially soluble in nitric acid. 

Imbedded in quartz, associated wiih gold. Beresow in Siberia 

Sîxomeyerite.-SuZphuret of Hilmr and Coppw. drgentiferata Copper G h c e . -  
S + Ag; S pr i smat ic .  H 2.5 - 3.0 G 6.255. Case 10. Frac. conchoidal. 

Opaque. Jus. metallic. Col. blackish lead-gray. Str. the same, shining. Perfectly 
sectile. B. fusible. Partially soluble in nitric acid. 

A rare mineral. Schlangenberg in Siberia, Chile, Silesia 

Galena.-Su'illphuret of Lead, HexnhedraE Lead Glance, Blzcc Lead.-Pb S, c u b i c .  
H 2.5 G 7.4 . . . 7.6. Case 8. B. fusible. Soluble, partially in nitric acid. Frac. 
conchoidal. Opaque. Lsrs. metdic.  Col. lead-gray. Str. the same. Rather 
sectile. 

Occurs very abnalantly in rocks of the most different formations. Saxony, Bohemia, 
the Hartz, Hungnry, France, Norwq, Sweden, Spain, Sdesia, North America, Greenland, 
Cumberland, Durham, Nor thder land ,  Flintshire, Wdes, several plaoee in Sootland. 
This is the ore which yieldv most of the lead which is produced ; i t  sometimes contains a 
smaii quantity of siiyer, which is extrscted from it. Gdena reduced to powder, or the 
litharge produced from it, is used for glazing eoarse pottmy, 

Steinmannite-0cl'nheddhad G2nme.-Pb S, Sb SS, cubic. H 2.5. G 6.83. 
Frac. unevcn. Opaque. Lu$. metallic. Col. lead-gray. Str. gray, shining. Sectile. 
B. fusible. 

Fonnd at Pezibram, in Bohemia, with silver, blende, pyrite, and qnnrtz. 

Bismuthine.-Sulphuret of Bismuth, Prkmatic BisniutA Giana-Bi SS prismatic .  
H 2.0 6 6.4 - 6.6. Case 9. Frac. imperfect, conchoidal. Opaque. Lus. metallic. 
Col. lead-gray. S k .  the same. B. easily fusible. Soluble easily in  nitRc acid. 

Rather a rare minerai. Gweden, Smny,  Bohemia, Horway, Siberia, Cornwall, and 
Cumberland. 

Stannine.-Snlphuret of Tk, Tin Pyrites.-(2Cu2 S + Sn S2) + (2Fe S + Sn 8-) 
c u b i c .  H 4.0 G = 4.3 - 4.51. Case 9. Froc. uneven. Opaquc. A s .  metallic. 
Col. steel-gray, inclining to bronze-yellow. Str. biack. Brittle. B. fusible. Blue 
solution i n  nitnc acid. 

Found in veins in Bohemia and Cornwall. Sometimes called beii-metal ore, fiom its 
yeiiowish tinge; distinguished from coppor pyrites, and fahierz by its colonr and bl ck 
streab. 

Ciunabsr.-Sdphuret of NWEUWJ, FPeritomoua Ruby Bh&-Hg 8 rhombohe- 
&al. H 2.5 - G 8.0 - 8.2. Case 9. Scmitransparent, translucent on the edges. 
Ltis. adamantine. Col. cochineai-red, passing into lead-gray and scarlct-rcd. Str. 
ecarlet. Sectile. Soluble in nitro-muriatic acid. 

I n  beds and veins. Spin,  Syria, Bohemia, Snxony, the Hartz, the Oral, Mexico, Pem, 
China, Japan. It is the most abuodant and important ore of mercarg. PmniIion ia pure 
cimabar, and is nsed as a pigment and ia colonring red & g - m  IRIS - LILLIAD - Université Lille 1 
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Axgentite.-Sulphuret of SiIvw, Henkeiite, HezahedraZ Silver Glance.-Ag S cubic.  
H 2.0 - 2.5 6 7'196. Case 10. F ~ a e .  uneven, hackly. Opaque. Lw. metallic. 
Cd. blackish, lead-gray. Str. shiiing. Malleable. B. fusible. Soluble partiaiiy in  
concentrated nitric acid. 

Found in veins. Sasony, Norway, Bohemia, Hungary, the Hartz, Spain, Sardinia, 
Siberis, Mexico, Peru, Cornwall. A valuable silver ore. 

. Sternbexgite .  - Fleziole Silcer, Prismatic Eutom Glance. -Ag S + 2Fe2 Ss 
p r i smat ic .  H 1.0 - 1.5 G 4.215. Case IO. Lus. metallic. Col. pinchbeck-brown. 
Str. black. Sectile. B. fusible. Decomposible by nitro-m~uiatio acid, leaving sulphur 
and chloride of silver. 

Found in veins witli pyrargyrite and argentite. Bohemia and Saxon?. 

Antirnonite.-Su2phuret of Antimony, Gray Antimqny, Primatic Antinwny 
Ghncc.-Sb S3 pr i smat ic .  H 2'0 G 4.6 - 4.7. Case 10. .Frac. conchoidal, imper- 
fect. Opaque. Lm. metallic. Col. lead-gray. Sh. lcad-gray. Sectile. B. fusible. 
Soluble in warm hydrochloric acid. 

Found in vcins in granite and date rocks. Hungary, Transylvania, Saxony, the Hartz, 
France, Tuscany, Cornwall, Spain, North and South America. Almost the only ore of 
antirnony found in snfficient luantities for commercial pwposes. 

Plumosite-Capilhry Sulphuret of Antimmy, Federerz. - 2 P b  S + Sb S3 

H 3.0 G 5.7 -5-9 .  Case 10. Opaque. Lus. metallic, feeble. Col. blazkish lead-gray. 
Ssctile. 

Found in flexible, fine, capiliaq crystals in veins with antirnonite, gaiena, &c. The Hartz. 

B o a r n o n i t e .  -PZumbo-cuprz~erous Sulphuret of ilntimony, Diprismatic Coppet 
Glane6.-(3 Cu2 S + Sb S3) + 2(3 Pb S + Sb S3) p r i smat ic ,  H 2.5 - 3.0 G 5.70 - 
5.87. Case 11. Frac. conchoidal, uneven. Opaque. Lus. metallic. Col. steel-gray 
Str. the same. Brittle. B. fusible. Partialiy soluble in nitric aeid. 

Found in veins in slate rocks. The Hartz, Saxony, Transylvania, Huugary, Savoy, 
France, Piedmont, Cornwall, Devonshire, Siberis, Mexico. Used as a copper ore when 
fonnd in sulEcient quantity. 

Wo1chite.-Antirnonial Copper Glume.-prismatic. H 3.0 G 5.7 - 5.8. 
Frac. imperfect, conchoidal. Opaque. Lus. metaiiic. Col. blackish lead-gray. Str. the 
same. Brittle. B. fusible. 

Foundin a bed of chalybite at St. Gretrand in Carinthia. 

Wo1fsbergite.-Sulphwet of Copper and Antimony.-Cu2 S + Sb S3 pr i smat ic .  
H 3.5 G 4.748. Frnc. conchoidal, uneven. Opaque. Lw. metaiiic. Col. lead-gray, 
iron-black. Stu. black, dull. B. fusible. 

Fonnd with quartz and other minerals at Wolfsberg in the Hartz. 

Boulangerite.-Gu2pliuret of Antimony and Lead, Enabrithite.-3 Pb S + Sb S" 
H 3-0 G 5.96 - 6.0. Case 11. Opaque. Lus. metallic. Col. blackiih lead-gray. 
Str. darker. Slightly brittle. B. fusible. Soluble in warm hydrochloric wid. 

Found in granular or fibrons masses. France, Sayn, Lapland, Siberia. 

Schu1zite.-Geokronita, Eilb&ckenite.-5 P b  S + Sb S3 p r i s m a t i c .  H 2.5 - 
3.0 - G 5.8 - 6.64. Frao. conchoidal, even. Opaque. Lus. metdic. Co2. lead- 
gray. Slr. the same. Brittle. B. easily fusible. 

Found in galena Spain, Tuscany, Sweden, Ireland. 
IRIS - LILLIAD - Université Lille 1 



SULPHIDES. 501 

Zinckenite.-Rhornbohedral Dystom Glunce.-Pb S + Sb S3 pr i smat ic .  H 3.0 - 3.5 G 5.30 - 6.35. Caae 11. Frac. uneven. Opaque. Lw. metallic. Col. dark 
steel-gray. Str. the same. Slightly brittle. B. fusible. Decomposed by warm 
hydrochloric acid, forming chloride of lead. 

Fonnd in a vein with antimonite and quartz at Wolfsberg, in the Hartz, and near St. 
Tnidport in the Blmk Forest. 

Jamesonite.-Azotomous Antimny Gkance.-3 Pb S + 2Sb S3 pr i smat ic .  H 2.0 
2.5 G 5.564 - 5-616. Case 11. Opaque. Lua. metallio. Col. steel-gray. Str. the 
same. Ductile. B. easily fusible. Decomposed by warm hydrochloric acid, forming 
chloride of lead. 

Found sometimes with bournonite. Cornwall, Estramadura, Hungary, France, Siberia, 
Brazils. 

Berthierite.-Haidingrnerite, Sulphwet of Bntimmy and I r a - F e .  S + Sb S3 
H 2.0 . . . . 3.0 G 4.0 - 4.3. Case 11. Frac. uneven. Lus. metallic. Col. iron- 
black. B. fusible. Soluble in  hydrochloric acid. 

Found in crystalline masses in gneiss. Auvergne, La Creuse, Saxony, Hiingnry. 
Yields antimony of suoh inferior q n U y  tbat the mnnnfaotnrers cannot use it. 

S t e p h a n i h - B r i t t b  Sulphuret qf Silver, Prismatic Melafie Glanre, Bhck Sulphuret 
of Antimony and Si1ver.-6 Ag 8 + Sb S3 pr i smat ic .  H 2.5 G 8.2 - 6.3. Case 11. 
Frac. conchoidal, uneyen. Opaque. Lus. metallic. COL iron-black. Str. the same. 
Sectile. B. fusible. 

Found in veins in crystalline slate rocks, transition rocks, trachyte. Saxony, Bohemia, 
Hungary, the Hartz, Mexico. This is a valuable ore of silver. 

Prountite.-Red Silver, Ruby-blende.-3 Ag S + As Sa xhombohadral .  H 2.0 - 
2-6 G 6.6 - 6.6. Case 11. Frac. conchoidal, uneyen, Semi-transparent. Lua. ada- 
mantine. Col. cochineal-red, carmine-red. Str. Aurora-red. Slightly sectile. B. eaailp 
fusible. Soluble partially in nitric acid. . 

Fonnd with other minerals in veins. Saxony, Bohemia, Baden, Alsace, Dauphiné, Spain, 
Nexico, Pern. 

Pyraigyri te . -Red Silver, Suiclphurei of Silvar and Anliwty, Rhombohedral R d y -  
bien&. 3 Ag S + Sb S3 rhombohedra l .  H 2.0 - 2.5 G 6.75 - 6.85. Case 11. 
Frac. eonchoidai. Translucent on the edgea. Opaque. Lus. adamantine. Col. ada- 
mutine-red, blackish lead-gray. 81r. cochineal-rd, cherry-rd. Slightly sectile. 
B. easily fusible. Soluble partially in nitno acid. 

Pound in veins in crystaiünr date and transition rocks, granite and traehyte. The 
Hartz, Saxony, Bohemia, Baden, Hungary, Mexico, Cornwall. Distinguished from red 
orpiment by the yellow streak of the latter and its speciflc gravity; from cinnabar by forming 
a meWic globule before the blowpipe. A valuable ore of silver. 

1VLiaigyxiî.e.-HnmpristRaIic Ruby-&nde.-Ag S + Sb S3 o b i i q u a .  H 2.5 
6 6.3 - 5.4. Case 11. Frac. imperfect, conchoidal. Opaque. Lua. adamantine. 
Cor. blackish lead-gray. I n  thin eplinters,-blood-red by transmitted light. R r .  
Cherry-red. Very sectile. 

Avery rare mineral, from Baünsdori, in Saxony. 

Kobel1ite.-6uiphurst of Antimony, &ad, anü Bhuth.-(3 F e  8 + 2 SV 83 + 
4 (3 Pb S + Bi2 S3). Soft. G 6.29 - 6.32. Case 11. Opaque. Lw. metallie. 
W. dark lead-gray. Sfr. black. 

Fonnd in the cobalt mine of Hvena, Sweden. IRIS - LILLIAD - Université Lille 1 
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Kermes.-Red Antzmony, P&pnotic Purple Blende Sdphuret of Oxide of dnfimonol. 
-Sb 0 8  + 2 Sb 83 oblique. H 1.6 G 4.6 - 4.6. Case 38. Faintly translucent. 
Jm adamantine. COL cherry-red. Stn the same. Sectile. B. fusible. Soluble in 
hydrochloric acid. 

Fomd in veins in erystaiüne, slate, and transition rocks. Snxony, Bohemia, Hnngnry, 
Dauphiné. 

Plagionite.-Hetnipismatic Dystom Glanes.-4 Pb S + 3 Sb Sa obl ique .  H 2.5 
G 6.4. Case 12. l h c .  imperfect, eonchoidal. Opaque. Lus. metallic. Col. blackish 
led-gray. A%. the same. Brittle. B. fusible. 

Foiuid in a vein of quartz. Wolfsberg, in the Hartz. 

Peuerb1ende.-H 2,O G 4.2 oblique.  Tramlucent. Lus. pearly. Sectile and 
rather flexible. 

Fonnd in the Enrprinz, near Freiberg, and nt hrlreasberg. 

Fah1erz.-Gray Copper, TetvaAerdraZ Copper Ghlance. (4 P b  S, 4 Fe S, 4 Zn S, 
4 Cuz S) + Sb S3cubic. H 3.0 - 4.0 G 4.5 - 5.2. Case 12. Frac. conchoidal, 
uneven. Opaque. Lus. metallic. Coi steel-gray, iron-black. Str. black, dark red. 
Rather brittle. B. fusible. Decomposed by nitric acid. 

Found in beds and veins. The Hartz, Nassau, Tyrol, Transylvania, Hungnry, Bohemia, 
Sibena, Mexico, Chili, Peru, C o n i d ,  Devonshire, East Lothian. Accompanies copper 
pyrites, is worked BP a wpper ore, dso occasionslly for  the silver it containp 

Preies1ebenite.-Sukhuret of Silrev and Antimony, Peritomous Antimny 
@haes.-(Ag S + Sb S3) + 2 (3 Ag S + Sb 83)) the Ag i~ sometimee replaced by 
Pb. Oblique. H 2.5 G 6.19 - 6$8. Frac. nneven. Opaque. Lus. metallic. 
Col. steel-gray. SL. the same Brittle. B. fusible. 

A very rare mineral, found in veins in gneiss, Freiburg iIr Saxony. 
Orpiment.-Yellaw Sulphuret of Arsenio, Priswaatoidal 8nZphwr. As. S3 pris-  

mat ic .  H 1.5 - G 3.48. Case 12. Semi-transparent, translucent on the edges. 
h. resinons. Col. lemon yellow. Sectile. Solnble in  nitro-muriatio acid. 

Fonnd in beds and in veins. The Harte, St. Gotthnràt, the Tyrol, Solfatara, Vesuvius, 
Gudaloupe, Japan. Employed as a pigment. 

Realgaz-Bed Sulphuref of Arsepléc, Emi@mtée 8uZphur.-As. S2 obl ique .  
H 1.5 Q 3.556. Case 12. Fruc. conchoidal. Semi-transparent, translucent. Lus. 
resinous. Cot. aurora red. Sir. orange yellow. Sectile. B. fusible. Partially 
soluble in hot nitro-muriatic acid. 

Fonnd in veins. Tranaylvania, H u n g q ,  Bohemia, Suxony, the Hartz, Baden, Hun- 
gary, S t  Gottharàt, the Tyrol, Pern, United States, Vesnvius, &tua, Japsn. Used us s. 
pigment 

Mispicke1.-Arsenical Irora, Pnknatic Arsenical Pyriies.-Fe S? + Fe AD. 
prismatic. H 5.5 G 6.0 - 6'3. Case 1%. Frac. uneven. Opaque. Lzcs. metallic. 
Cd. silver-white. Sb. grayish-blnck. Brittle. B. fusible. S~luble in nit& acid. 

Founrl in veins and beds. Snxony, Bohemia, Silesia, Hungary, Transylvania, Sneden, 
Coinwnll, Norway, United States. Worked as an ore of nrsenic, the nhife oxide of com- 
merce being principally oùtnined from it, 

Dafienoysite.-2 Pb 0 + 8s S3 snbic. Q 6.649. Fm. uneven. Opaque. 
Lus. metallie. COL steel-gray. S6r. ddish-brown. Brittle. B. hisible. Decom- 
posed by hot nitric acid. 

Pound in narrow veins in the dolomite uï Sb. Gotthnrdt. IRIS - LILLIAD - Université Lille 1 
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Xanthocone.-(3 Ag S + As S5) + 2 (3 Ag S + Aa S4). rhombohedraï. 
H 2.0 - 3.0 G = 6.158 - 5,191. Frac. conchoidal, unevea Transparent, tramlucent. 
Lw. adamantine. COL orange yeliow-b~owi. S h  the same, darker. Brittle. 
B. fusible. 

F o d  in the Himmelsfürst mine near Freiberg in Saaony. 

Coba1tine.-Bright Wjiite Cobalt, Hexngonal Cobalt Pyrites, Colalt Gluace.- 
Co Sz + Co As. cubic. E 5.5 G 6.1 - 6.3. Case 12. Frac. irnperfect, conchoidal, 
uneven. Opaque. Lw. metailic. Col. silver-white. &1: grayish-black. BrittIe. 
B. fusible. Soluble in warm nitric acid. 

Found in beds in crystalline rocks. Norway, Srneclen, Silesis, the Banat. 

G1aucodote.-R 52 + R As where R is Co and Fe. prismatic. H 5.0 
G = 5.975 - 6.003. Opaque. Lus. mctallic. COL dark tin-white. Slr. blaek B. 
fusible. 

Fonnd in reins in chlorita date. Hunsko in Chili. 

Mo1ybdenite.-Su2phurbt of MoZy6dena, Birhomhokdrai, E u b n  GLnc8.-Mo 92. 
rhombohet3xal. H 1.0 - 1.5 G 4.5 - 4.6. Case 12. Opaque. Lw. metallic. 
Col. lead-gray. Str. the same. Vcry sectiie. Green solution with hot nitrie acid 

h o n y ,  Bohemia, Sweden, Norway, Frnnce, United States, Pm,  the BraziLs, Cornmll, 
Cumberland, Westmorelmd, Inverness-shire. 

Voltaine.4ZnS + ZBB. H 4.5 G 3.66. Frac. conchoidal, transiucent on the 
edges. Opaque. Lus. peni-ly. Col. brick-red. 

Found in 8 vein of quaria. Rosières, Pnv b Dome in France, and in mme zinc 
furnaoes. 

Manganite.-Gray Oxidc of Manganes , Pr'stnatoidaZ Mangnncsc Ore.-Nn?O' + 
HO. prismatic. H $5 - 4.0 G 4-22 - 4 31. Case 13. Opaque. Lus. metallic, im- 
perfect. Col. dark steel-gray, brownish, blnck-vclvct-black. S 7. reddish-brown. 
Brittle. B. infusible. Soluble in hgdrochloric acid. 

Found in reins in porphyry, guei s, and vit'es of amjgdnloidal trnp. The Rartz, 
Thuringis, Aberdeendiire, Norway, Sweden, N \ a  Scotia. The purest aoll in t b au tddy  
crystallized ore of mmganese. 

Pyrolusite.-Prismatic oside of Manga e, Anhydrw Pmozids of iliawpmos.- 
&Oz. prismatic. H 2.0 - 2 5  6 4.7 - 5.0. Cnse 13. Frac. nn von. Opaque. 
Col. daik steel-gray, light iron-black. Brittie. B. infusible. Solublc in hydrochloric 
acid. 

Fonnd nt Tharingia, 'hioravis, the Hmtz, $ wnv, Rohem 8, 4astria, Silesia, the 
B r a d a  It is ap ore of mangnnese most ext nsi y worked in mmy eoontri S. It d nves 
ita name îrom m y  $TE, and AOUW I mash. on acconnt of its properq of cleruing glese 
from its brown and green t i i  ts, a prop r 'ch ales t of gr ut value to the man>ifac- 
tarer. Varvaa';c is suplased to O a m cl anic 1 mix ure of p~rolu9 le and ma garde. 

Polianite-MnO?. prismatic. H 6 5  - 7.0 G 4.838 - h 880. Cnse 13. 
Op~qne. Las. metnllic, feeble. C I.  li&t ste 1-gny. Sr .  gray. B. infusible. 
Soluble in hydrochloric aoid. 

Found in Bohemia, Snxony, and Siegen. 

Psi iome1ane.-Unc~~Is Xa~tgancss Ore, cmnpwt anü jbmw dlir gonese Ors, 
or Black Hemdite.-Amorphous. H 5 0 - 6'0 G 3.7 - 4.4. Case 13. Ftw. IRIS - LILLIAD - Université Lille 1 
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even, flat, conchoidal. Opsque. Lw. meta&, imperfect. CoZ. bluish-black, grayish- 
black, dark steel-gray. 8tr. bromish-black, shining. Brittle. 

The Hartz, Saxony, Styria, Siegen, B h k  Forest, Silesia, Bohemia, Hungary, Noiway, 
Devonshire, Cornwaii, North America. One of the most widely diffused ores of manannese : 
it derives its name +Ads smooth, and @as black, from its black colonr and smootli 
botryoidal shapes. 

Braunite.-BracAytypom dlanganese Ore.-Mn203, p y r a m i d a l .  H 6.0 - 6.5 
G 4.8 - 4.9. Case 13. Frac. uneven. Opaque. Lus. metallic, imperfect. Col. 
dark brownish-black. Str. brownish-black. Brittle. B. infusible. Soluble in 
hydrochloric acid. 

Found in veins in quartzose porphyy. Thuringia, Mannsfeld, Westphalia, Piedmont. 
Distinguished from other ores of manganese by its liardness. 

H a u s m a n n i t e .  -Pyramidal Manganese Ore, Black Mangane8e.-Mn0 Mn203, 
p y r a m i d a l .  H 6.0 - 5.5 G 4'7 - 4'8. Case 13. Frac. uneven. Opaque. Lus. 
imperfect metallic. Col. brownish-black. Str. dark rcddish-brown. B. infusible. 
Soluble i n  warm hydrochloric acid. 

Foiuid in veins in porphyry. Oehrenstock in Thuringia, Shelefield in the Hartz. 
Rather a scarce minerai. 

Wad.-Hydrow Oxi& of Manganese, Earthy .Wa%ganese.-Amorphous. H 6'5 
G 2179 - 3.700. Case 13. Opaque. Lus. imperfect, metallic, feeble. Col. clove- 
brown, passing into gray. &. brown, shining. Very sectile, unctuous to  the 
touch. 

The Hartz, Franconia, Siegen, Nassau, Caiinthia, Piedmont, Mayenne, Arriege, Cornwall, 
and Devonshire. Supposed to afford the colouring matter in dendritic delineations upon 
limestone, steatite, and other substances. 

Crednerite.-Oxide of Mangawese a d  Copper.--Cu O + ( a n  O + Mn2 03) 
obl ique .  H 4.5 - 5.0 G 4-89 - 6.07. Frac. uneven. Lus. metallic. Col. iron 
b!ack. Btr. black. Soluble in  hydrochloric acid. 

Fomd nt Friedrichrode in Thuringia. 

Senarmonti te . -Sb 03. cubic.  R 2'5 - 3.0 G 5'22 - 5.30. Frac. uneven. 
lamellar. Transparent-translucent Lue. resiuous. Colourless. Str. white. B. fusible. 
Soluble in nitro-muriatic acid. 

Found at Sensa in Algiem. 

Magnetite.-diagnelic Iron Om, Octahedrd I~on Ore, Ozydulated 1ron.-Fe O + 
Fe2 Oa. cub ic .  H 5..5 - 6.5 G 4.96 - 5.20. Case 14. Frac conchoidal, uneven. 
Opaque. Lw. metaliic. Col. iron black. Str- black. B. fusible with great dfficulty. 
Soluble in warm hydrochloric ncid, highly magnetic, more so than nny other ore of 
iron. 

Fomd in Norway, Sweden, Lapland, the Ural, the Hartz, Sarony, Bohemia, Corsica, 
Elba, the Sa~oy, Spain, New York, New Jersey, Mexico, the Brazils, East Indies, Cornwall, 
Wieklow. Siberia and the Hartz prodnce the most powerful nntural magnets or loadstones. 
This ore is distinguished from specular iron hy its streak and action on the magnet; it is a 
very vduable ore, the steel made from its iron being excelient in quality. 

Rematite.-flpeeakr I rm,  Red Iron Ore, Rhom6ohedvaZ I r m  Ore, Iron Glance, 
Oligiste ïwn.-Fe2 OS. xhombohedra l .  H 5.5 - 6.5 G 5-0 - 5.3. Case 15. Frac. 
conchoidd, uneven. Opaque, very thin laminm translucent. Lus. metallic. CO?. 
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steel-gray, iron black. Str. cherry-red, reddish-bro- Brittle. B. infusible. Soluble 
i n  warm hydrochioric acid 

Found chiedy in beds and veins in the older rocks. Elba, the Aips, Saxony, Brazils, 
S a l z b q ,  Cornwall, Lanarkshue, Siberia. A considerable portion of the iron produced in 
different parts of the globe is obîained from this ore ; it requires a greater heat than some 

1 other ores, but affords an excellent metal. Ground hematite is used for polkhing met& 
and glass, and also as a colouring enbstance. ' Gothite,-Pkmatic A m  Ore, Hydroue Ozid6 of Iran, Brown hematite, Pywhosideritc 
0negite.-Fez 0 3  + H 0. pr i smat ic .  H 5.0 - 6.5 G 4'12 - 4'37. Case 16. Frac. 
imperfect, conchoidal. Translucent on the edges. Opaque. Lw. adamnntine. Col. 
yellowish-brown, reddish-brown, blackish-brown. Sh-. yellowish-brown. Brittle, 
B. fusible with great difficuity. Soluble in hydrochloric acid 

In veins and cavities. Clifton, Cornwall, Oberstein, Bavaria, Nassau, Yaxony, Silesia, 
Bohemia, Hungary, Russia, Mount Sinai, Braziis. A good iron ore. 

Linnite.-Brown Hetnntite, Hyd~ous Ozidé of fion.-2 Fez 0 3  $ 3 H O H 6.0- 
5.5 G 3.4 - 3-95. Case 16. Opaque. Lus. resinoua. Col. yellowish-brown, blackish- 
brown. Str. yellowish-brown. Brittle. Soluble in warm hydrochioric acid. 

Carinthia, Styria, Hungary, Snxony, Nassau, the Hartz, Black Forest, Bohemia, Siiesia, 
the Ppenees, Spain, Scotland, Cornwall, Siberia, Brazils, United States. 

Twgite . -2 Fe2 03 + H 0. mass ive .  H 6.0 G 3.68 - 3.74. Frae. even, con- 
' choidal. Opaque. Lus. dull. COL brownish-red. Slr. blood-red. B. infusible. 

Found in copper mines in the Ural and the Aitai. 

Cuprite.-Red O d e  of Copper, Ruby Copper, Oetakdral Coppa. Ore.-Cu2 O. 
cubic.  H 3.6 - 4.0 G 6.89 - 6.15. Case 17. Frac. conchoidal, uneven. Semi- 
transparent, translucent on the edges. Lw. adamantine. Col. cochineal red, lead- 
gray. Sir. brownish-red, shining. Brittle. B. reducible. Soluble in nitric a d ,  and 
m ammonia. 

Found in beds and veins in granite and crysînlline date rocks. The Banat, Siberia, 
Lyons, Cornwall, Cuba, Spain, Saxony, Konvay. Australin, Yern and Chili When fomd in 
aufficient quantity one of the most valuable ores of copper. 

Ice-H O xhombohedra l .  H 1.5 G 0'918 at 0' centigrade. FTUG. conchoidal. 
peilucid. Lw. vitreous. Sectile, rather brittle. 

Hexagonal prisms said to be observed in the levels of the Lorenz Gengentrnm mine near 
Freiberg. 

hi te . -Ir  O3 + 0 s  03, Cr O3 probably. cnbic.  = 6-056. Case 2. Lw. metallic. 
Col. iron black. Insoluble in  acids. 

In  fine scales in cavities of the larger pieces of platinnm, and in the ferruginous platinum 
sand of the UA. 

P e r i c l a a e  -Mg 0. cnb ic .  Hl 6.0 - G 3.75. Transparent. Lua. vitreow. 
Col. dark green. B. infusible. Soluble when in powder in acide. 

Found in Monte Somma near Naples. 

Bxucite.-Rhombohcàrnl Xuphom Glimner.-Mg O + HO. r h o m b o h e d d .  
H 2.0 G 2.3 - 2.4. Frac. scarcely obsenable. Semi-transparent-translucent. Lw. 
pearly. Cd. white, sometimes inclining to gray and green. m. white. Scctile. 
B. infusible. Soluble in acids. 

F o n d  in serpentine. New Jersey, New York, Scotland, Siberin. IRIS - LILLIAD - Université Lille 1 
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~smnthochei.-BlsR,ut116chre, Oz& of Bismatfi.-Bi O 3  Bofk. G 4.3 61, 
Case 17. Frac. uneven, earthy. Opaque. Lus. adamantine,feebb. Gd. ydlow-gray, 
variable. B. reducible. Soluble in nitrie acid. 

Found with bismuth in Saxony, Bohemia, Siberia. 

Spartalite.-Red OzUle ofZiwc, Zincite, Spartdite, Red Enn;,PrismuEic Zim Or@.- 
Zn O. R h o m b o h e d r a l .  H 4.0 - 4.5 G 9 4 3  - 5.53. Case 17. Pruu. aonchoidal, 
Translucent on the edges Lw. adamantine; when pure colourless, usnaiiy red, 
i n c h i n g  to yellow. Str. q e - y e l l o w .  Brittle. B. infusible. Soluble in nitriz 
acid. 

Foand in beds with frsnklinite and &ite in imn mines in New Jersey and near 
Sparts. Aiso foimd distinctly crystallized i n  the irnn and eino furnaces of Silesia and 
L'iege. 

Pranhlinite.-Dodeca7cedral I ~ o n  Ore.-RO + R12 0 3  where R is Fe, Mn, or 
Zn, and RI, Fe, or Mn. cub ic .  H 6.0 - 6-6 G 5 0 7  - 5-13. Case 17. Frac. con- 
choidal. Opaque. Lus. metaiiic. Coi. bon-black. Str. dark brown. Brittle. B. 
infusible. Soluble in warm hydrochloric a d .  

Found with spartalite and calciti, in Xew Jersey; with calamine and smithsonite at 
Aitenberg. A rare mineral, distinguislied îrom magnetic iron by its streak. 

Asbolane.-Earthy Cobult, Blaek Cobalt Ochre, Blnek Oxiiie of Cobalt.-(Co O or 
Cu O) + 2 Mn O? + 4 HO. amorphour. H 1.0 - 1'5 G 2.2. Case 17. R a e .  
conchoidal. Opaque. Lm. resinous, glimmering, duli. Col. Bluish and brownish- 
blaclr, blackish-blue. Slr. black, shining. Sectile. B. i h i b l e .  

Found in Thuringia, Hessia, Black Forest, Zusatia, the Tyrol, Siberia, Cheshire, Howth, 
near Dublin. Used in the mmufucture of smalt. 

Pechuraa-Pi tch Bbnde, Uran Ochre, Vraitre, O d e  of U+-afiULm.-U O + 0' 03. 
cubic.  H 5.5 G 6'4 - 6.71. Case 17. Frac. conchoidal, uneven. Opaque. Lus. 
resinous. Col. pitch-black, greenish-black, grayish-black. Str. greenish-black. Brittle. 
B. infusible. Dissolves in hot nitric acid. 

Found accompanying ores of dlver and lead. ûasony, Bohemia, and CornwslL A 
valuable ore for the porcelain painter, producing a îïne orange colour, and also a black. 

Minium,-Native Ninium, Red Ozidc of Lead, MenfiGe.-2 Pb O + Pb 02 
H 2.0 - 3.0 G 4.6. Case 18. Frac. earthy, even, ht, conchoidal. Opaque. Aur 
resinous. COI. aurora red. Str.  orange-yeliow. B. fusible. Partially soluble in 
nitric acid. 

Found in veins in clay date. Anglesea, Yorkshire, Siliena; &en s pmduce of t&e 
decomposition cf other lead ores. 

Cassiterite.-Om7e of Tin, Tin Stone, P p m i d a l  Tin &#.-Sn Q? p y r a m i d a l .  
H 6.0 - 7.0 G 6.8 - 7.6. Cuse 18. Prm. imperfect, wnchoidal. Semi-hansparent. 
Opaque. Lw. adamantine. Col. colourless, gray, yeiiow, rd, bmwn-black. Str. 
light-gray, light-brown. Brittle. B. infusible. Not acted upon by aoids. 

Found in veins and beds. Sumatru, Siam, Pegu, Malecca, Bruzila, Comwd, Bohemia, 
Saaony, Silesia, Spain, France, Mexico, C h i ,  Sweden, Russi4 North and Sonth America 
A valuable tin ore. Upwards of 4000 tons of tin are snnnally obtained h m  the mines in 
Cornwuil. It is extensively nsed for covering vessels of eopper sad iron ; abo ia the 
composition of pewter, and for mirrom. The muriate of tin is of great value to the dyer 
and calico pinter. IRIS - LILLIAD - Université Lille 1 
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Plattnerite.cSuprrozyd of Lead.-Pb Oz. rhombohedral. G 9.392 - 9.448. 
F m .  unwen. Opaque. Lus. adamantine. Col. iron-black. Str. brown. Brittle. 
B. easily reduced. 

Supposed to have been fonnd at Leadhills 

Coxnndurn-RhomhiiukaZ h d u m ,  Coridon.-Al03. rhomboheàml. H 9.0 
G 3.93 - 4-88. Caae 19. Frac. conchoidal, uneven. Transparent, translucent on 
the edges. Col. white, colourless, red, blue, green, yeilow, brown, and gray. B. 
infusible. Insoluble in acids. 

The ~ e d  varieties are caiied rubiea and the blne sapphires, and are found in grave1 and 
river sand in Ceylon, Pegu, the Elbe, Bohemia, and Puy in France. The other crystallized 
vsrieties are called corundum, m d  adananfine epar when of a brown colour, and are fonnd in 
China, Ceylon, the Camatic, Mysore, the Ural, Piedmont, Sweden, Lapland, Nzw Jersey, 
Connecticut, the Rbine. The grannlar and massive rariety c d e d  e m w  is found in Saxon); 
Italy, Spain, and Asia Minor. The red sapphire, or oriental rnby, when perfect in colour 
and transparency, and of a considernide size, almost rivals the dinmond in value. Some of 
the blue sapphires, cnt perpendicularly to the axis of the six-sided prisms, pr sent a bnglit 
opalescent star with six rays, and are calied star 8apphira. Emery is nsed ertensiv ly for 
polishing and ciitting gems, stones, and other articles. 

Diaspore.-Eukhtic Disthene Spar.-&O3 + H 0. prismatic. Ii 5'5 G 3.30 
- 3.43. Case 19. Frac. conchoidal, uneven. Transparent, translucent. Lus. vitreous, 
pearly. Col. colourless, white, green, blue, dnrk violet, yeliowish-brown. Str. white. 
B. infusible. 

Found in .the Ural, Hungary, St. Gotthardt, E ~ ~ L S U S .  An extremely rare minerd 
distingoished h m  bonite by its mpenor lustre. 

HydxargiUite.-Ai O3 + 3 H 0. rhombohedral. H 2.5 - 3.0 G 2.340 - 
2'387. Case 19. Lus. vitreous, pearly, bright. Col. colourless, light reddish-white. 
B. infusible. Soluble with difûculty i n  hot sulphuric acid or hydrochLorie aeid. 

The Ural, Brazils, and Massachusetts. 

Voiknerite.-6 Mg O + dl3 0 8  + 16 HO. rhombohedral. G 2.04. Lw. 
pearly. Col. white. Unctuous ta the touch. B. infusible. Solubl in acids. 

Fonnd at Schisehimskaja, in the Ural. 

Spinde.-Aluminate ofdfagnssia, Dodscohedrd C ' o h m . - M g  O +- Al 03. Thc 
?ig sometimes replaccd by Fe, and the Al by 2 Fe. Cnbic. H 7'5 - 8.3 G 353  - 
3.90. Caw 19. Frac. conchoidnl. Transparent, translucent, opaque a h c n  black. 
Lw. vitreons. COI. white, red, blue, green, y e i l o ~ ,  bmm, blnrk. Str. -hite. Brittle. 
B. infusible. Insoluble in hydrochl ric acid, partidy so in sulphuric acid. 

Red and vioW rpinells, fonnd in allurial soil and in the sand of rivers. C j1  n, A , 
BIysore. The scarlet is c d e d  the spindia r u b g ;  the rowred, balas ruby ;  the jel i  a or 
orange-red, the rub ml&; and tbc violet-col nred, a h a n d  r I>y. Blue spi elle in gran Inr 
limestone and dolomite ; Sweden, Fdnnd.  Momie, and Ceylon. Black spi et1 , c Il ù 
pleonaate; Ceylon. Bohemia, Montp iiier, the 1~1.01, 1 esuvius, the Lwl, New York. T %il 
rpinelb, fonnd with black gamet and green aiigite, a La Hicia, near Rome. G aa 
qp nelle, c d e d  chloro-sp del1 , in the c ilorite slnt of S1 tonst, in the Lral. Tl s n l e 
n b y  is e gein, anù wàen weU coioured and lnrge is highly prized. Ilistingnisheù fr m the 
oriental n b y  by being softer, from gnrnet by ita Iighter coloir, and from red topaz, whos 
colonr has been prodnced artdiein1 ), by iia not posressiug douhle refracti n. 

Gahnite.-Automdite, Octnic~dral Corundun.-Zn O + Ai 03, part of the Zn 
being replaced by Mg and Fe, and part of the -41 by 2 Fe. CPbic. H 7.5 - 8.0 IRIS - LILLIAD - Université Lille 1 
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G 4.23 - 4.29. Cnçc 19. Frnc. conchoidal. Lus. vitxeous. Col. dârk leek-green, 
blackish-green, grayish-green, blue, black. Btr. gray. Brittle. B. infusible. Not 
acted upon by acids. 

Founù embedded in talc slate, in Sweden, Finland, Connecticut. 

Chrysobery1.-Cymophe, Przknalic Corundîlm.4 O + 81 03. prisamatic. 
H 8.6 G 3680 - 3.754. Case 19. Frac. conchoidal. Transparent, semi-transparent. 
Lw. vitreous. Col. grecnish-white, asparagus-green, oil-green, greenish-gray. 8tr. 
white. B. infusible. Insolublc in  acids. 

Found in the Ural, Connecticut, Xew York, Moravia, Ceylon, Pegu, the Brazils. m e n  
transparent and cut with facets, i t  forms a briiliant yellow gem. f h e n  i t  presenta its 
peculinr milky or opalescent appearance, from which it derives the name of cynophane, or 
floating light, it is cut en caboclwn. Cklysobelylis distinguished from moon-stone and opalescent 
quartz by its superior hardness ; from yellow lopaz by not becoming electric when heated. 

Wolframocher.-Oz-ide of Tungsfen.-W03. earthy. Opaque. Lus. dull. Col. 
yellow. Soluble in  ammonia. 

Found at Huntington, in the United States, with wolfram and scheelite. 

Coracitc.-Uz 0" amorphoas. H 3'0 G 4'378. Frnc. uneven. Col. pitch- 
black. Sh. gray. B. infusible. Soluble in hydrochloric ncid 

Fonnd on the north shore of Lake Superior. 

Plombgomme.-If?/dî'ous dlumitzate of Lead, PJtimbo Rubile.-(Pb0 f %&%O3) 
+ 6H0. g l o b u l a r  masses. H 6 G 4.88 - 6.421. Case 19. Frac. conchoidal. 
translucent. Lus. reainous. Col. yellowish, reddish-brown. Str. white. B. fusible. 
Soluble in  concentratcd nitric acid. 

Found in Brittmy, Cumberland, and Missouri, in lend mines. Bfuch resembles some 
varieties of mammilated blende. 

Quariz.-Rhombohedral Quarb, Rock Cmjsta2.-Si02. rhombohedra l .  H 7.0 
G 2.6 - 2.8. Cnscs 21-24. Prac. conchoidal. :Transparent, translucent. Lw. vitreous. 
8 1 .  white, colowless, violet, blue, rose-rd, brown, green. Str. white. B. infusible. 
Insoluble i n  al1 acids except Aydro-jEuoric wid. 

Amethyet.-This term is noa applied to al1 the violet, purple, blue, white, yellow, and 
green crystals of quartz wh'ich, when fractured, present the peculiar undulated structure 
described by Sir David Brewster,-it was formerly restricted to the violet specimens. The 
finest violet amethysts are found in Siberia, India, Ceylon, and Persia; when uniform in 
tinge, and transparent, they form a gem of great beauty. Crystais of inferior colour to these 
are found in Transylvania, Hungary, Saxony, the Hartz, and Ireland. White und yeiiow 
crystals h m  the Brazils, when eut, are frequently substituted for the topaz. 

Rack C>yatal.-This term is uscd for the transparent crystais found in Switzerland, 
Savoy, Dauphiné, Piedmont, Quebec, Bristol, Ireland, &c. When pure, i t  is cut into lenses 
for spectacles, cdedpcbblea; it is also used for vases and other ornamentai purposes. 

Smoky Quartz.-Applied to the wine-yellow, clove-bmwn crystals found in Scotland, 
Bohemia, Pennaylvania, and the Brazils; al60 caiied the Scottish cairngorum, and much used 
ss an ornamental sione. 

Roae or Milk Quartz-Xassive quartz of a rose-red and milk-white colonr, f o d  in 
Bavaria, Finland, and Connecticut. 

Prme.-&uartz, coloured of a dark leek-green by samixture of amphibole, f o n d  massive 
in the iron mines of Saxony. 

8ia'erite.-Indigo or berlin-blue quartz. Saltzbnrg. 
Common Quark comprehends au the massive varieties of quartz not mentioned above ; it 

is found in great abundance, forming veina in primitive and transition rocks, wmetimes 
many hnndred feet in thicknaas. IRIS - LILLIAD - Université Lille 1 
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Honuitme, Flinty Slate, Lydian Stone, and Flint, are names given to the compound varie- 
tiee of quartz which possess a fine texture. 

Fbat-atone, or ipongifonn quartz, consists of numeroue minuta white or gray crystals 
of quartz, which W U  swim on water, till the air in its nnmerons cavities ia displaced. 

Clidcedony is a mixture of crystaiüne and morphous. quartz, fonnd at  Chalcedon, in ksi 
Minor, Icaland, F m e  Islands, Hungary, Western Islands, Cornwall, India, and Siùeria. 
The red, brown, and yellow varieties are cailed carnelians ; the yeiiow are known to lapi- 
daries as aarde, Most oriental curnelians are uriginally dark gray, and owe their fine red 
hue to an artificiai exposure to heat ; found in Arabia, India, Surinam, Sarony, and Scotland. 

Agates are composed of irregnlar iayers of chalcedony of vmions colours. 
Xocha.stone and man-agates, are transparent varieties, 

The onyz is formed of chalcedony, m g e d  in alternate layers of düferent colours. 
Catseye is chalcedony of a brownish-red or greenish-gray coloar, penetrated by m i -  

anthus, and exhibiting a play of light; f o n d  in Ceylan and Malabar. 
Chqsoprwe is of an apple-green colour, produced by oxide of nickel; fonnd in Silesia 

and Vermont. 
Avantunne contains many minuta fissures or else seales of mica, which refleet bright 

points of Light, and give poiiihed speeimens a shining spangle-like appearance ; found 
in Spain and India. 

Plasma, a transparent chalcedony of a grass-green or leek-green colour ; f o n d  in India 
and China. 

Heliofrope, or blookstone, chalcedony coloured by a green earth, and containhg spots of 
yeliow or blood-red jasper: fonnd in Bucharia, Tartsrg, Siberia, and the Uebrides. 

Iron-JPint, Eiaenkiucl, or fmginous quarté, containa five per cent. of iron ; is found in 
Saxony, Bohemia, and Hungary. 

Jarper is rendered opaque by a mixture of iron and clay. The 8 h i ~ e d  jasper, from 
&berin, Sarony, and Devonshire, ia dietinguished by its ribbon-like delinentions ; the 
Egyptian jasper, by its red and brown wlonrs' and globular structure. 

Fjg. 396 is a crystal of quartz in the British Museum, which Bhows must beauti- 1 *y the graduai p w t h  of sryatah; a hiparent h m a g o d  qitni ,  t an ina ted  by IRIS - LILLIAD - Université Lille 1 
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its planes, aimila to Fig. 395 or Fig. 396, was 6rst fomed of pure quartz, a deposit 
of green chlorite then took place on its terminai planes, the crystal was then increased 
by fresh accessions of silica, still retaining its proper crystalline form, when, after it 
had considerably increased, another sprinkling of chlorite feii upon i ts  terminai planes; 
this seems to have been repeated four times. The crystai being very transparent, the 
chlorite reveals most distinctly four suocessive stages of its formation. Fig. 396 
is s specimen of Egyptian jasper in the British Museum, which i s  remarkable on 
account of the natural marbings of ite fractured surface representing a very tolerable 
likeness of Chaucer, the poet. 

Many agate, onyx, and cornelian cylinders were brought h m  the ruins of Nineveh, 
by Mr. Layard. 

The moss agates, heliotropes, and f i t e ,  fiom the upper beds of chdk, contain 
marine organisms, principally sponges. 

Opal.-Resiraous Quartz, Uncleavable Quar tc . -Arno~ph~uü .  H 5.5 - 6'6 G 1.9 
- 2.3. Case 24. Frac. conehoidd. Transparent, hranslucent. Leu. vitreous. Col. 
colourless, white, yeiiow, red, brown, green, gray, black. Some varieties exhibit a 
beautiful play of colours. Very brittle. 

Hyalite, or Muller's glues appears in smaü uniform, botryoidd, and sometimes stalactitic 
çhapes, either of a white colour or transparent ; fowd in amygdaloid and in clinkstone. 
Frankfort, Hungary, and Bohemia. 

Fire opal, or gi~nsol of the French, possesses bright h~acinthred andyeiiow tints; fomd 
in Mexico and the Yaroe Islands. 

Noble opal, or preciow opal, includes al1 those specimens which eshibit the play of pris- 
matic colours; these are found entbedded in porpliyry at Czmni tza  in Hungary and 
nt Hondurns in Ameries, also in Mexico and in Iceland. When large and pure, it is con- 
sidered a gem of grest due. 

Common op& and 8mi-qd are devoid of the play of colours, and are distinguished by 
their different degrees of transparency, lustre. and perfection of their conchoidnl fracture ; 
found in porphyry and in the csiities of nmygdaloid rocks, Hungary, Faroe, Iceland, Gimt's 
Canseway, and the Hebrides. 

Cachobng, nearly opaque, costains a smaü portion of nliimina, and adheres to the 
tongue ; Bucharia, Faroe, Iceland, and Giant's Causeway. 

Hydrophane is nvariety of opal which is opaque when d q ,  but trmsparent when immersed 
in water ; Saxony. 

Wood opal is distinguished by its ligneons strnctmt and semi-transparency ; fonnd in 
Hiuigary, Transylvania, Bohemia, Faroe, ana New South Wales. 

Silieww ginter, a deposit from hot springs; the Geyser, in Iceland. 
Parl s'ntu, or$m'tc, found in the cavities of volcunic tafa. 

Wol1astonit.e.-Ta6tdar Spr, Prismatic Augite Spar.-Ca0 + Si Oz. oblique. 
H 6 0  G 2-8 - 2.9. Case 25. Fm. uneven. Semi-transparent, handucent on the 
edges. Lacs. ritreoua. Col. white, pasring into gray, yeiiow, red, and bown. Slr. 
white. Rather brittle. B. fusible with difficulty. Soluble iP hydrochloric acid, 
learing a j Uy of silica. 

Fonnd in grannlar limestone, lava, gneiss, and trap. The Banat, Finland, Sweden, 
Vesnvins, Canada, United States, Saxony, Cejlon, and Edinbnrgh. Can be formed artü?ci- 
ally by fusing lime and silica. 

0kenite.-D>jsclasilc.-Cs O + 2Si 02 + 2HO. prismatic. H 4.5 - 5.0 
G 2.28 - 2.36. Case 28. Translucent. Lus. pearly. Col. yeiiowish, white, bluish- 
white. B. fusible. Gelatinizes i n  hydrochloric acid. 

Foiind in amyg<laloid mck. Faroe, Iceland, and Greenland. IRIS - LILLIAD - Université Lille 1 
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Soapstone.-Sfeatite.-6Mg O + 5Si 0 3  + 2HO. massive. H 1'5 G 2.266. 
Case 25. Fpm. uneven. Trmslucent on edges. Lus. dull. Col. yellowish and 
grayish-white, bluish-gray. Str. shining, unctuous. B. fusible. Soluble in sul- 
phuric acid. 

Found in serpentine, limestone, &c. Cornwall, Bayreuth, Greenland, St. Helena, 
China. Used in the manufacture of fine porcelain, for fulling, marking cloth and glass, 
poiishing mirrors and marble, diminishing the fnction of machinery, and as a fire-stone for 
fumaces. 

0ttrelite.-PhyZ1ite.-3(1Fe O + Si 02) + (281 0 3  + 3Si O?) + 3H O. Scratches 
glass. G 4.4. Frnc. uneven Translucent. Lzcs. vitreous. Col. grayiah-black, 
inclining to green. Btr. gmyish-white. B. fusible. Soluble in hot aulphuric acid. 

F o n d  in smaU hexagonsl crystais in clay slate. Ottrez Luxembourg, and Massa 
chnsetts. 

Meerschaam.-Earthy Car6onate of Hagnesh, Hagnesite, Sqwlite, KefeLi1.- 
31g O + Si O3 + HO ? H 2.5 G 1.2 - 1%. Case 25. Frac. earthy. Opaque. Lus. 
duii. Col. white, inclining t o  peliow, r d ,  or gray. ôt~ .  shining. Adheres to the 
tongw. 

Fonnd in nodules in Greece, Spain, Portugal, Moravia, Sweden, Asia Ninor. Used for 
pipebowls. Derives its name, which signifies frofh of the sea, h m  its lightness ma whitish 
colour. 

Lithomsrge.-8teinmarIc.-H 2.5 G 2'496. Cnse 25. Frac. oonchoidal. Opaque. 
Lus. duii. Col. blue, passing into red and gray. Str. s h i i g .  Sectile. Adheres ta  
the tongue. B. infusible. 

A silicate of nlumina and iron, fonnd st Planitz in Saxony. 

Seqpentine.- Ophite, Narmolife, Retinalite, Chysofile, dfefazile, Baltimrifc, 
PicroZite.-2 (Mg O + Si O?) + (Mg O + 2 HO). H 3.0 G 2.47 - 2-60. Case 25. 
Frac. uneven, conchoidal. Translucent, opaque. Ltcs. nsinous, d d .  COL green, of 
various shades. Sfr. white, shining. B. fusible on the edges. Decomposed in powder 
by hydrochloric and sulphuric acids. 

Occurs in masses forming rocks, in beds and veins, and pseudomorplious. Saxony, 
Bohemia, Moravia Ausela, Styria. Siltzburg, the Tyrol, Hungary, Si1 sin, Italy, Conica, 
Norway, Sweden, Siheria, United Stntes, England, and Scotland. The tenanoale is applied 
to those seventines mhich are of a uniform green colour, and are translucent and fit for 
eutting. Serpentine is easily ciit or turned, and arlmits of a high pol'sh ; i t  is used for 
vases, architectural decorntions, and 0th r omamentnl purpos S. I t  derives the name of 
serpe7iline, or ophile, from its spotteil or variegated a pearance like the skin of a snake. 

Antigorite.4 (RO + S i  O j + (Xg O + XO) where R is Mg and Fe. H 2.5 
G 262 .  Case 26. Transparent, transluccnt. Lzcs. feeble. Coi. green. Str. white. 
B. fusible an the edges. Decomposed by sulphuric a d .  

Found in the v d e y  of Antigorio in Piedmont. 

Viiiarsite.-Prismatic. Soft. G 2.978. Case 25. Frac. grsnular. Trans- 
lucent. Col. yeiiowish-green. B. infusible. Decomposed by strong acids. 

Found in a bed of magnetite in Piedmont, supposed to be M altered oiivine. 

8roneite.-Eenipciamatic Srkilim Spar, D i a K q e .  RO + Si Oz, where R LJ 
Mg and Fe. ob l ique .  H 5.0 - 6.0 G 3-2 - 3.6. Case 25. 'manslucent. Lw. IRIS - LILLIAD - Université Lille 1 
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metallic, pearly, frequently resembling bronze. Col. dark-green, brown, ash-gray. 
Slr. grayish. Slightly brittle. B. fusible with difficulty. Not soluble in  acids. 

Found in serpentine aneasnit. Styria, Bayreuth, Moravia, Cornwall, the T~ro l ,  Hessia, 
Silesia, Spain. 

C l in ton i te .  - SantI~opIiyIIit, Cl~rysophane, Eeybertite, Holmesite, Brandisile. 
rhombohedra l .  H 4.5 - 6.5 G 3.01 - 3.10. Case 25. Lm. vitreoutl. Cd. 
yeliow, brown, green. B. infusible. Decomposed by strong hydrochloric acid. 

Found in the Urai, Tyrol, and New York. 

Olivine.-Chrysolite, Pendot, I>&matic Chrysolith, Hyaloséderitc.-2 Mg0 + SiO2. 
p r i smat ic .  H 6.5 - 7.0 G 3-3 - 3'44. Case 25. Fmc. conchoidal, transparent, 
translucent. Lzu. vitreous. Cul. green, yellow, brown. Str. white. Decomposed by 
sulphuric acid, forming a jeliy. 

Found in Egypt, Natolia, the Brazils. Styria, Vesnvius, Mexico, Sweden, Baden. The 
transparent varieties are calied chryrysolite, the bwwn hyaiosiderite. Chrysolite is prized as 
a gem when large, free from flaws and of a good colour ; it is so soft as to love its poli+ 
unless worn with care. Chrysolite 1s softer than chrysoberyl, Iiarder and heavier thin 
apatite, and distinguished from the green tourmaline by infusibility and absence of electi.icu1 
properties when heated. Clirysolitc is derived îrom ~pvuosgold, and hrf3os Stone; and hyalo- 
si Ierile from ÙaAos glass, and u d ~ p o s  iron. 

Dicrosmine.-A.ismatic pierosinine 8tealite.-2 Mg0 + Si02 $ HO. prismatic. 
H 2.5 - 3.0 G 2-59 - 2.66. Fmc. urieven, opaque. Lu. pearly. Col. greenish- 
white, blnckish-green. Sh-. white, very sectile. B. infusible. 

Found in masses in Bohemia, tlie Tyrol, and Saxong; distinguished from asbestos hy 
the bitter argillaceous odour it exhales wheu moistened; hence its name from s i ~ p b s  bitter, 
and oupv smell. 

Babachite.-@ Ca O f Si O?) + (2 Mg O + Si O?). crystalline system un- 
determined. H 5.0 G 3.033, Case 25. F r a c  imperfect, conchoidal. Transluccnt. 
Lw. resinous. al. light greenish-gray, white. Str. white. B. fusible. 

1 Found at Hizoni in the Tyrol. 

Monticel1ite.-(2 Ca0 f S i  O?) + (2 Mg O $ Si OZ). p r i smat ic .  H 5.5 
6. 3.245 - 3.275. Case 25. Nearly transparent. Lw. vitreous. Col. colourless, yel- 
lowish. Soluble in hydi-ochloric acid. 

Fomd in granular liieatonc at Monte Somma. Named after the Neapolitanmineraiogist 
Monticelii. 

Smithsonite.-Prismilie Zinc Baryte, Pris~zntic or Electric Calamine, Siliceous 
Oside of Zinc, Zinkglaa, Galrnei-2 Zn O + S i  O? + HO. p r i s m a t i c .  H 6'0 
G 3.35 - 3.50. Case 26. Frac. uneyen, transparent, translucent. Lu. vitreous. 
Col. colourless, white, yellow, brorn,  green, blue. 811.. white. Brittle. Becomes 
electric when heated. B. infusible. Soluble in acids, leaving a jelly of silica. 

Found in veins. Aix-la-Chapelle, Liege, Carinthia, Silesia, Poland, Galiicia, Bnden, 
Derbyshire, Cumberland, Scotland, the Tyrol, Hungary, the Banat, Spain, Siberia, the 
Hartz. Used as an ore of zinc. 

Willemite.-SiEiceous Ozide of Zinc, Brachytypc Zinc Baryta, Tmostite.-2 Zn 
O + Si Oz. zhombohedzal .  II 5.5 G 3.89 -4.18. Case 26. Frac. imperfect con- 
choidai, semi-transparent, translucent. Ius. vitreous. Col. colourless, white, yeiiow, IRIS - LILLIAD - Université Lille 1 
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bmwn. Str, white. Brittle. B. fusible on the edges. Decomposed by hydro~hloric 
acid, leaving a jeUy of siiica. 

Found at Moresnet, Stolberg, Carinthia, Servia, and New Jersey. 

Ehodoni te .  - 3ilica'fer0t~1 Oxids of Mangailese, Diatomolss Augite Spav.- 
Mn O + Si 0 2 .  obl ique.  H 5'0 - 5.5 G 3.61 - 3.65. Case 26. Bue. uneven. 
Translucent. Lus. vitreous. Col. red, brown, spotted with green. Str. reddish- 
white. B. fusible. Insoluble in hydrochlonc acid. 

Bound in masses. Sweden, Transylvania, the Hartz, New Jersey, Piedmont, Algiers, 
Cornwall. Allagite, photinte, and cornsous manganese, are ail vsrieties of Rhodonite. 

Tephroite.-2 Mn O + Si O*. C r y s t f l i e  systcm undetennined. H 6.5 
G 406 - 4.12. Case 26. Prac. uneven. .Lm. adamantine. m. ah-gray, tarnish 
brown or black. Str. ash-gray. B. fusible. Decomposed by hydrochloric acid, 
leaving a jeliy of ailica. 

Fomd with franklinite at Franklin in New Jersey. 

Cererite-RhomiohedraI Cerium Ore, ESlicifems Oxide of Cerium, Cerite, Red 
SiIiceous Oxideof Vnilcm.-RO + Si OP + 2 HO, where R represents cenum, lanthanium, 
and didymium. rhombohedral .  H 5.5 G 4.9 - 6.0. Case 26. Bac. uneven, 
translucent on edges. Opnque. C d  brown, r d ,  gray. Str. grayiah-white. Brittle. 
B. infusible. Soluble in hydrochloric acid, lcaving a jeUy of siiics 

F o d  only in an old copper mine at Bastu%, in Sweden. Reeembles red granular 
corundum, but easily dietinguished from it hy its infenor hardnesa. 

Trit0mit.e.-Cubic. H 5.5 G 4-16 - 4.66. Frac. conchoidal. Opaque. h. 
vitreous. Col. dark-brown. Str. yeiiowkh-brown. Very bnttle. Decomposed by 
hydrochloric acid, leaving a jeiiy of silica. 

F o d  at Lamo in Norway in syenite. 

Chlorophæite-Soft. G 2.02. Case 26. Dull green, and afterwarde black. 
B. infusible. Decomposed by hydrochloric acid. 

Found imbedded in amygdaloid rock in the island of Rnm, and in Fife. 

Chloropa1.-Nontromitc, Pinguite.-Fez O3 + 2 Si 0 3  + 3 HO. Musive. 
H 3.0 - 4.0 G 2.0. Case 26. Frac. conchoidal. Opaque. Translucent on the edges. 
Col. greenish-yeiiow and pistachio green. h. vitreous, dull. Brittle. B. infusible. 

Found in Hangary and the Hartz. 

8tilpnomelsne.-BhomboheM, H 3.0 - 4.0 G 3.0 - 3'4. Case 26. 
Opaque. Lus. vitreous. COL black, blackish-green. Str. olive-green. Rdûer bnttle. 
B. fusible. Imperfectly decomposed by acids. 

Pound in clay slate in Silesia; derives its name h m  miAwos shining and pth<rs 
black. 

1 

gisingerite.-Thrau2ite, GWSflgite, Polyhydrita.-Renifonu mssees. H 3.0 
Q 2.79 - 3.05. Case 26. Fm. conchoidal. Opaque. Lus. resinous. Col. black. 
Btr. yeliowish-brown. Brittle. B. fusible. Partiaiiy soluble in hydrochioric acid. 

Fonnd in Bavaria end Sweden. 

C r ~ n s t e d t i t e ~ S ~ o s e h i w l i ~ ,  Rhomhhedral dlelans dika-2 Fe? 0 s  + Si 02 
+ 2 (2 F e  O + Si  03 + 6 H O. ïieniform and fibrous massee. H 2.6 O 3.348. 

l 
INORDANI0 NATURE.-No. XVII. 1 L 
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Case 26. Translucent. Opaque. Lus. vitreous. CoZ. black. Str. dark green. 'Brittle. 
B. infusible. Decomposed by hydrochlonc acid, leaving a jelly of silica. 

Found in Bohemis, Cornwa Braziis, and Chili. 

Payalite.4ron Chrysolite.-2 Fe  O + Si  03. prismatic. H 6-5 G 4.11 - 4.14. 
Case 26. Truc. imperfect, wnchoidal. Opaque. h. imperfect, metaiiic. bX iron- 
black, inclining to green or brown, brasa-yellow t w i s h .  Magnetic. B. fusible. 

Found on the ses-shore at Fayal, an8 on one of the Morne mountsins, Ireland. Crystals 
having the composition of F ~ a i i t e  and the form of Olivine, are fomd in rehing cinders and 
the slag of copper fumaces. 

Anthosiderite.-Fez 0 3  + 4 s i  0% + H O. f ibrous,  B 6.5 G 3-0. Case 14. 
Opaque. Lus. ailky. Col. yellow ochre and brown. Str, 'the same. Very tough. 
B. fusible. Decomposed by hydrochloric acid. 

Found with magnetite in the Brazils ; derives its name from avûos a flower and ursqpos 
iron. 

Palagonite.-Amerphorie. H 3.0 - 4% G 2.40 - 2-43. Frac. conchoidal. 
Transparent, translueent. Lus. Wxy. Cd. yeUow, brown. Str. yeliow. B. fusible. 
Decomposable by hydrochloric acid. 

Found in volcanic thfa, in Sicily and Icelana. 

Chrysocol1a.-Hydrosiiiuu)~ Copyer, Copper-green, U~cbavable Staphylim dlah- 
cirite, Kkssel Malachite.-Cu O + Si O2 + 2 H O. aauorphous. H 2.0 - 3.0 G 2.0 - 2.2. Caee 26. Prm. conchoidal. Semi-transparent. Lus. resinous. COE. green, 
sh~-blue. b't~. greenish-white. Slightly brittle. B. infusible. Decomposed by nitric 
or hydrochloric acid. 

Found, with other ores of copper, in the Banat, Hnngary, the Tgrol, Bohemia, Saxony, 
the Ural, Altai, Spain, Norway, New Jersey, Cornwall, M&co, Chili, Anstralia 

Dioptase.-RhomBohedral Emmld Malachite, Ewrald Coppr Acha'nnte, Xupfer- 
smnragd-Cu0 + Si03 + HO. xhombohedrai. H 6.0 6 3.27 - 3,348. Case 26. 
Frac. conchoidal, uneven Transparent, tranalucent. Lus. vitreous. Col. emerald- 
green. Str. green. Brittle. B. infusible. Soluble in nitric and hydrocblorio acids, 
leaving a jeiiy of silica. 

Found in limeniane in the Eirghese Steppes, in Siberin. Derives its name from 81a 
through, and 'mrropiar to see, in aliusion to the possibility of seeing the natural joints by 
transmitted light. Distinguished 6.om the emeraid by inferior hardness, higher speci6c 
gavity, and by acquiring negative electricity by friction. 

Eu1ytine.-Bismuth Blsnds, SiJiCate of Bismuth.-2Bi03 + 8Si03. cubic.  H 4.5 
- 5.0 G 6.965. Case 26. Yrm. uneven. Semi-transparent. Opaque. h. ada- 
mantine. ûL brown or yeiiow. Str. yeiiowish-gmy. Brittle. B. fusible. Soluble 
'in hydrochlorio acid, leaving a jelly of silica. 

Fonnd ia miaute crgatals in cobalt veins. Schneeberg and Brailnsdorf in 6%nong. 

hixcoricPyramidal Zircon, Hyaeinth.-Zr0 $- 502. pyramidal. H 7.5 G 4.0 - 4.7. Case 2%. Frm. conchoidal, meven. Transparent, translucent on the eàgea. 
LUS. vitreous. COL red-brown, yeliow, g a y ,  green, white. Str. white. B. infusible. 
Partially decomposed by sulphurk acib 

The ierm hyacni# is ep- to' tranaparetlt and bright-cdailretl d e t i e a ,  Ja7goa to 
crystals devoid of eolonr and of a smoky @ge, occssionally sold as inferior diamonda; 
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Z&kaiite uto âhe gray 4 irewn, mugh a d  rrpaclee vmiaties. Found in gneis% granite, 
volcanie matter, aiiuvim, nncl &and % rivero. Ceyion, Nosway, Siberin, New Jersey, 
Sweden, Greenland, Egypt, Carinthia, France, Italy, Vesuvius, the East Indies, Sanony, the 
Oral, Transylvania. 

@&in& Ts a gwybh-broafa aizrm h m  h.eclriamvani. 
Maloccnc and Omtedtits, names given to two minends having theforai of zircon, and 

supposed to be that minerai in a stage of decomposition. 

Thonte.-2ThO + Si02 + 2H0. massive. H 4 5  G 4.63. Case 26. Fmc. 
conchoidal. Lus. vitreoua. Col. black. Str. dark-bromn. Brittle. B.  infusible. 
Gelatinizes i n  hydrochloric scia. 

Found with mesotype, at Lüvo in Nonray. I t  mas from this minerai R rzelins first 
obtained the rare metal thorium. 

hndalrrsite.-P~imnatie Ilndalusite.-AlOS $ Si02. prismatic. H 7'6 G 3.1 - 3.2. 
Case 26. Trac. unwen, flat, conchoidd. Transparent, translucent on 'the edges. 
Lus. vitreous. Col. reddish, pasôing inta pak gray. Str. white. B. infusible. 
Slightly d e c t e d  by acids. 

Jound in granite, gneiss, hnd mica slate. Spain, the Tyrol, Bavaria, Bohemia, Moravia, 
Silesia, Saxony, France, Siberi~,  Brazils, Banffshire, Ireland, Connecticut, Nassacliusetts. 
Distinguished from fclapar by its hardness and infusibility, from con ri id un^ by its structure 
and specidc gravity. 

Chiastolite, or hollow Spa?, appears to be a variety of andoluaite, bavingprisms of a dnrker 
substaiice in  the centre and sometimes in each annle, connected by thin lates of the 
same. H 5.0 -5.6 G 2.9 - 2.93. Deriv s its name from the  smnmits ofits crystals being 
marked in the f o m  of the Greek letter X. Fonnd in the Pyrenees, Spain, hormandg, 
Cumberland, Wicklow. 

Xyanite.-Disthé?ze, SilZimanite. Bnchohite, .FL6mZiôe, A.ibmatie Bia&w Spar, 
Nonrolite, Rhœlid-A103 f SiW. anorthic. H 6.0 - 6.0 G 3'58 - 3'62. Case 
26. Trac. uneven. Transparent, translucent. h. penrlp, vitrenus. Cd. blue, 
white, g a y ,  black, colourless. Str. white. hi t t le .  Il. infusible. Insolubl~ in  ncids. 

Found in mim slate, g ~ t e ,  gneiss, âc .  Switserland, Styrin, Car id ia ,  h l F a l i i r e ,  United 
Stabae, Bohemia South America, Massachasetts, the Tyrol, Shetland. Ui tin uish d from 
actinolite by its infusibiiity, cleavage, and speciiic gravity. %eu blue aub trirusparent, is 
cut and polished as an ornamental stone, resembling sapphire. 

Bam1ite.-H 6.5 - G 2,984. B a c .  uneven. Translucent. Lw. vitreou. Col. 
white, inciinhg to green. 

B m d  iB slender prismn nad crysta1liie masses, with guartz, in Nomay. 

Worthite.-P Ai08 + 5 WU2 2 HO. Granular aggregationa H 7'0 - 7.5 
G 3.0. Case 26. Feebly trandueent. Lus. pearly. Cd. white. E. infusible. In- 
soluble in acids. 

F o n d  in the neighbourhoo8 of St. Pe'tersbuig. 

Aliophaw.-Binnanit8.-3 fflz Q $- $2 si os + 16 a 0. Ranifonn and botry- 
oidal masses. H 3-b 5 1-852 - 1.889. Case 26. Fm. *et, conchoidal, semitrrnsparent. 
Translucent on the edgea. Lus. w a q .  Col. white, yelluv, red, bromi, blue and green. 
Rrittle. B. infusible. Gelatinizes with acids. 

Pound in 8-y, k P P ,  a d  Bahcmia Derives ita name ikom &os and @vu to 
appepp., hom ita chwge of appeorailce amder the bloqipe. 
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G 1-92 - 2.12. Case 26. Frac. conchoidal. Opaque. h. waxy. Col. white, blue, 
green, yeilow. B. infusible. Gelatinizes with sulphuric acid. 

F o n d  in ienüorm masses. Silesia, France, New Granada. 

Co1lyrit.e.-r9carMc.-A hydmus silicate of alumina. H 1.0 - 2.0 O 2.06 - 
2-11. Case 26. Frno. earthy. Opaque. Lm. duii. Col. white, reddish, greenish. Str. 
shining. Unctuous to the touch. B. infusible. 

Found in reniform masses in the Pyrenees. 

Bo1e.-A aiücate of alumina and iron. H 1.5 - 2 5  G 1'6 - 2'0. Case 26. 
Frac. conchoidal. Opaque. Col. brown. Str. resinous. Sectile. 

Fonnd in noduies. Silesia, Bohemia, Sasony, Hebrides. 

S c h r o t t e r l t e . 4  AP Os + Si  O3 +3HO. Amorphons. H 3.0 - 3.5 G 1985- 
2,016. Case 26. Frac. conchoidal. Traualucent. Lua. vitreouii. Col. light emcrald 
green. Sb. white. Brittle. B. infusible. Gelatinizes with hydrochloric acid. 

Found in nodules in S£gris. 

Miloschine.-r9erbian.-Ai 0 3  + Si 02 + 3 H O. Massive. H 1.5 - 2.0 
G 2.131. Frac. conchoidal. Lui. glimmering duil. Col. Mue-green. B. infusible. 
Partially decomposed by hydrochloric acid. 

Fonnd masnive in Servis. 

QxoppibCrys ta l l ine  maases. H 2.5 G 2.73. Frac. splintering. Semi- 
transparent: in thin fragmenta. Co?. Rose-red, bmwn, red. Bir. light. Brittle. B. 
fusible on the edgea. 

Dil1nite.- H 3'5 G 2'835. Frac. conchoidai. Opaque. Lw. d d .  COL white. 
Case 26. 

Fomd in veins of limestone at Schemnitz in Hungary. 

Agalmato1ite.-Tqure atone, TaicqZaphiqw, Bi1dstein.-H 3.0 G 2-75 - 2-85, 
Case 26. Frac. uneyen. Col. white, pale gray, green, yellow, 5esh red. Slr. white and 
shining. Slightly brittle, almost sectile. B. fuible ou the thinnest edges. Decom- 
posed by hot sulphuric acid. 

Fomd in China, Saxony and Hnngary. Carved by the Chiese inta grotesque figures 
and omaments. 

Apophyliite-Pyramidal Xmphone gpar, Oxhavwitc, Pyramidal ZcoZilc, Ichthy- 
o p t ~ m i l e ,  Tessalits, Alvins.-3 (Ca O, K O, H O) $ 2  Si 0 3  + 2 H 0. pyramida l ,  
H 4'6 - 5.0 0 2.35 - 2.89. Case 27. Frac. imperfect, conchoidai. Transparent, 
tranalucent. Lw. vitreous. Col. colourless, yeilaw, blue, red, green. Str. white. 
Brittle. B. fusible. Decomposed by hydrochlonc acid. 

Found in cavities of amygdaloid rocks, in veins in transition slate, and in beds of mag- 
netite. The Banat, Qe Tyrol, Iceland, the Hartz, Hindostan, Bohemia, Sweden, Greenland, 
Siberia, North Amenca, Fifeshire. Apophyllits derives its name fiom aro and +vMov  a leaf, 
on acconnt of its tendency to exîoliate under the blowpipe. The pecuiiar pearly lustre of 
the crystaiiized varieties, which in one of the mont decided eharaetenstica of this mineral, 
gave nse ta the name ichthyoplhalmite, or fish eye-stone, from i ~ B v s  a iiah and o+Bahpos " eye. ' 

C h a W e . - R b L k d r a 1  Eouphcne S@w, P h Z i i s ,  R A d o W a l  Zcoliic.-(Ca O 
+ Si Oz) + (Ai Os + 3 Si 03 + 6 H O. xhombohedrd .  H 4.0- 4.6 G 2.08- 
2.15. Case 27. Frae. uneyen. Semi-transparent, semi-tranalucent. Col. colourleae, IRIS - LILLIAD - Université Lille 1 
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white, reddish, yeiiowish. &tr. white. B. fusible. Decomposed by hydrochloric 
acid, leaving a jelly of dica. 

Fonnd in cavities and veins in amygdaloid and plutonic rocks. Bohemia, the Tyrol, 
Faroe, Iceiand, Greenland, Sweden, Ireland, Renfrewshire, Hungary, Siberia, Massa- 
chusetts; 

Mesotype.-Zeolitii, Natrolith, Bergmannite, Nesolite, Radiolite, Peritomwa Kou- 
phone &par.-(Na O + Si 02) $ (Ai O8 + 2 Si O?):+:H 0. prismatic. H 5'0 - 
6.5 G 2.24 - 2,26. Case 27. Frac. conchoidal. Transparent, tramlucent. Lw. 
vitreous. Coi. colourless, gray, yeiiow, red, pale green. Sir. white. Brittle. B. 
iusible. Decomposed by hydrochloric acid, leaving a jelly of ailica 

Found in basalt, syenit., and tran~ition rocks. Greenland, Iceland, Bohemia, the Tyrol, 
Ireland, Norway. 

Sco1esite.-Needlestone, Poo~aaiZile, dn2rimolite.-(Ca O + Si 0 2 )  + (Al 0 3  + 
2 Si 02) + 3 H 0. oblique. H 5.0 - 5.5 G 2.2 - 2.3. Case 28. Frac. conchoidal. 
Transparent, tramlucent. Lm. vitreous. Col. colourlcss, white, gray, reddish, pel- 
lowish. Brittle. B. fusible. Decomposed by hydrcchloiic acid, leaving a jeUy of 
silica. 

Found in cavities of amygdaloid rocks. Staffa, Faroe, Iceland, Greenland, Hindostan, 
the Tyrol, Ireland. Curls up before the blowpipe, whence its name from crnwAq[ a worm. 

Comptonite.-Thonuonite, Ortiwtornorrs Kouphom 8par.-3 (Al O3 + Si O?) + 
3 (Ca O + Si Oz) + 7 H 0. priematic. H 5.0 - 5.5 G 2.31 - 2.38. Case 27. 
Frac. imperfect, conchoidal. Transparent, translucent. Col. white, ycllow, red. Str. 
white. Brittle. B. fusible. Decomposed by hydrochloric acid, learing a jelly of 
silica. 

Found in amygddoid rocks. Vesuvius, Hessia, Bohemia, Greenland, Iceland, the Tyrol, 
Scotland- 

Gme1inite.-Hydrolite, iSarcoIite, iKetero>norphow K'ophone Spar, Hwack1itc.- 
(R O + Si 03 + (Al O + 3 Si 03 + 6 H O, where R i s  K, Ca, and Na. xhombo- 
hedral. H 4.5 G 2.04 - 2.12. Cane 27. Frnc. uneven. Translucent. Lue. vitreous. 
Col. white, reddish. Str. white. Brittle. B. fusible. Dccomposed by hydrochloric 
acid, leaving a jeliy of eilica. 
- 6Foiiud in cavities of amygdaloid rocks. Vicentine, Ireland, Sicily. : 

Levyne.-Maerotypow Eouphmc Spar.-(Ca O + Si Oz) + (Al Oa + 3 Si Oz) + 
6 H 0. rhombohedxal. H 4.0 G 2.1  - 2-2. Cnse 27. Bac. imperfect, conchoidal. 
Bemi-transparent. Lm. vitreous. Col. white, grayish. Slr. white. Bnttie. B. 
fusible. Decomposed by hydrochloric acid, leaving a jeiiy of silica. 

Found in cavities in trap. Ireland, Renfrewshue, Faroe, Icelmd, Skye. 

Ggro1ite.-Gurolite. 2 Ca 0 + 3 Si 0 2  + 3 HO. H 3.0 - 4.0. Case 28. L w  
dxeouq thin plates, transparent. Col. white. Vcry tough. B. fusible. 
, Occura in s m d  spherical concretions in the cavities of basalt, &om Storr in Skye. 

Edingtonite.-Pyramidal Brgthim Spar, Hemi-pyrnmido2 Spar. Pyxamidsl. 
H 4.0 - 4.5 G 2-71. Case 28. Frac. imperfect, conchoidal. Semi-transparent, 
translucent. Col. grayish-white. I r .  white. Brittie. B. fusible. Fonns a jelly in 
hydrochloric acid without being completely decomposed. 

'-Found in smaii crystals in amygdaloid. Dumbarton, Scotland. IRIS - LILLIAD - Université Lille 1 
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&gente.-Oblique. H 3.0 - 3.5 G 2 697 - 2.948. Translucenti. Opaque. 
vitreous. Col. yellowish-white. Xtr. light-brown. B. Eusible. Sl'ihtlp acted 

on by hydrochloric acih 

Found ira white limeetme. Franklin, Kew Jeïsey. 

Analcime,-Hezahedral Eoupho?te Spar.-(Na O + Si O?) f (Al 0 3  + 3 Si 0 2 )  

+ 2 HO. cub ic .  II 5.5 G 2-22 - 228 .  Case 28. Trac. unevert, 'm.nslucenb Lus. 
vitreous. Col. colourless, white, gray, reddish-white. Str. white. Brittle. B. fusible. 
Decompoaed by hydrochloric acid, leaving a jelly of silica. 

Found in cavities of amygdaloid rocks, in beds of msgnetite, gneiss, porphyry. The 
Tyrol, Scotlaud, Ireland, Bohemia, the Ural, E'aroe, Iceland, Korway, the Harta. 

Etadnophite.-(Na O + Si 0" + ((Al 0 3 +  3 Si 02) +HO. p n s m a t i c .  H 5-5 
G 2.27. Frac. even. Transparent. Lus. pearly. Col. white, gray, brown. Slv. white. 
B. fusible. Decomposed by hydrochloric acid, leaving a jelly of silica. 

Foimd in syenite. Lami5, near Brevig. 

Sti1bite.-Desmin P~ismatoida~ Eo%phone 8pnr.-(Ca 0 + 3 Si O?) + (Al 
O3 $ 3 Si OS + 6 HO. p r i s m a t i c .  H 3.5 - 4.0 G 2.1 - 2.2. Case 28. f i m .  
uneven. Semi-transparent. Lus vitreous. Col. colourless, white, yellow, red, brown. 
Str. white. Biittle. B. fusible. Decomposed by acids. 

Found in cavities of amygdaloidal rocks, also in beds and veins in granite and date. 
Iceland, Faro~ ,  Skye, Hindostan, the Tyrol, Norway, Sweden, Wesia, the Hartz, the Alps, 
Scotland, Siberia. 

Episti1bite.-D~logenows Eouphone Spar.-(Ca O + 3 Si 02) + (Al O S  + 3 Si 
0;) + 5 HO. p r i s m a t i c .  H 3.5 - 4.0 G 2.24 - 2.25. Case 28: Erne. uneven, 
transparent, Lus. vitreous. Col. colourless, white. Str. white, B. fusible. Decom- 
posed by strong hydrochloric acid. 

Found in cavities of amygdaloidnl rocks. Iceland, Faroe. - -- 
Beu1andite.-Hemipzkmtic &~phone ~YU?.-(Ca O f 3 S i  OP) + (Al 0 0  + 

3 Si  02) + 5 HO. obl ique .  H 3.5 - 4 0  G. 2-18 - 2.22. Case 28. Frac. uneven, 
transparent. Lus. vitreous. COL colourless, white, gray, brown, red. Str. whitc. 
Brittle. B fusible. Decomposed by hydrochloric acid. 

Foiind in cavities of amygdaloidal rocks. Iceland, Faroe, Hmdostan, Ksva Scotia, 
Bohemia, the Tyrol, Transylvania, Sorway, the Hartz, Saxony, Siberia, Scotland, Skye. 

Brewsterite. - dlegnlayofloua g~upho?ze Spar. - Obl ique ,  H 6'0 - 6'5 
G 2.12 - 2.20. Case 28. Frac. uneven. Brittle. B. fusible with dlfficullp. 
Decomposed by hydrochloric acid. 

F o n d  in cavities OP am@aioidni rocks. Scothnd, Ireland, France, and the Pyrenees. - 
L a u m o n i t e .  - Leodardite, Dintomaus Xouphne S'nr, Bi-+matic Zeo2iic.- 

(Ca0 + SiO?) + (A103 + 3Si0-) + 4H0. obl ique .  H 3.5 G 2.33 - 2'41. Case 
28. Frac. uneven. Translucent. Lus. vitreous. Col. yeilowish and grayish-white, 
flesh-red. Str. white. Very brittle. B. fusible. Decomposed b y  hydrochloric acià, 
Iertving a jelly of silica. 

Found in cavities of amygdaloid, and in memilic veins. Bretagne, Boliemia, the T'roi, 
Hungaq, Sweden, the Urd, North America, Farije, Fcelmd, Skye, Ireland, Scotland. Spe- 
cimeus of this mineral ought to be ccvemè mth a tliin solntion of gum arabic, to eounteract 
the rapid decomposition which takes place wlien they are exposed to the sir. . 
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P1ehnite.-Axozotomous Biphane Spar, KoupTzolite, Edclilh, CfiiZton2e.-Z(Ca0 + 
Si02) + (Al03 + Si02) + HO. prismatic. H 6.0 - 7.0 G 2.92 - 3 01. Case 29. 
Frac. uneven. Semitransparent, translucent. Lus. vitmus. Col. green, yellow, gray. 
3tr. white. Brittie. Becomes clectric by the application oE heat. B. fusible. PM- 
tially soluble in  hydrochlorio aaid. 

Found in granite sud crystaiiine rocks. Dauphiné, the Tyrol, Pyrenees, Switzerland, 
Saxony, the Hartz, Norway, Swedrn, I\Iassachusetts, South Africa, Scotland, Gloucester- 
shire, Staffordshire, Land's End, Chia .  The grass-green varieties have been mistaken for 
chrJrcjolita, ohrysoprase, and emerald. 

' Nephrite.-Jade, Umlenaable Nephrite Spar, Beilsfei?a.-(Ca0 + Si03) + (3Mg0 
+ 2Si03). H 6.6  - 6.0 G 2.65 - 3.0. Case 29. Frac. splintery. Translucent 
on the edges. Lus. resinous, dark. Col. leelc-grecn, greenish-white, greenish- 
gray. Str. white, shiiing. Tough. Slightly unctuous to the touch. B. fusible 
on the edges. 

Fonnù massive and in blocks with slate and limestone. India, Turkey, Leipsig, Little 
Thibet, Cbina, Cgypt, the Amaeon. Ve~sels made from Jade are as  sonoroiis as porcelaio. 
I t  is wrought into hatcliets by the New Zeaianden. Derives its name from vcdpos a k i d n q ,  
because it was supposed to be a remedy for diseases of that organ. 

Hannotome.-Parntomou,, Eouphone Spar, Staz~rolite, Pyramidal Z lile or C~osa 
stme, Momenile, &dt.eolite, Andreas6ergolile.-(Ba0 + 2Si02) + (A103 + 3Si0-) + 5H0. 
prismatic. H 4.5 G 2.39 - 2.50. Case 29. Frac. uneven, imperfect conohoidaL 
Transparent, translucent. Lus. vitreous. Cbl. white, colourleas, gray, ycllow, brown, 
red. Str. white. Biittlc. B. fusible. I n  powder decomposed by hydrochloric acid. 

Fonnd in metallic veins, and in cavities of amygdnloidai mcka and b d t ,  Scotland, 
the Hartz Norway, Silssia, Oherstem. Derives its name from appas s joint, and 7EpYO 
to cul, from the appearance of its twin crystals. 

PhiUipsite.-Gismondine, Zeagonile, Lime Havmotome, Chrisfianite, Ahazife, Slau- 
rotypow Kouphone .par.-(RO + SiOZ) + (A103 + 3Si02) + 6HO. prismcitic. 
II 4.5 G 2.14 - 2-213. Case 29. Frac. conchoidal, uneven. Translucent, translu- 
cent on the edges. Lus. vitreous. &l. white, gray, colourless, blue, yellow, red. Str. 
white. Brittie. B. fusible. Decomposed by hydrochlorio acid, leaving a jeUy of 
silica 

Found in cavities of amygdaloid and basalt. Bohemia, Sileeis, Bonn, Oberatein, Vesu- 
vius, Sicily, Rome, Giant's Causeway. Rehenibles Harmlome, but ditinguished from it by 
its lower specitic gravity. 

Felspar.-Otlhoolase, ûrtlwfomozca Felspar, Adularia, Murehiovnile,'Sanidine, X k -  
roklin, Ammm rlone, Perthite.-(KO $ 3SiOZ) + (Alof + 3Si02). ob l ique .  H 6.0 
G 253 - 2.59. Case 29. Frac. conchoidal, uneven. Transparent, translucent on 
the edges. Lru. vitreous. Col. colourless, white, gray, green, b rom,  red, flesh-red, 
verdigris-green. Str. grayiah-white. Brittle. B. fuaibla with di&cultp. Not rcted 
on by acids. 

Adularia, or transparent Felspsr, irc fonnd in phtonic and metemorphia rocks. St. 
Gotthardt, Mont Blanc, Dauphiné, Norwap, Arran, CornwaU, Snowdon, Ceylon, Greenland. 

Moon Stone, a tramparent colourless felspar, from Ceylon, which presents r play of 
light; used as an ornamental stoue. 

Corn- F b a r .  Italy, Silesia, Ireland, the Urd, Bohemia, Brazils. 
Green Fekpar (Amazon Stone), found on the east side of Lake Ilmen. 
Glussy Fekpar (Sanidine), found in trachyte, basaitic, conglomerate, and volcanic IRIS - LILLIAD - Université Lille 1 
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masses. The Rhine, Mexico, Chili, Baden, Hungary, Italy, Iceland, Cassel, Vesuvius, 
A-. 

Mrnchisonite is a 5esh-red yariety of felspar, found in rolled pebbles. Heavitree, 
Exeter. 

Crystals of 5esh.red felspar have been found in a copper furnace, and of adularia in an 
iron h a c e .  

The porcelain earth, or Kaolin of the Chinese, is prodnced by the decomposition of 
felspar. Felspar is extensively used in the manufacture of porcelain. 

Pollux.-A hydrosilicate of alumina and potash. H 6.0  - 6.5 G 2'868 - 2.892. 
Case 29. Rat. conchoidal. Transparent. Los. vitreous. Col. white, colourlese. 
B. fusible on the edges. Decomposed by acids. 

Found with petalite in cavities of granite at  Elba. - 
Labradorite.-Labrador Pclspar, Anhydroa Scolccite, Xanilite, Silicite, Opaline 

Tekpar, Polychrmnatic FeLPpar.-(R O + Si Oz) + (Ai 03 + 2 Si 0 2 )  where B. is Ca 
or Na. anoxthic .  H 6.0  G 2.67 -'2.76. Case 30. Trac. imperfect conchoidal. 
Faintly translucent. Lus. vitreous. Col. gray, red, green, white, blue. B. fusible. 
Decomposed by concentrated hydrochloric acid when in powder. 

Occurs prinaipally as a constituent of rocks. The varieties which exhibit a play of 
colours are mostly derived irom a coarse-grained hypersthene rock. Labrador, Russin, Fin- 
land, Irelaud, the Tyrol, the Hartz, Scotland, Corsica, Saxony, Hessia, Sweden, Faroe,Nor- 
way, Ætna, Vesnviiis. The play of colonrs i a  supposed to be produced by microsropic 
crystals of quartz included in the labradorite. I t  receives 8 good polish, and is valued for 
ornamental piuposes on account of its beautiful colours. 

: Pecto1ite.-SteZZite, Omnelite, IPoo2nstmils.-4 R O + 3 Si  0 2  + H O where R is 
Ca and Na. H 4.0 - 5.0 G 2.745 - 2.756. Case 29. Translucent on the edges. 
Lus. pearly. Col. grayish-white. Brittle. B. fusible. Decomposed by hydrochloric 
acid 

Found in spherical masses, in amygdaloid and felspar. Verona, the T p l ,  Lake Supe- 
rior, New Jersey, Scotland, Bavaria. 

Faujasite.-(R O + Si 02) + (Al2 0 3  + 2 Si 02)  + 9 H O where R is Na and 
Ca. p y r a m i d a l .  H 5.0 6- 1.923. Case 29. Trac. uneven. Transparent, translucent 
on the eciges. Lw. vitreous. Col. white, brown, colourless. Brittle. B. fusible. 
Decomposed by hydrochloric acid. 

Fonnd in cavities of amygdaloidal rock. Sassbach. 

La t rob i te .  - Diphite.-A hydrosilicate :of alumina. a n o r t h i c .  H 6.0 - 6.0 
6 2.720 - 2.722. Case 29. Frac. uneven. Translucent. Lua. vitreous. Col. p d e  
r e d  B. fusible. 

Found with felspar, mica and calcite. Labrador and Massachusetts, 

Alb i t e .  - Pericline, Cieauelandita, lTetmotomous Felspar, Tetartine, Te'elarto- 
prMmatio Fclsyar.-(Na0 + 3Si0" ) (AlOS + 3SiOZ). anor th ic .  H 6.0 - 6.5 
G 2.64 - 2.64. Case 30. Frac. imperfect conchoidal. Transparent, translucent on 
the edges. Lus. vitreous. Col. col&less, white, red, yeiiow, green, gray. Str. 
white. Brittle. B. fuaible. Not decomposed by acids. 

Found in granite, gneiss, greenstone, and lava. Dauphiié, the Pyrenees, Itaiy, Samny, 
Silesia, the Ha&, the Tyrol, Moravia, Baden, Greenland, Siberia, the Alps, Sweden, 
Scotlsnd, Ireland, Cornwall, E,vt ,  the Brazils, Massachusetts. Derives its name from 
albus, white. IRIS - LILLIAD - Université Lille 1 
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Chiistianite.-Asmtilite, Amnphodelite, Indianite, Ltpolita, Anorthotomous Fe& 
var.-(Ca0 + Si02) + (Al03 + SiO?). anor th ic .  H 6.0 G 2'656 - 2.763. Case 
30. Frac. conchoidal. Transparent, tranalucent. Lm. vitreous. Col. colourless, 
white. Btp.. white. Brittle. B. fiisible. Decomposed by hydrochloric acid. 

F o n d  in dolomite, in lava, and in meteoric Stones. Vesuvius, Java, Iceland, Columbia. 
Distinguished from topaz by inferior hardness and specific gravity. 

Oligoclase-Antitomous Febpar, Soda Spodtrmenr, Chinite.-@Ka0 f 3Si02) 
+ 2)Al03 + 3Si03. anor th ic .  H 6'0 G 2-63 - 2.74. Case 30. Frac. conchoidal, 
uneveu Translucent. Lus. vitreous. Col. greenish white and gray, reh  Blr. 
white. B. fusible. Kot acted on by acids. 

Found in granite, syenite, gneiss, porphya, and basalt. Korway, Fiuland, the Ural, 
United States, the Hartz, Iceland. The oligoclase h m  Homay, pi hich presents a play of 
colours produced hy thin plates of hematite, is called avantunne feiupar and aunatono. 
Derives its name from ohiyos little, and KAW lo cleava. 

Porzel1anspath.-(3A103 + SiO2) + 3(Ca0 + SiO2) + (Na0 + 3Si02). 
p r i s m a t i c .  H 5.6 G 2.65 - 2.68. Etao. uneven. Translucent on the edges. Lua. 
vitreous. 8 2 .  yellowish and grayish-white. Brittle. B. fusible. Decomposed by 
concentrated hydrochioric acid 

Found in felspar and granite. Obernzeli, nenr Passau. Decomposed Br exposure to 
the air. 

Leucite-Amphigena, Boducahed~al Zwlite, TrapezozdilZ Amnphigene Spar.- 
(KO + SiOs) + (A103 + 3Si02). cub ic .  H 5.6 - 6.0 G 2-45 - 2.50. Case 31. Frae. 
conchoidal, uneven. Semi-transparent, translueent. Lus. vitreous. Col. grayish, 
yellowish, and reddish-white. Brittle. B. infusible. I n  powdcr decomposed by 
hydrocliloric acid. 

Found in lava, trachyte, and dolerite. Italy and the Rhine. BIiiibtones formed of lava 
in which leucite was imbedded, ha*-e been fuund at Pompeii. I t  derives its- name from 
ACVKOS, white, I t  has beeri cailed the white gamet. 

Spodumene.-Triphane, P&matM Triphana Spar.-A ~i l ieate  of dumina.- 
Oblique.  H 6x5 - 7.0 G 3'07 - 3.20. Case 31. :Frac. uneven, splintery. Trans- 
lucent on the edges. h. vitreou. Col. greenish-whito and gray. Slr. white. 
B. fusible. Not acted on by acids. 

Fonnd in gneiss and granite. Uto, d e  Tyrol, Ireland, Scotland, SIassacbusetts. Named 
from mro6os aahea, because it becomes ashy before the blowpipe. 

Petalite-PTimnatic Petaline Spar, Castor.-A silicate of alumins. H 6.0 - 6.6 
G 2.38 - 2.43. Case 31. Frac. imperfect, conchoidal. Translucent. Lus. vitreous. 
Col. white, green, red. Sir, white. Brittle. B. fusible. Not decomposed by acida. 

Found in masses and in grmite. Ut& Msssachipetts, Ontario, Elba It was in the 
analysis o o i  mineral that liliiia was h t  discovered. 

Daryne.-Dauytw Kacphon8 Spar, Canerinite, C~volinite.-A silicate of durnina, 
soda, and lime. Bhombohedza l .  H 5.5 G 2'42 - 2.46. Case 31. Frac. con- 
ehoidal. Translucent. Lus. vitreous. COL colourless, white, rose-red. B. fusible. 
Soluble in hydrochionc acid, leaving a jeliy of silica 

Found in lava and miasoite. Vesulins, Naine, the Cral. Snmed in hon ur of Su 
Hiimphrey Dav .  IRIS - LILLIAD - Université Lille 1 
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1Yepheline.-Ri~omhohedraI Felspar, RIunnboBedrat Elain Spar, Eholite, Sommiie.- 
(4 R O + 3 Si O?) + 2 (2 A i  0 3  + 3 S i  O?), where R is Na, E, and Ca. JLhombo- 
hedra l .  H 5.5 - 6.0 G 2.58 - 2.64. Case 31. Trac. conchoidal, uneven. Trans- 
parent, feebly translucent. Lm. vitreous. COL colourless, greenish-gray, bluish- 
green, flesh-red. Str. white. Brittle. B. fusible. Decomposed by hydrochloric acid, 
leaving a jelly of silic a. 

Fonnd in basalt, dolente, and syenite. Vesnvius, Rome, Heidelberg, Hessia, Saxony, 
Norway, the Ural. Derkes its name from ve@sAg a clourl, h m  the nebulons appearance 
asaumed when fragments are th rom into nitric aeid. 

Scapo1ite.-Meionite, Dypyre, Ternerite, Termite, Pnranthine Elain Spar, Glaueo- 
Zite, Ekebergite, Tetraklasit, Nutlallz'te. Strogalaowite.-(3 Ca O + 2 S i  0" + 2 (Al 03 
+ Si Oz). pyramida i .  II 5.0 - 5.5 G&61 - 2 . 7 8  Case 31. Frm. conchoidaL 
Translucent, opaque. Lm. vitreous. Col. colourless, white, gray, green, red. Str. 
white. Brittle. B. fusible. Decomposed when in pomder b y  hydrochloric acid. 

Found in limestone ana in iron mines. Vesnvius, Norway, Sweden, Finland, Moravia, 
Greenland, France, and North America. The name meionrte is applied to the transparent 
varieties. 

bipyre.-Schinelmtei~.-4 (RO + Si Oz) + 3 (Ale O3 f Si O?). G 2.646. 
Scratches glass. Case 31. Transparent, translucent. Col. ~ h i t i s h  or-Lreddish. B. 
fusible. 

Found in hexagonal prisms with talc or chlorite in the Pyrenees. 

Rhyaco1ite.-Empyrodoxous Felspar.-(RO + Si Oz) f (Al O3 + 2 Si O?), 
where R is Na. K, and Ca. ob l ique .  H 6.0 G 2 5 7  - 2.62. Frac. conchoidai, 
transparent, translucent. Lus. vitreoue. Col. colourless, white, grayish, yellowish, 
Str. white. Very brittle. B. fusible. Decomposed by hydrochloric acid. 

Found in lava and volcanic matter. Vesuvius, Eiiïel, Laach. Derives its name from 
p v g ,  a lava Stream. 

Latrobite.-Dlploite.-A silicate of alumina. anorthiic. H 5.0 - 6.0 0. 2.720 - 
2.722. Case 31. Frac. oneven, translucent. Lm. vitreous. Col. pale red. 

Found with fellspar, mica, and calcite. Amitok, near Labrado~. 

1ttnerite.-Doàecahedml Amphyeee Swr, Haüyn.-A hydrosilicate of alumins, 
soda, and lime. cub ic .  H 5.5 G 2.373 - 2.377. Case 32. Aac.  fiat conchoidal, 
translucent on the edges. Lus. resinous. Col. dark bluish-gray, srnoke-gray, ash-gray. 
B. fusible. Decomposed by hydrochloric acid, keaving a jeily O£ silica 

Found in basalt. The Xichberg Baden. 

Sarcolite. - Octahedral Koupiwne Span -A ailicate of lime and alumina. 
pyramida i .  H 6.0 G 2.545. Prae. eonchoidal, semi-tramparent, tsanslucent. Lm 
vitreous. Col. flesh-red, white. y e y  brittle. B. fusible. 

A rnre mineral, found at Vesuvius, 

Mica.-Oblique Mica, Biazial X c a ,  Potash Mica, Hemiprismatic Talk Glianner). dlw- 
mite.-A silicate of alumina ob l ique .  H 2.5 â 2.8 - 3.1. Case 38. &ac. am- 
choidal. Transparent. Cul. colourlesa, white, various shadm of gray, hm, g m ~ ,  
black. Str. white, gray. Sectile. B. fusible. Not decomposed bp acide. 

An essential constituent of granite, gneiss, and mica date; foiind ~ L S O  in veins and cavi- 
tiea in porphyry, bnsalt, dolomite, limestone and lava. Vesuvius, Siberia, Finland, Green. IRIS - LILLIAD - Université Lille 1 
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hd, United States, Norway. Occasionally found in the slsgs of furnaces In %beria thin 
sheetsof mica are used for glazing windows, whence it has k e n  cdled Mwcoey glasa. l t  is 
divisible into plates the &th part of an inch in thickness. - - 

Biotite.-Flezagonal Mica, Uiiuziul Xica, Magne& Mica, Rubellan, Rhom6ohedral 
TnZk Gliminer, Merozen.-(3 R O + 2 Si O?) + ( h l  O3 $Si Oz) where R is Mg, K, and. 
Fe. rhombohedra l .  H 2.0 - 2 5  G 278 - 295. Case 32. !hanaparent, tram- 
lucent. Lus. metallic. Col. dark green, brown, verging into black. Str. white, pale 
greenish gray. Sectile. Thin leaves. Elastic. B. fusible with diiliculty. Decom- 
posed by sulphuric acid. 

Found in granite and chlorite slate. The Urnl, New Jersey, Greenland, Yesuvim, 
SibeRa. 

L e p i d o l i t e  -2ithia Mica, Lithonite, Hmip rimatic Talk C;limmner.-A silicate of 
aiumina. oblique.  H 2.0 - 3.0. G 2.8 - 3.0. Case 32. Frac. conchoidal. Trans- 
parent, translucent on the edges. Lus. pearly, inclining to adamantine, vitrcous. 
Col. white, green, gray, red, violet. Str. white. In thin loaves, elastic. B. fusible. 
Acted on by acids. 

Occurs principally in granite. .Moravin,Saxony, the Ural, Maine, Connecticut, Boh mia. 
Saxony and Cornwall. - 

Wichtisite.-A silicate of alumina and iron. G 3.03. Frac. imperfect, con- 
choidal. Lus. dull. Col. black. Magnetic. 

Found at Wi~htis, in Finland. : 
' 43laucophane.-A silicate of alumina and iron. H 5.5 G 3.103 - 3.113. RQC. 

conchoidal. Translucent, nearly opaque. Lus. vitreous. Col. bluish-gray. Sir, the 
same. Magnetic in powder. B. fusible. Imperfcctly decomposed by acids. 

Found in mica date in the Island of Syra Darives i.s name from y h a u ~ o s  blsieir-gray, 
and $uvo to a p p e a ~ .  

Margarite.-H~miprismatic P d  Glimnler, Emeylile, CwundeUite, Clingrnanite.- 
A silicate of alumina. oblique. H 3.5 - 4.5 G 3.0 - 3.1. Trac. conchoidal. 
Serni-transparent, translucent. Lw. pearly, vitreous. Col. reddish- and grecnish- 
white, pearl gray. Str. white. Rather brittle. B. fusible. Acted on by acids. 
2 F a d  in the Tyrol with chlorite. United Stetea, LsiaMinor, the Ural. 

&epidomeiane.-(RZ OS + Si O?) + ( R I  + Si 07. H 3.0 G 20. Opaque. 
Lw. vi~reous. Col. black. Str. green. Rather brittle. B. fusible. Easil~! decom- 
posed by hydrochloric a d .  

Fonnd at Persberg, ia Sweden. DeJives ita nsme h m  its colour and ahPetare, A-IS a 
seale, and phas black. 

Talc.-prisma tic Talk Glimmer, Polstone, Soapslotie, Stealile.-6 Mg O + 5 Si 0 3  + 
2 HO. prisaxatic? H 1.0 - 1.5 G 2.6 - 2 8. Case 32. Frac. splintery. LIM. 
pearly, more or less translucent. Col. blue, grccn-gray by transmitted, and silver-white 
byreflected, light. Str. white. Thin leaves flexible but not elastic, nnctuoua ta the 
touch. B. fusible with grcat difüculty. h'ot acted on by acida. 

Occurs alone as talk slate, and is a constitu nt of some gmnular rocks. The Tyrol, St. ' Gotthard, Smeden, Bavaria, Siberia, Scotland, Saxony, Bohemia, United States, Greenlnnù. 
Pot-stme, or +id o h r i e ,  is a coarse and indistinctly ganular veriety, which, from its s ft- 
ness and tenacity, may be readily turned. It  is used for thernanuîtwture of coolcing utensils 
and other vessels, for fire stones in furnaces, in powder for diminisliig iriction m 
machinery, and for remonng oil Stains from cloth. IRIS - LILLIAD - Université Lille 1 
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Chlorite.-Talk Chhite, Rbidolith, Prisma,lio Talk Oli?nmer.-A hydrosilicate of 
alumina and magnesia. xhombohedxal .  H 1.0 - 1.6 G 2.78 - 2.96. Case 32. 
Transparent, translucent Lus. pearly. Col. green, blue, red. Str. green. In  thin 
leaves, flexible; not elastic. B. fusible on the edges. Decomposed by etrong sulphuric 
seid. 

Found in granite, gneiss, diabase, and slaty rocks. The Ural, Norway, Sweden, 
Switzerland, the Tyrol, Saxony, Coinwail, h a n ,  Bute. Derives its name from ~Aopos, 
green. 

Ripido1ite.-Chlorile, Prismatic Talk Glimmer, Eaînmercrite, Leuchtenlergite, Pen- 
nine, Rodachrom.-A hydrosilicate of alumina and magnesia. R h o m b o h e d r a l .  
H 2.0 - 3.0 G 2.615 - 2.774. Case 32. Semi-transparent, translucent. Lw. vi- 
treous. al. green, violet. Str. white. In thin leaves, flexible, but not elastic. 
B. fusible on the edges. Decomposed by hot sulphuric aeid. 

Found in beds and veins in crystolline rocks. The Tyrol, Piedmont, the Ural, Silesia, 
the Pyrenees, Norway, Siberia, Styria, Baltimore. Theviolet varieties are caüed k h m e r -  
ente. I ts  name is derived h m  plris a fan. 

Logmi te . -A hpirosilicate of alumina and magnesia. P r i s m a t i c .  H 3.0 
G 2.60 - 2.64. Frac. uneven. Subtranslucent. LUP. vitreous. Col. brown. Str. 
grayish-white. B. infusible. Partly decomposed b y  acids. 

Found in limestone ut Ottawa in Canada. 

Pyxophi1lite.-2 (Al- 0 3  + 3 Si O?) + 3 H O .p r i smat ic .  H 1.0 G 2.785. 
Case 32. Tramlucent. Lfts. pearly. Col. green, white. Str. white. B. fusible with 
diiEculty. Partially decomposed by sulphuric acid. 

Found in granite. The Ural, Belgium, the Brazils, United States. 

Amphibole.-Hornblende, Hemipiamatic Atcgite Spnr, Smaragdite, Tremol;te, 
Actinolite, Asbestos, Strahhtein, Raphilite, Cumwaingtonite.-3 (R O + S 0') + (2 R O + S O?), where B. is Mg, Ca, and Fe. obl ique.  H 5.0 - 6.0 G 2.90 - 3.40. 
Cases 33 and 34. Frm. imperfect, conchoidal. Slightly translucent, opaque. Lm. 
vitreous. Col. colourless, white, green, brown, yellow, gray, black. Str. grayish-white, 
brown. Brittle. B. fusible. Slightly soluble i n  hydrodloric acid. 

Grammatide.-The white, green, gray, semi-transpurent, and translucent varieties, f o n d  
in graniilar limestone, granite, and marble. St. Gotthardt, Transylvania, Bohemia, the 
Tyrol, Sweden, France, the Banat, Massachusetts, Aberdeenshire, Iona. 

Actinote.-The greenish varieties, found in beds of bon ore. Sarony, Bohemia, h'omay, 
Sweden, the Tyrol, Styria, Moravia. 

Anthophyl1ite.-Fonnd in Norway, Greenlnnd, and United States. 
Mountain Wood, Motrntain Cmk, &c., are fibrous varieties. Found in the Tyrol, Saxony, 

Bohemia, Sweden, Switzerland, Spain, the United States, Scotland. 
Asbeitor, or Amianlhwi.-A variety in flexible slender fibrea. Corsica, Piedmont, Savoy, 

Saltzburg, the Tyrol, Dauphiné, Hungary, Silesia, United States, Cornwall, Aberdeenshire. 
( M ~ ~ E U ~ O S ,  uneonaumable). The ancients wove a i s  substance into cloth, which could be 
puriiied by burning. 

Cornmon Hombhde.-In dark green or black crystals, found inbeds of iron ore. Norway, 
Sweden, Finland, Sarony, Bohemia, the Tyrol, Carinthia. 

Baraltic Honiblende.-Black opaque crystals, embedded in basaltic rocks. Bohemia and 
Spain. 

Pargasite.-Xw*blende.-Oblique. H 5'0 - 6'0 6 3.07 - 3.08. Caae 33. 
fim. conchoidal. Traducen t .  Lw. vitreou. Col. bluish-green. Str. white. 
B. fusible. 

Founa in limestone nt Pargns in Finlmù. 
IRIS - LILLIAD - Université Lille 1 
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Masonite.-Chlorite Spar, Chlon'toiü, Baytophy1lite.-A hydrosilicate of alumina 
and i ron  H 6.5 - 6.0 G 3'45 - 3-55. Case 33. Translucent in thin leaves. h. 
pearly. Coi. blackish-green. 6%. greenish-white. Brittle. B. fusible on the edges. 
Not acted on by  acids. 

F o n d  in chlorite date. Siberia, Rhode Island, the Tyrol, the Urnl. 

bifvedsonite.-Peritomow Augite Spa?, 2givine.-Oblique. H 6.0 G 3.328 - 3.44. Case 33. Frac. imperfect, conchoidal. Opaque. Lus. vitreoue. COL blaclr. 
fltr. green. B. fusible. 

Fonnd in date rock and beds of iron ore. Greenland, Norway, Arendal. 

Krokydo1ite.-Blue Asbestos.-A hydrosilicate of iron. H 4.0 - 4.5 G 3.2 
- 3.3. Case 34. Delicate fibres like asbestos. Translucent. Lua. silky. COL indigo- 
blue. Tough, elastic, flexible. B. fusible. Not acted on by  acids. 

Found in syenite and quartz. South mica ,  Norway, Greenland. Saltzbnrg. Derives its 
name from K ~ O K V S  a flock uf wool, on account of the slender thrends into wh'ich it  is 
divisable. 

Augite.-Pyrozene, Diopside, Amianth, iîfalacolillr, Paratomw, rlugiû? Spar, 
Alalite, Baikalite, Jefersonite, Goccolite, Snhlite, Omphazite, Pyrqomc, Tamite.-(Ca O + 
Si O?) + (R O + d i  O?), where R consists essentially of Mg and Fe. oblique. 
H 5.0 - 6.0 G 3.2 - 3.4. Case 34. Frac. conchoidal, uncven. Transparent, opaque. 
Lus. vitreoue. Col. colourless, white, green, gray, black. Sh. white, gray. Brittle. 
B. fusible. Slightly affected by acids. 

Found in hasalt, lava, iimestone, meteoric Stones, and slag of iron furnaces. Bohemia, 
France, Vesuvius, Teneriffe, Scotland, Finland, North America, Switzerland, Sweden, 
Norway. Can be formed artificially by fusing silics, lime, and magnesia in the rigbt pro- 
portions. Some of the transparent varietiea, when cut and polished, form handsome oma- 
mental stonea, of colours varying from the emerald to the yellow topa. 

Rypexsthene.-Paulite, Primatoida2 Schiller Spar, L d r a a h  Hornbhde, Diallage 
Metalloide.-RO + Si 02,where R is Mg and Fe. obl ique.  H 6-0 G 3.39. Case 34. 
Pm. uneven, opaque, translucent on the edges. Zus. pearly-vitreoua. Col. grayish 
or greenish black Str. greenish gray. B. fusible. Insoluble in acids. 

F o n d  imbedded in a greenstone rock, also associated with Labrador felspar. Labrador, 
Greenland, Norway, Skye, Saxony, Bohemia, the Tyrol, Sweden, Silesia, Berlin. Dis- 
tinguished &om bronzite by its cleavage. Cnt sud polished itpresenta s beautiful red wlonr 
and pearly lustre. 

Dial1age.-Prismatic Schiiier Spar, Diatmnoua Gchillcr Spar.-Oblique. H 4.0 
G 3.2 - 3.3. Cnse 34. Troc. uneven. Opaque. Xw. pearly or  siiky. COL gray, 
grcenish, bmwn. Str. white. B. fusible. Ineoluble in acids. 

Fomd with amphibole. The Hartz, Silesia, Apennines, the Ural. 

Ilraite.-Liewite, Pst~ife, Ter Calcare'o Siliceuz, Dipismutic I rm Ors.-(Fez 03 + 
Si 02) + 2 (Rz O + Si O?), where R is Ca and Fe. priamatic. H 5.5 - 6.0 
G 3-989 - 4-015. Case 34. Frm. imperfect conchoidal. Opaque. h. imperfect 
metallic. Col. black, i n c l i g  to gray, brown, and green. Str. biack. Brittle. 
B. fusible. Dewmposed by warm hydrochloric acid, leaving a jelly of silica 

Found imbedded in augite in Elbtl, Norway, Silesia, Moravia, Siberia, GreenLand. 

Acmite.-Paratomoua Augib &'par.-(2 Fe2 OS + 3 Si 01) + 2 (Na O + Si 0'). 
oblique. H 6.0 - 6.5 G 3.53 - 3.55. Case 34. Frac. imperfect conchoidal. IRIS - LILLIAD - Université Lille 1 



Nearly opaque. h. vitreous. &Z. browiiish-black or reddish-brown. Str. gceenish- 
gray. B. fusible. Partially decomposed 'bg. hydruchloric ruid sulphuric aide. 

Found in granite and syenite. h'orway. b scarce mimeral. Derires its hame h m  
a q q ,  a point,. on account of the form of its crystals, some of which bave beün found B foot 
in length. 

3Zpidote.-~~doida2 Alcgite Sper, PPislaeite, Thallite, Vithamite, Alamticon, 
Bmrza, BelpAMiitc, Ardalite, Thdile,  Pwchkinite, Achmotite.-(3 Ga O + 2 Si Q2) + 
2, (R? 03 + Si Oz), where R2 i8 Al, Fe> or Mn2. o b l i q u e .  3 6-6  G 3.0 - 3.5. 
Case 35. Frac. uneven, semi-transparent. Lw. vitreous. Col. green, yellom, brown, 
red, black. Str. gray. Brittle. B. fusible. Decomposed by hydrochloric acid, 
leaving a jelly of silica. 
" Occurs in granite, syenite, trap, porphyry, and date rocks. Norway, Sweden, the 

Alps, Dauphiné, the Urd, Pyrenees, Bohemia, Pinland, Greenland, Norway. 

Zois i t e -Ob l ique .  Case 35. Lus. vitreous. Co?. grayish-white, yellowish- 
gray, brown, green. B. fusible. 

Found in Carinthia, the Tyrol, Saltzburg, Bayreuth, Bavaria, the UrnL 

Somerrri1lite.-Mdilite, HmkZdtiZite, Zwr2ite.-2 (3 RO + 2 Si 02) $ 
(R' 0 3  + Si Oz), where R ia Ca, Mg, Na, and K, and R' ia  Al and Fez. pyramidal, 
lI 8.0 - 5.5 Q 2-90 - 3.104. Case 35. FI-cc. conchoidai, uneven, semi-transparent. 
Opaque. Lm. vitreous. GoZ. white, green, yeiiow, brown. Str. white. B. fusible. 
Decomposed by hydrochloric acid, leaving a jeliy of silica. 

Foundwitb calcite and in lava. Wonw Somma and Capo di Bove. 

Bastite.-Schiller Spar, dietalloid Dia1lrrge.-4 (BO + Si O?) + @go -+ 4HO) 
where R ia Mg, Ca and Fe. H 3.5 - 4.0 G 2.6 2-8. Case 35. Frac. uneven. 
Translucent. h a .  pearly. Col. green, brown, yeliow. Str. greenish-white. B. 
fusible on the edges. Decomposed by sdphuric acid. 

Fonnd in the euphotide of the Hartz. 
Sabingtoni te . -Azotomous Azqife S p a r . - a n o r t h k .  H 5.5 - 6.0. 4 8.355 

- 3.406. Case 35. Frac. imperhct, conchoidal. LW. vitreous. Col. bla& Str. 
greenish-gray. Brittle. B. fusible. Decomposed by boiling hydrochloric ad. 

Bmnd in magnetiîe, quartz, felspar, and prehite. Norway, Shetland, Kew York, 
I\lassachusetts. 

Idou;~se. -PyramidaG Gamet, Pestcvian, Egeralg Lodoit, Prugardit, Cyprine.- 
(3Ca0 + 2Si03) + (A103 + SiO2). p y r a m i d a ï .  H 6.5 G 3.35 - 3.45. Case 35. 
Frac. imperfect conchoidd. Transparent, translucent. Lus. vitreous. Col. green, 
yeiiow, brown, black. Sir. white. B. fusible. Imperfectly decomposed %y hydro- 
chloric acid. 

Fonnd in ilolomite,' serpentine,*ana limestone. The Ural, St. Gotthardt, Norway, 
Bohemia, Sweden, Finland, the Pyrenees, Saxony, Ireland, Spain, North America. At  
Naples and Turin ernaments me f m e d  of idocrase, whiah taises a good polish, and are 
sold ander the denomination of hywinth, crysolite, 6sc. 

Uwmo7aite.-Chrome and Lime Oam.net.-(3CaO +- 2Si02) $- (%'-O3 + Si02). 
cubic. 7-5 - %Li 6 3-418. Case 36. f i m .  imperfect, eonchoiad. %ans- 
lucent. Eua. vitremis. 017. emerala-green. 6%. gremish-wbh B. infusible, 
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*amet.-Allochmit, DodecoLedraZ Gumet.-[3RO + 2Si02) + (RIO' + SiO2), 
where R is Ca, Mg, Fe ; and Rn ia Al, Fez. cubic. H 6.6 - ?5 G 3.1 - 4.3. 
Case 36. Frac. conchoidal. Transparent, opaque. Lace. vitreous. Col. red, brown, 
peiiow, white, green, black. Sir. white, gray. B. fusible. Soluble imperfectly in 
hydrochloric acid. 

Alnaandine, the transparent red gamet, fonnd in sand, alluvial soi& and gneiss. Pegu, 
Ceylon, Hindostan, Brazils. 

Common Gamet, found in Saxopy, N m a y ,  Sweden, Finlsnd, Eungq ,  Stiria, the 'Qral, 
Moravia, Silesia, Siberia. 

CaZophonite, grauiilar brown gainet. Arendal and North America. 
Ckowular Gamet and Pyrmaite, s light-green varietp. Kamtschatica. 
Melanite, blwk gnmet. Vesuvius, Rome, Norway, the Pyremees. 
Topazolite, honey-yellow garnet. Piedmont. 
Essonife or Cinnamon Stone, Ronianoe~vife, red&sh-ydow garnet. Ceylon, Egypt. 

Finland, Piedmont. 
Pyrope, dark-red variety of garnet. Saxony, Bohemia, Cejlon. 
When the m e t  is of a rich colonr and fret from flawa, i t  f e m s  n rduable gem; it m u  

be distinguisheù from eomndum or spinel by its colour being dull r. Coarse g q e t s  
reduced to a h e  powder, are used instead ef emeq for polisùing metals. - 

Geh1enit.e.-Sty2obit4 Pyramidal ddinphanc Spar.-(3 Ca0 + Si02) + (AlO3 
+ Si02). pyramidal. H 5.5 - 6.0 G 2 9 9  - 3.10. Case 36. Fteac. imperfect 
conchoidal. Translucent on the edgee. Lits. ~esinous. Col. gray, brown, green. 
Btr. white. B. fusible with great difficulty. Decomposed by a arm hydrochloric acid, 
l e a ~ n g  a jelly of siliea. 

E'ound imbeùded in calcite, near Vigo; a1.o in the slags of iron furnaces. 

Coidierite.-IoZite, Pelioma, .P&nutie Q m t z ,  Diclrroite, Steinhcil'tc.-(Al OS + 
3 Si 03 + 2 (Mg 0 + Si O-). pnsmatic. H 7.0 - 7-5 G 2.600 - 2.718. 
Case 36. Trac. conchoidal. Transparent. Lus. vitrcous. CoZ. blue, inclining to gray 
or b l a c t  Str. white. B.-fusible on the edgea. Imperfectly decompoaed by acio%. 

Found in gneiss. Spain, Bnvaria, Finland, N may, Sneden, Gr  enland, Sib ria, North 
America, Ceylon. Pinite, Gieseckile, Oosita, R 11 d e ,  Folilunaïe, Tr closxrI , Bonsdo fi! , 
Esmarkite, Asposiolite, Pyrargyllite, Chlmophr llite, üiqanfoble, Praarol'le, Zler'fr, I+msat e ,  
are supposed to be Cordiaite, more or less changed by decomposition. A transparent 
variety îrom Coyloo, of an intense blue cdour,$ cdleù Sapphirc d eau; i t  is inferiorm hard- 
ness and lustre-to the sapphire, and its specific g r a ~ i t ~  is less. 

Uotdawa1ite.-Massive. H 4.0 - 4.5 G 2.55 - 2.62. Case 36. Bw. con- 
choidal. Opaque. Lus. resinous. Col. black, brown, green. S r. brown. Brittle. 
B. fusible. Imperfectly decomposed by acids. 

Found at Sordawla in Finiand 

Bragationite.-Oblique. H 6.3 G 4.116. B a c .  UnePen Opaque. Lui. vi- 
treous. Col. black. Str. dark h w n .  B. fusible. 

Found at Slatoust in the Ural.' 

~uekionaite.-Byskmic Awüe 6par.-(3 Fe O + 2 Si 03 $ 2  (Fe2 03 + Si O-). 
obliw. H 69 G 3.865. Case S. Fnac. uneven. Opaque. Xua. vitremis. 
CbZ. dark brown, black. Str. gray. B. fusible. 
Fsnad in volcanie mcks ..nd $nanit&: Amndpl Xi- SibPriP {Llerp rare mineral, 

haring a generd resemblance ta nu@. 
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Staaro1it.e.-Grmatits, Prismatic Garaet, P r ~ t o i d a l  Gamet.-Rz 0 3  + Si 02 
where R ia Al and 2 Fe. p r i smat ic .  H 7'0 - 7.6 G 3.52 - 3.79. Case 31. Frac. 
eonchoidal, uneven. Translucent. LW. vitreous, inclinhg to resinous. Col. reddish- 
brown, blackish-brown. Slr. white. B. nearly infusible. Partialiy decomposed by 
sulphuric acid. 
. Founa in mica, talc, or c l y  slate, rarely in gneiss. St. Gotthardt, Transylvmia, Mora- 

ria, Spain, Var, Hebrides, Aberdeenshire, the Ural, New England. The crystais of this 
minerd are sometimes cunously associated with those of Kyanite, the crystds of the two 
substances being disposed sometimes parallel, as if forming one erystal, and sometimes at 
right angles to the ssis. Named from a ~ a v p a s  a mess. 

Karpho1ite.-A bydrosilicate of manganese. H 5.0 - 5.6 G 2.935. Case 36. 
Feebly translucent. Opaque. Lw. vitreoua. W. yeilow. Slr. white. B. fusible. 
Scarcely acted on by hydrochloric acid. 

Found in acicniar and capillnry crptals in granite. Bohemia. Named from ~ a p q o s ,  a 
slraw, on account of its colour. 

Exneraid.-Beryl, A p m a & t e ,  Dauidsonite, GoaAenile, Dirhmn6ohadrw Smarngd- 
(Al 0% + 3 Si 07 + 3 (G O + S i  03. r h o m b o h e d r a i .  H 7.5 - 8.0 G 2.67 - 2.75. 
Case 37. Frac. conchoidal, uneven. Transparent, translucent. Lu8. vitreous. 
Col. green i n  the emerald, colourless blue, yellow and red for the beql .  Btr. white. 
B. fusible on the edges. 

The E w a l d  is found in P e n ,  Egypt, Siberia, and Norway. 
The Beryl, or aquamarine, in Saxony, Rohemia, Bavaria, Elba, France, Nonvay, Sweden, 

F i a n d ,  Siberia, North America, Brazils, Ireland, and Aberdeenshire. The emerald in 
most raluable es a gem. 

Euc1ase.-PvMmatic Smaragd.-(Al 0 3  + 3 Si 03) $ 6 (2 G O + Si 03). 
Oblique.  H 7.5 G 3.0 - 3.1. Cuse 37. Fvac. conchoidal. Transparent, semi- 
transparent. Lm. vitreous. Col. green, yellow, blue, very pale. Str. white. B. fusible. 
Not acted on by acids. 

A rare mineral; found in chlorite slate, mica and fluoi: Braeils, Connecticut, Pem. 
Derives its name from EÛ easily, and n h m  to heak, on account of ita brittleness. 

Phenakite. - Rh6ohedra l  8mragd.- 2 G O + Si 02. r h o m b o h e à r a l .  
H 7.5 - 8.0 G 2.96 - 3.0. Case 37. Frac. conchoidal, uneven Transparent, 
translucent. Lus. vitreous. Col. colourlesa, yellow, brown. B. Infusible. Insoluble 
in acids. 

Fonnd with iron ore, emerald, green felspnr, and topaz. Alsace and Siberia. Derives 
ita name from 9 ~ v 3  a deceiver, on acconnt of its having been mistaken for quartz. 

=elvin.-TetrahedraZ Gamet.-3 (2 RO + S i  Oz) + Mn S where R is Fe, Mn, 
and G. cub ic .  H 6.0 - 6.6 G 3.1 - 3.3. Case 37. Frac. uneven. Translucent 
o o  the edges. Lus. vitreous. W. brown, yeiiow, green. Sir. white. Brittle. 
B. fusible. Decompoeed by hydrochloric acid leaving a jelly of siliea. 

A very rare mineral ; fonnù in gneiss. Saxony, Norway, and Bavsria Named from 
$hios the sun, on accomt of its yeiiow coloui: 

G a d o l ~ n i t e ~ H e m t ~ k m a t i c  Xeiune W6, Ytferbiie. prismatic. H 6.5 G 4'2 - 
4.4. Case 37. Frac conchoidal, uneven Opaque. Lus. vitreom COL biack, sel- 
dom red. Srr. greenish-gray. B. infusible. Deoomposed b y  hydrochloric scid, 
leaving a jeiiy of silica. 

Found in granite, gneiss, syenite' and tiap. Stockholm, Fahlun, Ceplon, Gaiway in 
Ireland Yttria was f int  discovered by Gadolin in tbis are. 
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Allanite.-Orthitcr, Cerine, Bupationite, Uralorthite, Xa?ithrtile, P~rorthite, BZuck 
Siliceorcs Ozidc of Cerium, Tctarto P*tic Nelane Ore.-(3 R O + 2 Si 0') + 
(Ri O3 + Si Oz) where R is Cn, Ce, and Fe, and R' is Fe2 or Al. oblique. H 6.0 
G 3.1 -4.2. Case 38. Fmc. conchoidai. Opaque. Lw. imperfect, metallic. Col. 
black, brown, green. Str. greenish or brownish-gray. Brittle. B. fusible. 

Found in granite. Greenland, Norway, Sweden, the Ursl. 

Tscheffkin1te.-II  6.3 G 4.508 - 4.549. Case 37. bac. cmchoidnl. Almost 
opaque. Lw. vitreoua. Cul. blacli Str. brown. B. fusible. Soluble in hydrochloric 
acid, lcaving a jelly of silica. 

Pound with felspar in the S i e n  mountains near àfinsk. 

Rutile.-Ozide of Titanium, Peritmnou~ Titaniztm Ore, ï'itanschorl, Nigrine, GaZlici- 
nite, Sagenite, Crispite.-Ti 02. pyramidal. H 6.0 - 6'5 G 4'22 - 4.30. Case 37. 
Frac. conchoidal, unevcn. Trnnslucenf opaque. Lus. adnmantine. Col. rcddish- 
brown, red, ycilow, blnck. Str. very light brown. B. infusible. Soluble with diffi- 
eulty, when powdered, i n  hot concentrated sulphuric acid. 

Tn veins and beds with quartz, felspar, and in ailuvium. H u n y y ,  Styria, Xorway, the  
Tyrol, Bohemis, Switzerland, Ceylon, France, Siberia, North and South America, Fife, 
Perthshire, Shetland. Used in pninting porcelnin. 

Anatase.-Pyramidal ï'itanium Ore, Octal~d~ife, 0iaanile.-Ti Oz. pyramidal. 
H 5.5 - 6.0 G 3-83 - 393. Case 37. Frac. conchoidal. Scmi-trmsparent, trans- 
lucent. Lw. adnmantinc. Col. blue, black, rd, yellow, brown. Str. white. Brittle. 
B. infusible. Not decomposed by acids. 

Found in granite and mica date. Dauphiné, Switzerland, Cornwaii, Spain, the Eral, 
h'orway, Brnzils. The crystalsfrom the Brnzils resemble the  diamonil so much in colour 
and general appearnnce, ns often to deceive iapidaries and minerni dealers. 

Pyroch1ore.-Hicrolite, Octahsdi.al Til~iaium &.-~nbic. II 5.3 - 6.5 G 4.19 
- 4.33. Case 37. Frac. conchoidal. Opaque, translucent on the edgea. Lua. resinous. 
Cul. dark brown. Str. light brown. Rather brittle. B. fusible. Decomposed in 
powder by concentrated sulphuric acid. 

Found in syenite and granite. Norway, the Ural. 

Sphene.-Titanile, B m m  and Yelhw Nenaclrine &e, Calcareo-siliceour Titnitium, 
Greenouite, Lederite, Pictite, Arpidelite, &mlic Tilaniurn Ore.-(2 Ca O + Si O-) + 
(2 Ti 0 + Si O". obl ique .  H 5.0 - 6.5 G 3.3 - 3.7. Case 37. Frac. im- 
perfecf conchoidal. Transparent. Lw. adamantine. Col. yeUow, green, brown, red. 
B. fusible on the edges. Decomposed by sulphuric acid. 

Found in granite, syenite, gneiss, slnte, rnarble, bnsalt, and lava. Pieùmont, the Tyrol, 
the Pyrenees, the Ural, Norway, Sweden, Bohernia, Moravia, France, Scotland, Ireland, 
Greenland, Brazils, United Stntes, Greek Islands. Derives its name &om uQilr a W C  Ige, on 
account of the shape of its cryatais. 

Broohite.-Prismatic Titanium Ore, Jurunite, Arkamite, Eumanite. - Ti O?. 
p i i smat ic .  H 6 0  G 4.125 - 4.170. Case 37. Frac. uneven. Trnnduccnf 
opaque.. Lw. metallic. Col. yeilowish-brown, reddiah-brosn, hyacinth-rd. Str. 
ycllomsh-white. Brittle. B. infusible. I n  powder soluble in hot conccntratcd 
sulphuric acid. 

Daupliié, Switzerland, the Ural, Caernarronshire, Etna,  Arkansas. I t  is not a common 
minerd. 

INORGANIC NATURE.-No. XVIII. 2 x 
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E ia Fe or T i  c n b i c .  H 6.0 - 6.5 G 4.86 - 5.10. Case 37. Frac. conchoidal 
Opaque. Lw. metallic. Col. iron-black. Sh.. black. Brittle. Magnetic. B. infusible 

Fomd in basait and dolorite, aisa as sand in allnvinm. Snxony, Upper Lusntia, Unkei, 
the Rhine, France, Calabria. Distinguished from nigrine, a variety of rntile, by iîa inferior 
hardness and hlack streak. 

I lmeni te-Ti tani t io  I o n ,  Azotomous Iror  Ore, Crichtonite, IGbde2ophane, Xmac- 
~ a n i t e . - ~  03 with Fe 0 3  i n  ~ a r i o m  proportions. r h o m b o h e d r a l .  H 5.0 - 6.0 
G 4.66 - 5'31. Case 37. Frac. conchoidal. Opaque. Lus. imperfect metallic. 
Cd. iron-black. S ~ T .  blnck, brown. Brittle. B. infuible. 

Found imbedded in serpentine, and ais0 disseminatcd through sand. Saitzbnrg, Siberia, 
France, Bohemia, St. Domingo. 

Niobite.-Tantalite,  Baierinc, Torrellte, Hemiprismatie Tantal Ore, Columbite. 
p r i s m a t i c .  H 6.0 G 5.32 - 6.39. Case 38. Frac. imperfect conchoidal. Opaque. 
h. imperfect m e t a c .  Cd black. Str. dark-brown or black. B. infusible. Not 
acted on by acids. 

F o n d  in granite. Rabenstein, Ilmen, Connecticut, Massachnsetts, a d  New Hamp- 
shire. 

Tantal i te . -Pr ismat io  Tantaluna Ore, Colirmbitc.-Fe O Ta OS. p r i s m a t i c .  
H 6.0 - 6.5 G 7.0 - 8.0. Case 38. Frac. conchoidal. Opaque. Lm. imperfect 
metallic. COL iron-black. Str. bmwn. B. fusible. Nat aoted on by acids. 

Fonnd in granite, felspar, and quartz. Sweden, Bavarin, Bohemia, Connecticut, Nns- 
sachnsetts. 

Y t t r o t a n t a 1 i t e . - ( 3  RO + Ta 03), where R 5 Y, Ca, Fe, W. H 6.0 - 5.5 
G 5.39 - 5.88. Case 38. Trac. conchoidal. Opaquc. Lw. impcrfect metaiiio. Col. 
black, brown. Str. gray or white. B. infusible. Not acted on by acids. 

, Fonnd in intlistinctly formed crystnis, in felspnr and granite. Swedcn, FaLlun, and the 
Urni. 

Samaski te . -Uranotantal ,  Pttro-iltmile. p l i s m a t i c .  H 5.5 G 5.617 - 5,715. 
Cnse 38, Frac. conchoidal. Opaque. Lus. impcrfect metauic. Col. blnck. Stt: 

, dark-brorvn. B. fusible on the edges. Soluble in hydrochloric acid. 
Fouod in felspar. Ilmen, near Niask. , W o h 1 e r i t e . - H  5.5 G 3.41. Case 38. Frac. conchoidal. T r d u c c u t .  Lus. 

vitreous. Col. y e l l o ~ ,  brown, gray. Str. ycllowiah-white. B. fusible. Dccomposed 
' by warm concentrated hgdrochlorio acid. 

1 Found in tabular and colnmnar crystals in syenite. Norway. 

E u x e n i t e . - H  6-5 G 46.  Case 38. Frac. imperfect conchoidd. Tramlucent. 
Lm. resinous. Col. brownish-binek. Str.  rcddiah-brown. B. infusible. h'ot acted 
on by acids. 

A rare minerai, fonnd in Nomay, named fiom rv&vos asfranger, on aecoant d its 
rnrity. 

Schor1omite.-Fmotitanik-2(RO + SiO-) + (2BO + TiO-), where R ie Fe, 
Cu, and Mg. a m o r p h o u s .  H 7.5 G 3.783 - 3.807. Fme. conchoidd Opaque. 
h. vitreous. COL bla& iridescent. B. fusible on the edges. Decomposed partinlly 
by hydrochloric acid. 

Fonnd ma sive with brookite. Arkansak 
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Autirnonocher.-Csrvnntile, A n t i r n i d  Ochrs, Antinmaial Ozide.-SbOJ+ Sb05 + 2110. amorphoas .  Very soft. G 6.28. Case 38. Frnc. uneren, earthy. 
Opaque. Lus. dull. Col. yeliow. A'tr. yeliowish-white, shining. Brittle. B. 
Y olatilizes. 

Found with antirnonite, in Spain, Hungary, Bavaria, Nexico, Padstow, Cornwall. 

Rennes.-Red Antimony, Antimony Blwde, Phmat ic  Purpb Blende.-(Sb03+ 
2SbS3). ob l ique .  H 1.5 G 4.5 - 4.6. Case 38. Faintly translucent. Lw. 
adamantine. Coi. cherry-red. Str. red. Sectile. B. fusible. Soluble in  hpdro- 
chloric acid. 

Found in qs tan ine  slate and transition rocks. Saxony, Bohemia, Hungary, Dauphiné. 

Zunderera.-An impure arsenical sulphuret of autimony and lead. Coi. dirty 
red. 

Found in capiiiary crystala interlaced, and presenting the appearance of flakes of tinder. 
The Hartz. 

Valentbite.-Ezitèle, Oxide of dntimony, White Atitimny, Pristnatio Atitiinmzy 
Baryte.-Sb03. p r i smat ic .  H 2 5  - 3.0 G 5,566. Case 38. Semi-transparent, 
translucent. Lw. adamantine. Col. white, gray, yeiiow, brown, red. Str. white. 
Sectile. B. fusible. Soluble in nitro-muriatic acid. 

Found in Bohemia, Saxony, Hungary, Nassau, Dauphiné. Oxide of antimony, crystnl- 
lized artificidg, is dimorphous; the crystals belonging to the cubicai or prismatic system, 
according as they are formed at a high or low temperature. 

Scheelita-Tungstate of Lime, Tungs.ten, PyramidaZ Scheel Baryte.-Ca0 + W03. 
pyramidal. H 4.6 G 5.9 - 6.22. Case 38. Frcc. imperfect conchoidal. Semi- 
transparent, translucent an the edges. Lus. vitreous. Col. white, gray, ~ e l l o w ,  
brown, orange, red, green. Str. white. Brittle. B. fusible. Decomposed nhen  in 
powder by warm hydrochloric and nitric acids. 

Found in gold, tin, and copper mines. Bohemia, Saxony, Coinwall, Cumberland, 
Connecticut, Hungary, France, the Hartz, Siberia, Chili. 

Wolnram.-Tungetab of Iron, Prismatic Scheel Ore.-(RO + TV03), where R ia 
F e  and Mn. prismatic. H G.5 G 7'0 - 7'5. Case 38. Frac. uneven. Opaque. 
Lw. adamantine. Col. brownish-black. Str. brown, black. Slightly magnetic. B. 
fusible. Decomposed by hydrochloric acid. 

Found in veins of qunrtz and granite. Bohemia, Saxony, France, the Eartz, Cornn al1 
Cumberland, Hebrides, Ceylon, Siberia, Connecticut, South America. 

Sto1zite.-Tungstatc of Lead, Scheel Lead, Dystomous Lead Baryta.-Pb0 + W03. 
pyxamidai. H 3 0  G '19 - 8'09. Case 38. Frac. conchoidd. Semi-transparent. 
Lw. resinous. Col. gray, brown, yeliow, grcen. Str. grayish-white. Brittle. B. 
fusible. Soluble in nitric acid. 

Found with quartz and mies, in the tin mines of Zimmwald, in Bohemia. Carintbia, 
Chili. 

Vanadinite.-Panadiate of Lead, JohnJfonite.-PbCl+ 2Pb0 + (3Pb0'+ 3VO7). 
zhombohedral .  R 3'0 6 6-83 - 6.89. Case 38. Frac. conchoidal. Feebly 
translucent. Opaque. Lw. vitreous. COL yycllow, brom, green, white. Str. 
white, yeliow. B. fusible. Soluble in nitric acid. 
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Dechenite.-(Pb0 + PO3). H 4.0 G 6.81. Lus. greasy. COL dull-rd. S t r  
yeiiowish. B. fusible. 

Found in Bararia. 

Vo1borthite.-Panadiate of Copper.4CuO + V03 + HO, part of the Cu re- 
placed by Ca. ~ h o m b o h e b a l .  H 3.0 - 3-5 G 3.459 - 3.860. Case 38. Trans- 
lucent. Lus. pearly. Col. green, gray. Str. yeiiomish-green. 

Found in the permian formation. Ingowskoi, Shnringia. 

Mo1gbdanocher.-Oxidd of Holybdmum, Moiybdic Ba.-Mo 03. Earthy. 
Case 39. Opaque. Lw. dull. Col. orssge-yeliow. B. fusible. Soluble in hydro- 
chloric a d ,  in potash, and i n  ammonia. 

Found with molybdanite. Norway, Scotland, and the Tyrol. 

WuHenite.-Molybdate of Leaà, Yellow h a d  Ore, Carinthite, Pyramidal Zead 
Bmyta.-Pb0 + Mo03. p y r a m i d a l .  H 3.0 G 6.3 - 6.9. Case 39. Frac. con- 
choidal. Transparent, tramlucent on the edgea. Lus. resinous. CoL colourless, 
yellow, green, red, gray, brown. Stv. white. Brittle. B. fusible. Decomposed by 
acids. 

Found in crystals and massive, ana in leaü mines. Cnrinth'ia, Anstria, Hungacy, the 
Banat, the Tyrol, Saxony, Bavaria, Massachnsetts, Pennsylvanin, Mexico. 

W o 1 c h o ~ k o i t e . - ( A  hydrosilicate of chrome ?) H 2.0 - 2.5 G 2.213- 2.303. 
Case 39. Frac. conchoidal. Opaque. Lus. duli. Col. green. Str. lighter green. 
B. infusible. Decomposed by hydrochloric acid, leaving n jelly of silica. 

Found in veins and nodules. Perm in Russia. 

Chromochre.-Nassive and investing other minîrals. Case 39. Opaque. Lus. 
dull. Col. green. 

Found in ccnglomernte and porphgry. France, Sweden, Silesia. 

Lehmannite.-Chrornale of Lead, Red Lead Ore, Hemiprismatie Lead Boryfa, 
Kalochrome, Crocoisite, Krokoite.-Pb0 + Cr03  ob l ique .  IE 2.5 - 3.0 G 5.9 
- 6.1. Case 39. Frac. conchoidal, imeven. Translucent. Lus. adamantine. Col. 
red. Str. orange. Sectile. B. fusible. Decomposed by warm hydrochloric acid. 

Found with quartz in granite and talcose date. Sibena, the Ural, Brazils. 

Phcenicite.-Melanochroile, Phünikochroit, Phalidt.-3 P b 0  + 2 Cr03 H 3.0 
- 3.6 G 5.75. Translucent on the edgea. Lus. resinoua. Col. red. Sir. brick-rcd. 
Slightly brittle. B. fusible. Decomposed Dy hydrochlaric acid. 

Found in veins of quartz in the UraL 

Vanquelhite.-Chromate of iead and Copper, Hamipisinatic OZWs Malachite.- 
(3 Cu0 + 2 C r 0 3  + 2 (3 P b 0  + 2 CrO3. ob l ique .  H 3 0 - 3.5 G 6.75. 
Case 30. Frac. flat, conchoidal. Slightly translucent. Opaqiie. Lus. waxy. Col. 
green, brown. Str. green. B. fusible. Soluble in nitric acid. 

Fonnd in vehs of quartz. The UA, Brazils, North Amenca 

Chrotnite.-Chrotnate of Iron, Ocfahedral Chrome &G, Prknntic Chrotne Che.- 
RO + R':O$ where R i s  Fc, Mg, or Cr, and R' is Cr, Al, and perhapa Fe. CubiC. 
H 5.5 G 4.40 - 4.59. Case 39. Frac. *uneven, imperfect conchoidal. Opaque. 
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Lus. metniiic. Col. imn-bluck, brownish-black. Str. dark-brown. Brittle. Some- 
times slightly magnetic. B. infusible. Soluble in bisulphate of potash. 

Found in serpentine, limestone, and in streams. France, Stiria, Banffshire, Stirling- 
sbire, Silesia, Bohemia, Norway, Siberia, Maryland, Pannsylvauia, Vermont, New Jersey, 
fiIassachusetts, Baltimore, St. Domingo. The large proportion of chrome rendrrs thii a 
highly valaable mineral. In  eombination wiih the osides of other minerds it yields green, 
yeUow, and red pigments, nsed in oil painting, dyeing and colomkg porcelsin. 

Sassoline.-Native Boracic Acid, Pvismatic Boracic Acid.-Bo03 + 8HO. 
a m o r t h i c .  H 1.0 G 1-48. Case 39. Transparent, translucent. Lm. pearly. Col. 
white, colourless, grayish-white, yellowish-white. Str. white, unctuous Io the touch. 
Tadte, acid and bitter. Soluble in water and in alcohol. 

Found, mixed with suiphur, in the islands of Vulcano and Stromboii, and in the water 
of the hot Springs of Sasso, in Tuscany. Used in the maunfacture of borax. 

Eayesine -Hydroborocaln'te.-2(CaO + B03) + 6HO. Case 39. Col. white. 
Found abundantly, in fibrous masses, on the dry plsins near Iquique, in Peru. 

IPpdrobolacits.-(3CaO + 4B03) + (331g0 + *BOS) + 18HO. H 2.0 G 1.9. 
I n  thin leaves translucent. CJ~. white. B. fusible. Soluble in hot hy&rochloric and 
nitric acids. 

Eound in fibrous masses in the Caucasns. 

Tincal.-Bornto of Soda, Primatic  Borax Sait.-Na0 + 2BO3 + 10HO. 
ob l ique .  H 2 0  - 2.5 G 1-716. Case 39. Trac. conchoidd. Transparent, trans- 
lucent. Lus. resinous. CoZ. eolourless, white, gray, yellow, green. Str. white. 
Rather brittle. Taste, alkaline, sweetish. B. fusible. Soluble in water. 

round on the shores of same lakes. Thibet, Nepmi, China, Ceylon, South America, 
Tincal, when purified, forms the r e h e d  borax of commerce. It is used as a flux in glass 
manufactories and in soldering. 

B o r a c i t e  -Borate of Magnesia, Tetrrchedral Boracit~.-3~~gO + 4B03. c u b i c .  
R 7.0 G 2.83 - 2.98. Case 39. Frac. conchoidal. Transparent, translucent on 
the edgos. Lus. vitreous. COL white, colourless, gray, yeliow, green, brown. kW. 
n-hite. Pyroelectric. B. fusible. Soluble when in powder in hydrochloric and nitric 
acids. 

Founù in g.psum. Brunswick, Holstein, France, 

Rh0dizit.e.-3CaO + 4B03 cubic. H :8.0 G 3'41fi. Translucent. Lus. 
vitreous. Col. white, yellowish, grayid. Pproelectric. B. fusible with difüculty. 

Pound with red tourmaline and quartz, in the Ural. 

Datholite.4iliceozcs Borate of Lime, Botryolite, HzrmkZtite, EsmnrLite, Pr i~nat ic  
D y s t o m e  8var.-(2CaO + Sioz) + (BOS + SiOz) + HO. p r i s m a t i c .  H 5.5 
G 2.8 - 3.0. Case 39. Frnc. imperfect conchoidal. Translucent, transparent. 
Lus. vitreous. Col. white, inclining to green, yeliow, and gray. Str. white. Brittle. 
B. fusible. Decomposed b-j hydrochloric acid, leming a jelly of silica. 

Found in slate, sandstone, serpentine, and greenstone. The Iimtz, Bararia, the Tyrol. 
Tuscany, IItly, Connecticut, Kew Jersey, and Scotlmd. 

T o d i n e . - S c h o r l ,  Aphin'te, Rubellite, Indicolite.-rhombohedral. H 7-0 
- 7.5 G 3.0 - 3.3. Case 40. Frac. imperfect conchoidd. Tramp&rent, almost 
opaque. Lus. vitreous. Col. colourless, gray, yellow, green, t h e ,  reà, brown, black. IRIS - LILLIAD - Université Lille 1 
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Str. white. Pgroelectric. B. fusible. Decompesed by concentrated sulphuric .acid 
after fusion. 

Found in gneiss, granite, mica slate, pebbles and sand of rivera. The Grimsel, Saxony, 
Moravia, Massnchusetts, Siberia, Bothnii, Carinthia, Ceglon, Pegu, Madagascar, Brazils, 
tlie Tyrol, Devonshire, Cornwd, Sweden, Norway, Greenland, the Pyrenees, Banffshire, 
ELba. The black opaque varieties are caiied achorl, the Llue crystals from Sweden indicolite, 
and t h  red verieties rubeUite, or s i b d .  The specimen of rubellite i n  the British Museum, 
presented by the King of Bva to Colonel Symes, has beeu valued at â500. The blue, green, 
and brown transparent crystals are much prized, on account of their property of polarizimg 
l@t, when cut in thin plates parallrl to the axes of the hexagonal prism. Some of the 
transparent varieties are used as gems, and are sometimes sold for emeralds, topaz, and red 
sapphire. The yeilow tourmaline is quite as d u a b l e  as the topaz ; but the green and red 
are inferior to the emersld nud sapphire. The specific gravity uîïorùs a ready test for tlieir 
discrimination. 

d a t e . - P r i s m a t w  Axinite, î'irumits, lhmerate2ta.-anoxthic.  H 6.5 - 7.0 
G 3.29 - 3-30. Case 40. Frm. wnchoidal. Transparent, translucent on the edgcs. 
Lw. vitreous. Col. brown, bluc, gray. Brittle. Acquires vitrcoua electricity by 
friction, pyroelectric. B. fusible. Decomposed by hydrockloric acid after fusion, 
leaving a jeUy of siiica. 

Found "in granita, dionitr, diabase, gneiss, mica slnte, and clay date. Dnuphiiié, Coin- 
wall, the Pyrenees, Savoy, St. Gottliardt, the Tyrol, Saxony, Norwny, Sweden, tlie Lrnl, the 
Hartz. Thongh susceptible of a high polish, it wants the brilhancy requisite for an orn . 
mental stone. 

n a b o n . - C a r h n a l c  of Sok, BemgrismfiticNatron Salt.-(Na O + CO-) + 10 HO. 
o b l i q u e .  H 1.0 -1.5 G 1.423. Case 41. Frac. conchoidal, transparent, semi- 
transparent. Lus. vitreoua. Col. colourless, white, yeliow, gray. tr. vhite. B ctile. 
Taete alkaline, pugent .  B. fusible. Soluble in water. 

Hungary, the Asiatic Steppes, Bohemia, Vesuvius, B t n a ,  TenerSe, Guadaloup , Cgypt. 

Txona. -Pr ismatoihl  Trorta G d t ,  Gtriated Soda.-(2 Na O + Y CO-) + 4 HO. 
o b l i q u e .  H 2.5 62.112. Clse 41. Prac. uneven. Transparent, translucent. LUS. 
vitreoua. Cul. colourless, whitc, gray. Str. rhi tc .  Brittle. Tute alkaline. B. fusiblc. 
Soluble in water. 

Found on the birnks of natron laites, and under a straturn of clny. Eg>pt, Fezzan, 
Columbia 

T h e n n o n a t r i t e .  - Prismatic Cavbonale of Surla. - Na O + COz f 110. 
p x i s m a t i c .  H 1.5 G 1'5 - 1.6. Frac. conchoidal. Transparent, translucent. L 18. 

vitmous. Col. colourless, white, yeliowish. Str. white. Sectile. Tmte pun-ent, 
alkaline. 

Fonnd with natron. Debreczin, Yesuvins, Egypt, Asia, and Americn. Supp d to be 
the nitre of the Old Testnment. 

A 1 s t o n i t e . - R i y h t  Prisnmlic Bnryto-cahte.-(Ba0 + CO2) + (Ca O + Co-) 
p r i s m a t i c .  H 4.0 - 4.6 G 3.65 - 3.70. Trnc. conchoidd. Trmspar t, tinns- 
luoent. Lus. vitreous. Col. colourless, grayish, white. Sfv .  white. Solubl in  aïids 
aith effervescence. 

Fonnd inveins with galena, Alston Moore and Failowfield. 

B a r y t o - C a l c i t e  -Hemip-ifmatic fiai-Bacyfa-(Ba O + CO-) + Ca O CO ). 
oblique. H 4.0 G 3.6 - 3.7. Case 41. P r m .  imperfect conchoiùd. Transparent, IRIS - LILLIAD - Université Lille 1 
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translucent. Lus. vitreous. Col. grayish, yellowisb, or greenish-white. Sti-. a-hite 
Brittle. B. infusible. Soluble with effervescence in hj-drochioric and in nitric acids. 

Found in mountain limestone. Cumberland. 

W i t h e r i t e .  - Carbonut8 of Bnryta, Diprismatic HaLBaryta.-Ba O + C 0 .  
p r i s m a t i c .  H 3.0 - 3.5 C; 4-2 - 4.4. Case 41. Frac. uneven. Semi-transpa- 
rent, semi-translucent. Lus. vitreous. COL white inclining to yellow, gray, green, 
and red. Brittle. B. fusible. Soluble with effervescence i n  dilute hydrochloric acid. 

Found in transition rocks, granite and porphyry. Lancashire, Cumberland, Durhnrn, 
Westmoreland, Shropshire, Flintshire. Styria, Saltzburg, Silesia, Hungary, Siberia, Sicily, 
Chili. Distinguished from balyrea by its solubility in acids. 

Strontianite.-Carbonate of Strontian, Peritomow Hd-Bargta. Sr O + C 0 2 .  

p r i s m a t i c .  H 3 5  G 3.69 - 3.65. Case 41. Frac. uneven. Transparent, bans- 
lucent. Lujus. ritreous. Cob colourless, white, gray, yellow, grcen. Str. white. 
Brittle. B. fusible on the edges. Soluble with effervescence in hydrochloric and nit& 
acids. 

Found in limestone, clay, ironstone, basalt. Stmntian, Leadhills, Yorkshire, Freiberg, 
Clnusthal, Saltzburg, Westphalia, the Grisons, Ginnt's Causeway, Poland, New York, Perm 
Strontia and ali its combinations possess the property of givings rrd colonr to flame, aiid is 
therefore used for flre-works. 

Aragonite.-Primizaticc Lime Haloide. Tarizowit.de, Satin Spar, Needle Spar, IgJile. 
-Ca O + C 02. pxismatic .  H 3.5 - 4.0 G 2.93 - 3'01. Cases 41 and 42. 
Frac. conchoidal. Transparent, translucent. Lus. vitreous. COL colourless, white, 
gray, yeliow, grren, blue. Str. grayish-white. B. infusible. Soluble with effer- 
vescence in nitric and hydrochloric acids. 

Pound in gypsum, basaltic rocks, beds of brown iron ore, serpentine, lava, and deposited 
by hot springs. Aragon, Valencia, Bohemia, Baden, Hessia, Auvergne, the Tyrol, Hiingary, 
Siberia, Greenland, Tliurin~ia, the Hnrtz, Styria, Piedmont, Vesuvins, Iceland, Carlsbad, 
Cumberlanù, Carinthia, Devonshire, Buckinghamshire, Leadhills, Galloway. This minera1 
is named from Aragon, a province of Spain. The corralloid varieties which occnr in beds of 
bon ore are ealled Flos ferri; and the massive, siky, fibrons variety rlerives the name of 
Salin spar from itç appearancî. Bragonite is distingnished from calcite by the forru of its 
cleavage, and by flying into powder on heing exposed to heat. When carbonate of lime 
cqstallizes from its solution in boiling wnter containing cnrbonic acid, it forms crystals of 
Aragonite; if, however, i t  crystaliizes from the same solution ut the ordinary temperature of 
the atmosphere, i t  takes the form of calcite. 

Calcite.-Car6onate ofLime, Rhondoliedral Lime Daloide.-Ca O + C O? xhom, 
bohedra l .  H 3.0 G 2 6 9  - 2.75. Cases 42-46. Frac. conchoidal. Transparent, 
trnnslucent. Lw. ritreous. Col. colourless, white, blue, green, yellow, red, brown, 
black. &:white. Brittle. B. infusible. Soluble with effervescence in hydrochloric 
and nitric acids. 

Found in limestone and almost every kind of rock, also in cnvities of amygdaloidal 
rocks. Iceland, the Hartz, DerLyshire, Cumberland, Prague, Carinthia, Bohemia, Saxony, 
France, United States, Thuringia. The beautiful transparent varieties from Icelnnd are 
cnlled Iceland spnr, and are remarkable for the beautiful manner in which they exhibit the 
properties of double refraction. 

Schiffer Spath or Slale Spar, a lameiiarvariety of carbonate of lime, is found in Saxony, 
Bohemia, Xorway, Cornwall, Scotland, Wicklow. 

Granular Limeslone and statuary Marbb consists of minute crystnls of carbonate of lime. 
This substance is valued accsrding as i t  is free from flaws,colonr, and is capable of receiving IRIS - LILLIAD - Université Lille 1 
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a good polish. Naxos, Paros,Tenedos, Carrara. RIarbles varioosly coloured by foreign sub- 
stances form the greater part of the transition rocks. 

Oolite or Roestone consists of an aggregation of minute globular masses of carbonate of 
lime. The Portland and Bath Stones are varieties of oolite. 

Stalactites are pendulous masses of carbonate of lime, hanging from the roofs of caverns, 
and formed by the water trickling through the roof charged with carbonate of lime. 

Tufa or Culcareous Tuff is a porous voriety of limestone, depositea by calcareous springs. 
It possesses the valuable property of hardenirig on esposure to the air. 

Chalk is a massive opaque carbonate of lime, consisting almost entirely of minute fossil 
infusona. 

Angerite.-Paratomow Xime Haloide, 2hoe Wa~alzd, Wandstein.-rhombohedial. 
H 3.5 - 4 0  G 3.040 - 3.085. Frac. uneven. Translucent. Lw. vitreous. Col. 
yellowish, white, gray, brown. Str. white. Brittle. Soluble with effervescence in 
nitric acid. 

Found in beds of mica date. Styria. H i g h l ~  prized as an iron ore and as a flux for 
smelting. 

Dolomite-Bitter Spar, Tearl Spar, Tharadite, Broton Spar, Miemite, Rhomb Spar, 
Magneaian Carbonate of Lime, Magnesian Limestone, Mawotypotis Lime Hdoi&.-Ca O + 
C 0" M g  O + C OZ. r h o m b o h e d r a l .  H 3'6 - 4.5 G 2.80 - 2.95. Case 47. 
Frac. coachoidal. Scmi-transparent, translucent. Lw. vitreous. Cod. colourlcss, 
white, green, yellow, red, blue, brown, gray, black. Str. gmyish-white. Brittle. 
B. infusible. Soluble in hydrochloric acid. 

Forms rocks by itself, and occurs i n  beds in otlier rocks. The Apennines, thr Tyrol, 
Switzerland, Piedmont, Tuscany, Saxony, Boliemia, Hungnry, the Hartz, Nomay, s ~ e d e n ,  
Scotland, Rngland. Retter adapted for mortar tban conlmon limsstone, as i t  absorbs less 
carbonic acid. The white niarble of Paros and Zona belong to this species. I t  admits of 
being cut and polished, and is said to be durable. 

Magnesite.-Gag-bonatc of Xapaceia.-Mg O + C Oz. zhomboheàra1.-H 4.5 
- 6.0 G 2.88 - 3'02. Case 48. Frac. conchoidal. Transparont, translucent on  tho 
edges. Lus. vitreous. Col. colourless, yellow, brown, black. Str.  white. B. infusible. 
Soluble i n  dilute sulphuric aeid, and in nitric ncid. Adheres to  the tongue. 

Found in serpentine. Sweden, Silesia, Moravia, Stpia, the Tyrol, East Indies, Spnin, 
America. 

Hgdromagnesite.-Native Magne&, Hydroearbonate of Magnesia. Lancarterite.- 
3 (Mg O + C O') + (Mg O f  4 H 0). ob l ique .  Il 3.5 G 2.14 - 2-35. Case47. 
Faintly translucent. Lw. pearly. Col. white, green. Slr. white. B. infusible. 
Soluble i n  hydxvchloric acid. 

Found in earthy masses in serpentine. S e w  J~rsey ,  New York, Shetland Islands. 
Resembles talc, but distingnishrd h m  it by its hardness and specific gravit).. 

Gaylusite.-Hemiprismatic Xouphone Haloi&.-(Na O + C O?) + (Ca O + C O?) 
+ 6 H O. ob l ique .  H 2.5 G 1.928 - 1.950. Case 48. Frac. conchoidal. Trans- 
parent, translucent. A i a .  vitreous. Col. colourlcss, white, gray, peliow. Str. white. 
Brittle. B. fusible. Soluble i n  nitric or hydrochloric ncid 

Found in crystals in a bed of clay at Laginilla in Columbia; it is called clacoa or n '1s 
by the nritives, from tbe appearance of its crystals. 

Cha1ybite.-SpathoseIron, S p a r y  Ifon, Carbonate of Ozide of Iron, Sphurosidmite, 
Riderile.-Fe O + C O?. r h o m b o h e d r a l .  II 3.5 - 4.5 G 3.70 - 3.92. Case 48. 
Trac. imperfect conchoidd. Transparent, translucent. Opaque. Lus. vitreous. C Z. 
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yeilow, brown, gray, white, reb ,Yb-, yellowish-white. Brittle. 8oluble in warm 
nitric acid. 

Fonnd in gneiss, date and limestone, in metallic veins, and in  cavities in trap rocks. 
The Hartz, Nassau, Sipis, Carinthia, Westphalia, the Pyreneea, Bohemia, Sazony, Devon- 
shire. Clay Iromtone, wliich i s  a mixture of chalyliite and clay, is found in EtafîorLhire, 
South Wdes, Bohemis, Moravia, Silesia, Polnnd, United States. A v e y  valuable icon ore. 
The Styrian steel is obtained from the iron made from it. 

D l a l l o g i t e . - C a r ~ o ~ i a t  of Hanganese, Red Magiganese, R?wdocrosite.-Mn O + C O?. 
r h o m b o h e d r a l .  H 3.5 - 4.5 G 3.43 - 3.63. Case 48. Frac. uneven. Slightly 
translucent. Lm. vitreous. Col. rose r d ,  flesh red. Str. wyite. Brittle. B. infusiblc. 
Soluble in hydrochloric acid. 

Foiind in gneiss, porphyry, and hematite. Snsony, Hungary, Transylvania, the Hartz, 
Switzerland, Ireland. Distinguished from manpnese sparby its hardness. Some rarieties 
become brown by exposure to  air. 

Calamine.-Carbonnteof Zinc, Zirzc Spar, RjomjokdrnZ Zim Barytu, Smithsonite.- 
Zn O + C Oz. r h o m b o h e d r a l .  H 5'0 G 4.34 - 4-45, Case 49. Frac. uneven. 
Semi-transparent, translucent. Lus. vitreous. Col. colourless, white, gray, green, 
brown. Sb-. white. Brittle. B. infusible. Soluble in hydrochloric acid. 

Found in the date, transition, coaland oolite formations. Westphalia, Silesia, Carinthia, 
the Banat, Poland, Hungary, Servirr, the Aitai, Siberia, Frmce. Belgiurn, United States, 
Scotland, Somersetshire, Derbyshire, Cumberland. Zinc is extracted £rom this ore. 

Buratite.-Atwichalcits, 0richdcP'te.-(3 Z n  O + C O?) + (2 C u  O + C O?) + 
3 H O. H 2.0. Case 49. Translucent. Lm. pearly. COL green. Soluble i n  hydro- 
chloric acid. 

Found in thc Ural and in France. 

Selbite.-Carbonate of Siher, Gray Sileer.-dmorphous. Frac. uneven, earthy. 
Lw. dull. C d  gray. Soft. Sectile. B. fusible. Soluble i n  nitric a d .  

Found in the Black Forest and Mexico. 

Cerussite.-Cur601zate of Lead, LendSpar, D~rimnatic  LeadBayta.-Pb O $ C Oz. 
prismatic. H 3.5 G 6.4 - 6.6. Case 49. Frac. conohoidal. Transparent, trans- 
lucent. Lus. adamantine. Col. colourless, white, gray, green, blue. Str. white. 
Brittle. B. fusible. Decomposed by hydrochloric acid. 

Fomd in crystnls, masses, and pseridomoiphoiirr, after other substances. Bohemia, 
C'arinthia, Hungai-y, Saxcny, the Hartz, Silesia, Westphalia, France, the Altai, Siberia, 
Devonshire, Cornivali, Cumberland, Derbyshire, Scotlaud. Yalualile as am ore of lead ; <lis- 
tinguished from sulphate of lead by its crystals being u s d y  iuacled. 

Agnesite.-Bisrnutzte, Cnrbonate of BisnmlA. -4 Bi 0 3  + 3 CO? + 4 H O. 
Amorphous. H 4.0 - 4.5 G 6.909 - 7.670. Case 49. Aac. conchoidal. Opaque. 
Translucent on the edges. Lus. vitreous, d d .  Col. green, yeiiow. Str. gray or mhite. 
B. fusible. Soluble in liydrochloric acid. 

Founrl investing other minerals, and iu pseudomorphous crystals. Schneeberg, 
Cornwali. 

Lanthanite.-Carjonntc of Ceriz6m.-3 L a  O + C O? + 3 HO. p y r a m i d a l .  
H 2'5 - 3.0. Case 49. Lw. pearly. C h white, gray, ycllow. Str. white. Soluble 
i n  acids. 

F o n d  with cererite at Riddarhytta, in Sweden. An extremely rare mineral. IRIS - LILLIAD - Université Lille 1 
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Parisite. - Mumonifa, C A t s  of Cmium Lantknitan and Didytnim.- 
rhombahedrsh H 4 5  G 4-35. Ctse  49. Frac. small conchoidal. Lw. vitreous. 
Col. brown, yeliow. 6tr. yeilowinh-white. B. infusible. Soluble with ~UXcultpin 
hydrochloric a d .  

Bomd in the emerald mines of Mnzo, in New Granada. 

Breunnerite.-BracAytypot~ Lime Haloide, Carbonate of Xagmsia andIron. Mg O + C OZ. rhombohedral. . H 4.0 - 4.5 G 3'0 - 3.2. Case 49. Fme. conchoidal. 
Transparent, translucent. Lus. vitreous. Col. eolourless, white, y e h ,  bmwn. 6tr. 
grayish-white. Brittle. B. infusible. Soluble i n  acids. 

Found in chlorite, talc, sometimes in serpentine, rnrely in g'psnm. The Tyrol, St. 
Gotthardt, Norway, United States, Sht lmd.  nistinguished h m  dolomite by ita crqstal- 
lication, hardness, d speciiïc gavity. 

Mesithe.-ddcsitine Spar. Pistwimü&-rhombohedzal. H 3.6 - 4.0 G 3.35 
- 3.42. Case 49. Transparent, translucent. Lus. vitreous. Col. gray, yeliow, 
green. 3lr. white. Brittle. B. infusible. Soluble in hydrochloric acid. 

Pound with quartz and heniatite, Piedmont and Saltzburg. 

Chemy1ite.-Blve Gkrbonate of Copper, Azurite, Law Malachite, Hmtiprismatic 
Azurs Malaelrile.-(2 Cu O + C Oz) + (Cu O + II O ) .  oblique. H 3.5 - 4.0 
G 3.766 - 3.831. Cnse 50. Frac. conchoidd. Transparent, transluoelt on the cdgcs. 
Lus. vitreous. Col. azure-blue, passing into blackiah-bluc. Str. blue. Brittle. 
B. fusible. Soluble in  nitric acid. 

Found in veina with green enrb nnte and r d  oride of c pper. Cliessj, tlie Alt i, the 
Banat, Servia, Polnnd, the Tyrol, Rohemia, qpain, Corna 111, Cumberland, Scotl nd, 
Siheria, Thuringia, Hessia, Silesia, Chili. 9 mluable ore of copp r when fuuud in snfficient 
quantity. 

Malachite.-Grem Carbonate of C pw.-(Ca O + C Oz) + (CU O + II O). 
oblique. H 3,.5 - 4.0 G 3.71 - 4.01. Case 51. Frac. coochoidal. Trnnspar nt, 
or translucent on the edges. LM. nda~iinntinc. Col. grccn. Slr. gr on. Brittle. 
B. partly infusible. Soluble in nitric acid. 

Found in copper mines. Chesa', Spain, Prnssia, Thiiringia, the Trrol, tlie Banut, 
Poland, Siberin, Cornwall, \Vales, Ireland, Australia. Mainchite hab L en dnid d iuto tlic 

frbrolur and mars've. The crystallized var'et) is eatr mel) rare, and onl. f ud in niin nns- 
pnrent twins conting the cnvities of tlie fitirons 1 inùs. It is a vnlunble r of copprr, nt is 
most prizeù by the Inpidnry on acconnt of the b nuty of its colour, and the hi 11 p .sh of 
which it is siisccptihle. The valuahle vnses and tables of m 1 chit man f c t w d  at St .  
Petersburg11 are niostlg formed of tliin plat s f tl is sutist n e s 1 Ily \ n er d. 

Nitre.-Aitrate of PotasA, S~l /~e t  e. K O + N Os. prismatic. Il 2.0 
G 1-933. Case 52.  Frac. conchoidal. Trnnqarcnt, transluc nt. Lus. vitrcous. 
Col. colourless, white, gray, yellow. Stv. ahitc. S luble in aatcr. 

Foimd ns an efflor scence on the siirfnce of tlie enrth. Hungsrg, Podolia, Spa' , I~nl), 
France, Arabin, East Indies. Calabria, Iirgmis, the nrazils. I t  is also pio ured a i  dl) 
from tlie decomposition of animal and vegctaùle matter. IJsed in the manuîncture of un- 
powder and of nitric acid. 

Nitxatine.-Nitrate of Soda.-(Sa O + N' Os). xhombohedral. 11 1.5 - 2.0 
G 2.096. Case 52. B a c .  conchoidd. Trnnsparcnt, trnnslucent. Lus vitr us, 
Gol. colourlcss, white, gray, brown. Str. white. B. fusible. Soluble inmater. 

Fonnd in crystals in beds several f e ~ t  thich, with clay and sand, in th district f Tara- 
pnca in Peru. I IRIS - LILLIAD - Université Lille 1 
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Mirabi1ite.-SwZphate of Soda, Gkuber Salt.-Na O + S OS + 10 H 0, o b l i q u e .  
H 1.5 - 2-0 G 1.481. Case 52. Trac. conchoidal. Transparent. Lus. vitreous. 
CoX colourless, white. Str. white. Sectile. B. fusible, Soluble. in water. 

Found in salt springs as an efflorescence on the soil, and dissolved in minerai waters. 
Austria, Saltzburg, Bohemia, the Tyrol, Hungary, Spain, the Hartz, Switzerland, Siberia, 
Egypt. Employed in some countries as a substitute for soda in the manufacture of glus. 

Astxakhanite.-(Na 0 f S 03)  + (Mg O + S.03) + 4 H O. Transparent. 
CoL colourless. Efflorescent. Soluble in water. 

Found in prismatic crystals in the salt lakes of Astrnkhan. 

Q1auberite.-Anitydrow Sulphals of Soda and Lime, Hemipriamatic Brythine Spar, 
Brongniartin.-(Ka O + S Os) + (Ca O + S 03). o b l i q u e .  H 2.5 - 3.0 G 2.75 
- 285. Case 52. Tvac. conchoidal. Semi-transparent, translucent. Lw. vitreous. 
CoZ. colourless, wliite, gray, red. Btr. white. Brittle. B. fusible. Partiaily soluble 
in water. 

Pound in rock salt. Spain, Bavaria, Atacama, Chili. 

Thenad i te . - (Na  O + S Os). p r i s m a t i c .  H 2.5 G 2.67 - 2.73. Case 52. 
Frac. conchoidal. Transparent, translucent. Lus. vitreous. Col. colourlees, white. 
B. fusible. Soluble in wnter. 

Found in crystals in the brine springs at Salinas d'Espartinas, near Madrid. 

Glasente.-Sulphate of ï'otash, dvcanite.-K O + S O? p r i s m a t i c .  H 2.5 - 
3.0 G 2,689 - 2.709. Trac. conchoidal. Transparent. Lm. vitreous. Cd. colour- 
less, white, yeiiow, gray. Str. white. Brittle. B. fusible. Soluble in mater. 

Found on the lava of Vetiuvius and in some springs. 

Mascagnine.-Subhate of Amnmonia.-N HI O + S 0% p r i s m a t i c .  H 2.0 - 
2-5 G 1-68 - 1.78. Frac. imperfect conchoidal. Transparent, translucent. Liu. 
vitreous. Col. colourless, white, gray, yellow. Str. white. Sectile. B. vola ilizes. 
Soluble i n  water. 

Foiincl associated with sulphur, with volcanic productions, andin cos1 mines. Vesuviiis, 
Etna, Solîatara, Lipari, Aveyron, Staffordshire. 

Baryte.-Sutphate of Barytes, E e a y  Spar, Hepntite, Prismatic HaLBaryta.-Ba O 
+ S 0" prismatic.-H 3.0 - 3 5  G 4.35 - 4.59. Cases 52 and 53. Frac. con- 
choidal. Transparent or translucent. Lus. vitreous. Col. colourless, white, gray, 
blue, yellow, red. Ntr. white. Brittle. B. fusible with difficulty. Insoluble i n  hy- 
drochloric acid. 

Fonnd in beds and veins in  various formations. Westphalia, the Hartz, Saxony, Rohe- 
mia, Hungary, the Tyrol, Transj-lvania, France, Baden, Hessia, Cumberland, Surrey, Stafford- 
shire, Derbyshire. Hepalite or fetid baroselenile is a variety of baryte, containing bitumen. 
Komay, The Cawk of StafFordshire and Derbyshire isan opaque, massive variety of bwyte. 
The white varieties are ground and nsed as paint. Al1 the salts of barytes but one are 
violent poisons. The nitrate of barytes is used for producing a green flame. 

Celestinen-Sulphate of Strontin, P&inat;c +l-Baryta.-Sr O + S OS. p r i s -  
matic. H 3.0 - 3.5 G 3.85 - 4.0. Case 53. Frac. imperfect conchoidal. Trana- 
parent, translucent. Opaque. Lus. vitreous. Col. colourless, white, gray, blue, îlesh- 
red. Brittle. B. fusible. Insoluble in hydrochloric acid. 

Foiind in sillphur mines, limestones, metnllic vrins, and infossils. Sicily, France, Hun- 
gary, Lake Erie, Jena, Bristol, Switzerland, Spain, Edinbnrgh. Distinguished from baryte 
by its specilc gravity. IRIS - LILLIAD - Université Lille 1 
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Gypsum.-SuZpAizta of Lime, Selenite.-Ca O + S O3 + 2 H 0. o b l i q u e .  
H 1.5 - 2.0 G 2.28 - 233. Case 34. Trac. tint, conchoidd. Transparent, trans- 
lucent. Lw. vitreoua. Col. colourless, red, peiiow, blue, gray. Str. white. Sectile. 
B. fusible. Very slightly soluble i n  water and acids. 

Found in newred sandstone, in older rocks, clay, in suiphiir, and in fossils. Brunswick 
Hessià, Thuringia, the Tyrol, Switzerland, Paris, Oxford, Sicily, Spain, Siberia, Torl<shire, 
Cheshire, Derhyshire, Nottinghamshire, Scotimd, the United States. The lnrge blocks are 
wrought into alabaliter figures and ornarnents. Cdcined and powdered it forma plaster of 
Paris. Diutinguished by its softness from limestone. 

Haxstenite.-Anhydifte, Anhydroits SuZpBale of Lime, Cube Spar, dZiiria&!e.-Ca O 
+ S 03. prismatic. H 3.0 - 3.5 G 2.85 - 3.05. Case 54. Prac. imperfect 
conchoidal. Transparent, translucent. Lw. vitreous. Col. colourless, white, gray, 
yellow, red, Hue. Str. grayish-white. Brittle. B. fusible with di icul ty.  Slightly 
soluble i n  water and hyàrochloric acid 

Found in heds and veins, and in clay. Styria, the Tjrol, Switzerland, Savoy, Italy, New 
York, the Hartz, Sweden. 

Epsomite.-Suiphale of blagnesia, Epsom Sdt ,  Prismatic Bitter Salt.-Mg O 4- 
S 0 3  + 7 H O. prismatic. H 2.0 - 2.5 G 1.7 - 1.8. Case 55. Frac. conchoi- 
dal. Transparent, translucent. Lus. vitreous. Col. colourless, white, red. S~T. white. 
Taste bitter and saline. B. fusible. Soluble in  water. 

Fonnd as an efflorescence and in mineral Springs. llungnry, Bohemia, the Tyrol, Spain, 
South Africa, Milo, Sedlitz, Epsom, Chili. 1 s  used for phnrmaceutical purposes, but is 
generally obtained by manuîacturing chemists from magnesian limestone, and other sources. 

Ea1otrichite.-Alu~~ogen, Feather Alun, Haiv SaII.-(81 0 3  f S 0 3 )  + 18 0- 
H 2. Case 53. Frac. uneven. Translucent on the edges. Lua. dull. Col. white, 
gray, yeilow. B. fusible. Soluble in  water. 

Founù in alum shale, coal mines, and volcanic craters. Thnringia, Dresden, BOM, 
Columbia, Bogota, Quito, Chili, Milo, Kenpolitan Solfatma 

Po1yhalite.-(K O + S OJ) + [Mg O + S O ) + 2 (Ca O + S OS) + 2 it O. 
p r i a m a t i c .  H 3.5 G 2.73 - 2.78. Case 55. Frac. uneven. Tnuslucent. Lus. 
waxy. h l .  red. Sb. white. Brittle. B. fusible. Pnrtially soluble in water. 

Found in Styria, Anstria, and Bavaria. Derives its name h m  aohus many, and a b  
salt, on account of the variety of its snline constituents. 

Gos1axite.-Srclplate of Zinc, white Vit1w2.-Zn 0 + S O3 + 7 H 0. p r i s m a t i c .  
H 2.0 - 2.5 G 1.9 - 2.1. Case 55. Frac. conchoidal. Transparent, trnnslucent. 
Lrrs. vitreous, Col. colourless, white, red, blue. Stt. white. Brittle. B. infusible. 
Soluble in water. 

Found in old mines. Sweden, the Hartz, Hungary, France, Spain, Holpell,  Cornwall. 
1s not found in q e a t  abundance in nature, but is prepared artifieially. Used in medicine 
and in dyeing. A permanent white colour. Zinc white is prepared from it. 

Bieberite.-SuIplrote of Cobalt, Cobalt Vitriol. - Co O + S 03 4-7 HO. obl ique .  
Cnse 55. Frac. uneven. Translucent, opaque. Lus. vitreous. Col. red. Sfr. redàish- 
white. Soluble in water. 

Found in old mines. Bieber, Siegen, and Saltzburg. 

Me1antente.-Sfrlph~fe of fiotr, Green Vitriol.-Fe O + S O3 + 7 H 0. ob l ique .  IRIS - LILLIAD - Université Lille 1 
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H 2.0 G 1.8 - 1.9. Case 65. Bac.  conchoidal. Transparent,trsnslueent. Lw. 
vitreous. CoZ. green, white. Blr. white. Rather bnttle. Soluble in water. 

Fonnd in old mines. Bavaris, Sweden, the Hartz, Starony, Hungary. Used in dyeing 
and in the manfacture of sulphuric a d ,  ink, and Prusoian blue, 

Botryogen.-Red Sd'pAate of Iran, Red PitrioL-oblique. E 2.0 - '2.5 
G 2.039. Case 55. fiuc. conchoidal. Translucent. Xus. vitreous. fil. red. pellow. 
Str. yeilow. Sectile. B. infusible. Soluble partially in boiling water. 

Found at Fahlun in Sweden. Derivea its name from f iorpus a bmrh of grayes, because 
i d  freqiiently occurs in the form of globules with a crystaliine surfsce. 

Copiapite.-A hydrous sulphate of iron. Six-sided prisms. Translucent. Lzrs. 
pearly. Col. yellow. 

Found at Coquiabo in Chili. 

Coquimbite.-2 Fe 0 3  + 3 S 0 3  + 9 H 0. zhombohedral.  H 2.0 - 2.5 
G 2.0 - 2.1. Frac. conchoidal, uneven. Translucent. Col. white, blue, green. Soluble 
in mater. 

Found in green felspar. Coqnimba 

Blue Vitriol.-Sdphate of Copper, Cymosc.-Cu O + 8 03 + 5 H 0. anozthic. 
H 2.5 6 2.19 - 2.30. Case 55. Frac. conchoidal. .Semi-transparent, translucent. 
Lus. vitreous. Col. blue. 811.. white. Rather brittle. B. fusible. Soluble in water. 

Found in mines, and in the water of mines. Sweden, Hungary, Cornwall, Anglesea, 
Wicklow, Sedie, Crprus, Sibaria. After being purxed, nsei in ,the manufactures, for 
dyeing and electrotyping. 

Brochantite.-Prismatic Dystome, ilialadite, X&vigite.-(Cu O $ 8 OS) + 
3 (Cu O + H O) .  pzismatic.  H 3.5 - 4'0 G 3.87 - 3.9. Case 55. F~ac. con- 
choidal. Transparent, translucent. Lus. vitreous. Col. green. Str. green. B. infusible. 
Soluble in acids. 

Found in Siberia, Hungary, Iceland, France. 

Lettsomite.-Pelvet Copper Ore, Z C q 1 $ ~ v a ~ n M - 2  S 02 + 6 CU O + Ai 0 3  + 
12 H O. Case 55. Capiiiary crystals. Translucent. Lus. pearly. Col. malt  blne. 

Found mith malachite at Moldawa, in the Banat, coating the cavities of an oside of iron. 
It is emtremely rare. 

Linarite.-Cupreous Su@hate of Lead, Bz2logenic ZeadBal.yta.-(Pb O + S 0%) + 
(Cu 0 + H 0). obl ique .  H 2.5 - 3.0 G 6-3 - 6.43. Case 55. Frac. con- 
ühoidal. Fcebly translucent. Lw. adamantine. Col. deep blue. Str. pale blue. 
Slightly brittle. 

A rare mineral. Found at Leadhills, in Scotland, Spain, and Cumberland. 

Johannite-Sabntlphate of Uranium, Hslii;arUmatie Euchlm Salt.-oblique. 
H 2.0 - 2.5 G 3.191. Case 55. Frac. imperfect conchoidal. Semi-transparent. 
Zus. vitreous. Coi. green. Btr. green. Sectile. Taste slightly bitter. Soluble in 
hydrochloric acid. 

A very rare mineral. Fomd at Joachimsthal, in Rohemia. 

Anglesite.-Su2phale of Lead, Prismutic Lead Baryla, G a d  Pitriol-Pb O + 6 03. 
prismatic. H 3.0 G 6'26 - 6'3. Case 55. Frac. conchoidal. Transparent, tram- IRIS - LILLIAD - Université Lille 1 



lucent. Lw. adamantine. Col. colourless, yeUow, gray, brown, blug green. Str. 
white. Brittle. B. fusible. Slightly eoluble i n  nitric acid 

Prodiiced by the decomposition of gaiena. Baden, Siegen, Silesin, the Hartz, Spain, 
Siberia, Massachusetts, Nissouri, Anglesea, Cornwall, Scotinnd. I t  sometimes contains 
siivrr. 

Lanmkite.-SuTphlo-Cnrdonafc of Lead, Primatoidd Lead Baryta.- (Pb O + 
S 0 3 )  + (Pb O + C 02). Thin plates. H 2.0 - 2.5 G 6'8 - 71). Case 55. 
Transparent. Lus. adamantine. Col. greenlqh or yelIowish-white. Str. white. 
Sectile. B. fusible. PartiaUy soluble in nitric acid. 

Fonnd at Leadhiüs in Scotland, and in Siberia. 
Sueannite.-(Pb O + S O?) + 3 (Pb O + C O?). xhombohedial. H 2.5 

G 6.55. Case 55. Transparent, translucent. Lrrs. resinous, adamantine. Coi. 
white, green, yellow, black. Str. white. B. fusible. Partidp soluble in nitric 
acid. 

Fomd at Leadhiils in Scotland, and Moldawq in the Banat 

Caledonite.-Cupeow Sulphnto-Cardanate of Lead, Pamlomow Lead Bayta.- 
prismatic. H 2.5 - 3-0 G 6.4. Case 55. fim. uneven. Transparent, translueent. 
Lua. resinoos. Cb1. blue. 6tr. blne. Rather brittle. B. fusible. Pnrtially soluble 
in nitric aeid. 

A beautifd minerai. Found ut Leadliiiis in Scotlnnd. 

LeadhiIlite.-Sulphato-Tri-carhnate of Lead, Azolomow Lcad Boyta.-(Pb O + 
S 03) + 3 (Pb O + C O*). prismatic. H 2.5 G 6.26 - 6.43. Case 66. Trac. 
eonchoidai. Transparent, translucent. Lua. resinous. Col white, yeliov, gray, green, 
brown. Str. white. Rathcr brittle. B. fusiblc. Partially ~oluble in  nitric acid 

Found nt Leadliills in Scotland. 

Alum-(E O + S 03) + (Al 0 9  + 3 S 03 $ 2 4  H 0. cabic. $1 2.0 - 2.5 
G 1.9 - 2.0. Case 55. Frac. conchoidd Transpamnt, translucent. Lirs. vitrmus. 
COL white. Str. white. Soluble in water. 

Found as an efflorescence on aluminous rocks mil lata. LipRn I h d s ,  Sicil), St. 
M'ichael, Thuringia, liorway, Yorkshire. Csed as a medic'n , in djeii ", and in the manu- 
facture of leather, pnper, &c. 

Soda Al=.-(Na O $ 8 0;) + (Al  O3 + 3 S 03) + 24 H O. cubic. Ii 2.0 
- 2.5 G 1.88. Case 55. Frac. conchoidal. Transparent. Lus. vitreous. COL d i t e .  
Str. white. Soluble in water. 

Found in the Neapditan Solfatara, Islnnd of Milo, and Mendoza. 

Ammonia Alum.-(N H3 + H O + S 03) + ( N O  + 3 S 01) + 21 IT O.  
cubic. H 2.0 - 2.5 G 1.753. Case 55. Frac. conchoidd. Transluccnt. Lus. vitre- 
ous. Col. colourless, grayish-white. 

Found in clay and in a bed of brown conl. Thurin-iu, Bohemia. 

Alunite.-Alum Stone, Rlomb Iiedral dlum Haloide.-@ O + S 07 + 
3 (A1 O3 + S Os) + 6 H O. xhomboherLaL If 3.5 - 4.0 G 2.69 - 2 8. Trnns- 
parent, scmi-transparent. Lus. vitreous. Col. colourl s, rrliitc, p l i  w, reà, gray. 
Str. white. Brittle. B. infusible. Insoluble in hydrochlok acid. 

Found at Tolfa, Tuscang, Hungary, France. The Hungarinn vnrieties are so hard as t 
be used for ma-stones. IRIS - LILLIAD - Université Lille 1 
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Websterite.-Szcbaulphalc of Alumioa, Ali*minite.-Al O3 + S 0 3  + 9H O. H 1.0 
G 1.6 - 1.7. Case 55. Frac. earthy. Opaque. Lw. d d .  Col. white. Str. white. 
Sectile. B. infusible. Soluble in hydrochloric acid. 

Found in hotryoidal concretions imbedded in clay, ut Halie, Paris, Newhat-en. 

Garnsd0riite.-Pissopha%e.-A hydratez sulphate of alumina and iron. Amor- 
phous. H 1.5 - 2.0 G 1.922 - 1.981. Frnc. conchoidal. Transparent, translucent. 
Lus. vitreous. COL green, brown. Sir. grayish-white, pale-yellow. Brittle. Soluble 
in  hydrochloric acid. 

Found in the dum shale works. Garnsilorf in Thuringia, and Reichenbach in Saxony. 

Voltaite.-Cubic. Frac. uneven. Lus. resinous. Col. black, inclining to 
brown and green. Str. grayish-green. Partially soluble in waler. 

Found in the Neapolitan Solfatara. 

Xauyne.-DodeeahedraZ Amphiyene Spar, Nosean, Lapis Lazulz'.-cubic. H 5 5  
- 6.0 G 2% - 2.5. Case 55. Frac. conchoidd. Transparent, opaque. Lus. vitreous. 
Col. black, brown, gray, blue. Str. light blue. B. fusible. Decomposed by hydro- 
chloric acid, leaving a jelly of silica. 

The brown and gray variety, nosean, is found in volcanic rocks. Laach, in Prussia. The 
light blue and green, hauyne, in volcanic roclrs and lava. Laach, the Rhine, France, Rome, 
Vesuvius. The deep b l u ~ ,  lapis lazuli, found mixed with calcite, mica, and pyrite. The 
Bnikal Lake, China, Thibet, Tartary, South America. Valued as an ornameutal stone ; 
formerly used us the only source of the beautifui pigment c d e d  ultra-marine, which is now 
manufactured artificidly. 

Arsenite.-Ozide of Arsenic, Octahedral Arsenic Acid, Arsenioua Acid.-As 03. 
cub ic .  H 1.5 G 3699. Case 56. .Frac. conchoidal. Transparent, opaque. Lw. 
vitreous. Col. white. Str. 'white. B. volatilizes. Slightly soluble in  water. 

Probably produced by the decomposition of ores coutaining arsenic. Bohemia, Tram 
sylvania, Hanau, Alsace, the Hartz, the Pyrenees. Distinguished from pharmacolite, to 
which it is simiiar, hy being slightly soluble in water. Artficiaiiy formed crystals of 
arsenic not only belong to the cubical system but also to the prismatic, being then isomor- 
plions with valentinite. A very poisonous substance. 

Pharmacolite.-ArseniatL of Lime, Henaiprismatic Euclase Haloide.-2 CP O + 
As 05 + 6 H O. oblique. H 2.0 - 2.5 G 2-64 - 2.73. Case 56. Transparent, 
translucent. Lus. vitreous. Col. white, yellow. Str. white. Sectile, thin plates 
flexible. B. volatilizes. Soluble in  nitric acid. 

Found in Bohemia, Baden, the Hartz, Hessia, Thuringia, Alsace. 

ICuhnite.-AnJiydrous Arseniate of Lime, Berze1ile.-3 R O + As Os, vhere R is 
Ca, Mg, and Mn. H 5.0 - 6.0 G 2.52. Case 56. Frac. uneven. Lus. waxy. 
Col. white, yellow. Brittle. B. infusible. Soluble in nitric acid. 

Found in cleavable masses at Langbanshytta in Sweden. 

:Baidingexite.-D$ris~nalie Etdase Haloide.-2 Ca O $ As 05 j 4 H O. 
prismatic. II 2.0 - 2 5 G 2.848. Transparent, semi-transparent. Lus. vitreous. 
Col. white. Str. white. Sectile. B. fusible. Soluble in nitric acid. 

A very rare mineral, suppose& to have been found at Joachimsthal in Bohemia, formerly 
considered a variety of phamacolite. 

Rose1ite.-An arseniate of lime, magnesia, and cobalt. p r i s m a t i c .  H 3.0. 
IRIS - LILLIAD - Université Lille 1 
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h. conchoidal. Translucent. Lus. vitreous. Col. red. Sfr .  white. Soluble in  
hydrochloric acid. 

An exîremely rare mineral, found at Schneeberg. 

Phamnacosiderite.-Ame~ziate of lron, Hezaheiird Liroconc Ha2achitc.-3 Fe2 
0 3  + 2 8s 0 5  + 12 H O. cubic. H 2-5 G 2.9 - 3.0. Case 56. Frac. uneven. 
Semi-transparent, translucent on the edges. L t a  vitreous. Col. green, yellow, brown. 
Str. light yeliow. Pyroelectric. B. fusible. Soluble in hydrochlonc acid. 

Fonnd in veins of copper ores. Cornwd, France, h'assau, Saxony, United States. 

Symp1esi te . -An arseniate of iron. o b l i q u e .  H 2.5 G 2.957. Frac. even. 
Transparent, translucent. Lw. vitreous. Col. blue, green. Sk.  bluish-white. 
B. infu~ible. 

Found at Klein Friesa, near Lobenatein. 

Liroconite.-Oetahedral Ameninte of Coppr, LenticuZar Arseiiats of Copper, 
ChaZkop7rncit.-prismatic. H 2.0 - 2-5 G 2.83 - 2.99. Case 56. Frac. imper- 
fect conchoidal. Transparent, transluccnt. Lw. vitreoue. Col. blue, green. Str. the 
sanie. B.  fusible. Soluble in acide. 

Found in Cornwall, Hungary, and Voigtland; very rare on the continent. 

Olivenite.-Rhight Prisnatic Arseniate of Coppcr, Prismatic Olica Xa2achite.- 
(3  Cu O + As 05) + (Cu 0 + E O). p r i s m a t i c .  H 3'0 G 4.1 - 4.38. Case 56. 
Eim. conchoidal. Semi-transparent, opaque. Lus. vitrcous. Col. green, brown. 
Str. olive-green. B. fusible. Soluble in nitric acid. 

Found in Cornwall, Cumberiand, the Tyrol, the Banat, Siberin, the Asturius, Chi. 
Enchroite.-Priamafie Eaeraid Ma2aehite,--4 Cu O + AR O5 + 7 U 0. pris- 

m a t i c .  H 3.5 - 4.0 G 3.35 - 3.45. Case 56. Frac. unercn. Transparent, 
translucent. Lm. ritreous. Col. pale green. Brittle. Soluble in nitric acid. 

A very rare mineral, found in mica date at Libethen in Hungary; named from wxpora 
beautiiul colour. 

Scorodite.-.Uavtinl Avsertinte of Copper, Dystoinic F l m ~  Hz101de.-Fe"= + 
As O5 + 4 H O. prismatic. H 3.5 - 4.0 G 3 16 - 3.30. Cam 56. Frac. un- 
even. Serrii-transpnrent, translucent on the edges. Lus. vitreoiis. Col. green, bluc, 
br0n.n. fltr. white. Rather brittle. B. fusible. So!uble in hydrochloric acid. 

Found in Sarony, Boliemia, Carinthin, Erance, Cornwall, ~ ~ i l s ,  Columbia, Siheria. 

Erinite.-Dystomk iîab~oneine Nalnchitc.-5 Cu 0 + As OS + 2 11 O. H 4.5 - 
5.0 G 4.043. Frac. imperfcct conchoidal. Translucent on the edges. Lus. dull. 
Col. m e n .  SIr. ereen. B. fusible. Soluble in nitric ncid. 

Cornwal l i t e , -5  Cu O + As 05 + 6 H O. Amorphous. H 4.5 G 4.1GG. 
Frac. conchoidal. Col. grecn. B. fusible. 

Found with olivenite in C o m w d .  

R1inoclase.-Oblique P r i m t i c  Arsetkiale of Coppn; Stralderz, Aplnncw, AbicJiife. 
(3 Cu 0 + As 0 5 )  + 3 (Cu O + II O ) .  o b l i q u e .  II  2.5 - 3.0 G 4.19 - 4.36. 
B a c .  uneven. Trarslucent, opaque. Lus. vitreous. a l .  green, dnrh blue. Sfr .  
verdigis-green. Rnther brittle. B. fusible. Soluble in acids. 

Found with liroconite. Corndl ,  Erzgebirge. The c q s t a i s  are extremely minute. IRIS - LILLIAD - Université Lille 1 
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Tamarite.-Rhomboidal Arseniate of Coppr, Primatic Coppw Xica, Chalkophyllit. 
-1hombohedra1. H 2.0 G 2.435 - 2.659. Frac. conchoidal. Transparent, 
trauslucent. Lus. pearly or vitreous. Col. green. Gtr. green. Bectile. B. fusible. 
Bolulle in aoiàs. 
. Found in veins of copper ores in the mines of Cornwall 

Tyro1ite.-Eupfm~cham, Prismatio Euchlors Nha.-(5 Cn O + As 03 + (Cs O 
+ C O?) + 10 H O. pxismstic. H 1.0 - 2.0 G 3.02 - 3098. Case 56. h n s -  
lucent. Lus. pearly or vitreour. Col. green, blue. Str. the same. Very sectile. 
In thin leaves flexible. B. fusible. Soluble in hot nittic acid. 

Found with ores of copper in fibrous groups of a delicate silky lustre. The Tyrol, 
Hnngary, the Banat, Thuringia. 

Xonichalci te-2 (R O + As 05) + 3 H O, where R is Cu and Ca. H 4.0 - 4.5 
G 4.123. .Frac. splinteiy. Sranslucent on the edges. Lm. vitreous. Col. green. 
Sir. green. Brittle. 

I n  reniform masses supposecl to have been f o n d  at Hinojosa in Andalusia. 
Eryîhine.-Red Cobalt, Cobalt Bioom, Arseniate of Cobalt, P~ismalio Cobalt Nieu.- 

3 Co O + As Os + 8 H O. obl ique .  H 1.5 - 2.0 G 2.9 - 3.1. Case 56. 
Transparent, trauslucent. Co?. red, gray, green. Str. red. Sectile. I n  thin plates 
flexible. B. fusible. Soluble in hydrochloric acid. 

A beautiful mineral, fonnd in  beds and veins with ores of cobalt. Saxony, Boliemia, 
Thuringia, Hessia, Baden, Danphiné, the Pyrenees, Norway. Wheu found in suffirieut 
quantity, it is used in the mmufacture of smait. Distinçuished from red antimony and red 
copper ore ùy yielding a blue glass with borax before the blowpipe. 

ICottigite.-Zn 0 + As O5 + 8 H O. ob l ique .  H 2.5 - 3.0 G 3.1. Tram- 
lucent Lus. silky. COL red. Str. reddish-white. Soluble i n  acids. 

Found with emaltine in the Daniel mine, Schneeberg. 

Annabergite.-Arsenwte of Nickel, Nickel Blwm.-3 Ni O + Ba 05 + 8 H O. 
ob l ique .  H 2.5 - 3.0 G 3,078 - 3.131. Case 56. Col. green. Str. g~eenish- 
white. B. fusible. Soluble i n  nitric acid. 

Found in the Hartz, Hessia, Thuringia, Saxony,.Bohemia, Dauphiné, Texas. 
Vivianite.-Phosphate of Iron, Blsre Iron, Diehrml ic  Emlase Haloide, Angh~ile, 

Xtrllicite, PrBsmatic Iron Mica.-3 F e  O + P O5 + 8 H 0. o b l i q u e .  H 1'5 - 
2.0 G 2.6 - 2.7. Case 57. Transparent, translucent. Lus. pearly, vitreous. Col. 
green, blue. St,: white, becoming blue on exposure to air, powder of the mineral 
b rom.  Sectile. Thin plates flexible. B. fusible. Soluble in hydrochloric acid. 

Found in minerai veins and lava, the earthy varieties in peat-bogs. Transylvania, Com- 
rd, Bavaria, New Jersey, Isle of France, Crimea, Shetland Islands, Isle of Man. Some- 
times used as a pigment. 

Dufxeniie.-Phosphate of Iron, Crun&en Stein, Green Iron Br15 AlZrnudite.- 
p r i s m a t i c .  H 4.0 G 3.50 - 3.55. Case 57. Transparent, opaque. Liu. vitreous. 
Col. green. Str. light green. Brittle. B. fusible. Soluble in hydrochloric acid. 

Fomd a t  Siegen, Hiichberg in Reuss, m d  Limoges in France. 

Diadochite.-Fe 3 3  + 2 P 0 5  + 4 (Fe 03 + S 0 3 )  + 32 H O .  Amorphou. 
H 3.0 G 2.035 - 2.037. Case 57. Frac. conchoidal. Tranducent, opaque. Lw. 
vitreous. Col. yeliow, brom. Slr. white. B. fusible on the edgea. 

Found in aium shale worka near Grafenthal and Saalfeld in Tliuringia 
IRIS - LILLIAD - Université Lille 1 
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2wiselit.e.-Xiw Aptite, Iron ApatPte.-R F1+ (B O + P Os), where R is  Fe 
and Mn. prismatic. H 5.0 G 3.97. Frm. imperfect conchoidnl. Translucent on 
the edgee. Lua. reainous. Col. clove-brow. Btr. grayish-white. B. fusible. Solublc 
i n  hot hydrochloric =id. 

Found in ciytalline masses nt Zwisel in Bwaria. 

Triplite.-PhospAatc of ~Uangnneae, Pitcl~y Iron Ore.-(4 Fe  O + P Os) + (4 N n  
O + P 0"). pr i smat ic .  H 5.0 - 5'5 G 8.6 - 3%. Case 57. Frac. imperfect, con- 
choidal. Translucent on the edges, opaque. Lm. resinoua. Col. brownish-black. 
B k  yellowish-gray. Brittle. B. fusible. 80luble in  hydrochloric acid. 

Found in crystalline masses in granite. France, United States. 

Triphpline.-Tetraphylwie, Pmow~kine.-(Li O + P 05) + 6 (3 F e  O $- P 0 5 ) .  

obl ique .  H 5.0 G 3.6. Case 57. Frne. imperfect conchoidal. Trnnslucent on thc 
edges. Lw. resinous Col. greenish-gray, spotted with blue. Str. grqish-white. 
B. fusible. Soluble in  hydrochloric acid. 

Founà in granite aecompanied hy b e q l  Rabenstein in Bavaris. 

De1vauxine.-Delvauzite.-2 Fe? 93 + P 0 s  + 24 H O. Amorphous. H 2-5 
G 1.85. Case 67. Frm. conchoidal. Opaque, translucent on the edges. Lw. wary. 
Col. black, brown, yellow. Sb. light brown. E. fusible. Soluble in hydrochloric 
acid. 

Fomd near Visé in Belginm. 

meterosite.-5 R O + P OS + 2 H O, where R is F e  and Mn. obl ique .  
H 4.6 - 5.5 G 3.524. Cnse 57. Frac. uneven. Translucent ou the eùges, op. que. 
Lus. resinous, dull. Col. gray, blue, violet. 8tr. rd.  B. fusible. Soluble in h ~ d i o -  
chloric acid. 

Found in granite. Hureault, near Limoges in France. 

Hureau1it.e.-HwaJite.-5 R O + P O' + 8 H O, where R is Mn or Fo. 
oblique.  H 5.0 G 2.270. Frnc. conchoidai. Transparent. LM. vitreouo. Col. 
yellow, red, bronn. B. fusible. Soluble in hydrochloric acid. 

Fomd in granite. Hureault, nenr Limoges in Frnnce. 

Libetbenite.-Phosphde of C ~ p p e r ,  A w t n n t i c  Olioenite, Diprirniat 'c Olire &la- 
chite.-(3 Cu O + P 0') + (Cu O + H 0 )  pxismatic.  II 4.0 G 3'8 - 3.8. 
Case 67. Frac. cmchoidal. Trmlucent on the edges. Lua. teninoua Col. olive- 
green. Str. olive-green. Brittle. B. fusible. Soluble in nitric acid. 

Found in mica &te and with aiabohiîe. Hunga~y, the mine, C r n w d ,  the Cr 1, 
Chili. 

Xrpptolite.-EyptoZith.-A phosphate of o d e  of cerium. G 4.6. Transparent. 
Col. paie yeiiow. Decomposed by warm hydrochloric ocid. 

Found in parnllel acicular crystals, imbedded in massive opatite, from wXcL it  ia sel a- 
rat& by dinsolving the apatite in dilute nitric aciè -4rendnl in Norwaj. 

Thrombolite.4 Cn O + 2 P 0' + 6 H O. H 3-CI - 4-0 Q 3.381 - 3401. 
Pm. conchoidal. Opaque, tramlucent on the eùgee Luil. vitreous. C d  greer. 
Slr. green. Brittle. B. fusible, 

Fonnd massive with mdnchite in iimestone. Eetzbinga in Hnngas. IRIS - LILLIAD - Université Lille 1 
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Perowskite.-(Ca O + Ti Oz). cubic.  H 5.8 G 3.99 - 4.017. Case 37. 
Opaque. Lw. adamantine. Col. black, reddish-brown. Str. grayish-white. B. in- 
fusible. Acted on v e q  feebly by hydrochlonc acid. 

Found in iimestone and ehlorite slate. Vogsburg and the Urd. 

Mengite-SupposeE to contain oxides of iron and manganeae, titanlc acid and 
zirconia. prismatic.  H 5.0 - 5.5 G 5-43. Fvac. uneven, conchoidal. Opaque. 
Lacs. metaliic. Col. iron-blaok. Str. brown. B. infusible. Soluble in hot concen- 
trated sulphurio acid. 

Foimd in albite in Siberia 

Po1ymignite.-Prismatic MeZans Ore.-Prismatic. H 6.5 G 4.75 - 4.81. 
Case 37. Frac. conchoidai. Opaque. Lus. metallic. Col. iron-black. Sir. dark 
brown. Brittle. B. infusible. Decomposed in powder by concentrated sulphuric 
acid. 

Found in syenite and basnlt in Norway. 

Pergusonite.-Pyramidal Melane Ore.-(6 R O + T a  07, where R is Y, Ce, and 
Zr. pyramidal. H 5.5 - 6.0 G 5.8 - 5.9. Case 37. Fvm. conchoidal. Opaque. 
Lus. imperfect, metallic. Col. blackish-brown. Slr. pale brown. Brittie. B. infusible. 

Found in quartz in Greenland. 

Polykrase.-Prismatic.  H 6.0 G 5'105. Frac. conchoidal. Translucent in 
thin fragmenta. Lto. metallic. &X black. Str. grayish-brown. B. infusible. De- 
composod by hot sulphuric acid. 

Found in granite in Norway. 

Xschynite.-Prismatic.  H 5.5 G 5.1 - 5.2. Case 37. Frac. jmperfect 
conchoidal. Faintly translucent on the edges. Opaque. Lw. imperfect metallic. 
Col. iron, black, bromn. Str. yellowish-brown. Brittle. B. nearly infusible. Par- 
t i d y  decomposed bg coneentrated sulphuric acid. 

Found in a rock consisting of felspar, albite, and mica, near Miask, in the U r d  

Ma1acone.-Pyramidal. H 6.0 G 3.903 - 3.913. Frac. conchoiZaL Lw. 
vitreous. B. infusible. Decomposed by hot sulphuric acid. 

Found at Hitteroe in Norway. 

<Erstedite.-Ppramidal. H 5-5 G 3.629. Case 37. Translueent. Lus. 
adamantine. Col. yellowish-brown B. infusible. 

Found at Arendal in Norway. 

Mosandrite.-H 4.0 G 2'93. Case 37. Translucent in thin fragments. Lus, 
resinous. Col. browa MT. grayish-brown. B. fusible. Decomposed by hydro- 
chloric acid. 

Found in syenite. Xormay. 

Kei1hanite.-Ytfrotitanile. H 6.5 G 3.69. Case 37. Frac. conchaidai. Trnns- 
lucent. Lus. vitreous. COL brownish-black. Str. grayish-brown. B. fusible. 
Decomposed by hydrochloric acid. 

Found at Euon in Nonvay. 

1serine.-EezaLdrd Iran Ore, Ozidulous î'itanitic Iran.-Fe 07 RZ 0 3 ,  nrhere IRIS - LILLIAD - Université Lille 1 
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Lunnite.-Hydrmu Phosphate of Co?per, Hemiprismatic D y a t m  Nalaclrite, Phos- 
pnocha-ite, psmdo ma1achitc.-(3 Cu O + P 05) + 3 (Cu O $ H 0). o b l i q u e .  
E 4.5 - 6.0 G 4.0 - 4.4. Frac. conchoidal. Semi-transparent, translucent on the 
edges. Lus. vitreous. Col. green. Str. green. Brittle. B. fusible. Soluble in 
nitric acid. 

Found in grauwacke-slate. Bavaria, the Rhine, Reuss, the Urai. 

Eh1ite.-5 Cu O + P 05 + 3 H O. H 1.5 - 2.0 G 38. Lw. pearly. COI. 
green. Str. pale green. 

Found in reniform and botryoidal masses. The Rhine, the Ural. The Kupferdiaspore, a 
fibrous mineral from Libethen, is supposed to be ehlite. 

Autunite.-Yellow üranite, Uan-mica, Phosphale of Uranium, PyramidaZ Euchlore 
M&chits.-(Ca O + P 05) + (2 U2 O q P  05) + 8 H 0. p y r a m i d a l .  H 1'0 
- 2.0 G 3.0 - 3.2. Case 57. Transparent, translucent. Lus. pearly, vitreous. 
Col. yellow, green. Str  yeUow. Sectüe. B. fusible. Soluble in  nitric acid. 

A heautifd minerai, found in granite near Autun, and near Limoges in France. Dis- 
tinguished £rom green mica by being soluble in nitric acid, and by the brittleness and in- 
elastieity of its thin laminse. 

Torberite.-Copper Uranite, Chukalite, Pyrarnihl Euchlore Malachite, Green ïira. 
nile.-(Cu O + P O b )  + $4 Uz O3 + P 05) + 8 H O.  pyramida l .  H 2.0 - 2.5 
G 3.6 - 3.6. Case .57. Transparent, translucent. Lw. pearly and vitreous. Col. 
green. Str. green. Rather brittle. Soluble innitric acid. 

Found in date anil granite. Sasony, Bohemia, Bavaria, Cornwall, Urtited States, Bel- 
gium. 

Xenotime.-Phosphate of Yttria, P71osphytytlrite.-3 Y O + P OS. p y r a m i d a l .  
H 4.5 - 5.0 G 4.39 - 4.557. Case 57. Frac. splintery; Translucent, translucent 
on the edges. Lus. resinous. Col. brown. &. light brown. Brittle. B. infusible. 
Insoluble in acids. 

A very scarce mineral, found in granite. Norway and Sweden. 

Wave1lite.-Lnsionite, Dsvonile, Phosphate of Alumina, Prisinatio Wavelline 
HaloXe.-3 Al O3 + 2 P 0 5  q- 12 H O. p r i s m a t i c .  H 3.5 - 4.0 G 2.3 - 2.4. 
Case 57. Frac. imperfect conchoidal. Transparent, translucent. Lua. vitreous. Coi. 
colourless, gray, green, yellow, brown Str. white. Brittle. B. infusible. Soluble 
in acids. 

Found in slnte and granite. Devonshire, Cornwall, Ireland, Scotland, Bohemia, Szony, 
Greenland, the Brazils, Pennsylvania. 

Gibbsite.-Hydra+gyIZ;te, Fehobanyite.-Al 03 + P 06 + 8 H O, mixed with 
A1 O3 + 3 H O. Botryoidal masses. H 3.0 G 2.20 - 2.44. Case 19. Feebly 
translucent. Lw. dull. Col. greenish, grayish, yellowish-white. Brittle. B. in- 
fusible. Insoluble in hot hydrochloric acid. 
r Jn a mine of brom hematite. Richmond, Massachusetts. 

K1aprothine.-Lazulite, Poraulite. Amrite, Blue Spa?.-2 (R O + P 0 5 )  + (Al 0 3  

+ 3 P OS) + 6 H O, where R i d g ,  Fe, and C a  oblique.  H 6.0 - 6-6 G 3.0 - 
9.121 Caae 57. Fislc. unevm. Transparent, opaque. Zua. vitreous. Col. blue. 
Str. white. Vcry brittle. B. infusible. Not soluble in ncids. 

Found in crys?ds and massive. Saltzburg, Styria, Lower Austria, the Brseils. IRIS - LILLIAD - Université Lille 1 
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Hexderite.-PrLsmatio Fluor Halode.-An anhydroua phosphate of lime and alu- 
mina and hydrofluoric acid. prismatic. H 5.0 G 2985 - 2.99. J'rac. con- 
choidai. Transparent. Lus. vitreous. Col. yellow, white. Str. white. Veq- brittle. 
B. fusible with di icul ty.  Soluble i n  hot hydrochloric acid. 

Found very rarely in the tin mines of Ehrenfriedersdorf in Saxony. I t s  crystaia 
resemble those of that variety of apatite which is caiied asparagus Stone. 

Amb1ygonite.-Pr&matic Atnblygonite Spar.-A phosphate of alumina. pris- 
matic. H 6'0 G 3.045 - 3.11. Case 57. Frac. uneven. Semi-transparent, tram- 
lucent. Lw. vitreous. Col. white, gray, green. Str. white. B. fusible. Soluble in 
sulphuric acid. 

Found with tourmaline and topaz in granite. liaxony, Korway. 

Tuxquoise.-Calaite, Uneleavabb Azure #par.-A hydrophosphate of alumina. 
a m o r p h o a n .  H 6.0 G 2.62 - 3.0. Case 57. Frac. conchoidai. Transluccnt on 
the edges, opaque. Lus. waxy. Col. blue, green. Str. greenish-white. Not very 
brittlc. B. infusible. Soluble in  hydrochloric acid. 

Found in renifom and botqoidai masses. Prrsia, Thibet, Silesin, Lusatia, Saxony. 
Sold in the large tawns of Persia in smnll mnsses, but in great quantities. l u t  and polislied, 
i t  is med for ornamental purposes ; when its colour is good, it is greatly valued as a gem. 
The occirlcnial iurquoire, from Lower Languedoc, is a Ter). diierent substance, being hone 
coloured with phosphate of irou. 

Fischerite.-2 Ai Oa + P O5 + 8 R O. H 5-0 G 2.46. Transparent. Lua. 
vitreous. Col. green. Soluble in sulphuric ncid. 

Found in smail six-sided prisms. The Ural. 

Rakokene.-A hydrophospliatcof alumina and iron. G 2 336- 338. Case 57. 
Translucent, opaque. Lw. pcarly. Coi. yeilow. Slr. yellow. B. fusible. Soluble 
i n  ncids. 

Foiind in Bohemia, Bavaria, and the Cnited States. Derives its nnme from KMOS bad 
nnd &vos a gueet, on account of the injurious effect of the phosphorus which it coutains on 
the qunlity of the iron extracted from it as an ore. 

Childrenite.-A phosphate of alumina and iron. prismatic. H 4.5 - 6 0. 
Case 57. Frac. uneven. Transparent. Lua. vitrmus. Col. whitc, yeiiow, brown. 
S f r .  white. 

Found on date ana quaitz. Criunis in Cornwnll and Devonshire. 

Wagnente.-Hemipris~~taiie Fluor HaIoidS.-Mg F + 3 M g  O + P 05. obl ique .  
H 5.0 - 6.5 G 2.98 - 3.13. C u e  57. Frac. conchoidal. Transparent, traneluccnt. 
Lue. vitreous. Cd. yellow, gray. Slr. white. Brittle. B. fusible nith d i 5 ~ u l t y .  
Soluble in hot nitric acid. 

An extremely rare mineral, fonnd in cqqtnls with quartz in the crevices of a cla) slnte 
rock in the vaiiey of Hoiiengraben in Saltzburg. 

ifIonazite.-iife>igilc, Edtcardsite, Ermite.-A pbosphatc of tho oxidea of cenum 
and lanthanium. ob i iqae .  H 5.5 G 4-8 - 5.0. Case 57. Frac. uneven. Semi- 
trnnsparent, tramlucent on the edges. Lus. resinous. Col. broum, rrd. Sfr.  reddish- 
yellow. B. fusible with difficulty on the edges. Decomposed b p  hydrochlono acid. 

Found in a mixture of felspar, aibite, and mica Siberia and the United States. 
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Baryta.-(Pb O f Cl) + 3 (3 P b  O + P 0 5 ) .  r h o m b o h e d r a l .  H 3-5 - 4-0 G 6.9 
- 7.1. Case 67 A. Frac. imperîect conchoidal. Semi-transparent. Lus. resinous. 
COL green, brown, yellow, gray. Brittle. B. fusible. Soluble in nitric acid. 

Found with galena Bohemia, Saxony, Baden, the Hartz, France, Hungary, Cornwall, 
Cumberland, Durham, Yorkshire, Derbyshire, Scotland. 

Mimetite.-Arsemk?e of Lead, Brachytypous Lead Ba~yta ,  Arsenite, Hedypllaner  
Pb C1 + 3 (3 P b  O + bs 05). r h o m b o h e d r a l .  H 3.5 - 4.0 G 7.18 - 7.28. 
Case 57 A. Frac. imperfect conchoidal. Translucent. Lus. resinous. Col. green, 
yellow. Slr. white. Brittle. B. fusible. Soluble i n  nitric acid. 

Found with galena. Saxony, Baden, Cornwall, Devonshire, Cumberland, France. 

A p a t i t e  -Phosphata of Lime, TaIEapatite, Framdite, Morozite, Asparagus Stone, 
PhospJ~ovi'e, Rho1,z6ohedral F h o r  Haloi&.-Ca F1 + 3 (3 Ca O + P 05). r h o m b o -  
hedxal .  H 5.0 G 3.18 - 3.21 Casc 57 B.  Frac. conchoidal. Transparent, trane- 
lucent. Lus. vitreous. Col. colourless, white, gray, blue, green, yellow, red, bromn. 
Sir. white. Brittle. B. fusible with difficulty. Soluble in  hydrochloric acid. 

F o n d  in granite, gneiss, slnte, mnrble, basalt, and in metdlic veiiis. Spnin, the Tyrol, 
nohemia, Saxony, Cornwall, Devonshire, Cumberland, Konvay, Vnited States, Bavnria, 
vrauce, the Vrai. Xained apatite I>y fferner, from ara.raw to deceive, on account of the 
deception it so long cnused to the older mineralogists. 

Fhosgenite.-jllurio Cal-boiîatc of Lead, Iioru Leaci, Cor?zeous Lead.-Pb Cl + 
Pb O + C W. p y r a m i d a l .  II 3.0 G 6-0 - 6.2. Case 57 B. Frac. conchoidal. 
, ?  Iransparent-translucent. Las. adamantine. Col. colourless, white, gray, yeliow, 
green, brown. Sh. white. Brittle. B. fusible. Soluble in  nitric acid. 

A v e q  rare mineral. Found in crystals and globular messes. Natloclr in Derbyshire, 
Cornwnil, 3lassachusetts. 

Soda1ite.-Dodecahedrnl dinphigenc Spav, DodecnAedral Zeo1itc.-Na Cl f 3 (Sa  O 
+ Si O?) + 3 (Al OS + Si 0'). cubic. H 6 0 G 2.287 - 2.292. Case 57 R. 
Trac. conchoidd. Scmi-transparent, translucent. Lw. vitrcous. Col. colourless, white, 
j-cllom, gracn, gray, blue. SW. white. B. fusible. Decomposcd by hydrochloric 
acid, Icavirig a. jelly of silica. 

Bound iu lava, mica date, and syeiiite. Sicily, Greenland, Siberia, Norway, United 
States. 

Eudia1yte.-RJ~otnliohedvaZ Almandine Spar.-2 (R O + Si 0') + (Zr O + Si O?) 
where R is Na, Ca, Fe, and Mn. r h o m b o h e d r a l .  H 5.0 - 5.5 G 2.84 - 2.93. 
Case 5 7 ~ .  Frac. conchoidal. Translucent on the edgcs. Opaque. Lus. vitreous. 
Co7. red. St,: white. Slightly brittle. B. fusible. Partly decomposed by hydro- 
chloric acid. 

Found at Kangerdluarsuk, in West Greenland. 

Pyrosma1ite.-Azotoinous Perl Mica.-15 (Fe O + Si O?) + 15 (Mn O + S i  O?) 
+ 3 (Fe? 0 3  + II O) + Fe2 Cl'. r h o m b o h e d r a l .  H 4.0 - 4-5 O 3-0 - 3.2. 
Case 67 B. SUC. uncven. Translucent, opaque. Lus. pcarly or resinous. Col. 
brown, green. Str. lighter than thc colour. B. fusiblc. Decomposcd by hydro- 
chloric acid. 

A rare mineral. Found in attached and imbedded crystals. Smeden. 

Fluoz -Fl>rnie of Lime, Octalredral Fluor Auloide, Fhmr $par.-Ca FI. cabic. 
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.\luru Bay. Isle of Wight. sott sands of. 161. 
.Uum shnle of thc Yorkshire wmt ,  j i ,  86. 
.iliiminous s üs. 193. 
Amazon. thc r ,Cr, its rast  magiiltude, 18 ; im- 

mense deposita of the. 38. 
America. river sjstcms of, 18 : phplcnl gcogmphy 

of, 22; numer iisbedsin. 119. 
Ammonïtrs  diauIcAtas(froni*4mmon thcrnm's- 

Iiorncd Lyhiau dclty, and Lnt. bisulcafur dou- 
blC.fiirr0~ d) .  a Iia~f~SSil. 91, 95, 96. 

-4. htrllnftrs (from Lat. btillafur dudded). an  
oolite fossii, 97. 

A. J m o n .  nn oolite fcssü, 9q, 99. 
lmrgdoloid (Gr. fImq'~dfl!fl nn almond. and 

A Animals. distribution of. on too earth. throogn 
.Lbsorption of liglit. 134. 135 thc diRereiit pcrloùs offime. 61 cf J p.; bonea 
.\dcbhrg. cavcrns of. 1 1. of, fouit I in thc ArcUcre4 nr. 64 . ndupration of 
Ldit le\clofn mino, 279. 1 e\cr) part of tho sLel ton of, 64.65 ; on e CS- 

leriui perspccti e. 1 l i j 4  31 prin ipl s of, 141. 

l 
hting in our o a n  islnnd,iO ; in South America 

\Mea. physiul geograpliy f. 21. and A stralin. ib.; of the r d  sm&t  ne f  m a -  
L,licultural geo10g.y~ 191 ; kiio~1cd:e of neccs- tion. Y?, 93; extinct rnccs of. 1-6. 

sary, 192. Anoplothorinm (Gr. nnoplor unnrm 1, and :le- 
Igriculttue. application of ge I gy i ~ ,  130; relu- ri n a wild beist . a cauiit aftlic. 119. 12% 

t o n  of rreolo;, to. 195. I Aiithm ite. constitnents of, 230. 
Apioerinite (Gr. n p ~ o n  a pcm, and kr in  n a 

Ely), a mid Ilo O ,lit0 Iossil, 93,99. 
Aptcryx (Gr. o nn I pferyx wsnting winnl) , UIO 

wiii,less bird of A c w  ZE Innd. 65. 
41ueous action on the enrtli's siufnce. 37. 
,\que ,us rocks. 47, a8 ; nrruiigc ncnt of. 59. 
Aqiie us the ry of min r d  reiiis. 269. 
A r  3ù a, li nestono niouotnius on th0 wirst OC 

152. 
Architc t ml gcolosy, 201. 
Arct c m ions. bonci of tropical unimnia f o u d  ln 

the. 64. 
Art. dcpciidonce of, on science, 132. 
.\rlcsinn sprinps. the gcolu,i ni princlples of. 201. 
Ariist. imgortnnca of sci i1i0c knowlcùge fo the. 

131. 

eidos resemhlniiee), r i l i s  y> rnüed. 48. 
Ancylocezaa (Gr. ankirlor n corrature, niid 

k e r a r  a h ni), a Xeocomiau fussil, 101. 105. 
Andes. mountain chaiii of the, 24. 25. 
-4nlmsl Iiîe, drst condition of. on the earth's sur. 

inca, 77. 

Ahia idiiior, extinct vol a i m  in. 180. 181. 
A d o r l e  el8gflna (tr in A l n r f e  tho bidonian 

g ddcss of k a  it); aiid Lût. c l  g a n r  d e  ut). 
nu oolitc foss 1. 99. 

Ailniitic. niari ie currents iii the, 16. 
Atm si II ru (Lr.  olmor ~apour.  and rpb 1ra  a 

globe), component clcmeits of the, 7, 8;  itd 
uses. 9 ;  chanbesof ila wnditi u. 10; ita nature. 
133; iilusions of tl c. 135, 136; circulnti n oC 
water by ihe, 1 J8. 

Atoll.. f o m d  of wral mefa, 35.36. 
Aogitc rock (Cr. ni g c  glittcring .52. 53. 
Aulovdrn serpeni  (Gr n rlo. a pipe. niid pora 

a porc; Lat. r r r p e n r  uoeping), a d d d  pd;en- 
z i , f  çs1, fil .  

Anrùr~bor  tilis. pl~enomenaoltiic, 137, 13 . 
Anstrnlin, fossil animnls fouiiù iii. 125. 
Ai.rllUnn cnsrzr (Lat. ou r l lono  a fllbcrt nut. 

and cn r r i r  a hclmet), a grecnsand f m s a  107. 
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B Cancer Maerscheilur (Lat. cancer s cmb), 8 
Ballahulish slate quarries in Scotlnnd. 211. tertinry fossil, 120. 
Basalt of volcanic rocks. 1;; : soiis deriveù from, Candies used in mai mines, 444. 245. 

193. Canne1 coal, nature of, 258. 
Basnlticmeks, Iheirnnture, 53.54; sceiicrpof, 181. Carbonifhus Ilmestoue. 153. 
B a i ,  near Dmden,  geoioglcal featurea of the. Carboniferotii rocks. hard sands of the, 168. 

166. 167. Carboniferons sca. condltlon of the. during the 
Bath atone, one of the oolitic series of rocks. 7.98; pulrcosoic epoch, 86 ; sllolls and flshes of the, 8â 

iU qualities as a building material, 207, 408. Cnrbonifcmus a d e s  of fossils, 8'2 el req.;  group 
Batrachinn reptiles (Gr. butraclioa a frog). fos- of, 84; piauts of thc.87 ; coalfurmations. 8, 88. 

silized, 92, 93. Cardin (Gr. kard ia  the heart), a m i l l m  tbssii. 
Beaches, raised, tertlary deposits of, i l .  121. I l i .  118. 
Belemuites (Gr. bebmnon a dart), f&l remains 

80 cniied. 95. 96 : of the secondm oerioù. 11 1. 
. . 

cd), s cretaceoui siiecies, 106, 109. 
BellerBphon, a fossil so cnlied. 64. 
Berdan's machine. used for crusliiiig and m a k a -  

matin* of ores. 253. 
BU& irnprlnt of the foot of a fossil speciea, 61. 
Birds, &antic, fonsiis of, fouud in New Zedand, 

125. 
Bitumlnous mai, ?% ; cnnr,cl a rernarkzble speïi- 

men of, ib. 
"Blnck bands," the ironstoiie of the Cljde dis- 

trict. 263. 
Blackdown fossiis, group of, 106. 107. 
Black-gang Chine, Isle of Wight, stratineù m d -  

rock of, 165; waterfall of. 171. 
Blasting. operatioiis cf. in niinlng, 284. 
lioghend c d ,  analysis of, 229n. 
Zoring for conl, proceas of, 236. 
Boulders, erratic. 121 ; composition of, I d .  
Bradford &y. a subdiuision of the oolite series. 

account of, 71, 98. 
Brard's method of testing building stones, 205 
Brazils, method of working the gold ore in, 253, 

254. 
Brickclnys, geology and contents of, 213.114 
BiUWYig. sandstones usod for, 206 ; limestoncs 

used for, 207; grnuite. marhiea, &c usod for, 
209. 

Bnilding materlnls, properties of, 204 : Brard's 
method of teatiug buildiiig stones. 205. 

Caino-zoic (Gr. kainos new, nnd ~0011lfe) rocks 
M) d e d ,  117, note. 

Caithness Bagstones. account of, 212. 
Calamite (Lat. calamus a reed), acwunt of the 

foasii so d e d ,  83, 224; of the carboniferons 
period, 83. 

Calcmeous mils, 193. 
Calcareous rocks, 194. 
California, methods of working the  gold ore in, 

256. 
Calymene BIumenhachfi (Or. kalymrna a 

corering), a Silurian foasil, 75. 

Cardila peeLunculUris (Gr. kardia : Lat. 
pecten a comb). a tçrtiary fosaü, 118. 

Curdium peregiinuiii (Gr. kardzu ; Lat. pcre- 
grinum foreigii), a Leocoiiiian fossil, 103, lU4. 

C.  H i l l a n u i ~ ~ ,  a b.reciisaiid fowil, 107 
Carn Brea iniiie, ita iiniiiense dcptli, 275. 
Cascalho, rhe Urazilinn namo giren KI the auri- 

ferous detritus, 2.5471. 
Catakccaumenc. in h i a  Minor, extinct volcano 

of, 160. 
Caverns of Dudley Casfle, 1%: of bdelsborg. 1GI ; 

a t  Nottingham CusUe. aiid iu Saron Sivitzer- 
Land, 166, 16;. 

Cemerits, geology of, 213, 214. 
Ceratrtes (Gr. keruo a horn), a snndslonc fussu, 

92, 93. 
C .  nodonun (Gr. kertis, and Lat. nodosus, 

knobby), a snndstone species, 93. 
Cerithium lrexugdnum (Gr. kerna : her sis. 

and gonia nn nngle), a teriiary fwi l .  118. 
Chalk cliffs 0oTYnglaud. 156. 
Chalk formaticn of the secondary epoch, 106; 

fussils of Ille, 106. 107; the Liigbestdepositoi tlio 
secondary series, 108. 

Chalk sponge. iigiue of, 109. 
Cheddar cliRs, limesione rocks of, 155. 
Cheese grotto in the Eifel. 54. 
Chelonia B e n ~ t r d i  (Gr. chelys a tcrtoise), n 

greensand fossil, 10;. 
Chili. method of workiiig the gold ore in. 250. 
Choneler DalmanfBna (Gr. choiie afunnel). 84. 
Cidiiris (Lat. cidavi i  a turbnii), iigure of, 95. W. 
C.  qlandiformis (Lat. glandtjormis acorn- 

shaped), an oulite fossil, LOO. 
Cirrus clouds. 139,140. 
Classiflcntion, Iaw of, in geology. 66 ; of strdtitlcil 

mhs, 70; tabla of, i l  ; of fvssilized flsiies, 79. 
Clay. sofï. picturesquo forma of, 172. 
Clay ironstones of the lias formation, 262. 
Clay rocks, nature of, 171. 172 ; rarictics oCslatcs 

of, 174. 
Clay slute. a metarnorphicrock, 56. 
Cla).s of London and Bnmpshire, i l ,  117; of tho 

secondary rocks, 173; pccdiarities of, varicd in 
plaius, ib .;  varietics of. 174; vaiious wluui-s 
or, 175; varietles in Englaud. 193 194, tlio 
constituent8 of brick, porcelnin. 9 c  .. 013. 214. IRIS - LILLIAD - Université Lille 1 
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Dean's island, fomed  ofcoral mck, 36. 
Delabole niate quarry, county Cornwall. 211. 
Deluis. modem tertiary depsita of, 71. 
Deposita of animal origin, 41. 
Derbyshire. moantain scenery of. 154 ; vaut mi04 

ml fields of. 261. 
Desert, scenery of the, 143. 
Deyelopment, Law of, in geologg, 69. 
Devonian perlod ofthe earth's sorllrce. 78: gronp 

of fossiis of the. 81. 
Dinllage rock (Gr. dial lage difference), 62. 
Diamond washing in miningoperntions. 259. 
Dinotliericun (Gr. deinoi terrible. and therion a 

wild beast), f a 4  remains of the, 119, 123, 124. 
Dimerocriniter Icoridactylur (Gr. dimeres 

divided into two parts, and krinon a lily ; 
eikosi tmntj-, and daktyloi  fiugerri),aBltuiau 

: fOSSi1. 75. 
Distribution of organie beinp,  l a n  of, 67 
Divhing roù, adopted for the disoovery ofa mine- 

rnl veiii. 453n. 
Dodo. nn extinct species of bird. 65. 
1)oors for preventing explosims in mal  mines, 244. 
Dove Dale. connty of Derby, scenery of, 155. 
Drninqe inminines, 283,284. 
Draining of lond, opcrations for the, 195.1%. 197. 
Dressing thc ore in mines. B I .  
Drift, deposits of. 121. 
Dr fts in mines, 218. 
Dudley Castle, careriis of. 158. 
aurham, vnst mineral fields of, B I .  
Dykes, a p p a n c a  of. in wa l  iielùs, 233; mineral 

speciniens imm, 234 n .  
Dysarter  (Gr. dgs imperfect, and as ter  a star). 

a u  oolite fosail, 97. 

E 
U R T E ,  physicnl history of the. 1 et aeq . ;  its 

form. 2: i t s su r fw.  i d .  ; sceneryon the surface. 
3 ; different dimates and varieüee, i l .;  its an- 
cient &tory, ib.; materiala of whieh it is Souu- 
ded, 5 ; proportion of land and sea. ib.; map 
0fthc.6: ita geographical and geoloeical fentureu, 
19; skeleton of the, PO ; continents of the, 21 ; 
ita interiorheat, 87.28; change of level of land, 
33, 34 ; a large portion of ifs crust exposed to 
sudden changes. i b . ;  important changea on its 
surfnca û'om queous and igneous action, 36, 
3; el aep., 77; doposits of animal origin,41 ; 
continual changes un ita surface, 43, 70; mate- 
rials of ita cruai mangeri in definite order, and 
in  various layers. 43. 65 ; theory of its iirst for- 
mation. 44; order in the arrangement of its sur- 
facematerials, 45; primæval state of the, 76; its 
m i c  condition, 77; great chaiiges that have 
a t e d  its surface, 126; lts form m d  struc- 
turc, 142; wnstituent elements ofthe, 198. 

ihrthquakes, physieal cliaracterhtics of. 31,32 ; 
nolent effects of, 32, 33. 

rocks in the, S. 
Egmont, Monnt. volcanic coneof, in HewZcnLuid, 

1 :9. 
Rlba, I d e  of. iron ore found in the, 270. 
Electrieaithwry ofthe formation of mineral veina. 

271. 
Elements, the enbstancea so celled, f i ;  difIiculty 

of understandhg th& properties, ib.: forces 
acting npon them, id.; tlieir action on the 
earth's surface. 42. 43. 

Elephnnts. frozen in Siberia, ô4 ; of the newer ter- 
t i i e s ,  124. 

Elk. grcat Irish, fosilized, 93. 
Encriiiital stems (Gr. krinon a Uy), carbonife- 

rous fossils, 84. 
Enci in i t c r  inoniliformir (Gr. krinon, and 

Lat. monile and forrnn necldace-foim), red 
sandstono fossils, 92, 93. 

Engineering, applicatioii ofgeology m. 130, 196. 
EocGne (Gr. eoa d a m ,  and kuinos new), a term 

applied to ihe funii.ition of the tertiary epoch 
i l 6  note. 

L-ryon arctiformie (Gr. eryo  in draw; Lat. 
arclus sleiider, nud forma shape), an oolite 
f o d ,  99, 101. 

Escars. hilla so culled, 151. 
Europe. pligsieal googrnphy of, 21, 22; its mild 

ternperatm, 26. 
Explosions, in coal mines 241 ; plans for prevent- 

ing. 243, 241; effects of weather and s ~ n  on, 
247. 

F 
Faiamor:Xna, ntmospheric iilusion of the, 136. 
Fnults in con1 bcds, 231-233. 
F&yx rock (Ger. felsp a th  a crystallized mine- 

rai), 52. 
Fcns, drainage of. 19G; of Lincolnshire, 197. 
Pems of the carboniferou pcriod. 89. 
Ferlility of soils. causes of, 193. 
Fine arts, application of geology to the, 131. 
ï iya l ' s  Cave. Stnffa, basaltic formation of, 181. 
Fire clays,propertlea of, 214. 
Fire-diimp in con1 mines. 239,240 ; accidents from, 

241,242; fatal effeds of the, 250. 
Pirestone of DIantel. 106. 
Fishes. climi6caiion of, 79; fossilizedscales of, s'b .: 

tails of. 80; ofthc pilaozoie period, 05; of the 
carboiiirerous period, b6 ; of the lias forniation, 
95, 96; fusail remnins of, in thechalkformation. 
108; of the seeoiidnry period. 11 1 ; of tho ter- 
tinry period, 117 ; ofthe older tertiaries. 125. 

Flag8toiies, silicious rock combined witli argilla- 
ceous malier, 210. 211 ; various quaiitieaof, 212. 

Flat veins in minlug. 265. 
Foriminiferons i h e h  (1 î t .  foramen an openiiig 

or door), greonsand fossils, 107. 
Forearounà, an important featum hl la?dticei>c, 
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FLUATES. 551 

H 4-0 G 3-017 - d.188. Case 58. Frac. conchoidal. Transparent, translucent. 
Lw. vitreous. Col. colourless, white, gray, yellow, red, blue, green, black. S~T.  white, 
Brittle. B. infusible. Soluble i n  nitric and hydrochlonc acids. 

Found in veins i n  tertiary limestone, p o r p h ) ~ ,  and porphyritic greenstone. Saxony, 
Bohemia, Bad~o ,  Cornwall, Devonshire, Derbyshire, Cumberland, Northumberland, the 
Banat, Norway, Paris, Benfrewshiie, Siberia, United States, Mexico, Vesuvius. The large 
qs ta l l ine  masses of Derbyshire presenting a concentric arrangement of varions colours, 
piincipaiiy blue, is lrnown by the name of Blue Jol~n. It is turned on the lathe into i lses  
and otlier ornaments. Fluor is used os n flux for the metallic ores, hence its name fxom 
the Lutin fluo tojiow. 

Flue1lite.-Rwrride of A1tminium.-prismatic. Case 53. Translucent. Col. 
white. 

A v 17 rare mineral, found on granite, at Stems Gwyn, in Cornwall. 

Plnocerite.-Neutrai l%utc of Cerium-Ce F + Cc2 F3. rhombohedral. 
II 4.0 - 5.0 G 4.7. Case 68. Frnc. uneven. Opaque. Lus. fecblc. Col. red, 
yellow. Sh. yeuowish-white. B. infusible. 

A very rare mineral, found in albite and qunrtz. Ihodilbo, uear Fnlilun, in Swcdcn. 

Yttrocerite.-Pyvajnidal Ceritcm Baqtn.-Co F, Y F, Ce F. Case 58. Frnc. 
iineven. Translucent, opnqiie. Lits. vitreous. Col. purplc, bluc, red, gray, white. 
Str. white. Brittle. B. infusible. Dccomposed by sulphuric ncid. 

Found in quartz. Sweden, 3IassachupetLs. 

Chio1ite.-3 Ne F + 2 hl F3. pyramidal. H 4.0 G 2.84 - 2.90. Case 68. 
Transparent, translucent. Lw. resuious. Col. col urlcsa, white. B. fu ible. Dccom- 
poscd by sulphuric acid. 

Fouud in granite. Minsk, in Siberia. 

' Cryo1ite.-3 Na F + Al  F . prismatic. H 2'5 - 3'0 G 2'933 - 2 063. 
Case 58. fioc. uncvcn. Scnii-trnnsparcnt, translucent. Lus. vitreous. Col. u-bite, 
ycllow, rcd, broun. Sfr. whitc. Brittle. B. fu ible. Soluble in strong sulphuri 
acid. 

Found in gneiss and grnuite. West Gre  nlnnd, Siberia. 

Chodnewite-2 Na F + Al F3. 11 4.0 G 3.0 - 3.08. Trnn p m n t ,  trmc- 
lucent. Lus. rcsinous. Col. coiourlcss, whitc. B. fusiblc. D con joscd by sul- 
phuric ncid. 

Founrl in granite. Minsk, in Siberin 

Lencophane.-3 (Cu O + Si O ) + (3 G O + 2 Si  O-) + S a  F. anorthic. 
II 3.5 - 4.0 G 2W4. Frac. uiicva.  Transparent, transluccnt. Lus. vitic us. 
Cd. yeilow, green Jtr. white. Yery tough. B. fusible. 

Fouiid imbedded in sjenite, n nr lirt\ig, in S nvay. 

Topaq-Prismatie Topaz, P j m i t  , P~rop7ysalrte.-2 Al F3 + 3 Qi F= + 12 (Al 0 
+ Si 02). prismatic. H 8.0 G 3 4  - 3 6. Case 58 a. Frac. wnchoidsl. 
Transparent, translucent on the edges. LW. vitreous. Col. colourless, white, yeUorr, 
rcd, bluc, grecn. Sir. white. B. infusible. By ignition, the ycllow varioti s becorne 
red, and the pale yellow colourlcss, without losing their transparency. 

Pound in granite, gneiss, and porphyry. Siberia, hfornvia, hsia linor, Sarony, the 
Crazils, Doliemin, Cornwnll, Ireland, Scotland, Swedrn. hew S uth \\ales. The purest IRIS - LILLIAD - Université Lille 1 



1 552 CHLORIDEY. 

rarieties from the Brazils, called the Goulte d'eau, when cut in facets, like the diamond, 
closely resemble it in lustre and brilliance. The topaz is used as an ornamentai stone. 
The Brazilian topaz, which has been made red by exposiire to lieat, when polished, can be 
distinyislied from the bales ruby oniy by its bccoming electric by friction. 

Hiimite.-Cl~ondrodite, Heuitjwismatic Chrysolite, illaclie~ite, Brucite. -3 (2 Mg O 
+ Si 03) + Mg F1. o b l i q u e .  H &5 G 3-10 - 3.20. Case 58 A. F~ao.  uneven. 
Transparent, translucent. Lus. vitreous. Col. ycllow, brown, gray. Str. white. 
B. infusible. Soluble i n  h y d r o ~ ~ o r i o  acid, lcaving a jelly cf silica. 

Found in limestone and dolomite. Finland, Sweden, United States, Tesurius. 

Salt.-Muriate of Lioda, Cldoridc of Sodium, Rock Salt.-Na CI. c u b i c .  H 2.0 
G 2.22. Case 59. Rrac. conchoidal. Transparent, translucent. Lus. vitrecus. Col. 
colourlcss, white, gray, ycllon; red, green, bluc. Str. white. Taste, saline. Rather 
brittle. B. fusible. Soluble i n  watcr. 

Found widely disseniinated, in thick beds and masses i n  varions formations, and as an 
efflorescence covering large tracts of country. Hungary, Moldavia, Styria, the Tyrol, 
Bavaria, Wurtemberg, Switzerland, Spain, Cheshire, the Brazils, Mexico, Africa, Arabia. 
Used extensively for culinary purposes, agriculturul and metallurgic operations, also in the 
manufacture of earthenware, soap, soda, &c. 

Sy1vine.-Chlori& of Potassiutn-K Cl. c u b i c .  G 1.9 - 2.0. Transparent, 
translucent. Lus. vitreous. Col. colourless, white. Taste, salt, rather bitter. 
B. fuses and volatilizes. Soluble i n  water. 

Found in crgstals, and as an efflorescence. Vesuvius, 

Sa1 Ammoniac.-Nzcriatc of Am~izonia, OctahedraZ Ammoiziu Salt, Salmiak.- 
N H' Cl. c a b i c .  H 1.5 - 2.0 G 1.528. Case 59. Transparent, translucent. 
Lus. vitreous. Col. colourless, whitc, gray, ycllow, brown, black. Stl: white. Taste, 
saline. Very sectile. B. volatilizes without melting. Soluble i n  water. 

Found in crystals and massive. Vesuvius, Etna, Solfatara, Lipari, Bourbon, Iceland, 
Bucliarian Tartary, Himalaya Xiountainu, France, Scotland, Newcastle. Emploged i n  
medicine, metallwgic operations, and in tinning and soldering. 

Cotunnite . -Pb Cl. p r i s m a t i c .  G 5,238. Case 59. Transparcnt. Lw. 
adamactine. Col. colourless, white. S l n  white. B. fusible. Soluble in  water. 

Found in the crater of Vesuvius after the irruption of 1822. 
Matiockite.-Pb Cl + P b  O. p y r a m i d a l .  H 2.5 - 3.0 G 7.21. Case 59. 

Fvac. uneven. Transparcnt, translucent. Lus. adamantine. Cul. yellowish. .B. 
fusible. 

Found in old heaps in the Cromford level, near Matlock. 

mendipite.-Eernsi9ze, Pevitomous Lead Baryta.-Pb Cl + 2 Pb 0. p r i s m a t i c .  
H 2.5 - 3.0 G 7.0 - 7.1. Case 59. Frae. conchoidal. Translucent. Lw. ada- 
mantine. Col. white, yciiow, rcà, blue. Str. white. B. fusible. Soluble i n  nitric 
acid. 

Found with .ores of lead. Mendip Hills, Somersetshire, Westphalia. 

Remo1inite.-Muriate of Copper, Smaraplochalcit, Atacamite.-Cu Cl + 3 (Cu O 
+ H O). p l i s m a t i c .  H 3.0 - 3.5 G 3.69 - 3-71. Case 59. Frac. conchoidal. 
Semi-transparent, translucent on the edges. Lw. vitreous. Col. green. S ~ T .  green. 
Rather brittle. B. fusible. Soluble in acids. 

Found in veins and as a volcanic proiiuct. Lus Remoilinos, Guasko, Chili, Peru, Saxony, 
Vesuvius, Etna. 

IRIS - LILLIAD - Université Lille 1 



CELOUIDES-BROMIDES. 553 

Connel1ite.-Sulpkato-&&n'de of Copper. z h o m b o h e d r a l .  Lus. vitreous. 
Tramlucent. Col. blue. B. fusible. Soluble in hydrochloric acid 

Found with arseniate of oxide of copper. Cornwall. 

P e m y l i t e  -A Hydroclibride of Zcad ami Copper. c u b i c .  H 2.5. Case 59. 
L w .  vitreous. Col. &y-blue. Str. the same. Soluble in nitric ncid by boiling. 

Found with gold in a matrix of quartz. La Sonors. in Mexico. 

ILerate.-Xuriatc of SiZvcr, Hezahedral Pcrl Kernte, Hornsilver.-Ag Cl. c u b i c .  
H 1.0 - 1.5 G 5.55 - 5.60. Case 59. Frac. conchoidal. Transparent, translucent 
on the edges. L~4s. wnxy. Col. pearl-gray, blue, grcen, b r o m ,  yellowish-white. 
Str. shining. Malleable and scctile. B. fusible. Soluble i n  ammonia. 

A rare minerai, found in veins with ores of silver. Mexico, Peru, Chili, Siberia, France, 
Cornwd, the Hartz. Derives its name from KEpaS horn, on occount of its appearance. - - -- 

E m b o l i e . - 2  Ag Br + 3 Ag CI. c u b i c .  H '2.0 G 5.789 - 5.806. Frac. 
hackly. Lus. adamantine. Col. yellom, green. Perfectly mallenble. 

Found in limestone. Copiapo in Chili. 

Bromite.-Bromide of Silver. Ag Br. c u b i c .  H 1.0 - 2.0 G 5.8 - 6.0. 
Case 59. Lus. bright. Col. green, yeliow, Str. green. B. fusible. Soluble i n  s a r m  
concentrated ammonia. 

Fonnd with kerate. Mexico, Chili, B r e t w e .  

1odite.-1odicSilva.-Ad. H 1.0 G 5.504. Lus. resinous. Col. yeliow,groen. 
Str. ahining. B. fusible. Soluble in strong hydrochloric acid. 

Found in serpentine and porphyry. Mexico, Chi, Spain. 

Calomel.-Mtriate of Mmcury, Pyramidal Perl Xmate, Born QuicXsiZver.-Hg" Cl 
pyramidal. H 1'5 G 6.4 - 6.5. Case 29. Frac. conchoidal. Trnnalucent, trnns- 
lucent on the edges. Lw. adamantine. Col. gray, grccn, yeiiow, bronn. Sfr .  white. 
Sectile. B. volatilizes. Soluble in nitro-muriltic acid. 

Fonnd with mercury and cinnabnr. Rohemia, the Palutinate, Carniola, Spain. 

Coccinite.-Toduret of Mcrcirry.-Lus. adamantine. Col. red. Volts und sub- 
limes easily. 

This mineral is probal)ly identical with the red crystalv of Iodi 1 of Vercnry, Hg 1. 
formed by coolinq a saturated solutionof lodid of Xerciuy in an agueous solution of Iodd - 
of Mercury and Potsssium. These crystals are pyramidal ; wh n lieat d they sublime and 
form yeliow crystals belonging to the prismatic sjdern. The p i i o w  er)&du becomr red 
by being scratched or rubbed. 

MeIlite.-dlelhla of Aluaiina, Doney Slo~ze, Pj?a»rid I iUcLcAr te Resin.-Al 03 + 
Ca 0 3  + 18 H O. pyramidal. H 2.0 - 2.5 G 1.5 - 1%. Case GO. Frac. coii- 
choidni. Transparent, translucent. Lus. rcsinous. Col. IIoney-yeiiow, inclining to 
red or brown. Str. white. Sectile. Soluble in  nitric acid. 

Fonnd in beds of brown coal. Thuringia, Boliemia, N ravia. 

mnmbo1tine.-Ozalale o f  Iron, Oza2if.-2 (Fe O +- CZ O ) + 3 H O. H !?-O 
6 2-15 - 2.25. Case 60. Frac. uneven. Opaque. Liu. wasy. Col. rcllolr. 51r. 
ycllow. Slightly aectile. Soluble in acide. 

Fonnd in a bed of broan coai. Bohemia, Hessia IRIS - LILLIAD - Université Lille 1 
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Whewel1ite.-Oxalzte of Lime.-Ca O 4- Cz Os 4- H O. o b l i a u e .  H 2.5 - - 
3.0 G 1.883. Frac. conchoidal. Transparent, opaque. Lm. vitreous, colourless. 
Slr. white. Very brittle. 

Found xith calcite, Hungary. 

Stxuvite.-Gunnite.-(2 Mg O + P (1s) 4 H HS + 13 HG. prismatic. 
H 1.5 - 2-0 G 1.66 - 1-73. Case GOA. Frac. conchoidal. Transparent, semi- 
transparent. Lus. vitreous. Col. colourless, yellow, brown. Str. white. B. fusible. 
Soluble in hydrochlorio acid. 

Fomd in orystsls in 1845, when digging the fonndation of the new chnrch of St. Xicholas, 
Hamburgh, having been produced by the decomposition of animal matter; I t  has also beeu 
discovered in guano from the Coast of Africa. 

Amber.-Bcmsteim, Succinite.-C"J H8 0. Arnorphous. H 2.0 - 2.5 G 1.0 - 1.1. 
Case 60. Transparent, translucent. Lw. waxp. Col. yellow, rd, brown, white. 
Str. yellowish-white. Slightly brittle. 

Found in rounded masses and disseminated, occurs principally in the tertiary con1 forrnn- 
tions. Sicily, Prussia, Pomerania, Holstein, Courland, Livonia, Greenland, China, France, 
Italy, Spain, Englaiid, Jreland. It frequentiy contains insects which are now estinct. Used 
for ornamental purposes, and also in the manufacture of varnishes. 

C o p a l i n e  -FosséZ Copal, Highgate Resin.-Amorphous. H 2.5 G 1.046. Case 60. 
Frac. conchoidal. Semi-transparent, translucent. Lw. waxy. Col. yellow, brown. 
Brittle. Siightly soluble in ether. 

, Found in blue clay. Highgate near London, and in the East Indies. 

Retinaspha1t.-Retimite.-Amorphous. H 1-0 - 2-0 G 1-05 - 1.20. Case GO. 
Frac. conchoidal. Serni-transparent, opaque. Col. yellow, brown, gray. Gtr. yel- 
lowish-brown. Brittle. 

Fonnd in hrown cod, stone cod and peat. H d e ,  Vogelsgebirgi?, Devonshire, lNqlanù, 
Bohemia, Osnabrück. - 

Naphtha.-EartA Oil, Bitwnen. Liquid. G 0.7 - 0.8. Case.60. Transparent, 
translucent. Col. colourless, yellow, brown. Unctuous to  the touch. Smeli aromatic 
and bituminow. Soluble in  pure alcohol. 

Fonnd oozing out of olefta in rocks or the ground. Italy, the Alps, Pyrenees, United 
States, Persia, East Indies, China, Baku. When exposed to the air bewmes thick and at 
last solid Petroleum, Elaterite, and Aaphultum, are supposed to be naphtha thus nltered. 

Petroleun, f o n d  in Hanover, Brunswick, Ahce ,  Auvergne, Barbadoes, Trinidad, Lm- 
cashiue, Coalbroolidale, Edinburgh, Ara. 

Elutmite, found in Derbyshire, France, and Connecticut. 
Aaphaltum, fonnd in Hanover, Soult, the Xhone, the Dead Sea, Cornwall, Shropshire, 

East Lothian. 

Scheere r i t e , -C  P. o b l i q u e .  Soft. 6 1.0 - 1.2. Case 60. Frac. conchoidal. 
Transparent, translucent. Lw. resinous. COL white, gray, yeilom, green. Str. white. 
Brittle. Unctuous to the touch. Soluble in nitric acid. 

Found in brown coal. S t  Gaiien, Westerwald. 

=onleinite.-Eonlite.-C2 H. G 0.88. Cd. white. 

Found in crystalline-plates and grains, in lirorrn cod and in a peat bog. Switzerland, 
Bavaria. IRIS - LILLIAD - Université Lille 1 
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Fichtel i tes-A hydrocarbon. Transparent. Lw. pearly, colourlcss. Unctuous 

to the touch. Without taste or smeli. Soluble i n  ether. i 
Found in acicular crjstnls, lietween the yearly rings of pine stems in a l e d  of turf. ' 

Redwitz, near the Ficlitelgebirge. 

-te.-A hydrocarbon. H 1.0 G 1.016. Case 60. Frac. conchoidnl. 
Translucent. Lus. fatty, feeble. Coi. white. Xot flexible. Sectile. Soluble i n  ethcr. 

Found in brown conl. Oberhart in Amtris. 

0zokerite.-C H. 'H 1.0 G 0-94 - 0-97. Frac. conchoidal. Lus. maxy 
Translucent on the edges. Col. green, brown, yeilow, red. Str. yellowish-whitc. 
Sectile, tough and flexible. Soluble in oil of tuipentine. 

Found in Moldavia, Austria, Newcastle. 

Hatcheteine.-C H. H 1.0 G 0%078. Case GO. Trans!ucent, ncarly opnque. 
Lus. pearly. COL yeilow. Pnrtially soluble in  cther. 

Found in masses resembling wax or trnin oil, in the conl formations of Ln m d  and 
Scotland. 

Midd1etonite.-G 1.6. Thin fragments, trnnsparent. Lru. rcsin3us. C 2. br \in. 
Str. light brown. Soluble in concentrnted sulphuric acià. 

Found in smaïl rounded musses betmeen Injers of conl. Leeds, Iiexcn. Ue. 

Psathyrite.-Harth-G 1'116. Col. white. Solublc in petroleum. 

Found in masses resembiing train oil in brown conl. Oberhart in Aiistria 

Guyaquii1ite.-Amorphous, soft. G 1.092. Opnquc. Col. bright y liow. 
Soluble in alcohol. 

Found at Guyaquil in South Americn. A suLstnncr found in the Irish bop ,  niid cnlled 
bog butter, seems to be allieù to guynquiilite. 

Berenge1ite.-ilmorphous. r r w .  oonchoidal. Lia. resinous. COL daik bi wn. 
Str. yeliow. Taste, bitter. Solublc in etbcr. 

Found in large masses in the province of St. Junn dc i3 rengela in South Ameii a. 

Wakhowite.-Amorphous. II 1.5 - 2.0 G 1.035 - 1.069. Frac. conch idnl. 
Translucent. Transluccnt on the edgcs. Lus. fattp. Col. : yeliow, broa n. 5 f r .  
yeilowish-white. Bilttle. Soluble in sulphuric acid. 

Found in brown conl. JTalcliow in JIornvia 

1xolyte.-Amorphous. H 1.0 G 1.00.S. Case GO. Frac. conchoidd. Lus. rcsi- 
nous. CvZ. rcd. Sir. yellow. S ctile. Srneil, arornatic. 

Found in brom coal. Oberhart in Austria. 

Piauzi te . -H 1.5 G 1.220. F ~ a c .  imperfect conchoidai. Transluccnt on t1.e 
thinnest edges. Col. blackiah-brown. J t r .  jcllowish-brown. Sectile. 

Found in a bed of bron-n conl, near Pinuze in Carnioln. 

A n t h r a c i t e .  H 2 0  - 2 5  G 1.3 - 1.75. Case GO. Frac. conchoidd. L s. 
vitreoua. Col. black. Str. black. Brittle. 

Found in the Alps, Pyrenees, France, Pcnnsylvanio, Jlassachusetts, I3 hemin, S 4 , 
Saxony, Hessia, Staffordshire, Rrecknockshire, Carmnrthenshire, Pembrokesliire, Sc tlnnrl, 
Ireland. Used us a fuel for fiirnaces. IRIS - LILLIAD - Université Lille 1 
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Black Coa.1.-Bitummtous coaX H 2.0 - 2.5. Case GO. Frac. conchoidal. Lus. 
waxy. CoLblack. Str. black. Slightly sectile. Brittle. 

Found in Englaud, Germany, Bohemia, Moravia, Belgium, France, North America, 
China, Japan, Austraiia. Most duable as a fuel. Cpwai-da of 50,000,000 tons are obtained 
from the coal fields of England annudy. 

Brown Coal.-Lignite. H 1.0 - 2'5 G 0.5 - 1.5. Case 60. Frac. conchoidal. 
Lus. waxy. Col. brown, black. Str. browu. 

Found in Gemany, Switzerland, Hungary, Itnly, Greece, Iceland, Greeniand, Devon- 
shire, Sussex, Scotland, Faroe Isles, Ireland. 

WALTER MITCHELL, P.A. 

J. TENNANT, F.Q.S. 

IRIS - LILLIAD - Université Lille 1 
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CRYSTALLOGRAPHY AND NINERALOGY, 

A 
Abichite, 545. 
Abrazite, 519. 
Aeiculite, 499. 
Achmatite, 526. 
Aciurite, 514. 
Acmite, 439,442,443,444, 525. 
Acfiuolite, 524. 
Adamantine spar, 507. 
Adularia, 519. 
Egirine, 525. 
Erolite, 491. 
Eschpite,  417, 420, 422. 424, 430, 690. 
Agalmatolite. 516. 
hgates, 509. 
Agne-ite (carbonate of bismuth), 538. 
Akanticon, 526. 
Alabandine (sulphuret of manganese), 297, 299, 

301, 302,496. 
Alabite, 525. 
Albite (Lat. albus, white), 458.460, 461, 462, 

463, 464,468, 467, 468, W.0. 
Algerite, 439, 442. 449, 444,618. 
AiInnite (black siliceous oxide of cenum), U9, 

412,447,450,453, 453, 529. 
Allochroit, 527. 
Allophane (Gr. dloa,  and phaim, to appear), 

515. 
Al lq  of iridium and omnium, 49% 
Alloy of iridium and plaünuui, 493. 
Alluaudite, W. 
Almandine, 527. 
Almandine ruby, 607. 
ALatonite, 417, 421,422, 425, 426, 430, 6S5. 
Altaite (telluride of lead), 297, 493. 
Alun, 297, 299, 401, 543. 
Alum, ammonia, 543. 
Alnm, noda, 543. 
Alnmina, phosphate or. 548. 
Ainminate of magnesia, JO7. 
Aluninite, M 
Alunite, 391, 400, 401, 548. 
Alunopen (hair salt). Ml. 

Alvine, 616. 
Amalgarn (hydrarpret of dher ) ,  297, 209, 

901, 902, 304, 307, 310, 914, 492. 
Ammon atone, 518. 
Amber, 654. 
Amblygonitn (primnatio amblygonite apar), 

417, 549. 
Amethpt, 508. 
~ t h n ~ ,  314. 
Ammonia, aulphnte of, 417. 4M, 421, 4!D, a 

425, 426,430, 540. 
Ammonta alum, 543. 
Amphibole (hornblende), 439, 412, 445, 444, 

445, 446, 447, 448, 449, 451, 452, 459, 454, 
456, 457, 524. 

Amphigene, 521. 
Ampbodelite, 521. 
Analcime, 297, 907, 518. 
Anatase (pyramidal titaninm ore], 360, 902. 

863, 965, $67, 368, 370, 376, 029. 
Andaludte, 417,420, 421. 422. 423, 425, 427, 

515. 
Andreolite, 519. 
Andreaabergolite, 519. 
Anglarite, SM. 
Angles of crptals, 290. 
Angleaita (anlphate of lead), 417, 120, 421,432, 

424, 425, 428, 490, 431, 433, 542. 
Angles d latitude, explanation of, 403. 
Anbydrons peroride of manganese, 503. 
Anhydmus aeoleeite, 520. 
Anlerite, 991, W. 101, Ma, 597. 
Annabergitn (arseoiate of nickel), 439,443, W. 
Anorthio sJ&m of cnatals. 457 ; minerula 

belonging to, S 8  ; parametem and ares, ib 
Anorthite, 591. 
Anorthotomous felilpu, YI. 
Anorthotype qstem, f57. 
Anthophillite. 524. 
Anthmiderite, 614. 
Anthracite (glanœ mal), 495, 555. 
Antigorite, 511. 
Anthnonite gray uitimonr), 420. 421, 12% 

423, 424, 425,426,490,431,495, WO. IRIS - LILLIAD - Université Lille 1 



INDEX 

Antimonailber (antimonial siiver), 417, 420, 
422,424,425, 426, 427, 430,431,433,494. 

Antirnonocher, 532. 
Antimong (native), 385, 390, 391, 400,402,493. 
Antimonial copper glance, 500. 
Antirnonial nickel, 494. 
Antitomous felspar, 521. 
Antrimolite, 517. 
Apatite (phosphate of lime, Gr. nprctaa, to 

deceive), 390, 391, 393, 391, 395, 400, 401, 
402, 405, 410,411,550. 

Aphanese, 545. 
Aphrizite, 534. 
Apophyllite (Gr. rcpo, andphyllon, aleaf), 36b 
362, 363, 367, 516, 

Aquamarine, 528. 
Aragonite, 417,420, 421, 422, 430, 536. 
Arcanite, 510. 
Arendalite, 526. 
Areometer, Nicholson's, 486. 
Ariveùsonite (peritomous augite epar), 439, 
443, 444, 525. 

Argentiferous copper glance, 499. 
Argentite (snlphuret of silver), 297, 299, 302, 
304, 307, 310, 500. 

Arikinite, 499. 
Arkansite, 529. 
Arpedelite, 529. 
Arrangement and deccnption of minerais, 
491. 

Arsenic, 391, 400, 499. 
Arsenic, oxide of, SM. 
Arsenical cobalt, 494. 
Arseriical iron, 502. 
Arsenical nickel, 49:. 
Arsenical pyrites, 495. 
Arseniate of nickel, 494. 
Arsenite, 299, 5U. 
Arseniuret of copper, 495. 
Artificial crystals, 290. 
Asbestos, 524, 525. 
Asbolane (earthy cobalt), 506. 
Aspasialite, 527. 
Astrakhanite, 540. 
Atacamite, 552. 
Augite, 439, 442, 443, 444, 447, 448, 450,451, 
452, 453, 454, 456. 

Anrichalcite, 538. 
Aum-plumbifemus tellmet, 493. 
Automalite, 507. 
Autunite (yellow uranite), 360, 548. 
Avanturine, 509. 
Axes of crystala, 290. 
Ases of the cube, 295. 
Axinite, 458, 460,461, 462, 463, 475, 466, 467. 
468, 535. 

Axis, 290, et seq. 
Axotomons antimony glance, 501. 
Axotomous augite spar, 526. 

Axotomous trlphane spar, 519. 
Ilzurite, 539, 548. 

B 
Babingtoriite, 458, 460, 461, 462 526. 
Baierine, 531. 
Baikalite, 525. 
Balas ruby, 507. 
Baltimarite, 511. 
Bamlite, 515. 
Baryte (sulphate of bmytes), 417, 420, 421, 

422, 423, 424, 430, 540. 
Baryto-calcite, 439, 442, 444, 447, 448. 452, 
535. 

Barytophillite. 525. 
Basal pinacoids, 360. 
Bastite (Schiller spar), 526. 
Batrachite, 512. 
Beilstein, 519. 
Berengelite, 555. 
Bergmannite, 517. 
Bernstein, 554. 
Berthierite (sulphuret of antimony and iron), 

501. 
Beryl, 528. 
Bereeline (seleniuret of copper), 495. 
Bereelite, 544. 
Biaxial mica. 522. 
Bieberite (sulphate of cobalt), 439, 442, 444. 

448, 450, 451, 541. 
Bildatein, 516. 
Biotite (hexagonal mica), 523. 
Biotite, 390, 391, 400. 
Bismuth (native), 391, 400, 491. 
Bismuth blende, 514. 
Bismuthine, 417, 420,422,424,499. 
Bismuthiferoue sulphuret of nickel, 4%. 
Bismuthite, 538. 
Bismuthochre, 506. 
Bitumen, 554. 
Bituninous coal, 556. 
Black c a l  (bituminous coal), 556. 
Black cobalt ochre, 506. 
Black Jack, 496. 
Black hematite, 503. 
Blaok manganese, 504. 
Black oxide of cobalt, 506. 
Black spinelle, 507. 
Black sulphuret of antimohy and ailver, 
501. 

Blende, antimony, 532. 
Blende (sulphuret of zinc, the Black Jack of 

miners), 297, 299, 301, 302. 301, 307, 310, 
496. 

Blood stone, 509. 
Blue asbestos, 625. 
Blue copper, 498. 
Blue lead, 499. 
Blue spinelle. 50Z IRIS - LILLIAD - Université Lille 1 



Bine vitriol (mlphate of copper), 458,460,461, 
462, 463,464,466,468,544. 

Bole, 516. 
Bonsdorfflte, 527. 
Boracite, 297, 299,901,507, 534. 
Buracitoid, the. 556. 
Boracic acid, 454 460, 461, 462, 463, 466, 
467. 

Bornine, 493. 
BorniLe (purple copper), 297, 299, 498. 
Boirpgen (red vitriol ; Or. b o h u  a bunch of 

grapes), 439,442,443,444452, 512. 
Botryolite, 534. 
Boniangerite, 500. 
Bonlangerite (sulphuret of anti iouy and 

lead), 500. 
Bournonite, 417, 420, 421, 422, 423, 424 430, 

500. 
Brachy-pinacoids, 418. 
Brachytypous mnnganese ore. 504. 
Brachytjpe zinc baryte, 511. 
Bragationite, 439, 442, 449, 450,454, 527. 
Brandisite. 51% 
Braunite, 360, 362, 365. 504. 
Breithaupite (antimonin1 nickel), 39ü, 391,394, 
494. 

Breunnerite (oarbonate of magnesia), 400 
Bremterite, 439, 442, 443, 444, 518. 
Bright white cobalt, 503. 
British Museum, clnsaiiicatim of mmerals in, 
491. 

Brittle snlphnret ofsilver, 501. 
Brochantite, 417,411,422, 47.4, 542. 
Brogmartin, 540. 
Bromite, 297,2Y9, 153. 
Bronzite (hemiprismatio schillei spar), 439, 
441, 443, 444, 511. 

Brookite, 417,420, 421. 421,423, 430, 529. 
Brown wfJ, 556. 
Brown hematite. 505. 
Bruoita (rhombohedrd kuphone glimmer), 
390, 391, 505. 

Bucholzite, 515, 539. 
Bucklandite, 439, W, 447, 527,450, 527. 
Bulstein, 519. 
Buntkupfererz, 495. 
Buratite, 538. 

Caoholong. 510. 
Calaite, 549. 
Calamine (carbonaie of zinc), 533. 
Calamine, 390, 391, 4W. 
Calcite, 390,391, 400,401, 536. 
Caledonite (cupreons sulphnto-carbonate of 
lead), 417, 420. 421,422,430, 543. 

Calophonite, 527. 

Calomel (muriate of memiuy), 360, 362,863, 
565, 867, 553. 

Cancrinite, 521. 
Capillary sulphuret of antimony, 500. 
Carburet of iron (plumbago), 495. 
Cameliam. 509. 
Cassiterite ( t h  stane. oude of lin), 560, 562, 
363, 565, 367, 506. 

Castor, 521. 
Catseye, 509. 
Caucrinite, 521. 
Cavolinile, 521. 
Cawk, 54û. 
Celestine (sulphate of strontia), 417, 410, 421, 
422, 424, 430, 540. 

Ceretite, 519. 
Cerine, 529. 
Cerite, 513. 
Cerussite (carbonate of lead), 417, 4!2û, 421 
4.24, 430, 538. 

Cerwntite, 532. 
Chalamite, 499. 
Chabmie, 390, 391,400, 401, 516. 
Chalcolite, 548. 
Chalcedony, 509. 
Chalk, 5.37. 
Chalkophyllit, 6%. 
Chalkopyrite, 498. 
Chalybite (apathoee iron), 890, 391, 394, 400. 
401, 537. 

Chsracterlstics of minerab, 481. 
Chathamite, 491. 
Chernical wmposition of rninemb, 482. 
Chesaylih (blue carbonate of coppcr , 4 9, 
442, 443, 444, 447, 443, 449, 4M, 4.51, &Ji, 
453, 454, 455, 456, 459, 539. 

Chinatolite, 515. 
Childrenite, 417, 421,430, 549. 
Chiolite, 360, 367, 551. 
ch~oiuithile, 417, aa, 441. 
Chlorite Gr. chloroa green), 391, 524. 
Chlorita epar, 525. 
Chloritnid, 525. 
Chloropal, 513. 
Chloiophieite, 513. 
Chlorophyllite, 527. 
Cbloro-epinelle, 507. 
Chodnemb, 551. 
Chondrodite. 551. 
ChrichConite, 53 1. 
Christianite, 458, 4130, 461, 462, 463, 464 4 , 
467, 463, 519, 511. 

Chmnutc chromate ofir  n), 297,299, 533. 
Chromoclue, 533. 
Chrysoberrl, 417, 420, 421, 422, 424 4 0. 
Chrysooolla copper green , 514. 
Chrysolite Gr. chrysoa gold, and litho8 st ne), 
512. 
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Chrgaophane, 51s. 
Chryaotile, 511. 
Cinnamon etme, 527. 
Cinnabar, 390, 391,400, 490. 
Circlesof latitude on sphere of projection, 403. 
Cistirite, 529. 
Classiflcaticm of crystals, 293. 
ChuthaLite tseleniuret of lead), 297, 496. 
Clay ironstone. 535. 
Cleavage, 293. 
Cleavelandite, 520. 
Clingmaqite, 523. 
Clinodomes (faces of the oblique prism), 419. 
Cliiorhombic system, 438. 
Cliitonite, 391, 512. 
Cloantbite (white nickel), 494. 
Coal, 556. 
Cobalt, snlphate of, 439. 
Cobalt arsenical, 494. 
Cobaltine (bright white cobnlt), 297, 299, 310. 
Cobaltine (cobalt glane), 503. 
Coccinite (ioduret of mercurg), 553. 
Coiigrite, 516. 
Columbite, 531. 
Combinations of the pyramidal system, 381- 

384. 
Combinations of the rhombohedrai system, 413 

et seq. 
Combinations d the prismatic system, 436 et 

wq. 
Combination of the forms of the aube and ods ,  

hedron, &o., 315-935. 
Combination of thc cube and tetrshetlron, &o., 

345-354. 
Common opal, 510. 
Common felspar, 519. 
Compoundcrystalline fornis, 731. 
Comptonite (kuophone spar), 417, 420, 421, 

422,421,517. 
Condurrite, 495. 
Connellite (aulphaio-chloride of copper), 390, 

55.3. 
Copiapate, 542. 
Copal, fossil, 554. 
Copaline, 554. 
Copper, oetahedral arseniate of, 417,422. 
Copper, 297, 299, 307, 310, 491. 
Copper used for atamping machiiery becanse 

i t  does w t  emit sparks, 491. 
Copper, lenticular arseniate of, 545. 
Copper, prismatic arseniate of, 418,421,429. 
Copper, nickel, 494. 
Copper, green, 514. 
Coquimbite, 390, 391, 542. 
Coracite, 508. 
Cordierite, 417, 420,421,422,424,430, 627. 
Carnwallite, 545. 
Corundum. 9 0 ,  391,394, 395, MO, 401. 
Cornndeiiite, 523. 

- -- 
Corindon, 507.' 
Cotunnite, 417, 420,429,430, 552. 
Covelline (blue copper), 498. 
Covelline, 390, 391. 
Crednerite (oxide of manganese and copper), 

439, 504. 
Crocoisite, 533. 
Cronstedite (rhombohedral melane mica), 301, 

400,513. 
Cross atone, 519. 
Cryolite, 417, 420, 421, 551. 
Crysoberyl (prismatic comdum),  508. 
Crgstals, artSeial, 290. 
Crystals, crystalline and amorphous eub 

stances, 291. 
Crystals, forma of, independent of their faces 

and edgea, 292 
Crystals, the six systema of :-the ouhical, the 

square, the hexagonal, the prismatic, tho 
oblique, and the anorthic or doubly oblique. 
294. 

Ciystals, systeme of, 293. 
~r j s ta le ,  twin, 469. 
Crystals which become pseudmorphons by total 

change of inbstance, 475. 
Crystallography, explanation of the science, 

289. 
Cubane, 297, 498. 
Cube, the, 294 ; axes of the, 595; qmbol of, 

296 ; how to desoribe a net for, 297. 
Cuhicai system, the, of crystals, 291. 
Cummingtonite, 524. 
Cnprite (redoxide of copper) 297,290,301,304, 

907, 310, 505. 
Cyanose, 542. 
Cymophane, 508. 
Cyprine, 526. 

D 
Datholite (siliceous borate of lime), 417, 420, 

421, 422, 424, 430, 534. 
Davidsonite, 525. 
Davyne (named in honour of Sir EDavy) ,  
390, 391,394, 395, 521. 

Davytic konphoue spar, 521. 
Dechenite, 533. 
Decrement, illustrations of the lalp of, 355, et 

seq. ; spherical moleeules. 359. 
Decrement on edges, 355, et seq. 
Dihexagonal prism, ta draw the, 404; form 

of the, 405. 
Delphinite, 52 
Deltohedrrin, the, 305. 
Delrauxine, 547. 
Delvauxite, 547. 
Derived rhombic ppnmids, 431 ; of second 

order, 432 ; third order, 434. 
Derived obliqne rhombic octahedrons, 453. 
Derived oblique octaheEron of the w c o d  
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INDEX. 575 

Diatomou kouphone spar, 518. 
Diatomous Schiller spar, 515. 
Dichroite, 527. 
Dillnite, 516. 
Diopside, 525. 
Dioptase (emerald copper, Gr. dia through, 

and optomai to see), 390, 400, 401, 514. 
Diplogenous kouphon spw, 518. 
Diploid, the, 341. 
Diploite, 520, 522. 
Diprismatic wpper  lance, 500. 
Diprismntic zeolite, 518. 
Dipyre, 522. 
Dirhombobedral eutom glance, 503. 
Dirhombohedric amaragd, 528. 
Dimmose, 497. 
Disthene, 515. 
Ditetragonal prism, the, 572. 
Dodecahedral amphigene spar, 522. 
Dodecahedral wruadum, 507. 
Dodecahedral dys tom~ (~lnnce, 495. 
Dodecahedrnl gnrmt  blende, 496. 
Dodecnhedral iron ore, 506. 
Dodecabedral zeoliie, 521. 
Dolomite, 390, 391, 400, 401. 
Dolomite (bitter spar), 537. 
Domeykite (a rmiure t  of copper). 435. 
Double six-faced pyramid of the aecondorder, 

306 ; axes, symbols, &c., of, ib. 
Double six-faced pyramiù, derived from the 

ppriamid of the second order, 397. 
Double four-faced pymmid of the flrst order, 

363; axes, symbols, net, &c., 364; crgstals 
peculiar to, 365. 

Double four-faced pyramid of the second ord r 
with axes, aymbols, th., 966-970; aphcn id, 
the, 371. 

Double six-faced pyramid of the first order, 
399 ; axes, symbols, fnres, &c., ib. 

Double six-faced pyramid derived fmm the 
pyramid of the ilrst order. 392; foims of, 
which occur in nature, 304. 

Double eight-faced pyramid, 374 ; nres. sym- 
bole, Lc.  of, 375 ; net  for, ib. ; crjstals 
whose laces occur pnrallel to the, 376. 

Doubly-oblique rhombic prism of the second 
order, 461. 

Earthy earboiiate of magnesin, 51 1. 
Earthy manRanpse, 501. 
Enrthy cobalt, 506. 
Edingtonite (pyramidal bryihiue qiar),  3G0, 

S62, 365, 517. 
Edaardsite, 549. 
Edges of crystals, 290. 
Egeran, 526. 
Ehlite, 548. 
Eiseunickelkiq 299, 407. 
Eisenkieael, 509. 
Eliebergite, 522. 
Elementnry bodies, list of, a ith their symbols, 

432. 
E l a l i t e ,  522. 
Embolite, 297, 209, 553. 
Embrithite, 500. 
Emernl 1 copper, 514. 
I-ineruld, 890, 381, 391, 395, 400. 401, 5.8. 
Emerylite, 523, 5.8. 
Empyro lo\ous fclnpar, 592. 
Epiilote priamotoiddl i u ~ l t e   par), 43 , 415  

443, 441, 417,448, 450, IJ?, 453, 526. 
Epiatilbite, 417, 421. 4 ?, 518. 
hpwinite (lipsom mit), 417, 421, 421, 421, 430, 

511. 
Eremitc, 549. 
Lrinitr, 515. 
Erytbine (red cobalt), 541% 
Erjthrinc cobilt blo m), 439, 413, 447. 452. 
Frubcacite, 499. 
Esmarkite, 527, 534. 
Essonite, 527. 
Euobnriîe, 417, 420, 422,424. 
Eucbrovite prismntic emernld mnlachitc ; Gr. 

ewhroia, beautiful colour , 545. 
Euclase (prismatic smnrigd;  Gr. eu earily, 

and klno to hreiL , 439, 442, 413, 414, Ili, 
452, 453, 454, 456, 5.9. 

Fudnophitc, 417, 420, 421, 422. 
Eulgtine (bismuth blende), 297, 299, 3 1, 3 2, 

307, 514. 

451; of the third olase, 456 ; symbole, 
forma, Bo , 455. 

Derived doubly oblique octahedrons, 46;. 
Devonite, 548. 
Diadochite, 546. 
Diallage, 439, 511, 525. 
Diallogite, 390,391,400,401. 
Diallogite (carbonate of mangarese), 538. 
Diamond, 297, 299, 301, 304, 310, 405. 

Doubly-oblique prism, iirst order, 450; syn-  
bols, ib.; net  for, 460; crgaiale belonging 
to, 461. 

Doublg-oblique rhombic prism of the t h k d  
order, 463. 

Doubl~ab l ique  rhombic prism OP the fourth 
order, 464. 

Doubly-obiique octahcdron, 465 ; axes, sym- 
bols, &c. of, ib.; net for, 466. 

Diamorphiam, 476. l Double refraction and polarized light, 467. 
Diaspore, 417, 420, 421,423,424, 430,50:. Dufrenite (phosphate of iron), 417, 546. 
Diammou augite spar, 513. Dufrenorsite. SOI. 307. 502. 
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Eudialyte (rhombohedral almandrine spar), 
390, 391, 400, 401, 550. 

Eukairite (seleniuret of copper and silrer), 
495. 

Eudnophite, 518. 
Euklastio disthene spar, 507. 
Eulytine, 514. 
Fumanite, 529. 
Euxenite (Gr. euzenos a stranser), 5'31. 
Explanation of the terms, Rces, edger, angles, 

axes, âc., of cryatals, 290. 

F 
Faces, edges, andes, and axes of crystole}, 

200. 
Faces of crystals, inclination of, 200 e t  rieq. 
Fahlerz (gray oopper), 297, 299, 301, 307, 310, 

502. 
Fahlunite, 527. 
Panjasite, 360, 305, 520. 
Fayalite, 417.420, 421, 422, 423, 030. 
Fassite, 525. 
Federerz, 500. 
Felsobanyite, 548. 
Felspar (amazon stone), 439,442, 443, 444,447, 

449, 452, 453, 454, 456, 519. 
Fer calcar60 siliceux, 525. 
Ferguwnite (pyramidal melane ore), 360, 362, 

367, 530. 
Ferrotimite, 531. 
Fenerblende. 439, 442,443, 414, 450. 
Fibrolite, 515. 
Fichtelite, 555. 
Fifth system of erystals-the oblique, 438. 
Figure stone, 516. 
Finor, 304 
Fiorite, or pearl sinter, 510. 
Fire-stones, talc used for, 523. 
Fire opal, o r  girasol, 510. 
First system of crystais, 294. 
Fischerite, 549. 
Flexible silver, 500. 
Flint, 509. 
Float-stone, o r  spongiform quartz, 509. 
Flosferri, 536. 
Fluerblende, 502. 
FlueIlite (fluoride of aluminium), 417,420,490, 

551. 
Fluocerite (neutral fluate of cerium), 390, 301, 

551. 
Fiuor (fluate of !ime; L a t . 3 ~  to flow), 550. 
Forms of crystals, 291, 592. 
Four-faced cube, faces, 8ynibols, âc., 305 ; 

forma of and net for the, 309 ; crystal haring 
faces parallel to this form. 

Fourth syetem of crystïls, the piismatic or 
rhombic, 417. 

Rai.klinite (dodecihedral iro? ore), 207, 209, 
301, 304, 307, 506. 

Francolite, 550. 
Preieslebenite (mlphuret of ailver and anti- 

mony), 439, 442, 444, 447, 450, 451, 452. 
Frugardit, 526. 

8 
Gahnite (automalite), 297, 299, 507. 
Galena (sulphuret or lead), 297, 299. B04, 306, 

507, 499. 
Galmei, 512. 
Gallicinite, 529. 
Gadolonite (from Gadolin, itq diwoverer), 523. 
Garnet, 297, 301, 302,307, 310, 547. 
Garnets, coarse, used instead of emery for 

poliahing metals, 527. 
GarnsdorAte, 544. 
Gaylussite, 439,442, 441, 449, 452, 537. 
Gehlenite (pyramidal adiaphnne spar), 360, 

362, 527. 
Geokronite, 500. 
GersdorEtte (arsenical nickel), 297, 299, 310. 

497. 
Gibbsite, 518. 
Giesechite, 527. 
Gigsntolite, 527. 
Gilliigite, 513. 
Gismondinc, 319. 
Gluserite (sulphnte of potash), 417, 420, 421, 

422, 424, 430, 540. 
Glassy felspar (snnidine), 519. 
Qlaucodote, 417,522. 
Glance coal (anthracite), 495. 
Glaucophane (Gr. glatikos bluish-gray, au4 

phaine to appear), 523. 
Glauber salt, 540. 
Ghuberite, 419, 442,444, 451, 453, MG. 
Glaucolite, 503. 
Gmelinite (heteromorphons koupbone epar]. 

390, 391, 400, 517. 
Goccolite, 525. 
Gold, 297, 299, 307, 301, 300, 493. 
Goniometers (instrumenis with which to  

measure angles), 293, 477. 
Gosiarite (sulphate of zinc), 417, 422, $24, 430, 

511. 
Goshenitc, 528. 
Gothite (prismatic iron ore), 417, 421, 422, 

423, 424, 430, 505. 
Grammatiie, 524. 
Grnphic tellurinm, 493. 
Graphite (plumbago). 390, 391, 4;:. 
Gray eopper, 502. 
Gray oside of manganese, 503. 
Gray silver, 538. 
Greenockite (sulphuret of cadmium), 390, 991, 

394 395,498. 
Greennvite, 529. 
Gray antimony, SM). 

Groppite, 616. IRIS - LILLIAD - Université Lille 1 



Grossular gamet, 527. 
Grünauite (8ulphuret of nickel), 297, 299. 498. 
Guanite, 554. 
Gurolite, 517. 
Guyaquiilite, 555. 
Gypsnm [eulphate of lime), 439,443, 444,447. 

448, 450, 452,453, 456, 541. 
Ogrolite, 517. 

H 
Hüidingerite, 417, 421, 422, 501. 
Halioysite, 515. 
Haloide (octahedrai fluor), 545, 54ô, 548, 550. 
Halotrichite (feather slum), 541. 
Hardness, specific gravity, fracture, eolour, 

lustre, brittleness, flexibility, malleability, 
taste, smell, Bc., of minerais, 483 et seq. 

Hard white cobalt, 494. 
Harmotome, 417,421, 4-2, 430, 519. 
Hartite, 555. 
Hartin, 555. 
Hnrtmannite, 407. 
Hatchettine, 555. 
Hauerite, 297, 289, 301, 810, 498. 
Hausmannite (black manganese), 360, 862, 

365,367, 504. 
Haüyn, 5!2. 
Hauyne, 297, 289, 301, 302, 544. 
Hayesine, 534. 
Hedyphane, 550. 
Heliotropc, o r  bloodstone, 509. 
Helvin (tetrahedralgarnet, Gr. elios, thesun), 

229, 528. 
IIemirtite, 390, 391, 394, 395, 400, 401. 
Hemihedric rliombic system, 438. 
Hemihedral forms of the cubical system, 330. 
Hemihedral forins a i t h  incliued faces, 339 ; 

parallel faces, ib. 
Hemihedral four-faced ppramid, 377. 
IIemiorthotype system, 438. 
Hemiprismatic talk glimmer. 522. 
Hemipiismatic sulphur, 502. 
Hernipyramid, the, 453. 
Heiuipyramiùal spar, 517. 
Hemiprisrnatic dystom glance, 502. 
Hemiprismatic Schiller apar, 511. 
Hemiprisrnatic ruby blende, 501. 
Hcmitrope crystals, 469. 
Henkelite, 500. 
Hcpatite, 540. 
Herderite (prismatio fluor haloid). 417, 420, 

422, 430, 549. 
Hermatite (irou glance), 5 0 b  
Iïerschelite, 517. 
Hesingerite, 513. 
Hessite, 493. 
Heterosite, 439, 541. 
HeteroMmous felspar. 520. 
Heulundite, 439,142,443,444, 449,450,452,518. 

Hewkelite, 500. 
Herakistetrahedron jsix.fnced tetr.iheclron), 

336. 
Hexahedral kouphone spar. 519. 
Hexahedral glmce blende, 496. 
Hexagonal seaienoliedron, :he, 407. 
Hexagonal cobalt pyrites, 503. 
Hexahedral iron pyrites, 497. 
Hexahedral lead glance, 491). 
Hernhedral silver glance, 500. 
Hifiingerite, 513. 
HoIrneaite, 512. 
Iiolohednl forms of the pyramilal systcm, 

3511. 
IIoneystone, 569. 
Hommmorphous bodies, 476. 
IIornblende, basaltic, 524. 
Homblende, common, 524. 
Flornsbne, 509. 
Horn quickdvcr, 553. 
Hornsilver, 553. 
Humboldtilite, 526. 
Humbnltine oxalate 01 iron), 553. 
Humbolite, 5.34. 
Humite, 439, 442, 447, 444, 447, 449, 450, 451, 

452, 453, 454, 455, 552. 
Huraulite, 547. 
Hureaulite, 430, 442, 414, 450, 517. 
IIyacinth, 614. 
Hyalite, a r  Muller's glnss, 510. 
Ilyalosiderite, 512. 
Hydrarguret of silver, 492. 
Ilydraryyllite, 390, 3!11, 507, 549. 
Hydrous oxide of niatiyancse, 504. 
B ydroboracite, 534. 
Hydrolite, 517. 
Hydromagncsite (nativc mayicsin), 537. 
Hylrophdne, 510. 
Hydrosiliceous copper, 514. 
llydrous oxide of iroii, 5 5. 
Hyperstene, 439, 442, 443, 44 . 
Iiypersthcne, 525. 

Iberite, 527. 
Ice, 390, 391, 505. 
Ice or snow, crystals of, 473. 
Ichthyoptbnlmite, 516. 
Idocrase [pjrmmidal garn t , 360, 3G2, 3C3, 

365, 367, 526. 
lgbite, 536. 
Ilinenite titaniticir n).390. 301, 331, 4W, 531. 
Ilvaite, 417, 4-0. 422, 4-3, 4-9, 4 , 525. 
Indigo copper, 49Y. 
Iodite (iodic aiiver), 553. 
Iolite, 525. 
Iridium alloy of iridium and 1 latinum), 2 7, 

298, 403. 
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Lievrite, 525. 
Lime, anhydroua sulphate of, 417, 420, 421, 

422, 430. 
Lime hamotome, 519. 
Limnite (hydrons oxide of iron), 505. 
Linarite (cupreoua sulphate of lead), 439,442, 

443,444, 542. 
Linnei* (sulphuret of cobalt), 297, 299, 497. 
Liroeonite (octahedral arseniate of copper), 

417,422, 545. 
Lohoit, 526. 
Loganite (hydrosilieate of alumina and mag- 

nesia), 417, 420, 422, 5%. 
Lolingite (arsenical pyrites), 417, 4'20, 422, 

495. 
Lithonite, 5h. 
Lithomarge, 511. 
Lithia mica, 523. 
Lunnite (hydrous phosphate of copper), 548. 
Lydian stone, 509. 

rd 
Maeherite, 552. 
Macro-pinacoiùs, 418. 
M n c r c t y p o ~ ~  kouphone spar, 517. 
Magnesian limcstone, 537. 
Magnesite (earbonaie of inagnesia), 537. ' 

Magnesia, 511. 
Magnetic iron pyrites, 497. 
Magnetite (mapnetic iron ore), 297, 299. 302, 

304, 307, 310, 504, 51 1. 
Magnesia, sulphur of (Epsom salt), 541. 
Nagnesite, 400, 511. 
Malachite (green carbonate of copper), 439, 

442, 443, 444, 514, 539. 
Malachite (dystomic habronerne), 545. 
Malacone, 515, 530. 
Nalacolith, 525. 
Malachite, hcmiprismatic dystoine, 548. 
Malachite, pseudo, 548. 
Malachite, prisnutic olive, 545. 
Nalachite, diprismatic olive, 547. 
Nalaehite, pyramidal euchlore, 548. 
Malachite, hcxahedral lirocone, 545. 
Iilanganese, phosphate of, 418. 
Manganite, 417. 490, 421, 422, 423, 42% 430. 
iiI.in$anite (g r ïy  oside OP mnnganese), 503. 
Manilite, 510. 
N a p  of principal zones in the eubical system, 

327 et seq. 
Mnp of crystals. 326. 
Yarble for s t  ituqry, 536. 
Mamasite (nhite iron pyrites), 417, 420, 422, 

430, 497. 
MargyritP. 439, 442, 443, 4M, 417, 448, 450, 

454, 455. 
Margarite (hemiprismntic perl glimmer), 430. 

523. 

Marmolite, 511. 
Maecagnine (sulphate of ammonia), 417,420, 

421,422, 424, 430, 540. 
Masonire (chlorite spnr), 525. 
Matlockite, 360, 362, 563, 365, 367, 552. 
Neerscham, 611. 
Megalagonous kouphone apar, 518. 
Nelanterite (green vitriol), 541. 
Melanochroite, 533. 
Melanterite, 442, 439, 443, 444, 447, 418, 450. 
Melanite, 527. 
Melilite, 526. 
Meliite (mellate of alumina), 360, 362, 365, 

367, 553. 
Nenaccanite, 531. 
Mendipite. 417, 420, 421, 422, 552. 
Mengite, 417,422,421, 430, 530. 549. 
Mennige, 606. 
Mercury (native), 299, 492. 
Meroxen, 523. 
Meionite, 522. 
Mesitine, 390, 391, 400, 539. 
Yesotype, 417, 422, 430, 517. 
Mesolite, 517. 
Metallold dinllage, 525, 526. 
Metearic iron, 491. 
Meteorite, 491. 
Netaxite, 511. 
Mcthod of obtaining artilcial cryntals, 290. 
Minrgyrite (hemiprismatic nbp-blende). 501. 
Mica, 439, 442, 443, 444, 451, 452, 453, 512. 
Microlite, 519. 
Middletonite, 555. 
Niddlerine, 499. 
Micmite, 537, 549. 
Mikroklin, 519. 
Millerite (nickel pprltee), 390,400. 401, 497. 
Milk quartz, 608. 
MiloffiLine, 51 6. 
Mimetite (rirseniaie of lend), 390,391,394,395, 

400,401, 550. 
Mineral, what we  understand bg the word, 

491. 
Ninerals assume mathematicnl forms, 481. 
Minernls, speciw of, characteristics of, 481 ; 

forms and chemienl aompositien of, 482; 
q m b o h  of, 483 ; hardness, Be., 494 ; s t r ~ a k  
of, ib. ; speci6c gravit? of, with illustrntiona 
ezplnnator~,  ib. ; arrangement and descrip- 
tion of, 491. 

Minerais belonging to the pyramidal sgskm, 
360. 

llincralogy, deduition of the aeience, 481. 
Ninium (red oxide of lead), 506. 
Mirabilite (aulphate of soda), 439,442,443,441, 

MY, 452,453, MO. 
Mi-pickel (arsenical km), 417, 420, 422, 430, 

502. 
Mocha stone and moss agates, 509. IRIS - LILLIAD - Université Lille 1 



lrite, 299, 505. 
Iron (native iror.), 297, 299,491. 
Iron, chrysolite, 514. 
Iron, sulphate of, 541. 
Iron, tungstnte of, 418,420,421,422,423. 
Iron cobalt, 494. 
Irou glance, 504. 
Iron pyrites, 497. 
I ron  flint, 509. 
Iron-Rail, or eriuginous quartz, 509. 
irregulnr twenty-four faced trapezohedron, 

341 ; faces, angles, symbols, âc., of, 342; 
net  for, 314. 

Iserine, 207, 209, 301, 530. 
Isomori~hism, 476. 
Ieometrical cobaltkies, 497. 
Ittnerite, 30'2, 512. 
Ixolyte, 555. 

J 
Jade, 51 9. 
Jamesonite (nxotomous antimony glnuce), 417, 

420, 421,422, 501. 
Jasper, 509. 
Jeffersonite, 525. 
Johannite, 439, 442,443, 444,447, 512. 
Johnsonite, 532. 
Judianite, 521. 
Judicolite, 534. 
Juranite, 529. 

K 
Knkokene (Gr. kukos b d ,  and miios a gnest), 

519. 
Kalochrome, 533. 
Iiammererite, 524. 
Kaolin (parcelain earth, felspnr), 520. 
Kaproiù, the, 321, 
Karpholite, 518. 
Karstenite (anhydrous sulphate of lime), 417, 

420,421,422, 430, 541. 
Kanite (prismatio disthene spar), 458, 515. 
Keffekil, 511. 
Keilhauite. 530. 
Kerate (muriate of silrer), 297, 299, 302, 553. 
Kerasine, 552. 
Rennes (red antimony], 439,442,447,602,532. 
Kibdelophane, 531. 
Kilbi'ickenile, 500. 
niessel malachite, 614. 
Killinite, 527. 
Hlaprothiue (lazulet), 450, 442, 413, 447, 448, 

480, 452,453, 543. 
Klinoclase (oblique prismatic arsrniate of 

copper), 439, 444, 447, 545. 
Kobellite (snlphuret of antimoiiy, lleaù, anü 

bismuth), 501. 
Eonichalcite, 546. 
Koi~lite, 554. 
Kottidte, 439, 443, 54& 
Kriesvigitc. 542 

Krokydolite, blue asbestos (Gr. krohw, a dock 
of wool), 525. 

Rrokoite, 583. 
Kryptolite (a phosphate of oxide of oerium), 

547. 
Kunite, 544. 
Bupfernickel (coppernickel), 390,391,395,494. 
Bupferindig, 498. 
Rupfershaum, 546. 
Kupfersmaragci, 514. 
Eyanite, 515. 

L 
Labradorite (Labrador felspar), 520. 
Labrador hornblende, 525. 
Labradorite, 458, 460, 461, 462. 
Labrotite, 520. 
Lannite (hydrous phosphate of copper), 439, 

442,450. 
Lanarkite, 543. 
Lapis laznli, 544. 
Lapis ollaris, 523. 
Lasionire, 548. 
Lasur malachite, 539. 
Latrobite, 458, 4fi2, 522. 
Lancasterite, 537. 
Lanthanite (carbonate of ccriurn), 360, 362, 

538. 
Laumonite, 439, 412,443, 444, 452, 518. 
L a d i t e ,  548. 
Lead, native, 299,492. 
Lead, sulphate of, 417 e t  seq. 
Leadhillite (sulphato-carbonate of lend), 417, 

420, 421, 422, 424, 430, 513. 
Leucophane, 458. 
Lehmannite (chromate of lend), 43g, 443,441, 

447, 448, 449, 452, 453, 454. 
Lehmannite (red lead ors), 533. 
Lenneite (sulphuret of cobalt), 497. 
Lenzinite, 515. 
Lerbachite (seleniuret of lend and mtrcury). 

297,496. 
Leonhardite, 518. 
L e v p e  (macrotypous kouphone €par), 391, 

400, 517. 
Lepidomelane (Gr. le1 is a scale, and abe. '~  

hlnck), 523. 
Lepiùolite, 439, 442, 443, U4, 523. 
Lepolite, 521. 
Lettsoinite, 542. 
Leucite (Gr. Imhs white), 302, 307, 521. 
Lencopyrite, 495. 
Leucituid (the t~enty-four-faeed traperohe- 

ciron), 305. 
Leucophane, 551. 
Leuchtenbergite, 524. 
Libethenite (p11osyh.itc of copper), 417, 422, 

4?3, 430, 547. 
Lirierite, 519. IRIS - LILLIAD - Université Lille 1 
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Modiôw~mns of form of q s t a l s ,  292. 
Modumite, 494. 
Molecules, 555. 
Molybdena silver, 493. 
Molybdenite, 390, 391, 395,503. 
Molybdanocher, 533. 
Molybdic acid, 533. 
Monazite, 439, 442,443,414. 447,448,450,452, 

453, 549. 
Monoclinohedric egstem, 438. 
Monrolite, 515. 
Monticellite, 417, 422, 423, 612. 
Moon stone, 519. . 
Mountaiu wood, 524. 
Moroxite, 550. 
Morvenite, 619. 
Mosandrite, 530. 
Mullerine, 493. 
Mul1e1's glass, 510. 
Mullicite, 546. 
Murchisonite, 519. 
Muswvite, 522. 
Muriacite, 541. 
Musmnite, 539. 

Ti  
Nadelerz (needle ore), 499. 
Negyagite (black or fuliated tellurium), 360, 

362, 363, 365, 367, 493. 
Naphtha (earth oil), 554. 
Natrolith, 517. 
Natron (carbonate of soda), 439, 443, 444, 447, 

448,450, 535. 
Naturd properties of al1 minerais, 481, e t  seq. 
Naumannite (seleniuret of silver), 297, 496. 
Needle ore, 499. 
Needle fipar, 636. 
Needle stone, 517. 
Nephrite (jdde, Gr. nephros, a kidney), 519. 
Nepheline (Gr. nephele, a cloud), 390, 391, 

395, 522. 
Nickel ppites, 497. 
Nickel, arfieniate of, 439. 
Rigrine, 329. 
Nickeliferous gray antimony, 498. 
Xckel bismuth glance, 498. 
Niobite, 418, 420,421,422, 423, 424, 430, 531. 
Nitratine (nitrate of eoda). 400. 401. 539. 
Nitre (nitinte of potaah),. 418; 420; 421, 482, 

430, 639. 
Noble opal, 510. 
Noseau, 514. 
Noutromite, 413. 
Nutîalite, 522. 

O 
Oblique mica, 522. 
Oblique prismatic arseniate of copper, 545. 
Oblique pjramids of the flrst alam, 453. 

Oblique rectangular prlsm, 439 ; parameter, 
axes, aymbols, &o. of, 440 ; net for, 411. 

Oblique rhombic octahedron, 451 ; axes, sym- 
bols, &c. of, ib.; net  for, 452. 

Oblique rhombic prisms derived from those of 
the second order, 450. 

Oblique rhombic prism of the first order, 443 ; 
symbola, âc. of, ib. ; net for, 444. 

Oblique right prisms on a rhombic base of the 
second order, 419. 

Oblique system of crystals, 438; miner al^ be- 
longing to, 439; sphere of projection for 
the, 442. 

Octagonal prism, the, 372 ; how to draw forma 
of the, 373; net for, 375. 

Octahedral ammonia salt, 552. 
Octahedral and hepatic copper pprites, 4Ç8. 
Octahedral arseniate of copper, 545. 
Octahedral arsenic acid, 544. 
Octahedral chrome ore, 533. 
Octahedral copper ore, 505. 
Octahedral corundum, 507. 
Octahedral fluor haloide, 550. 
Octahedral iron ore, 504. 
Octahedral kouphone spar, 522. 
Octahedral lead glance, 499. 
Octahedral titauium ore, 529. 
Octahedrite, 529. 
Octahedron, the, 298; relations of, to the cube, 

ib. ; symbols of, 299 ; net fur, ib. 
(Erstedite, 515, 630. 
Oil staina in cloth, talc used for remoring, 

623. 
Oisanite, 529. 
Okenite (dyclasite), 510. 
Oligiate iron, 504. 
Oligoclase (Gr. o!Ùgo(loslittle, and klao to deave), 

458,462, 463, 465, 466, 467, 521. 
Olivenite (right prismatic arseniate of col)per), 

545. 
Olivenite (prismatic arseniate of copper), 41s, 

421,422,424,430, 545. 
Olivine, 418, 420, 422, 423, 421, 512. 
Omphnzite, 626. 
One-and-one-membered system, 457. 
Onegite, 505. 
Onofrite (seleniuret of mercury), 496. 
Oolite, 537. 
Oozite, 527. 
Opaline felspar, 520. 
Opal (resinous quartz), 510. 
Ophite, 611. 
Orichalcite, 638. 
Orpiment (yellow snlphuret of arsenic), 418, 

421, 422, 424, 430, 5U2. 
Orthite, 529. 
Orthoclase, 519. 
Orthotomous felspar, 519. 
Orthotomous kouphone spar, 517. IRIS - LILLIAD - Université Lille 1 



Orthotype (one and axial) system, 417. 
Osmelite, 520. 
Osmiridium, 390, 391,395, 492. 
Oamiridium (aüoy of iridium and osmium), 

491. 
Oatranite. 515. 
Ottrelite, 511. 
Oralate of iron, 553. 
Oxalata of lime, 554. 
Oxalit, 553. 
Oxhaverite, 516. 
Oride of antimonp. 532. 
Oxide or arsenic, 544. , 
Oxide of bismuth, 6ü6. 
Oxide of manfianese and coppcr, 504. 
Oxide of molybdenum, 533. 
Oxide of tin, 506. 
Oxide of titanium, 529. 
Oxide of tuugsten, 508. 
Oxide of uranium. 5 6. 
Oxydulated iron, 504. 
Oeokerite, 555. 

P 
Palagonite, 514. 
Palladium, 299, 492. 
Parnnthine elain spar, 522. 
Parasite, 391, 395, 539. 
Paratomous augite spar, 5%. 
Paratomous lead barylu, 543. 
Paratomous lime haloide, 537. 
Pargasite, 439, 445, 441, 414, 453. 
Pargneite (hornblende), 5'24. 
Parisite, 539. 
Patrinite (plumbo-cupriferous sulpliuret of 

bismuth), 418, 499. 
Paulite, 595. 
Pearl ainter, 510. 
Pearl spar, 337. 
Pechuran (pitch-blende), 299,506. 
Pectolite, 5.20. 
Peerschaum, earth J carbonate of, 5 i j .  
Pelioma (prismatio quartz), 527. 
Pennine, 524. 
Pentagonal dodecahedron, 339; fao~s ,  anqles, 

sgmbols, edges, Bc.. of, 3-10; net for, 341. 
Percylite (a  hydrochlorideof 1eada:id copier), 

297, 299, 302, 310, 553. 
Periclase, 505. 
Pericline, 520. 
Peridot, 512. 
Peritomous antimony glance, 5 2. 
Peritomous augite spar, 523.  
Peritomous hal-baryta, 536. 
Peritomous kouphone spar. 517,5:9. 
Peritomous lead b-ryta, 552. 
Peritomous ruby blende, 494 517. 
Peritomous titaninm ore, 5.9. 
Perliciase, 297, 299, 505. 

Perowskine, 547. 
Perowskite, 297, 290, 302, 204, 307, 310, 530. 
Perchite, 519. 
Petalite (prismatic petaline spar), 521. 
Petroleum, SM. 
Petzite (telluride of silver), 297, 493. 
Petzite (tellnret of silver), sgmbol nnd system, 

characteristics and country, 493. 
Phacolite, 616. 
Pharmacosiderite (arseniate of iron), 297, 2Q9, 

302, 301, 545. 
Pharmrcolite (arseniate of lime), 439, 442, 

443,444, 5H), 544. 
Phenakite (rhombohedral rmr<m,nl, Gr. phe- 

nm, a deceiver), 390, 395. 40 i,4 1, 528. 
Phillipsite, 418, 421, 422, 430, 519. 
Phcenicite, 533. 
Phünicit, 539. 
Phünikwhroit, 533. 
Phongenite (murio-carbonate of lead), 360, 

362, 369,365, 367, 550. 
Phosphate of alumina, 513. 
Phosphate of wpper, 517. 
Phosphate of imn, 610. 
Phosphate of lead, 549. 
Phosphate of lime, 650. 
Phosphate of mangnnese 547. 
Phosphate of uranium. fi4 . 
Phosphate of yîtria, 518. 
Phonphoodcite, 548. 
Phosphorite, 550. 
Phrebnitc )axotomous triphane spar), 519. 
Phyllite, 511. 
Piauzite, 51 .  
Picrolite, 511. 
Picromine (Gr. pikrw bitter, and osma 

smell), 418, 421, 422, 512. 
Pictite, 529. 
Pinacoids, 420. 
P in~oi te ,  513. 
Pinire, 527. 
Pissophane, 544. 
Pistoineuite, 539. 
Piritncite, 526. 
Pitckblencle, 506. 
Pitchy iron ore, 547. 
Placodine, 439, 444,447, 44 , 449, 4 5. 
Plagionite heiniprivnaticdyatom glance), 139, 

411, 451, 4 3, 502. 
Plns na, 609. 
Platinum (nntire platina), 297, 492. 
Platonic bodies, 353. 
Plattnentc, 390, 391, M7. 
Plausite, 635. 
Pleaioinoiph~us bodies, 476. 
Plomgomme hydrous aluminate of 1 ad), 5 8. 
Plumb?go (black lead ,485. 
Pluinbo-cupriferoue sulpburet of antim n)-, 
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Plumbo.cupriferoussu1phuret of bismuth, 439. 
Plumbo-resinite, 508. 
Plumosite (oapillarysulphateofantimony),500. 
Polarised liglit, 487 e t  aeq. 
Poles of crystals, 290 et seq. 
Polianite, 418, 421, 422, 503. 
Polichromatio felspar, 520. 
Pollux, 520. 
Poonahlite, 517. 
Potash mica, 522. 
Potash, nitrate of, 418. 
Potash, sulphate of, 417,420,421,422,424,430, 

540. 
Potstone, 623. 
Polynllite (Gr. polm mang, and d u  salt), 541. 
Polybasite, 390, 891, 395. 
Rolyhalite, 418, 420, 411, 422, 5L1. 
Polphydrite, 513. 
Polykrase, 418, 422, 430, 530. 
Polymignite, 418,420,422,424, 430. 
Polpmignite (prismatic melane ore), 530. 
Polysphmiile, 549. 
Poi.sellauspath, 418, 621. 
Prase, 508. 
Praseolite, 527. 
Prehiiite, 418, 420, 422, 519. 
Prismatic anlblggonite fipar, 549. 
Prismatic andalusite, 616. 
Prismatic autimouy glance, 500. 
Prismatic arsenical pyrites, 502. 
Prismatic augite spar, 510. 
Prismatic axinite, 585. 
Prismatic bismuth glance, 499. 
Prismatic bitter salt, 541. 
Prismatic boracic acid, 534. 
Prismatic borax sait, 534. 
Prismatic calamine, 612. 
Prismatic carbonate of soda, 535. 
Prismatic chrome ore, 533. 
PiismüLic chrysolith, 512. 
Prismatic cobalt mica, 54G. 
Prismatic copper glance, 49% 
Prismatic copper mica, 546. 
Prismatic corundum, 508. 
Prismatic eutom glance, 500. 
Prismatic disthene spar. 615. 
Prismatic dyrtome, 542. 
Prismatic dyetome spar, 5%. 
Prismatic emerald malachite, 54.5. 
Prismatic euchlore mica, 546. 
Prismatic Buor haloide, 549. 
Prismatic paruet, 528. 
Prismatic hal-baryta, 540. 
Prismatic iron ore, 605. 
Prismatic iron mica, 546. 
Prismatic iron pyrites, 497. 
Yrismatic lead biiryta, 542. 
Priamatic lime haloide, 63% 
Prismatic melane glance, 501. 

- 

Prismatic melane ore, 539. 
Prismatic olive malachite, 545. 
Prismatic olivenite, 547. 
Prismatic ore, 606. 
Prismatic or rhombic system, 417 ; rphere of 

projection for the, 422. 
Prismatic oxide of manganese, 503. 
Prismatic petaline spar, 621. 
Prismatic picrosmiue steatite, 612. 
Prismatic purple blende, 502, 532. 
Prismatio quartz, 527. 
Primatin acheel ore, 532. 
Prismatic smaragd, 528. 
Prismatic talc glimmer, 523, 524. 
Prismatic tantalum ore, 531. 
Prismatic titanium ore, 529. 
Pri8matic topas, 551. 
Prismatic waveline haloide, 548. 
Prinncatic ainc baryte, 513. 
Prismatic zinc ore, 606. 
Prismatoidal augite spar, 526. 
Prismatnidal lead baryta, 543. 
Prismatoidal manganese ore ,503 
Prismatoidal sehiller spar, 525. 
Prismatoidal sulphur, 502. 
Prismatoidal trona salt, 685. 
Proustite (reù silrer), 390, 391, 400, 601. 
Psathyrite, 555. 
Pseudomalaehite, 548. 
Pseudomorphous crystals, 474 ; crystnls which 

become pseudomorphous by exchange of in- 
gredients, 475. 

Psiloinelane (Gr. psilos smooth, and m l n s  
black, black hematite), 603. 

Purple copper (bornite), 498. 
PuschLinite, 526. 
Pycuite, 551. 
Pyramidal adiaphaue spar, 527. 
Pyramidal brythine spar, 517. 
Pyramidal cerium baryta, 551. 
Pyramidal coppcr pyrites, 491. 
Pyramidal euchlore malachite, 648. 
Pyramidal gamet, 526. 
Pyramiùal kouphone npar, 516. 
Pyramidal lead baryta, 533. 
Pyramidal manganese ore, 604. 
Pyramidal melane ore, 5311. 
Pyramidal rnelichrome resin, 553. 
Pyramidal peul kerate, 5.53. 
Pyramidal Scheel baryta, 532. 
Pyramidal sy-tem, 339; list of minerala be- 

Juging ln, 3GD ; combinations of the, 
381-384. 

Pyramidal tin ore, 606. 
Pyramidal titanium ore, 529. 
P~ramida l  zircon, 514. 
Pyramidal zeolite, 616. 
Pyrargyrite, 300,391, 400, 501. 
Pyrargyllite, 527. IRIS - LILLIAD - Université Lille 1 



Pyrenaite, 527. 
mgorne,  525. 
Pgritoid, the, 339. 
Pyrite (iron pgritea, sulphnret of iron), 297, 

299, 802, 304, 307,310, 497. 
Fyrophyllite, 418, 524. 
Pyrosmalite (axotomous perl mica), 550. 
Pyrochlore, 297,299, 302, 307. 
Pyrope, 637. 
Pyromorphite (phosphate of Irad), 390, ml, 

395,401,549. 
Pyrophysalite, 551. 
Pyrochlore (octahedral titanium ore), 529. 
Pgrorthite, 529. 
Pyrolusite, 418,420, 421, 422, 503. 
Pyrosmalite, 390, 391, 995,503. 
Pyroxene, 525. 
Pyrrhotine, 390, 391, 595,400,401, 497. 
Pyrrhosideritp, 505. 

Q 
Quartz, 508. 

B 
Radiolite, 517. 
Rammelsbergite (white arsenienl nickel), 297, 

299, 302, 494. 
Raphilite, 524. 
Realgar (red sulphuret of arsenic), 439. 442, 

443,441, 447, 449,450,452, 454, 155,456,502. 
Red antiuiony, 502, 532. 
Red cobalt, 546. 
Rad iron ore, 504. 
Red lead ore, 533. 
Red manpanese, 538. 
Red oxiùe of coppcr, 505. 
Red oxide of lead, 506. 
Red oxide of zinc, 506. 
Redruthite (vitreous copper), 4lS, 4i0, 422, 

430, 498. 
Red silver, 501. 
Red zinc, 506. 
Red siliceous oxide of cerium, 5:3. 
Red sulphuret of arsenic, 509. 
Red sulphate of iron, 512. 
Red vitriol, 542. 
Regular pentagonal dodecahedron, 353. 
Remolinite (muriate of wpper), 418, 421, 484, 

430, 552. 
Resin (pyramidal melichrone). 553. 
Sesin, Hiqbnte, 551. 
Resinous quartz, 510. 
Retinalite, 511. 
Retinite, 654. 
Retinaspbalt, 554. 
Rhodocrosite, 538. 
Rhodonite (siliciferous oxiùe of mangane-e), 

439, 442, 443, 414, 513. 

Rhodonte, 299,302,634. 
Rhœtzit, 515. 
Rhoe aand, 537. 
Rhombic dodecahedron, 300; s p b o l s  of, 301 ; 

net for, ib.; to dewribe the face of, ib. ; 
minerais mthcrystals of this form, ib. 

Rhombic pyramid 429; mes, symhoùr, &c., of. 
ih., net for, 430. 

Rhombic sphenoid, the, 436. 
Rhombohedral almandine spar. 550. 
Rhombohedral alum hnloide, 5-3. 
Rhombohedral arseniate of copper, 516. 
Rhombohedral cerium ore, 513. 
Rhombohedral comnùum, 507. 
Rhombohedral dystom glance, 501. 
Rhombphedral elain spar, 522. 
Rhombohedral emerald malachite, 514. 
Rhombohedral felspar, 522. 
Rhombohedral fluor haloide, 550. 
Rhombohedral irou ore, W. 
Rhombohedral iron pyrites, 497. 
Rhombohedral kouphone ~limmer,  5 5. 
Rhombohedral kouphone q nr, 616. 
Rhombohedral lead baryta, 549. 
Rhombohedral lime haloide, 536. 
Rhombohedral melane mica, 513. 
Rhombohedral quartz, 508. 
Rhombohedral mby-blende, 561. 
Rhombohedral smarngd, 528. 
Rhombuhedralsystt.m of cryatnls, 384 et  seq. 
Rhombohedrnl sysfem. cxubindtiuns of, 413 

et  seq. 
Rhombohedral tala glimmer, 5:3. 
Rhombohedral zeolite, 516. 
Rhombohedral zinc bnryta, 538. 
Rhomb spar, 637. 
Rhomboid, the, 399; s p b o l s .  poles, Bc., of, 

and nets for, 399 ; minerals a i r h  their LCLB 
parallel to, 400 ; mny be derived from double 
six-faced pyramid, 401 ; illustrations ofth s, 
402; poles of the derived, 403 et  seq. 

Rhyawlite (Gr. rym a lava stream), 439, 412, 
443, 417, 449,451, 452, 622. 

Riemanite, 515. 
Bight prismatic arseniate of copper, 545. 
Right prismatic barytn-calcite, 535. 
Right rhombic prism of the Brst order, 421 ; 

symbols, &ce, for it, ib. ; net for, ib. 
Right rbombic prism of the aecond orùer, 425; 

symbols, &c., of, 426 ; pole8 05 42'. & 
Right rhombic priam of the third order, 427. 
Right pRem on a n  oblique rhombic base, 4iG ; 

aymbo!s, &c., of, ib. ; net for, 447 ; prienia 
derived from the right prism on an oblique 
rhombic baee, 443. 

Right rectangular prim, 418; to draw sym- 
bols, &c., 419 ; net for the, ib. ; parameten 
of, ib. 

iüolite, 496. 
IRIS - LILLIAD - Université Lille 1 
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Ripidolite (Gr. ripis, alan), 390,391, 394, 400, 
401,534. 

Ripodolith. 521. 
Rock crystal, 508. 
Rock salt, 552. 
Rodochrome, 524. 
Roestone, 537. 
Romanozite, 527. 
Roselite, 418, 430, 422,430,514. 
Rose or milk quartz, 508. 
Rubellite, 534. 
Rubellan, 523. 
Rutile (oxide of titanium), 360, 362, 363, 365, 

367, 529. 
Ruby blende, 501. 
Ruby copper, 505. 

8 
Sagenite, 520. 
Sahiite, 625. 
Bal ammoniac, 297, 299, 302,552. 
Saitpetre, 539. 
Salt, rock, 552. 
Salt, 297, 299, 302, 310, 552. 
Balmiak, 552. 
Salïiorite (arsenical cobalt), 207, 299, 307, 494. 
Smx~rskite, 418, 531. 
Snnidine, 519. 
S,ircnlite (octaliedral kouphone spar), 360, 362, 

363, 365, 367, 517, 522. 
Gnssoline (native boracic acid), 458, 460, 461, 

462, 463. 466, 467, 534. 
Satin spar, 536. 
Saynite, 498. 
Scalenoliedron, the, 379, e t  e q .  
Scalenoliedron, forma of the, 409, et scq. 
Scapolite, 360, 362, 363, 365, 367, 522. 
Scarbroite, 516. 
Scheel Iead, 532. 
Schrotterite, 516. 
Scheelite (tongstate of lime). 360, 362, 363, 

3C5, 367, 532. 
Scheererite, 439, 554. 
Sebiffer spar, 536. 
Schiller spar, 526. 
Schmelzstdn, 522. 
Sohorl, 534. 
Scholezite (needlestone, Gr. akolm, a worm), 

430, 443, 444, 452, 453, 517. 
Schorlomite, 531. 
Scbulzite, 418, 424,430,500, 
Searodite (martial areniate of aopper), 418, 
420, 421, 422, 424, 430, 545. 

&orza, 526. 
Bchriiterz, 493. 
Second system of crystale, the pyramidal, 359. 
Seleniuret of coppei- and siher, 496. 
Selenioret of lead and mercnry, 496. 
Seleniuret of lead and copper, 496. 

lemi-opal, 510. 
Belbite (carbonate of silver), 538. 
Seleniuret of copper, 495. 
Seleninret of lead, 496. 
Seleniuret of mercury, 496. 
Seleniuret of silver, 496. 
Selenium, 49 5. 
Selenite, 541. 
Senarmontite, 299, 504. 
Sepiolite, 511. 
Serbian, 516. 
Serpentine (so called frum itsapottedor snah-e 

like markings), 511. 
Seybertite, 512. 
Siderite, 508, 537. 
Sideroschizolite, 513. 
Silicate of bismuth, 514. 
Siliceons borate of lime, 531. 
Siliceous oxide of zinc, 512. 
Siliceou8 sinter, 510. 
Bilieiierous oxide of mannanese, 5;3. 
Siliciferous oxide of ceriuin, 513. 
Silicite, 520. 
Sillimanite, 515. 
Silrer (native), 297, 199, 302, 310, 492. 
Skfuced octahedrou, 310 ; syiubols for, 311 ; 

to draw, ib. ; axes of, 312 ; to dchcribt! a 
net for, 313; forma of the whicli occur in 
nature, 314. 

Sis-fueed tetrahedron, 336 ; faces, edges, 
angles, &c., of 336; net for, 337. 

Sisth system of crystals, the anorthic, or 
doubly oblique, 457. 

Skutterudite (hard white cobalt), 297, 299, 
302, 304, 494. 

Slate spar, 536. 
Snialtine (arsenical cobalt), 297,299, 302, 307, 

494. 
Smaragdite, 524. 
Smaragdochaloit, 552. 
Smectite, 515. 
Smithsonite (ailiceous ozide of zinc), 418, 420, 

422, 512, 538. 
Smoky quartz, 508. 
Snow or ice, orystals of, 473. 
Soapstone (steatite), 511, 523. 
Soda, sulphate of, 418, 420. 
Soda alum, 543. 
Soda, muriate of, 552. 
Soda, striated, 535. 
Sudalite, 207, 302, 307, 550. 
Sodium, chloride of, 552. 
Sommervillite, 360, 362, 363. 365, 526. 
Sommite, 522. 
Sordawalite (froui Sordanla in Finland), 527. 
Spîrry iron, 538. 
Spartalite (red d d e  of zinc), 390, 391, 400, 

Spathose iron, a88. IRIS - LILLIAD - Université Lille 1 
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Tellurwiamuth, 390,391,493. 
TeUuret of lead, 493. 
Telluret of silver, 403. 
Tellur silver, 493. 
Tephroit, 513. 
Terenite, 522. 
Tennantite, 498. 
Tessalite, 616. ' 

Tetarto-prismatic felepar, 520. 
Tetarto-prismatic melane ore, 529. 
Tetarto-prismaticsystem, 457. 
Tetartine, 520. 
Tetarto-pyramids, 465. 
Tetaria-rhornbic syatem, 457. 
Tetraphyline, 547. 
Tetrakis-hexahedron (thefour-facedcube),308 
Tetradymite (sulpho-telluret of bismuth), 493. 
Tetrahedmn, 350; faces, angles, edges, ho., of, 

and net for, 331. 
Tetraklwit, 522. 
Tetrahedral eopper glsnce, 502. 
Tetrahcdral boracite, 534. 
Tetrnhedral gamet, 528. 
Tennantite (dodecahedral dystome glance), 

297, 299, 302, 307, 498. 
Thallite, 526. 
Tharandite, 537. 
Thenardite (sulphate of soda), 418, 420, 422, 

430, 540. 
Thermonatrite (prismatic carbonate of soda, 

418, 420,421, 424,430, 535. 
Third system of minerais-the rhombohedral, 

985 ; forms of, ib.; minera18 belonging to, 
394 ; axes of the, 373 ; parameters, 388 ; 
hexagonal prims, 389 ; map of the, 391. 

Thomsonite, 517. 
Thorite, 516. 
Thraulite, 613. 
Three-faced octahedron, 502; symbols of, ib. ; 

how to draw the, 303 ; axe8 of, ib. ; inclina 
tien of the faces of, ib. ; to descnbe a net 
for, ib. 

Three-faced tetrahedron, 334; faces, angles, 
axes, edges, &o., of, ib. ; net for, 355 ; forms 
of the, ib. 

Thrombolite, 547. 
Thulite, 526. 
Thumerstein, 535. 
Thnrnite, 6%. 
Tincal (boxate of soda), 439,442, 443, 444, 451, 

452, 534. 
Tin, 360, 362, 363,365, $67. 
Tin Stone, 506. 
Tin-white cobalt, 494. 
Tin pyrites, 499. 
Titanite, 529. 
Titanitic iron, 531. 
Titanachorl, 5'29. 
Thorite, 515. 

Topazolite, 527. 
Topas, 418, 420.421, 422, 424, 430, 561. 
Torherite (copper uranite), 360, 362, 363, 365. 

367, 618. 
To*Panite, 360, 362, 363, 365, 367, 498. 
Torrelite, 531. 
Tourmaline, 390, 400, 534. 
Trapezoidal icositetrahedron, $41. 
Trapezoidal amphigene spar 521. 
Tremolite, 524. 
Triakistetrahedron, 334. 
Triolasaite, 527. 
Trichlohedric system, 467. 
Trigonal dodecahedron, 334. 
Triphane, 521. 
Triphyline, 439, 442, 443, 444, 447, 449, 

547. 
Triplite (phoaphnte of manganese), 417, 547. 
Tritomite, 299, 513. 
Trona (prismatoidal soda mlt), 439, 535. 
Troostite, 51% 
TscheBkinite, 599. 
Tungsten, 632. 
Tungstate of lime, 53% 
Tungstate of iron, 532. 
Tungstate of lead, 583. 
Tufa, or calcareous tuff, 537. 
Tnrgite, 505. 
Turquoise, 549. 
Twelve-faced trapezohedron, 652; faces, an- 

gles. edges, symhols, mes, &o., of, and net 
for, 555. 

Twenty-four-faced trapeeohedron, 695; how 
to draw the figure of,ib. ; net for, 505 ; forme 
of the 507; crystals which hare faces parailel 
to this form, ib. 

Twin crystals, 468 ; net for, 471; priamatic 
syatem of, 476 ; oblique system, ib. ; anor- 
thic syatem, 474. 

Two-and-one membered sgstem, 458. 
Typical forms of crystals, 204. 
Tyrolite, 418,420, 421,422, 546. 

Ullmanite (sulphuret of antiiony), 297, 299, 
302.497. 

~ l t i m a t e  molecules, 555. 
Uncleavable staphyline malachite, 514. 
Unionite, 621. 
Uncleavable anire apar, 049. 
Uncleavable quarte, 510. 
Uncleavable manganese ore, 6n3. 
Unclemble nephrite spar, 619. 
Uniuxial mica, 523. 
Draine (oxide of uranium), 606. 
Uralorthite, 529. 
Uran-mica, 648. 
Uran-ocbre, 606. 

IRIS - LILLIAD - Université Lille 1 



Urantoantal, 531. 
Uwarowite, 299,628. 

v 
Valenthite, 418,422, !Y S. 
Vanadinite, 590, 691, 582. 
Vanadiate of lead, 532. 
Vanndiate of capper, 633. 
Vanquelinite (chromate of lead), 439, 442, 417, 

452, 533. 
Variegated copper, 498. 
Velvet wpper ore, St2. 
Vermilion, 499. 
Vesuvian, 526. 
Villarsite, 511. 
Vitreoua copper, 498. 
Vitriol, white, 541. 
V'ivianite (phosphate of iron), 430, 442, 443, 

444, 447,4h9, 419, 450, 452, 453, 454 516. 
Volborthite (vanadiate of copper), 533. 
Volknerite, 507. 
voitaite, a97, 502, SU. 
Voltziue, 503. 
Vorauiite, 545. 

W 
Wad (earthy mangonese), 504. 
Wagnerite, 439, 442, 444, 417, 450, 451, 452, 

453, 464, 549. 
Walchowite, 555. 
Waiframocùer (oaide of tungsten), 608. 
Wandstein, 597. 
Wavellite, 418, 422, 430, 348. 
Websterite, 544. 
Weiesite, 627. 
Wernerite, 522. 
White arsenical nlckel, 494. 
White antimony, 639. 
White nickel, 494. 
White iron pyrites. 497. 
White ~ i t ro l ,  541. 
Whewellite (oxalate of lime), 439, 442, 443, 

441, 447, 554. 
Wichtisite, 533. 
Willemite, 993, 391, 4M), 512. 
Wismuthocher (oxide of bismuth), 506. 
Witherite (carbonate of barytas), 118,420,421, 

422, 430, 636. 
Withamite, 526. 
Wohlerite, 531, 
Wolchite, 418, 420, 421, 422, MO. 

Wol honnlkoitc, 3.33. 
Wolchite (antimoninl wpper glance), WH. 
Wolfram (tungstate ot non). 416, 420, 421, 

422,423,424, 430, 532. 
Wolfram ochre. 508. 
Wolfsbergite (suiphoret of wpper nnd mti- 

mony), 418, 420. 421,422, 43.1. 600. 
Wood opal, 510. 
Woolaatonite (Lnbulnr spar), 439, 442, 444, 449 

460,452, 454, 510, 620. 
Worthite. 515. 
Wulienite, 360, 962, 363, 365, 367, 533. 

Ycllow wpper ore, 199. 
Ycllow sulpharet of arsenic, S<M. 
Yeliow leud ore, 53% 
Yellow uranite. M8. 
Yellow tellnnum, 493. 
Yemte, 625. 
YtAerbite, 6%. 
Y ttro-illmenite, 651. 
Yttria, phosphaw of, 548. 
Yttrotitunite, 530. 
Yttrccerite pyramidal cerium baryta), 651. 
Yrtmtantalite, 531. 

z 
Zinckenite (rhombohdral dystom glanoe), 501. 
Zeagonite, 619. 
Zenotgne, 360, 362,365. 
Zeolith, 517. 
Zircon, 360, 362, 363, 385, 367, 614. 
Zincite, 606. 
Zinc, sulphate of, 417, 422, 424, 430. 
Zinc spar, 558. 
Zinc glaen, 512. 
Zinckenite, 418,421,422. 
Zones, 326. 
Zoisite, 439, 443, 444, 526. 
Zorgite ileleniuret of lead and mpper), 1% 
Zundererz, 532. 
Znrlite. 5%. 
Znrselite, 418. 
Zwiuelite ( i  apatite), 418. M7. 
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