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w 1. HisToRic~z~ SURVEY. 

T HE labour of tracing the history of the Red Silver Ores, of collating 
the literature, and of tabulating the crystalline forms previously 

observed, has been, to a large extent, rendered unnecessary by the memoir 
published by E. Rethwisch (Neues Jahrbuch f~r Mineraloqie, Beilage 
Band iv. (1886), pp. 81-109), under the title "Beitr~ge zur mineralogischen 
und chemischen Kenntniss des Rothgiiltigerzes." 

If  due care be taken to correct the errors, which are discussed below, 
the memoir of Rethwisch may be taken as a summary and analysis of the 
facts known about the crystallographic and chemical characters of the Red 
Silver Ores up to the year 1886. 

(a.) Prior to that date there had been a great want of precision in the 
observations upon the two minerals ; very few analyses had been made 
upon carefully seleoted material; the rhombohedron angle of Pyrargyrite 
had been variously given by competent observers as from 71 ~ 18' to 71 ~ 42', 
and that of Proustite as from 72 ~ 10' to 72 ~ 45' ; a very large number of 
crystal forms had been recorded, but these had not been critically examined, 
neither had it been determined which belong to Pyrargyrite and which to 
Proustite. Sella, by whom a large number of the forms were first given 
(Quadro delle forme cristalline dell' Argento Rosso, &c. II ~uovo 
Cimento iii. (1856) p. 287), abandoned his original intention of writing a 
monograph of these minerals, and contented himself with a bare list of 
the forms ; whereby numerous valuable observations made by him in several 
European museums have been lost to science. 

The intermediate varieties of Red Silver, containing both antimony and 
arsenic, were commonly assumed to be intermediate in colour and in 
rbombohedron angle between Pyrargyrite and Proustite. 

[~rom the occurrence of the form {21-1) ~ R as a trigonal prism, and 
l'~'om the habit of the few doubly terminated crystals which had been found, 
it was supposed that Pyrargyrite is hemimorphie, but it had not been 
found possible to distinguish the forms characteristic of the two ends. 

Twinning on the face (211)�88 R had been fully and accurately described 
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by Haidinger? Descriptions had been given of Pyrargyrite and Proustite 
twinned on (100) R, and of Pyrargyrite twinned on (111) OR. Twin- 
ning on (110) - �89  R, on (211) ~ R, and on (11]) - 2  R, had been recorded 
by different observers. 

For references to the scanty information published regarding the physical 
characters of the two minerals the memoir of Rethwisch should be con- 
sulked, as also for details of previous chemical and crystallographic 
observations. 

To the list of the previous literature given by Rethwisch the following 
must be added : - -  
1795. Freiesleben. Bemerkungen i~ber den Harz (passim). 
1811. Sowerby. E~otic Mineralogy. I. Plate xxxiii. 
1824-5. Haidinger. Edinburgh Journal of Science, Vol. I. p. 826; 

Vol. H. p. 91. 
1886. Mohs. Naturgeschichts, I. p. 252. 
1846. Domeyko. Annales des Mines, IX. p. 865. 
1851. S6narmont. Annales de Chimic et de Physique, XXXII. p. 171. 
1853. Breithaupt. Berg-und H~ttenmtinnische Zeitung, XII. p. 401. 
1856. Vogl. Gangverhiilmisse u. Mineralreichthum Joachimsthals, p. 81. 

Sella. Mere. Aceademia Torino, XVII. p. lxix. Nuovo Cimento, 
IV. p. 98. 

1868. N~ggerath. Bet. nieder-rhdnische Gesellschafl, XX. p. 51. 
Ihne. Berg-und Hi~ttenmiinnische Zeitung, XXII. p. 51. 

1882. Daubr6e. Bull. Soc~t$ MinSralogigue de France, V. p. 800. 
veto Rath. Ber. nieder-rhdnische GeseUsehaft, p. 31. 

1885. Schenek. Zeitsch. f .  Krystallographie, X. p. 283. 
1886. Rethwiseh. Neues Jahrbuch, Be'ilage Band Iu p. 81. 

Streng. Neues Jahrbueh, (I.) p. 60.] 
Schuster. Verb. geologische Re~chsanstalt, p. 68. 

1887. Schuster. Zeitsch.]. Krystallographie, XII. p. 117. 
Goldsehmidt. Krystallographi~che Pr~ectionsbilder, V. VI. 
Purgold. Isis, 1886, p. 58. 

1888. Micra and Prior. Mineralogical Magazine, VII. p. 196. 
Goldschmidt. Indez der Krystallformen. 

(b.) Subsequently to 1886. 

E. Rethwiseh (lee. cir.) cbntributes analyses and measurements made 
upon four specimens, of which one is a pure Proustite, another a pure 
Pyrargyrite, and the remaining two are Pyrargyrite containing 2"62 and 

1 Edinbur9 h Journal of Science (1825), Vol. II. p. 91. 
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8"01 per cent. of arsenic respectively, the special object beirg to determine 
the true dimensions of the two former. This is the first attempt which 
was made to analyse measured crystals of either mineral, i.e. to gain pre- 
cise knowledge of their composition and form and of the relations which 
may exist between them. 

The four specimens appear to constitute a gradual series both as regards 
the percentage of arsenic, the rhombohedron angle, and the specific 
gravity. Unfortunately, the two intermediate varieties, though from 
different localities, are practically identical, and the dimensions of the 
Pyrargyrite are not satisfactorily determined either as regards the accuracy 
of the measurements or their suitability. In  fact, when these observations 
are criticised, it will be seen (rid. Min. Mag. vii. p. 199, and below w 6) 
that they lead rather to the conclusion that the specimen of pure Pyrar. 
gyrite has  the same rhombohedron angle as the two arsenical varieties. 

This author's observations, therefore, do not serve to establish any 
gradual passage between Pyrargyrite and Proustite, neither do they deter- 
mine the dimensions of Pyrargyrite; the facts added to our knowledge 
are : (1) a specimen of Proustite had a rhombohedron angle 72 ~ 10', and 
specific gravity ~'55 ; (2) two specimens of Pyrargyrite containing 8 per 
cent. of arsenic had a rhombohedron angle 71 ~ 22', and specific ~ravity 
5"72 to 5"75 ; (8) a specimen of pure Pyrargyrite had a rhombohedron 
angle perhaps a little lower than 71 ~ 22', specific gravity 5'87. 

The crystallographic data of this memoir are fully criticised below (w 9). 
Max Schuster called attention to the striations upon the prism 

{101} ~ ov P2 of Pyrargyrite, and to the manner in which they indicate 
faces belonging to different forms at the two ends of the crystal, and so 
prove beyond doubt its hemimorphic character ; he also showed how this 
character has escaped attention owing to the peculiar mode of twinning. 1 

In the two specimens from Andreasberg described by him there is a 
tendency to the formation of steep negative and fiat positive scalenohedra 
at the attached end, and of steep positive and fiat negative scalenohedra at 
the unattached end of the crystals. 

The mode of twinning was described as unsymmetrical and explicable 
by hemitropy about the normal to the prism faces fl01-t, ov P2 ; the two 
individuals are so united that their prism faces coincide and form a single 
column, towards the middle of which meet the two ends characterised by 
steep negative scalenohedra. In a doubly terminated twin crystal of this 

1 Schuster does not seem to have been aware that this twinning had been pre- 
viously described and figured by Naumann (Lehrb. der Kryst. 1830, Vol. II. p. 311, 
Fig. 721). 
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nature the hemimorphie character would be disguised, the terminations 
are similar, and it is only by careful observation of the markings on the 
prism, and of the direction to which they tend, that the twin-structure and 
the lines of junction can be made out. 

Finally, a note by Mr. G. T. Prior and myself contributes measurements 
and analyses of Proustite containing at least 1"41 per cent. of antimony, 
and shows that in this case the rhombohedron angle is 72 ~ 12', the same 
as that of pure Prousti te/and the specific gravity 5"64. 

V. Goldschmidt, in his Projectionsbilder, selected from the forms found 
by Rethwiseh in the earlier literature those which he regards as beyond 
suspicion, and by means of elaborate gnomonic projections showed the 
zonal distribution and position of these forms as compared with those of 
calcite and quartz. In his Index der Krystallforme~/where earlier obser- 
vations are thoroughly discussed, it is suggested that the equal develop- 
ment of zones radiating from the prisms {101}, o~ P2, and {2il}, co R, 
is a characteristic feature of the Red Silvers. (See on this point w 22.) 

From the above summary it will be seen that the chief points which 
require to be established are the following : - -  

(1). Are Pyrargyrite and Proustite two distinct species, or do they pass 
into one another ? 

(2). I f  distinct species, what are the crystallographic, physical, and 
chemical characters of each ? 

(3). I f  there are intermediate varieties, what are their characters and 
what relations do they possess ? 

(4). I f  Pyrargyrite is hemimorphie, what are the forms characteristic of 
the two ends of the crystal ? 

I t  may reasonably be expected that some light would be thrown upon 
questions concerning the internal structure of crystals by a complete dis- 
cussion of the forms on these minerals, which are so rich in faces, 
especially if it is possible to distinguish the forms which are characteristic 
of Pyrargyrite from those which are characteristic of Proustite, and to 
discriminate between the faces which belong to the two ends of hemi- 
mo~s crystals. 

w 2.--REsuLTs. 

The present paper is the result of a study of the rich collection of Red 

1 The locality of the pure Proastite mentioned oll p. 201 should be Mexico, not 
Chafiarcillo. 

I am indebted to Dr. Goldschmidt for the h~an of this part of the Index before 
its publication. 



4 2  H . A .  MIERS 

Silvers in the British Museum (Natural History). The analyses have been 
made b'y Mr. G. T. Prior, and the specific gravity determinations in most 
instances by both Mr. Prior and myself. 

The following are the conclusions at which we have arrived : - -  
(1). Proustite and Pyrargyrite are two species which may be always 

distinguished. 
(2). Proustite has a rhombohedron angle 72 ~ 12'; Pyrargyrite a rhom- 

bohedron angle 71 ~ 22'. The specific gravities of the pure minerals are, 
Proustite ~'67, Pyrargyrite 5-85. 

(3). The minerals may be perfectly distinguished by the colour of their 
powder. The powder of Proustite is scarlet-vermilion, the powder of 
Pyrargyrite publish-red. 

(4). Pyrargyrite is certainly hemimorphic ; Proustite is probably so. 
(5). Among the forms which occur on the two minerals, some are 

characteristic of Proustite, some of Pyrargyrite, and some are common to 
both. These are distinguished below. 

(6). Among the forms which occur on Pyrargyrite,,some are character- 
istic of one end of the crystal, some of the other, and some are common 
to both. These are also distinguished so far as is possible. 

(7). 1VIost Pyrargyrite contains arsenic, and some Proustite contains 
antimony. Such specimens rarely yield crystals which can be accurately 
measured ; where the percentage is large it is generally due to a visible 
association of Proustite and Pyrargyrite, and produces a confused crystal- 
lisation. 

(8). Where the percentage is small and the crystals can be measured 
with perfect accuracy, the presence of antimony in Proustite and of arsenic 
in Pyrargyrite does not appreciably affect the rhombohedron angle. 

(9). Pyrargyrite is twinned upon the faces {211}, �88 R;  {100}, R ;  
t l 0 1 } , ~ P 2 ;  {110}, - ~  R ;  Proustite upon the faces {211}, �88 R ;  
{100}, R ;  {IlI~, OR; {110}, - ~ R. Taking into accoun~ the hemi- 

morphism o f  Pyrargyrite, the twins on (211) and (100) are always 
explicable by hemitropy about those faces and not about the rhombohedron 
edge lying in them. (211) is also a plane of secondary twinning in Pyr- 
argyrite. 

(10). The principal zones in Pyrargyrite are very rich in vicinal faces 
and in forms with high indices ; these zones are determined by the rhombo- 
hedra {110}, --�89 R; {100}, R ;  and the prisms {10-1}, r a P 2 ;  {2ii}, 
m R ; the vicinal faces have positions which may be expressed as regular 
functions of their indices. 

(11). The richest portions of the principal zones are those in which 
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they approach most nearly to faces of the forms {100}, R ; {10]}, ~ P 2  ; 

and {2ii}, ~ R, not lying in the zone. 
(12). All the typical forms lie in zones with simple symbols containing 

either {100}, R, or {110}, - }  R. 
(13). The two minerals are strictly rhombohedral in character, no typical 

forms occur in both the direct and inverse ( +  and --)  positions. 
The more purely mineralogical de~ails, description of individual speci- 

mens, localities from which certain forms and combinations have been 
observed, &e., are omitted from this paper, and reserved for the complete 
catalogue of the specimens in the Museum collection. 

w 8.--DEscRIPTION OF PYRARGYRITE AND PROUSTITE. 

PYRARGYRiTE.--Rhombohedral, hemimorphie. 

100 : 010  (R : •) = 71 ~ 22';  100 : 111 (R : 0R) = 4 2  ~ no�89 
a : c ~ 1 : 0 " 7 8 9 9 .  

OBSERVED FORMS. 

a 10i f '  725 T 41f ~ 610 
b 21]. 9' 12 1 4: U 9172 ~r 19 11 

c 403 m* 823 V 13 1 4~ p 643 
d 21i p '  12 5 6 W 923 a 41i  

�9 110 ~' 16 1 I X 8S4 r 312 

f 223 ~' 703 Y 813 v 320 

? g 712 t' 18 4 7 Z 50]. ib 510 

?k  11 1 4 w' 501 ~ 40 7 f i  @ 30i 
1 623 x' 26 5 7 G' 810 o~ 530 

n 40i B 17 5 4: I ' 17 0 ~ r '  830 

?o  l l I  C 12 1 3 N' 17 0 1~o ~r ~ 907 

p 210 ]9 54w P' 6t2 r 834 
q 324: E 212, Z '  13 9 H A 19 0 

r 100 F 9 5 ~ a 42,3 ~E 27 6 

.~ 11i G 43~ ~ 5i47 n dfi 
t 310 H 8 5 i'o y 503 52 13 7 0 
u 211 I 611 (~ 321 %' 520 

v 20]- L 19 4 5 e ~0 11 7 P' 730 

w 41o N 53~ ~ 90:5 a' 17 o i~ 
y 3()2 p 32~I ~1 28 13 i~ II' 13 6 0 

z 512 Q 15 l :~ 0 97S tY 748 
a'  721 S 8(i7 k I1 4 0 

T w i n - f a c e ;  (1) u ,  (2) r .  (3) a.  (4) e. (5) b (?).  

C leavage  ; (1) r .  (2)  e ; i mpe r f ec t .  F r a c t u r e ,  concho ida l .  
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H - -  2"5, O = 5"85 (varying between 5"85 and 5"77 in the arsenical 
varieties). 

Colour ; by reflected light, black to grey-black ; by transmitted light, 
reddish-purple. 

Streak (colour of powder); purplish-red. 
Translucent to opaque. 
Composition, 8Ag2S. Sb~Sa; generally contains a small percentage of 

arsenic. 

PRousTiTE.--Rhombohedral ; probably hemimorphic. 

100 : 010 (R : R) =- 72 ~ 12 ' ;  100 : 111 (R : OR) ---~ 42 ~ 52'. 
a : r  

O~SERV~V FOAMS. 

a 10-I r 100 n' 714 
b ~ i f  , 111 M 632 
d 21]. t 310 P 323 
e 110 u 211 a 423 

? h 55i v 2o-t ~ 5o~ 
? o 111 w 410 ~ 905 
p 21o y zo~ ~ 3~  

Twin-face; (1) u. (2) r.  (3) o. (4) e. 

O' 720 
1 9 0 ~  

~t, 621 

Cleavage ; r, imperfect. Fracture, conehoidal. 
H ~ 2"5,1 G = 5'57 (varying between 5'58 and 5'64 in the antimonial 

varieties). 
Colour ; by reflected light, black to reddish-black ; by transmitted light, 

vermilion. 
Streak (colour of powder) ; scarlet-vermilion. 
Subtransparent to translucent. 

Composition, 3Ag:S. As~S3; sometimes contains a small percentage of 
antimony. 

w 4.--CoLova ANn STREAK. 

By purely reflected light the eolour of both minerals is the same, 
namely, black or grey-black ; it is not until the light is partially transmitted 
that the colour assumes the various red tints which have been described 
under numerous names in the text-books ; these tints vary, to a certain 
extent, with the thickness of the mineral, and are complicated by the 
tarnish. A definite name can only be applied when either mineral is 
examined by transmitted light in splinters or sections which are so thin 

1 Pyrargyfite is a little harder than Prou~tite. 
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a s  to be translucent or sub-transparent. The eolour of Pyrargyrite is then 
seen to be reddish-purple, and that of fresh Proustite almost vermilion-red. 

The colours of the minerals seen, as is generally the case, by light which 
is partly transmitted and partly reflected, afford no clue to their composition ; 
Proustite darkens by exposure into a deeper black than that of Pyrargyrite ; 
and Pyrargyrite of a light-red colour is sometimes found to contain no 
arsenic. The light colour of some Pyrargyrites is due sometimes to 
tarnish and sometimes to the drusy character of the mineral ; a number 
of minute crystals transmitting enough light to yield almost the superficial 
colour of Proustite. I t  is only when sufficiently thin splinters are examined 
that the Pyrargyrite is seen to have a blueness of tint which is absent 
from Proustite. 

A perfectly safe means of distinguishing the two minerals is afforded by 
their streak. 

This has also been described under a variety of names by different 
observers. If, however, the colour of the streak be always determined by 
detaching a minute fragment of the mineral and crushing it upon white 
paper with the blade of a knife, it will be found that only two eolours are 
obtained from the Red Silvers ; one which is purplish-red is the streak of 
Pyrargyrite, the other which is scarlet-vermilion is the streak of Proustite. 

All the specimens in the Museum collection were examined in this way, 
and separated into two groups provisionally classed as Pyrargyri~ and Prous- 
tire ; this necessitated the removal to the Pyrargyrites of several specimens 
previously called Proustite ; the whole of the Pyrargyrite specimens were 
then tested for arsenic, and those which contained the greatest quantity 
of arsenic were quantitatively analysed in the hope of finding intermediate 
varieties. The results of these analyses are given below ; in no case was 
more than 2"6 per cent. of arsenic found in a specimen having the darker 
streak. 

When the streak is examined in this way from a small amount of the 
powder on white paper no appreciable difference can be noticed between 
the colour of pure Pyrargyrite and of that containing two or three per 
cent. of arsenic ; when, however, a considerable quantity of the substance 
is powdered, the arsenical varieties of Pyrargyrite are seen to have a 
slightly lighter eolour than the pure mineral. 

The streak of Pyrargyrite is very nearly identical with the maroon 
coloured streak of kermesite, only differing from it in being less brown ; 
the streak of umdtered Prous~ite is very ne'~rly identical with that of 
Cinnabar, only differing from it in lacking the rose tint which is perceptible 
in Cinnabar, and in approaching more nr to a brick red. 
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The streak of altered Proustite, or the altered streak of fresh Proustite, 
passes through brick-red to a brownish-black colour ; but this cannot be 
confused with the purplish-red of Pyrargyrite. I have found it quite easy 
to distinguish the streaks upon paper of the two minerals after they 
have been exposed to daylight and direct sunlight for two years and a half. 

Compared with Chevrcul's scale (Mgra. Ac.  Sci. 1861, Vol. XXXIII.) ,  
the streak of Proustite is nearly rouge-orange 2, darkened ~ ;  that of 
Pyrargyrite is violet 4, darkened ~ .  

Compared with the tints given in the "Nomenclature of Colors," by 
R. Ridgway (Boston, 1886) : - -  

Proastite is scarlet-vermilion, Plate VII. No. 10. 
Pyrargyrite is burnt carmine, Plate VII.  No. 1. 
Compared with Radde's Internationale Farben-skala (Hamburg, 1877) 

the colours are : - -  
Proustite ; colour by transmitted light, 1 k ; streak, 80 k. 
Pyrargyrite ; colour by transmitted light, 26 k ; streak, 26f i  
An examination of the streak upon paper also serves conveniently to 

detect impurities which may be present in either mineral, even in very 
minute quantities ; the black streak of stephanite or the deep " cherry- 
red"  (maroon) of miargyrite being clearly discernible, if present, by contrast 
with the true Red Silver colours. 

w 5.--HABIT. 

The faces naturally fall into two groups, those which determine the 
general shape of a crystal and those which form its termination ; in other 
words, the lateral and terminal faces. 

The lateral faces are those which lie between that part of the zone rs 

which is comprised between the faces r and s, and the prism zone. 
The terminal faces are those which lie between the zone rs and the basal 

plane o, including both. The habit of the lateral faces may be : - -  
(a). Prismatic, when tl~e prism a is predominant ; figs. 2-7 and 11-13 ; 

cf L~vy, figs. 22, 24, 30. 
(b). Prolate, when positive scalenohedra in the zone ar arc predominant 

and give the crystal a rounded appearance ; fig. 1 ; cf  L~vy, figs. 32, 33. 
(c). Laneeolate, when negative scalenohedra in the zone br are pre- 

dominant; figs. 8, 9. 
(d). Scalenohedral, when a positive sealenohedron is predominant, fig. 

10 ; cf  Ldvy, figs. 5, 8, 12, 26. 
The habit of the terminal faces may he : - -  
(a). Pyramidal, when the predominant faces are t, p or w, in the case 
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of Pyrargyrite,  and M in the case of Proustite.  Figs. 8, 5, 6, 11, 12 ; 

cf L~vy, figs. 4, 81, 33. 

(b). Rhombohedral,  when the predominant face is the rhombohedron 

e or r, fig. 4 ; c f  L~vy, figs. 2, 5, 10, 12, 20. 

The pyramidal habit may pass into the rhombohedral  by the develop- 
ment of a series of striated faces in the zone er (Andreasberg) ; and the 

rhombohedral may pass into a fiat termination approaching the basal plane 

by a polysynthetic development of the rhombohedra e or u (Guanaxuate) ; 

cf L~vy, figs. 37-89. 

w 6.~DETERMINATION OF THE RHOMBOHEDRON ANGLE. 

Great  care is required in selecting the measurements from which the 

elementary dimensions of a crystal are to be determined. Fo r  example, 

one of the brightest common forms in both Pyrargyrite and Proustite 

is the scalenohedron v, 2 0 i , / ~ 3 .  The obtuse and acute angles of this 

scalenohedron for different values of the rhombohedron angles r r  ~--- 

100 : 010 ~ R R  and ee ~ 110 : 101 ~ - - �89 : - � 8 9  a r e : - -  

rr. 

71~ ' 
71~ , 
7 1 o 2 2  ' 

71c30 ' 
72o10 ' 
72012 , 

41~ ' 
42o2 ' 
42o5 ' 
42012 ' 
42o44�89 . 
42046 ' 

V V .  

35Oll ' 74~ ' 
35012 , 74024 , 
35012 ' 74025 , 
35013 , 74027 ' 
35o17u 7 4 o 3 s ~  ' 

35018 ' 74039 , 

Pyrargyrite--Rethwisch. 
, Miller. 
, Miers. 
,, Phillips. 

Proustite~Rethwisch. 
,, Miers. 

I t  is clear from this table that  any change in the dimensions makes 

itself far more apparent in the rhombohedron thau in the scalenohedron 
angles, and in the acute than in the obtuse scalenohedron angle. The 

dimensions as calculated from a measurement of the latter may, therefore, 

be very inexact if the measured angle is not  reliable to one minute.  

The axial ratio for pure Pyrargyri te is determined by Rethwiseh from 
the following data, which are derived from a single crystal : - -  

1 Measured. Limits. Calculated from 9"r ~--. 71~ ' rr ~ 71~ ' 

vv  35 ~ 10'47" 35 ~ 12' 30"--35~ 35 ~ 12' 35 ~ 11' 
v v  7-~~ '' 74026 , --74~ ' '  74025 ' 74~ ' 
ev 50o21'23�89 50022 , ~50~ " 50021 ' 50~ ' 
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Though not deserving much weight, as being only the measurements of 
three edges upon a single crystal, these results, if they show anything, 
indicate that here the dimensions of pure Pyrargyrite are not to be dis- 
tinguished from those of the arsenical variety, and that the rhombohedron 
angle is 71o22 ' (not 71~ ' as deduced by Rethwisch). 

This is also the angle adopted for Pyrargyrite by myself ; it is deduced 
from measurements of the angle ee or rr on 14 crystals belonging to five 
specimens, of which three are from Andreasberg, one from Freiberg, and 
one from Guanaxuato. All these specimens are free from any trace of 
arsenic 1 ; only those crystals were selected which yielded perfectly definite 
images from all three rhombohedron faces, and on which the three rhom- 
bohedron angles of the same crystal did not differ by more than one minute. 
The result is : - -  

rr. No. of Edges. Limits of rr. Limits of ee. 
71~ ' 42 71~176 ~ 42~176 

Each measurement was repeated three times. 
The angle of Proustite determined in the same way by the angle ee from 

22 crystals belonging to ten specimens, of which three are from Freiberg, 
two from Mexico, and five from Chafiarcillo, is 

rr. No. of Edges. Limits of rr. Limits of ee. 

72012 , 66 72~176 ' 42~176 ' 

Of these specimens one contains 1"4 per cent. of antimony, and was 
described in the Mineralogical Magazine, u VII. (1888), p. 196 ; the rest 
are probably almost free from antimony. 

The individual variations to which the measured angles are liable are so 
considerable that the above is the only safe method. Confirmatory 
measurements of angles which are not sensitive to variations in the elements 
of the crystal (like the angle vv = 85 ~ 13' above) are of little value. 

For  further determinations see w 22. 

Irregular variations in measured angles . - -When the attempt is made to 
determine the rhombohedron angle of a single crystal with accuracy by 
direct measurement, a difficulty arises from the fact that the angles which 
the  three faces make with each other are rarely the same. Individual 
variations of four or five minutes are not uncommon even where the faces 
are perfectly smooth and bright. 

For  example, three very perfect cryst~lls of Proustite from a single 
Chafiarcillo specimen yielded the following measurements : - -  

1 They were all tested for arsenic by tile 1,'resenias-l~abo method. 
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I. II. IIL 
ele 2 42039'50" 42o40'17 '' 42o48'13 " 
e2e~ 42040'3" 42~ " 42~ ' '  
eael 42048'27 ' '  42047'80 " 42044'87" 

Mean 42042'47 " 42~ 42048'52 " 

Here the first two crystals illustrate the only regularity which can be 
noticed in these variations ; they indicate a deviation of one of the rhom- 
bohedron faces in a vertical plane, either towards or from the summit of 
the crystal. 

Another example in which there is less regularity is given by a crystal 
of Proustite from Chafiareillo on which the measured angles were : - -  

rlr~ ~ 72~ " ele 2 ~- 42044'57 ' '  
r~r3 = 72010'50 ' '  e2e~ ~-- 42~ ' '  
r~r 1 ~ 72%'20" eae 1 ~- 42~ ' '  

Here el is the face truncating the edge r2r3, and so on in cyclical 
succession. 

I t  need hardly be observed that the seconds given above are only the 
result of taking the arithmetic mean of several observations. The 
readings were estimated to ten seconds, and the errors of observation do 
not amount to more than twenty seconds. 

These examples illustrate the ~ecessity of deducing the parameters of a 
crystal of Red Silver only from the most carefully selected measurements. 

w 7.---Es~-BLISHED FORMS. (Plate VI.) 

The following table gives a list of forms which are established upon 
sufficient evidence. The letters in the first column are those used in the 
list of forms first published (Min. Mug. VII.  plate IV.), those in the 
second column are the letters used in Goldschmidt's Index ; the column 
headed G1 contains the symbols which are denoted by G, in the Index. 
(The letters used in Min. May. VII.  plate IV. are retained in preference 
to those of Goldschmidt, since the use of German letters is very incon- 
venient.for English readers, and the system of dots used by Goldschmidt 
is objectionable, since they are easily confused with a full stop following 
the letter. This objection does not apply to a dash used above the letter.) 

The last column denotes the previous authors by whom the forms have 
been recorded, and is explained by the following table : - -  

1. Haiiy. Traits de MinSralogie. 1822. 
2. L6vy. Description d'une Collection, 8c. 1837. 
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Mohs. Anfangsgr~nde der Naturgeschichte. 1839. 
Hausmann. H andbuch der Miner alogie. 1847. 

~ 

4. 
5. Miller. Phillips's Mineralogy. 1856. 
6. Dufr~noy. Traits de MinSralogie. 1856. 
7. Sella. Quadro delle forme, ~c. 1856. 
8. Klein. Krystallberechnung. 1876. 
9. Groth. Mineralien-sammlung, ~c. 1878. 

10. Streng. Neues Jahrbuch, p. 900. 1878. 
11. Max Schuster. Zeitschr. fur  Kryst. XI I .  1887. 

+ signifies that the form has been observed by myself. The forms 
marked (?) require verification before they can be accepted as absolutely 
certain. 

Those given in w 4 are the only faces which have been definitely estab- 
lished with a record of the mineral (i.e. whether Pyrargyrite or Proustite) 
to which they belong; they are the only faces which can be usAd with 
safety in a discussion of the connection and distribution of forms. Those 
of them which occur as typical independent faces, apparently not induced 
by zones, are given in w 14. 

After the prisms and rhombohedra and the principal zone a r e, the forms 

are arranged in descending order of the fraction :~, where (hkl) is the sym- 

bol of the form. Each group of faces for which this fraction is the same 
is indicated by a line, and represents a zone radiating from the plane 
(100) R;  within each such group the forms are arranged in descending 

h 
order of the fraction - l '  i.e. in the order of increasing distance from the 

plane (100) R. (el w 20.) 
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Miller. Naumann. Bravais. G~. Author. 

111 

lOi 

1 7 8 ~  

725 

3-1i 

ffli 
100 

1 6 1 1  
811 
611 
211 
332 
110 
55~: 

33~ 
223 

540 
430 
320 
530 

13 7 0  
210 

1 3 6 0  
730 
520 
830 

1 1 4 0  

310 
1 0 3 0  

720 
410 
510 
610 
810 

oR 0001 0 All 

ooT2 1120 ~ All + 
~R 1010 ~ 0 All 
QoR~ 25 1 2"6 0 25 ~o 7 
ooR~ 4180 4 oo 7 10 --{- 
o~R2 31,i0 3 oo de. 
oo.R3 2130 2 o0 7 8 9 -~- 

4R 2243 4 0 2 5 6 7 
~R 5o~ ~ o 2 6 7 lO + 
~R 3o~2 ~ o + 

R 1011 1 0 All -]- 
~R ~o~o ~ o o 

~ R  7o~ lo ~ o  7 
~ 5o83 ~ o 7 + 
�9 ~R io~4 �88 o All + 

--~R Olf8 --~ o 7 
--�89 0112 --�89 0 All -I- 
_~ o3~2 --~ o 3 5 7 
- -2R 02'21 - -2  0 All -{.- 
- -{R 0772 --~ 0 7 + 
- -bR 0551 --5 0 2 5 6 7 8 9 -{- 

--~R~ 1489 ---~ ~ 7 

--~R2 1347 --~ ,~ 7 
--~R3 1235 --~ ~ ? 11 -{- 
--}R5 2358 --9  1 I1 + 

--~%R13 6 7 1-3 20 --;u ~ 7 ii  
~P2 1123 ~ 2 5 6 7 9 11 

~R5 3257 ~ ,~ 7 11 l~aumann 
�9 &-R4 5 3 ~ 11 6- ~:r 7 + 
~ R ~  7 4 f f  15 ~ ~ yore Rath + 
�88 21}4 �89 �88 All + 

~R~ 7 3 ~ 1 3  ~ r ~  7 

~R2 31i5 ~ 1 2 4 5 6 7 9 1 0 - ~  
~.n~ 4186 ~ ~. + 
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Miller. Naumann. 

[" t.' E: 6o-1 1s 
n F: 40] 1s 

H: 3oi 1s 
s' ~r: 703 1s 
v K: 201. R3 
~, ~: 905 1s 

I '  J: 17 0 i'~ 1s 
y p: 302 1s 
A Q: 19 0 ~ 1s 

? 9 R', 10 0 9 1s 
? �9 ~: 705 1s 

c T: 403 1s 

&' v: 17 0 13 1s 
~" Z: 9o7 is 
Z U: 504 1s 

L N '  i ~: 11 0 ~ ~t6  

? ' o' H 1 5 2 i  ~1s 
? X Z 82i �89 

a' P 72J. �88 
~ ~ 62i ~1s 
f ~ 321 --�89163 

J 20 11 7 - -~R3  
M L 632 --~R4 

�9 $ a [ 51i  }1s 

~' t ~ 52-2 --}R7 
~. d ti  21i --�89163 

= F 19 11 f f  - -~R  H 

( Z p~ 27 6 7 ~4~1s 

Bravais. GI. i Author. 

~ 4  ~ �88 + 
41~3 ~ ~ 2 7 11 + 

~ 3 ~  ~ + 
2131 2 1 { Al1-~- 

9 5 ~ 4  ~ 7 i t +  
5382 ~ $ 7 9 10 11 -I- 

17 11 ~ 6 V ~ II 
32~l s 2  2 8 5  6 7  i t +  

19 13 ~ 6 ~ ~ 10 11 -~ 
I0 7 ~'7 3 ~jo } 7 
7 5 1~'2 ~-~ 7 

4391 4 3 1 2 4 6 7 11 "Jr 
t7 13 ~'o 4 u ~+~ + 
9 7 1"62 ~-~ 411  

640t 5 4  + 
17 15 3-2 2 V- ~ -bJ 

13 3 I'6 16 - - I  ~ 7 
2133 - - I  ~ 7 
53~s - i  ~ ~ + 
4397 --1 ~ + 
13~4 1 ~ ~ s 9 + 

s E ~o - }  ~ 7 
36~s - ~  { 8 9 
35~7 -;~ { x ~ lo 4- 

4 7 1 T 9  --~-~ 7 
2707 --1 ~ + 

43~6 �89 t + 
15 11 2"~ 22 } ~ + 

3d5 - }  } 4 + 
1232 --1 b i 2 3 5 6 7' 8 9-]- 

8 23 3"1" 18 --~ ~ "Jr" 

21 13 ~ 26 } ~} "1- 
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0 

Z '  

L 

A 

It' 
P 

F' 

tt ,  ~ 

D'f 
f V  

!"i 
B' 

f Q  

m 

0 

E 

X~ 

0 

8 

7":  

A 

E 

r~: 

o ) :  

I 

O 

C~ 

G 

V~ 

9 

A 

i 

Miller. 

978 
13 9 11 
1 9 4 5  

28 13 fi 

~ 9 5 ~  

~ 3 2 ~  
923 

823 

623 

423 

323 

~0 7 11 
17 16 

18 ,~ ~" 
1 3 6 f f  

912 

712 

612 

512 

212 

13 7 14 
9 5 1 0  

748 
536 

85f'6 
324 
436 
548 

737 
122-5 

1 5 1 3  

1 2 1 3  
813 

313 

526 

qaumann Bravais. 

- ~  2~5 178 
- ~ n ~  4 2 0 2 ~  11 

~R4 5386 

- ~ 3  5 lo ~ s 
~ R ~ -  12 7 ~ 14 
~ : ~  74 fi s 

1 8 ~/~ 11 5 1"6 12 
~R~ 7 5 ~ 8 
}RII 6 5 ~ 7 

-~R9 45~5 
--R~ 2573 

--SR~{~ 1 41 472 8 

- -~/~ 7 17 2"4 8 

~ n ~  s 3 i5 s 

~R7 4374 

--~-R~ 2792 

- u  ~ ~5 ~ 

--5~ 16~I 

--2R~ 4 10 i~" 3 

~OR. 114 4 1"~ 13 

i~v/~ 11 4 15 10 
�89 7 4 f f 6  

~2R3 2461 
--5R~ 3 8 I'T 1 

~ 1  ~ 

�89 
�89 

7 g 

1 

1. 
1.  
1: 

- - 1  3 

--1 

- - 1  4 

--1 5 
- - 1  6 

--1 9 
~ l  12 

- -  2 

--8 3 

Author. 

+ 
+ 
+ 

8 9  

7 +  
+ 

+ 
Re~hwiseh 

+ 
7 +  

2 7 1 1 4 -  

lo 11 + 

+ 
7 

+ 
7 

7 +  
2 5 6 7 +  

7 +  

5 7 W  
2 6 7 - { -  

6 7  
7 +  
+ 

7 +  
7 l o 1 1 +  
7 8 9 1 1 +  

7 +  
+ 

7 
7 

+ 
+ 

7 9 +  
2 5 7  

7 
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? 

! 
? 

? y' 

? C' 

X 

Miller. 

V a! 131 
g' H 121 ~, 

D" 11 i 'l 

P.." 7ii 

~ 613 
w~ 8~i 

Naumann. 

- -6R~ 

~R3 

2R3 

VR~ 
VR~ 
~R~t 

loR~ 
16R~ 

Bravais. 

4 9 i ~ 1  

12 5 17 10 
n 5 i ~ 9  
10 5 i'5 g 

4261 

14 3 Y7 s 
1 7 6 ~ 5  
s 3 Y I ~  

111~-21 
1 7 1 ~ 1  

G1. 

- - 4 9  

4 2  

f l  

4 9  

L L1 
[ [7 

Author. 

7 

+ 
7 

3 5 7 9  

7 

7 
7 

+ 

7 
6 7 8 9 ~  

w 8. RE~EeTION OF TJNCERTAIN FORMS. 

A large number (29)of  the 111 forms given by Rethwiseh are here 
rejected. 

In drawing any general conclusions from the occurrence or relative 
frequency of certain faces, it is of the highest importance that only those 
which are beyond suspicion should be taken into account. The present 
criticism has been mainly guided by four considerations : - -  

(1). A form is not established because it is recorded by many authors, 
if there is any reason to suspect that these authors copied from each other. 

(2). Faces which have simple indices are not to be accepted for that 
reason alone, for the earlier observers naturally ascribed doubtful faces to 
forms with simple symbols. 

(8). Faces in striated zones, or zones containing vicinal faces; must be 
criticised with particular care, because they have often been confused with 
each other. 

(4). The observations of certain authors are unreliable. 
In accordance with consideration (1) many forms are rejected below as 

copied from L~vy. 
(2) is exemplified by the forms h k m ~ (marked ? in the above table), 

and A'  {811.}, which are not to be found in the British Museum collection, 
and which can hardly have been seen by the earlier observers, who give 
only forms of common occurrence. 

(3) suggests that it is unsafe to calculate indices (as is done by Reth- 
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wisch) from Phillips' measurements, since, as will be shown, he confused 
several laces in striated zones. 

(4). As regards authors, L~vy has given a very large number of excellent 
figures in his description of the Turner collection, but on comparing the 
original specimens, which form part of the Ludlam collection now in the 
Royal School of Mines, with L~vy's descriptions, I have found that the 
latter are very incorrect, and that the figures often bear little resemblance 
to the crystals. ! All faces resting upon L~vy's authority are here rejected. 

The forms rejected and the reasons for rejection are as follows ; the 
letters refer to Min. Mag. VII., Plate IV., where the positions of these 
faces wilt be found : - -  
b' 411 �89 
a' 10 1 1 �88 

m 3 i i  4R. 
X '  221 ---~R. 
~" 771 - w  
Y' 22i - R .  
d' 559 - 14R. 

A'  811 -~g2. 
k' 41 8 2-5 �89 

13 4 2 -~-RS. 
,~ 16 4 ,5 -~R7. 

v' 67 22 7 ~ R 2 .  
q' 735 - ~ R 3 .  

,~' 412 2P2. 

X' 733 - ~RS. 
~' 959 - 2R-~. 

fl' 11 4 4 5R. 
~,' 17 7 7 8R. 
~' 772 - ~ R .  

t '  25 1 i l  ~R3. 
~' 81~4 2//2. 
~' 73w -- 8R2. 

Recorded by L~vy. 
Calculated by Rethwiseh from Phillips. 
Recorded by Ldvy. 

Calculated by Rethwisch from Haiiy (rid. i~ra). 
Recorded by Ldvy. 

Recorded by Haiiy. 
Hausmann ; identical with the last. 
Calculated by Rethwiseh from Hafiy (rid. i~ra). 
Erroneously given by Rethwisch from Haus- 

m a n n .  

Calculated by Rethwisch from tinily (rid. infr~ O. 
Recorded by L~vy. 

Recorded by de Selle. 

Recorded by Zippe. 

1 Mr. T. Davies, who had occasion in company with the late Mr. Ludlam to com- 
pare numerous specimens in this collection with L6vy's descriptions, tells me tllat 
the latter were also found to be very inaccurate in other species, notably topaz and 
diamond. 
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0 J 

t 

h 

11 5 5 16R. Recorded by Frenzel. 
9i6 ~R8 . . . . .  

9 4 i ' i  --5R2. ,, ,, 

813 --2R8. Recorded by Mohs. 

11 1 4 ~R8 . . . . .  (and by Groth). 

554 - -~R .  Recorded by 1%umann. 

59 82 ~ - S R ~ .  ,, ,, 

Purgold (loc. cir.) adds 552, - � 8 8  and 557, - 4 R  as uncertain forms. 

w 9.--CRzTICISM oF r MEASURRHENCS OF PREVIOUS AUTHORS. 

1Jhill ips.~Through the kindness of Prof. Lewis, of Cambridge, I have 

been able to examine a specimen in the Brooke Collection (which now 
forms part  of the University Collection), which is either the actual speci- 
men measured by Phillips ~ or one of precisely similar habit, and is probably 

from the AbendrSthe mine, Andreasberg. 
I have been able to verify the following among Phillips' faces : ~  

Phillips. 

g 
P 
lx 

ls 

0 

Symbol. Measured. Calculated. 

L 

I00 

1945 

265~ 
1 3 1 4  

3o2 

lO1 

~ 8  

R6 
loR~. 
~P2 

rF --'~ 5703 , 
Tr ~ 71~ ' 
LL ~ 31019 ' 
L V ~ .  8~ , 
Vx' ~ 7o7 , 
YVes- 26~ ' 

rV --- 17~ , 
yy ~ 45031 ' 
XX ~ -  8025 , 

57~ ' 
71022 , 
31022 ' 
8o18 ' 
7o13 , 

26047 ' 
16059 , 
45020 , 

8034 , 

The faces b is i d6 of Phillips' figure are too dull for accurate measure- 
m e n t ;  i3 consists of four faces near Y in the zone rYr ,  which will be 

discussed below (w 19). The faces in the zone P P  (~- rr) are : - -  
p 210 
t 310 

w 410 
510 

Between la and 12 there is a face of F '  (40 7 i-l) ~ �9 R 5vl, determined 

Mineralogy, 1823, p. 292. 
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by the measurement VF' ~ 6~ ' (calculated 6~ The measurements 
for 14 are : - -  

l~l~ ~--- 38o34 ' 
r4 ~- 4007 ' 

L/vy . - -As  stated above, this author's determinations are not sufficiently 
accurate to establish anything which is not confirmed by other observers. 

Mohs.--k {11 1 4} -~li3 is doubtful, since it is the inverse of 
,~ {28 13 17} - ~ R 3 ;  x {313} --2R8, since it is the inverse of 

~/ {11 i 7} 2R3 ; the form k is discussed below in w 15. 
Hausmann.--From the fact that this author uses the same letters as 

IIaiiy, there can be little doubt that his list of forms is copied from Haiiy, 

with the sole addition of KG~ {90~]} R8. 
Hausmann's BC~v (r) = 41 8 25---- 1~ P2 is then identical with Hafiy's 

~E~DaB 5 ( r ) =  513 ---- ~P2, the two forms being almost coincident, and 
tIausmann's FA�88 GK~ (x) = 52:2 = ---~R7 (not 16 4 5 ---- -~-R7 into which 
it is transformed by Rethwisch) is identical with Haiiy's ~ B 3 D  ~ (x) = 

632 = --~R4. 
5%umann.--The face h {554} --~R is given by Naumann' as occur: 

ring on Proustite; Naumann's figure, however, bears a striking resem- 
blance to a common habit of Proustite (especially from Freiberg), in 
~hieh an oscillatory combination of s {11i} with e {110} may be easily 
confused with the face h. As there is no independent evidence for this 
form, it is regarded as doubtful above and marked (?). 

{59 82 ~ }  - 3 R ~  ~ is rejected as improbable and unsupported by other 
authors. Goldschmidt suggests that the face may be --8R�89 There can 
be little doubt that it is F {9 5 1-0} -- llnl,~--~Y, which is a common face 
on Andreasberg Pyrargyrite. 

SeUa.--All the forms derived from Sella's Quadro are here retained (but 
as needing confirmation); many have not been subsequently observed; 
there is nothing to show whether they belong to Pyrargyrite or Proustite, 
and since the description of these minerals contemplated by Sella w~ts 
never published his measurements and other details are not accessible. 
Those of Sella's forms which have been confirmed are included in the 
tables of w 4. 

Zippe and de Selle.--The forms given by these authors are rejected as 
obviously due to misprints ~md the incorrect interpretation of previous 
authors. 

1 Lehrb.  der Mineraloflic, lS28, p. 602, iig. I81. 
'~ Lehrb. derrckneu u. augewaudtenl;ry,~t(dlogr(q, hie, 1830, Vol. I I .  p, 312, fig. 718. 
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Frenzel.--These forms are uncertain for reasons given by Rethwisch 
(p. 109). 

t~ethwisch.--The form a'  calculated from Phillips' measurements is 
uncertain, as stated above in the discussion of Phillips' data. 

v {16 4 5} is an erroneous translation of Hausmann's FA�88 GK~, and 
should be {522} - ~ R 7 .  

In his memoir of 1792,1 Haiiy deduced the forms of Red Silver from 
the rhombic dodecahedron, not knowing at that date that it is a rhombo- 
hedral mineral. Among the faces which he gives are the ieositetrahedron 
211 = 202, the tetrakis hexahedron 530 = ov 0~, and the hexakis octa- 
hedron 541----50{. For these forms he gives the calculated angles to 
seconds, and the symbols may be easily verified from the angles. This 
description is corrected in the Trait~ de Min$ralogie of 1801, ~ where the 
primitive form is correctly described; and the faces given in 1792 must of 
course be rejected. 

Rethwisch, however, has taken Haiiy's angles, and having found the 
rhombohedron and scalenohedra which correspond to them, namely {771} 
- ~ R ;  {13 4 i~} ~R5; {67 22 7} ~vR2, has adopted these as certain 
forms. I t  is hardly surprising that, as is remarked by Rethwisch himself, 
the last form is not recorded elsewhere. 

The crystal from Andreasberg, figured and described by veto Rath in 
Pogg. Ann. 158, p. 422 (fig. 22), has been re-examined by Rethwiseh. 
According to veto Rath's original description there is a face X {11 4 0} 
~ R y  between r {100} R and e {110} - � 8 9  In a zone between 
X and the prism a {10i} ~ P2 are two faces/~,  to which the symbols 
/~ {18 4 2} ~R5 and v {16 4 5} ~R7 are ascribed by veto Rath. 
But the measured angles F?----45~ ' and 26049 ' are those, not of the 
scalenohedron 13 4 2, but of a' {72i} �88 

Rethwisch therefore assumes that the zone is 
a 10i ) ) [ a 10i 
W 923 v 16 4 
a'  72i [ instead of ~ 13 4 

t 310 X 11 4 0 
Since Rethwiseh's data are not in themselves conclusive, Mr. G. Selig- 

mann, to whom the specimen belongs, has kindly repeated the measurements 
with the following results : - -  

1 Journal d'Histoire NatureUe, XVIII. p. 216. 
VQ1. III. p. 402. 
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The faces between r e belong to the form k and not  to t, the inclinations 
of this face to e being measured in several cases as 18~ 18~189 
18o25�89 '. Calculated ~,e = 18~ ', te = 19~ '. 

The occasional presence of t is, however, indicated by one measurement 
19~189 

veto Ruth's t~ is a ' = 7 2 1  
Measured ~u/~ 26~ ' Calculated a'a' = 26046 ' 

4 5 % 8 ' -  46~189 ' = 45022 ' 

In  the zone k/~v the measurements are 
~,/~= 7~189189 ' Calculated ta' ---- 7038�89 ' k a ' = 7 ~ 1 8 9  ' 
/~v = 11~189 ' -  49' a ' W =  11032 ' 
~a ---- 40017�89 ' -  24 Wa = 40022 ' 

There can be no doubt, therefore, that ka'W are all well-established forms. 

The forms o, m, h, x, are marked (~), although retained in the list, 
for the following reasons. 

o never occurs as a smooth plane, but  always as a drusy face composed 
of rhombohedral planes, or as a rough surface. 

m appears to be derived from L~vy (rid. supra). 

h is due to Naumann (rid. supra). 

x is derived from Mohs, but  is suspicious, as being the inverse of the 

form ~,' {11 1 7} 2R3 given by Sella (vid. infra w 15), and is perhaps not  
supported by independent authority. 

w 10.~MEASUREMENTS AND CHARACTER OF THE FACES. 

In  this description the term " smooth"  denotes that the form has been 
observed as a true plane giving a definite reflection, 

a (10i) .  Smooth ; in Pyrargyrite striated parallel to a v a q ; in Prous- 

tire striated parallel to r. 

b (2ii) .  
c (4o~). 
d (21]:). 

(11o). 
f (92~). 

Smooth ; in Pyrargyrite striated parallel to X.  

Linear ; uneven ; ac = 11~ ' (calculated 11~ 

Smooth ; always small ; on Pyrargyrite with f Y .  
Smooth ; striated parallel to e. 

Somewhat uneven, fa  = 32010 ' (calculated 32~ 

Linear ;  uneven ;  see w167 15, 18. 
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1 ~623). Bright ; small ; on the edge ap (Pyrargyrite). al = 84~ ' 
(calculated 35~ 

n (401). Somewhat uneven ; only at the attached end. See w 11 (6). 
? o (111). Always drasy ; never as a true plane. 

p (210). Generally uneven or curved in the zone er; sometimes per- 
fectly smooth in Pyrargyrite (cf Dufr~noy, p. 443). 

q (3247. Smooth; see w 11 (14). 
r (100). Smooth ; striated parallel to e in Pyrargyrite. 
s (111). Smooth ; striated parallel to e in Proustite ; sometimes uneven 

in Pyrargyrite. 
t (810). Smooth ; often uneven in the zone er. 

u (211). Uneven and rough; truncating the edge ee. Once observed 
smooth on Pyrargyrite from Joachimsthal. 

v (201). Smooth ; striated parallel to a in both minerals. 
w (4107. Uneven on Pyrargyrite. w w = l S ~  (calculated 15~ 

Smoo~ on Proustite. 
Smooth ; sometimes large in Pyrargyrite. 
Bright ; small. 
Uneven; striated in zone ra'. a'a' ---- 44016 ' (calculated 

y (30~). 

a' [72i). 
45~ 

] '  ( 7 ~ ) .  See ~ 11 (1): 
m' (82B). Smooth; see w 11 (13) (16). 
n'  (7i4). Striated ; see w 11 (47, Proustite. 
p'  (12 6 8). Linear ; see w 11 (11) (23). 
r '  (16 1 1). Smooth (Groth 7. 
s' (708). Linear; smooth, r s ' = 2 5 ~  ' (calculated 25013'7 . 
See w 11 (2)" (s). 
t' (18 4 7). Smooth; seew . 
w' (5oi). Curved; see w 11 (67- 
x' (26 5 ;/). Linear ; see w 11 (8)(13)(16).  
A (15 3 4). Smooth; with F V Y v e t .  eA=31~ 
B (17 5 :t). Smooth; see w 11 (8)(13) (20). 
c (12 1 ~). Uneven ; small; see w 11 (21). 
I) (54~). Smooth; see w 11 (19). 
E (212). Smooth ; rare. (Andreasberg.) bE---- 21039 , (calculated 

21046'). 
F (9 ti 1~ 7. Large; slightly uneven. FF----22~ ' (calculated 22~ 

92057 , (calculated 93~ 
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H (8 5 1~). Rounded towards e. b H =  14031 ' (calculated 14~ 
I (611). Uneven ; truncating the edge ww. (Andreasberg.) 
r ! ' -  12041 ' (calculated 12~ 

? K ( 2 1  6 5). Linear; s e e w  
L (19 4 8). Smooth; see w 11 (18) (16). 
M (682). Smooth and large ; Proustite ; forming the termination with 

r v r Striated parallel to M and e. See w 11 (3), Proustite. 
N (586). Uneven; linear. 
P (823). Smooth in both minerals. In Pyrargyrite (Andreasberg) on 

the acute edge yy, but only as a single face. e P  = 44020 ' (calculated 
44~189 

Q (15 1 8). Smooth; small; s e e w  
S (867). Slightly uneven ; linear ; between aO ; see w 11 (14). 
T (4il) .  Smooth; truneating~heedgevv. (Br~unsdorf). b T = 2 3 ~  ' 

(calculated 23~ 
U (912). Slightly uneven ; Pyrargyrite from Andreasberg; forming the 

Cermination. U U = 22o46 ' (calculated 22~ 
V (13 1 :l). Smooth. (Braunsdorf.) See w 11 (8) (22). 
X (834). Slightly uneven in zone b X ;  sometimes perfectly smooth. 

X X  = 8032 ' (calculated 8~ 
Y (818). Smooth ; striated parallel to V. 
Z (504). Smooth; see w 11 (9) (10). 
F '  (40 7 f i ) .  Linear; see w 11 (8). 
G' (810). Linear; uneven; see w 11 (5). 
1' .(17 0 i~). Linear. 
N' (17 0 ~ ) .  Bright, small; see w 11 (11). 
Z '  (18 9 i-l). Uneven ; see w 11 (14). 
a (428). Smooth in both minerals; see w 11 (12) ; striated parallel to e. 
t~ (5i4). Smooth; Pyrargyrite. a f i - ~  10047 ' (calculated 10~189 
3' (503). Bright ; common face. 

(82i). Smooth. 
(905). Uneven ; curved in zone av, between yr.  a ~ =  22~0 ' (cal- 

culated 21~ 
0 (978). Smooth ; small faces between aa ; see w 11 (12) (14). 
k (11 4 0). Somewhat uneven in zone er; see w 9. 

(610). Striated. 
7r (19 11 1~). Smooth; in oscillatory combination with ea ; s e e  

w 11 (12). 
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(648). Smooth; in oscillatory combination with ea;  see w 11 (12). 
(41i). Linear; see w 11 (8). 

r (312). Smooth; small; see w 11 (11). 
v (320). Linear. 
9 (510), Smooth but small; see w 11 (5) (8) (12) (20). 

(30i). Linear; see w 11 (2) (12). 
(580). Linear. 

0' (720). Smooth; see w 11 (1) (Proustite). 
r '  (830). Linear. 
~" (907). Linear. 
F (334). Slightly curved; large, with Fq, &c. rF---- 57~ ' (calculated 

~;7~ 
A (19 0 ~ ) .  Linear. 

(27 6 7). Linear; see w 11 (13). 
II (8 i l ) .  Slightly uneven ; truncating edge nn ; see w 11 (2). 
Z (13 7 0). Linear. 
(D (13 2 3). Bright but uneven ; see w 11 (3) Proustite. Passes into 

(SLY). 
:r (520). Smooth, small; see w 11 (13). 
't~ (62i). Smooth; see w 11 (2) Proustite. 
I ~' (730). Dull;  see w 11 (4). 
A' (17 0 13). Linear;  see w 11 (9). 
I I '  (13 6 0). Linear;  see w 11 (2). 
~ '  (748). Linear;  see w 11 (18). 

w ll.--M~xsUa~ME~TS OF NEW FoaMs. (a). CERT~ FoaMs: 

Pyrargyr i te .  

(1). f '  ~ 71~5 ~ r R2. Andreasberg. Two faces on an edge of the 
prism a;  they are associated with q, which appears below them at the 
attached end of the crystal. 

af '  ~ 16o10 ' -  16~ ' first face. Calculated 16%'. 
16o14'--17% ' second ,, 

(2). II---- 8 i i  = ~-R rII  ~- 12~ ' Calculated 11~189 ' 
s' ---- 703 = R ~  as' = 29o9 ' ,, 29~ ' 

---- 80i = R2 a~ = 34023 , ,, 34~ ' 
23 0 0---- R ~  a : 23 0 9-----31~ , ,, 31021 ' 

Andreasberg : At the attached end of a crystal with rn 7 ; s'~ are small 
faces between ~n, 
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(3.) I I '  ---- 18 6 0 = ~ R 1 3  ; e l i '  = 14o37 , to 14059 ' ; Calcula ted  14050 , 

A n d r e a s b e r g  ; obse rved  on six c rys ta l s  ; l inear  face.  

(4.) F '  = 780 ---- ~ v R 7 ,  eF'  ---- 16~ ' f i rs t  face.  Calcula ted  16~ ' .  

15o57 ' s e cond  face.  

A n d r e a s b e r g  : B e t w e e n  ev ; a smal l  dul l  face.  
- -  l 5 r~  = 9058 , Calcula ted  10~ ' (5.)  q = 5 1 0 - - } R ~  

G'---- 810  = ~/7~ rG'  = 6~ ' ,, 6029 ' 

A n d r e a s b e r g  : B e t w e e n  rw in t he  zone  con ta in ing  y r G '  q~ w t ; G' a l inear  

face.  

F o r  ~ see  also u n d e r  (8),  (12) ,  (20) .  

(6.)  w'  = 5 0 i  = R~ aw' - -  42012 , Calcu la ted  42041 ' 

A n d r e a s b e r g  : W i t h  r n q v G at  t he  a t t a ched  end .  w'  is  cu rved  t o w a r d s  

n ,  g iv ing  a r e f l e c t i o n - -  

(7.) ~ = 80i = R2. 
(8.) s '=  703 = / 7 ~  

a : ? ---- 48044 ' 

an ---- 50016 ' 

See u n d e r  (2) and  (12).  

r s '  = 25016 , Calcu la ted  25~ ' 

= 510 ---- �89 r~ = 10~ ' ,, 10~ ' 

A n d r e a s b e r g  : s '  a smal l  b r igh t  face  be tween  rv, ~, a b r i gh t  face  b e t w e e n  

rt, in t he  zone con ta in ing  y 7 v s' r ? t ; with  V F '  x '  �9 B .  

F o r  s '  see also u n d e r  (2). 

F = 13 1 4: ----~v/7-~- t V = 73o36 ' Calcula ted  73050 ' 

F ' =  40 7 i"l = ~ R - � 8 9  t F ' =  67040 ' ,, 67o39 ' 

x ' =  26 5 7/ = ~ R ~  t x ' =  66o28 ' ,, 66037 ' 

= 4 1 i  ---- �88 t ~ = 6 3 ~  ' ,, 63o16 ' 

B - - - -  17 5 4-- - -  ~/~7 t B - - - - 6 1 ~  ' ,, 60~  ' 

F o r  V see ( 2 2 ) ;  for  x '  see ( 1 3 ) ;  for  B see (20).  

(9.) A'---- 17 0 13 ----/7~,-~- y A ' =  5o3 ' Calcula ted  502 , 

Z =  504: = R 9  y Z = 6 ~  ' ,, 6~ r 

F r e i b e r g  : L inea r  faces in the  s t r i a ted  zone  con ta in ing  y A ~ c A'  Z ,  on  

a crys ta l  t e r m i n a t e d  by  Y d f i  

(10.)  Z = 504 = / 7 9  a Z =- 9~ ' Calculated 9047 ' 

Loca l i ty  unknown  ; Z a b r igh t  face ; wi th  a v t y q e ~ r 5 ; in t he  zone  qq. 

See also unde r  (9).  

(11.)  N '  = 17 0 ~ ---- 1716 a N '  = 4059 ' Calcula ted  4058 ' 

p '  = 12 5 6 = 1 6 / 7 ~  b p '  = 4 ~  ' ,, 4~ ' 
4o14 ' 

A n d r e a s b e r g  : N '  a b r i gh t  face be tween  a c ; p '  a smal l  face be tween  b X ;  

w i t h  a b r p X q ,  and  two faces  of  (23 9 0). 
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a : 2 3  9 0 = 7 2 % 0 '  

_--_ 72037 ' 

a r = 18056 ' or  19013 ' 

(12) ~ ) :  643 : _ 5  9v/~} 

r r = 1 9  11 1 2 =  _,~L,5_,al 

0 : 9 7 8  : l a t , 1 7  
- -  g - = g , 7  

r = 510 = ~R 5 

r = 8 o i  = ~"2 

Calculated 72%3�89 

Calculated 19~ ' 

e p : 230"23 ' Calculated 23020 ' 

e rr = 31058 ' ,, 31022 ' 

0 0 = 10o49 , and 10o50 ' ,, 10050 ' 

e 9 = 25035' and 25~ ' ,, 25035 ' 

e ~ =  54041 ' and 54051 ' ,, 55010 ' 

Local i ty unknown .  All b r igh t  faces with a b e r t a q ; 9 is be tween e r ; 

p and rr are be tween  e a ; 0 is be tween  a a.  

e a = 8900 ' Calculated 3902 ' 

7r = 23030 ' ,, 23024 ' 

(18.)  B : 1 7  5 4 : ~ / ~ , 7  5B = 5 2 % 4 '  Calculated 5209 ' 

L = 1 9  4 5 = } R 4  bL =4709 .4  ' ,, 47026 ' 

x ' - - - -26  5 7 = s ~ R ~  z bx' ----46033 ' ,, 46o21 ' 

r a ' =  823 = } R l l  m ' m ' = 4 1 0 2 1  ' ,, 41024 ' 

~ ' : 2 7  6 ~ ] = ~ I ~ � 8 9  b ~  = 4 8 ~  ' ,, 48~ ' 

Andreasbe rg  : W i t h  r y X a b t w ~a G '  p Y ;  all b r igh t  faces,  t h o u g h  small .  

r g  = 18019 ' 

r L  = 15053 ' 

L I ~  81027 ' 

bm'= 4600 ' 

( 1 4 . )  S = 8 6 7  = - -  111~1_57_ * 'T1  

0 = 9 7 8 - - - -  *sI~*v 

Calculated 18034 ' 

,, 15~ ' 

,, 81022 ' 
o i t  ,, 46 2, 7 

S S  ----- 12023 ' Calculated 12023 ' 

O0 ---- 10~ ' ,, 10050 ' 

F re ibe rg  ( M o r g e n s t e r n  m i n e ) :  bo th  br ight  faces be tween aa, with eq ; 

0 also in zone  eq. 

e0 = 37~ ' Calculated 37~ ' 

eq = 56018 ' ,, 56~ ' 

Z ' ~  13 9 1"1 = --'~1 ~R~:' Z ' Z '  ---- 15~ ' Calculated 15o43 ' 

0 ~ 978 _-- _ ,~a R~ 7~ 00 ---- 10~ , ,, 10050 ' 

13 5 9 =  _ _ ~ 1 1 3  ~ ~- ( 13  5 (~) :  ( ) =  l~O59  ' ,, 13013  ' 

On the same specimen.  Z '  br ight .  

(15.)  L x ' .  See (8), (13) .  

(16.) m'  = 823 = ~ E l l  r~z' = 21%9 '  

t '  = 1 8  4 7 = - } 1 : ~ : (  ' r t '  = 2 1 ~  ' 

et' ---- 3,1~ ' 

]3rSunsdorf  : 

Calculated 21024 ' 

,, 21~ ' 

,, 3 4 % 1 '  

W i t h  e r L p ~ t w d ; on a second crystal  wi tha  r y X V L x Y : 
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~'m' : -  21o39 ' Ca lcu la t ed  21024 , 

r m '  = 64o5 ' ,, 64o9 ' 

r L  ---- 15052 ' ,, 15051 ' 

r L  = 6409 ' ,, 64o8 , 

Lx'---- 1~ ' ,, 1~ ' 

See also (13) .  

(17.) F'-----40 7 I~ = .~RI~. See (8) and  w 9.  

(18. )  ~ '  = 748  = - - S R ~  rg t '  = 52059 ' Ca l cu l a t ed  53~ - '  

A n d r e a s b e r g  : B e t w e e n  F q  ; a l inea r  face.  

(19. )  D---- 548  = - l l R I ~  - b D = 6 ~  ' Ca lcu la t ed  6o23 ' 

7 5 1-0 = _ l~SR~l  �9 b : 7 5 10  = 9~  , ,, 9055 ' 

B r ~ u n s d o r f  : W i t h  e q a b H f o r m i n g  par t  of  a c u r v e d  zone  b q. 

b H = 14o31 ' Ca l cu l a t ed  14~  ' 

(20 . )  Q = 15 1 3 = 1 o1~,~ r Q ---- 10o52 ' Ca l cu l a t ed  10o55 , 

Q Q = 18027 ' ,, 18~  ' 

B = 1 7  5 4 = ~ - R 7  V B - - 1 2 ~  ' ,, 13~ ' 

A n d r e a s b e r g  : A b r i g h t  face  on t h e  edge  b e t w e e n  r V, w i th  r t ~ F v y 

V L B X .  (F ig .  8 . )  

r ~ = 10~ ' Ca lcu la t ed  10~ ' 

(21. )  C = 1 2  1 3 = - ~ v R ' ~  f C = 1 3 ~  ' Ca l cu l a t ed  13042 ' 

A n d r e a s b e r g  : Smal l  b r i g h t  face b e t w e e n  r Y. 

r Y = 20048 , C a l cu l a t ed  20088 , 

Y Y =  34~  ' ,, 34031 ' 

(22 . )  V = 1 3  1 4 : = ~ R ~  V V = 6 7 ~  ' Calcu la t ed  6 7 ~  ' 

V V---- 26050 ' ,, 26~  ' 

A n d r e a s b e r g  : W i t h  y a ~ p t w 9 G '  x '  X m '  a a n d  23  2 7-; the  las t  a 

dul l  face b e t w e e n  V x ' .  

V : 23  2 7 = 0~ ~ Ca lcu la t ed  0039 ' See  also (8).  

(23.)  p '  ---- 12 5 6 = 1 6 R ~  bp' = 4o25 ' a n d  4~  ' Ca l cu l a t ed  4034 ' 

p' p'  = 600 ' , ,  5~  ' 

A n d r e a s b e r g  : A b r igh t  face b e t w e e n  b X .  See also (11) .  

Proustite. 

7 0 '0 '  (1 . )  0 '  = 7 2 0  = .~R.~ = 44o30  , Ca lcu la t ed  44~  ' 

Chi l i  : O n  a f r a g m e n t  o f  a c rys ta l  w i th  v ; b r i g h t  faces  in zone  vv. 

(2.)  ~ = 6 2 i  = ~ R 7  ~ ~1, = 3 1 ~  ' Ca lcu la t ed  31~ , 

�9 I, = 41054 ' ,, 41o54 , 

Chaf iare i l lo  : B r i g h t  faces  wi th  e r v w d s M a ; fig. 7.  
�9 = 31o18 , 
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Chafiareillo : With e v a r w d M ; two faces of ~ between M M. 
~ / M =  29017 ' Calculated 29015 ' 

M M = 49045 ' ,, 49~ ' 

(3.) ~ = 18 2 3 = ~R~- ~ r = 26018 ' Calculated 25~ ' 
r ~ = 60012 ' ,, 59032 ' 

Chafiareillo: With r M b a v. (D has large and very definite faces on 

two crystals, as shown in fig. 12 ; but gives indefinite images due to the 

rounding of the faces towards (812), with which they sometimes almost 

coincide. 

(4.) n '  = 714 = ~ R ~  ~ n '  n '  = 29052 ' Calculated 29~ ' 
r n '  = 3706 ' ,, 37020 ' 

Markireh : Bright,  but striated faces ; with e a a r. 

(23 

(20 2 

(17 2 

(18 2 
(613). 

(95 4 

(b.)--DouBTFUL FORMS ~OT mrHERTO ~ECORD~D. (Pyrargyrite.) 

K = (21 6 ~) bK = 5302 , Calculated 58~ ' 

Andreasberg : A linear face in the zone B V with the faces x '  L B.  

(23 0 9). 

(23 9 0). 

(is 5 9). 
(7 5 i-o). 
(23 2 ~). 

2 i). 
i ) .  

i ) .  

i). 

i-s). 
(20 s b). 
(71 68 o). 
(61 53 0). 
(~I 43 o). 
(41 33 0). 
(18 0 i-1). Calculated 8057 , 

Andreasberg : Linear face between y Z ;  y Z  = 24~ 
24030 ' . 

(13 0 0). a : 13 0 9 ---- 14~ '. Calculated 14~ ' 

Andrcasberg:  Linear face between av. 

See above (2). 
,, ( 1 1 / .  

,, (14). 

,, (191. 
,, (29). 

Seew A(2). 

See w 19. 

,7 

y : 1 3  0 i - 1 = 9 ~  ' . 

Calculated 
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w 1 2 . - - F A c ~ s  WHICH ARE COMMON TO PROUSTITE AND PYRARGYRITE, 

.9 o = 111 /3 ~- 5 i 4  ~ = 503 ~ = 905  

u = 211 a = 1 0 i  a = 423  r = 812 

r - ~ l O 0  p = 2 1 0  d - - - - 2 1 1  A- - - - 19  0 1-3 

e = 1 1 0  t ----810 b = 2 1 1  

s = 1 1 ]  w ~ 4 1 0  y = 8 0 ~ 2  

b = 9 i i  v = 2 o i  p = 89~a 
Faces  which  occur  on  P rous t i t e  alone.  

? h = 5 5 i  M = 6 8 ~  r  

n '  = 7 i 4  O' = 720 ~t, = 6 2 i  

The  remainder  of  the  fo rms  given in w 4 occur  on  Pyra rgyr i t e  alone.  

w 13.--R~,LATIVe FR~.QUENOY OF ~HZ FORMS. 

Pyrargyrite. 

On 127 spec imens ,  of  which  the  pr incipal  localities were  : - -  

H a r z  . . . . . .  50 

Saxony  . . . . . .  25 

Mexico . . . . . .  19 

Aus t r ia ,  &c . . . .  9 

Hiende laene ina  6 

L a a s p h e  . . . . . .  5 

t he  c o m m o n e s t  faces were : - -  

a = 101 on all spec imens  = 100 pe r  cent.  

e = 110 ,, 87 ,, = 64 ,, 

q = 32J. ,, 87 ,, = 64 ,, 

b = 2 1 1  , ,  6 9  , ,  = 5 4  , ,  

v = 2 0 i  , ,  5 8  , ,  = 4 5  , ,  

t = 810 ,, 54 ,, = 42�89 ,, 

r = 100 ,, 51 ,, = 40 ,, 

p = 2 1 0  ,, 22 ,, = 17 ,, 

y = 802 ,, 18 ,, = 14 ,, 

u = 211 ,, 9 ,, = 7 ,, 

Proustite. 
On 60 spec imens ,  of which  the  pr inc ipal  localit ies were  : -  

Chili . . . . . .  20 

Saxony . . . . . .  19 

Aus t r ia ,  &c. 8 

Mexico .. .  4 
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The commonest faces were : - -  

v = 201 on 47 specimens or 78 per cent. 

a ~  101 ,, 45 ,, 75 ,, 
e = 110 ,, 40 ,, 67 ,, 

s ---- 111- ,, 25 ,, 42 ,, 
r =  100 ,, 11 ,, 18 ,, 

b = 21-1- ,, 10 ,, 17 ,, 
Other faces of frequent occurrence are : - -  
Pyrargyrite, X Y a ~ w 7 F E d ' .  
Proustite, Ma. 

Rethwisch has estimated the relative frequency of the forms for Red 
Silver, as Irby had previously done for calcite, by counting the number of 
combinatiofls recorded by L4vy in which they recur. I t  will be under- 
stood from what has been said above with regard to L6vy that such an esti- 
mation is of no value. 

w 14. TY~WAL FOR~S. (Plate vii.) 
It  is important to distinguish the typical forms which occur as brigh~ 

independent faces from those which appear to be only induced by crowded 
zones, or which only occur as small or linear faces replacing typical edges. 

Pyrargyrite. 

a 101 ~ P 2  

e 110  - - � 89  

b 2 i i  ~ R  

v 201 R3 

t 810 �88 

r 100 R 

p 210 ~P2 

y 802 R5 

u 211 ~R 

h 111-  - 2 R  

w 410 w 

v 201- R3 

a 101 ~ P 2  

e 110 --~R 

s 111-  - -2R 

r 100 R 

b 9 , i1  ~r: 

X 884 10R~ 

v 18 1 ~ f~r~ V 
L 19 4 5 }R4 

f 29~ - s R  
d 21f -~R8 
F 9 5 10 ~1n~9 

r asi  - ~ R  
U 912 gR�89 z 

r sl~ �89 
5o~ ~4 

z 512 ~//7 

Proustite. 

a 423 -- R~ 

M 68~ --iR~ 
P 82~ - 2 ~  
0' 720 !Rv 

~t, 62i ~R7 

q~ 18 2 3 ~-12: ~- 2 3 

Sll MR 
Q 15 1 3 IoR9 

B 17 5 i -~7 
N'  1 .7015 /~16 

E 212 - 2R2 

l 623 - ~ R 9  

n 40i R~ 

m' 823 ~-Rll 

P 82~ -9R~ 
T 4ff  ~R 
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Perhaps to the typical forms of Pyrargyrite should be added ~$,1 (Klein), 
a'W (Rethwiseh and Seligmann). 

w 15.--RIIoMBOHEDRAL CHARACTER OF THE RED SILVERS. 

The strictly rhombohedral (as contrasted with hexagonal) character of 
these minerals is very striking. On Pyrargyrite or Proustite there is not 
a single well-attested ease of the occurrence as a typical face of any form 
of which the inverse form exists (i.e. of -{-m/~n and --mRn). 

The only recorded instances, with their authors, are given in the following 
table : - -  

r 100 R Common 

110 - � 8 9  Common 
d 21 i - �89 Certain 

'7 28 18 1~ - ~ R 3 K l e i n  
q' 735 - -  ~R3 L~vy 

Ii 9 C' 613 ~R~ Sella 

v' 11 1 7 2R8 Sella 
E 212 - 2R2 Common 

Y' 221 - R  L6vy 
b' 411 �89 L6vy 
g 712 �89 L6vy 
k 11 1 4 {~R8 Mohs, Groth 
~' 25 1 i"l ~R3 Zippe 
K'  18 7 i-4 - ~ / ~  Sella 
x 813 - 2[:8 Mohs 
t' 8i4: 2R2 Zippe 

Here all the forms contained in the right hand column are doubtful for 
reasons given above, with the exception of g k and K' ; while on the left 
hand q' is uncertain as well as its inverse ~'. 

k, if supported by the authority of Mobs alone, could not be regarded 
as a certain form, but it is aJso given by Groth (Mineralien-Sammbtng der 
Universittit Strassburg, p. 64) as occurring on Pyrargyrite from Freiberg. 
The use of the letter n instead of k in Groth's description shows, however, 
that there has been some confusion between {tR8 and -{tR3,  and Prof. 
Biicking tells me ~hat the form is not to be found on crystals in the Strass- 
burg eollectionJ 

K', in spit e of Sella's authority, may well be regarded as a doubtful 
form, since it lies in a curved or striated zone. There only remains the 
face g, from which images have been obtained in the zone B V ; but this 
fact is not enough to establish the form with certainty. 

The only form of hexagonal type which occurs on the minerals is 
p=210=~P2, which, being a deutero-pyramid, is its own inverse; and 
even this face, though it sometimes occurs as a bright smooth plane, is 
more generally replaced by two neighbouring faces (compare table w 18). 

1 Prof. Grotb has subsequently informed me that this face was not observed by 
him, and that in line 9, p. 64, ~-~- ~I~3 should be '1 ~- --~R3 (which is near to 
y ~ ' ,R~ if the sign be disregarded). 

F 
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The striking dissimilarity between the + and -- forms is well shown 
by the principal zones; the rich zone of faces between a r is only repre- 
sented on the negative side by the form a, which is not the inverse of any 
of them; the series between b E is only represented on the positive 
side by the two faces T ' X ;  the series between VB is only represented 
on the negative side by the faces t d/) .  

In calcite, according to the list of forms accepted as certain by 
Goldschmidt, there are 22 forms which occur on both the positive and 
negative sides, namely 6 rhombohedra, 9 deutero-pyramids raP2, and 

-4- 9 the 7 scalenohedra + / ~ ,  +_-R~, _R~,  +R2,  +_RS, +_R5, +_2R3. I t  is 
noteworthy that _+2R3 has been also given for Red Silver. 

It  seems possible, then, to lay it down as a general law for Pyrargyrite 
and Proustite that no forms occur a8 typical faces in both the direct and 
inverse positions. 

I t  may perhaps be true that no forms whatever can occur in both positions. 

w 16. HEmMOal, msM. 
(1). Proustite. The only evidence of hemimorphism is the hemi- 

hedral development of the prisms b = ~ i i  upon alternate edges of a= 10i, 
~_ 

and r=812 upon the remaining edges (as described by Streng, A'eues 

Jahrb.  1878, p. 908). The crystals are never doubly terminated, and 
no definite faces can be found at the attached ends�9 

(2). Pyrargyrite. In the British Museum collection the following 
direct evidence has been obtained from 124 specimens on which the forms 
could be determined with certainty by inspection or measurement. 

(i.) 52 specimens having indications of faces at both ends were found; 
of these 

83 have q or q 3 at the attached end, with some of the forms t e v y s f ' u  

p r o T w 9 Y l d at the unattached end. 
8 have q with some of the forms a r n G v u s' w' at the attached end, 

and some of the forms t v I y  e p r u at the unattached end. 
8 show the following combinations : - -  
Attached Unattached 
End. End. 

r . . . . . . . . .  v y q f p  t I  
r ~  . . . . . . . . .  e 

n . . . . . . . . . . . .  v t y r g  (~) 

n I I v  . . . . . . . . .  f l q v t ( ~ )  

tr n ~[  8 t �9 . . . . .  ~ - ' - - -  - ~  ~~yqAvl~rteo~x,agp~cd p, 
r a n  . . . . . . . . .  v p  
t r Y ( ? )  . . . . . .  i v y  
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3 show the following combinations : - -  
(a). e r  q (?) at the attached end 

q r 0 S e Z '  at the unattached end. 
(b). e r at one end ) 

e r t ~b ~ a 0 p ~r q at the other end ~ An isolated crystal 

(c). q at one end 
q r e v at the other end 

(ii.) 40 specimens were found developed at one end alone, having the 
form q associated with faces of the forms r e p w Y E C v y P s u f X L y 7- 

c F  F VO D H ~ , a x '  Z fl $. 

(iii.) 32 specimens were terminated at one end alone without indications 
of the form q, exhibiting combinations of the forms e v p t v ~ f y r ~ U X 

I V  F s w  Y T d L x '  m' A .  

I t  must be remembered that in the above analysis the two ends have 
been distinguished, not always upon a single crystal, but by a careful 
examination of the whole specimen. One of two conclusions must be 
drawn from these observations, either (1) the attached ends are different 
from the unattached in consequence of the different conditions prevailing 
at the two ends, and n II a s' are characteristic of the former, or (2) the 
two ends are essentially distinct (one being eharacterised by the face q), 
but the crystals are not always attached by the same end. 

The first conclusion is supported by the fact that n H have never been 
found at the unattached end, and s' only once, so that these forms seem 
in any case to be characteristic of the attached part of the crystal ; on 
the other hand, the mode of development of q tends strongly to confirm 
the second conclusion. 

q generally occurs as a linear or very small face, which constitutes little 

more than a series of striations upon the prism a {10i} (fig. 13). Now 
these striations invariably (except where complicated by twinning) tend 
towards q faces at one end of the crystal alone, as has been exemplified in 
certain cases by Max Schuster, whose conclusions on this matter are 
identical with those to wbich I had been led, upon the very same grounds, 
before the publication of his paper. 

The end towards which the q striations tend is generally the attached, 
but in Mexican and some other specimens it is the unattached end. 

These facts prove that the two ends of a Pyrargyrite crystal are to be 
distinguished, and warrant the following classification : -  

One end, which is generally eharacterised by the forms q, bears the forms 

n 401_ a 423 (7 48(J 

lI 8 i i  s' 703 w' 50i  
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and in all probability also 
0 978 ~ 19 11 f72 P 828 

Y 818 p 643 C 12 1 

S 867 ~ 510 u 211 

Z '  18 9 i-1 D 546 r 100 

8oi H s 5 To z 5o~ 

f 29.3 

This end is generally attached ; the faces n II s' are characteristic of 
She attached end. 

I t  is not quite certain to which end m' and the group of faces included 
between V B  are to be referred. ~ 

The other end shows the remaining forms which have been observed on 
Pyrargyrite. The prism faces fl r belong to the edges of a which are not 
truncated, f '  to those which are truncated by b and are accompanied by q. 

The forms e u p t w r v, and perhaps Y, may occur at either end ; and q 
may also appear at what is usually the unattached end (cf. fig. 9). This 
face, however, never appears at both ends simultaneously, the two in- 
stances given above under (a) and (c) being perhaps due to twinning. 
Figures 8-6 represent four crystals from ~kndreasberg which show a hemi- 
morphic development, and fig. 1 represents an ideal combination of the 
principal forms characteristic of the two ends. 

Max Schuster's observations on Pyrargyrite from hndreasberg indicate 
that e y t v p  v Y oJ are characteristic of one end, and q n P H a w' of the 
other ; it wiU be observed that the present results are in complete accord- 
ance with tLis. His statement that one end is characterised by acute posi- 
tive and obtuse negative scalenohedra, while the other is characterised by 
obtuse positive and acute negative scalenohedra, requires modification ; it  
is approximately true so far as the acute scalenohedra aloue are concerned. 

Attempts have been made in the course of the present investigation to 
detect pyre-electric properties in either Pyargyrite or Proustite by means 
of Thomson's Quadrant Electrometer ; but it has hitherto been impossible 
So prove a difference of potential at the two ends during change of tempera- 
Sure in the crystals examined. 

I t  is to be observed, however, that such properties might be entirely 
obscured by the twinning, at least in the ease of Pyrargyrite. 

We have also attempted to find evidence of hemimorphism by etching 
crystals with nitric acid, with a mixture of nitric and tartaric acids, and 
with bromine ; but hitherto without any definite result. 

1 Fi~. 2 suggests that the zone blVBe:~ must belong to what is generally the 
unattached end. 
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w 17. TWm-OROWTm 

Instances of the following five twin-laws have 
of the present study of the two minerals : - -  

Pyrargyrite (1.) Twin-face 

been found in the course 

In Pyrargyrite the third law is the most common; not only almost 
every specimen, but almost every crystal shows indications of its opera- 
tion; the first law is also very common, and is represented on most 
specimens ; but the second and fifth are rare. 

In Proustite, on the other hand, the first and second laws are both com- 
mon, and the remaining two are rare. 

(1.) Twin-face u -~- 211 ----- �88 
This twin-growth was admirably described by Haidinger, and illustrated 

by figures which have subsequently found their way into all the text books. 
The crystals are so grouped that a pair of faces of e {110} - - ~  R 

in one individual are parallel to a pair of faces of the same form in the 
other (fig. 24). One large crystal generally has a number of smaller ones 
protruding from it, all the three faces of the form u acting as twin-planes. 
The unattached ends of the crystals usually make an angle of 26 ~ with 
each other (i.e. the angle between the morphological axes is 25 ~ 40' in 
Pyrargyrite and 2608 , in Proustite) ; in this case the plane of composition 
is in the common phraseology said to be perpendicular to the twin-plane 
(fig. 24); the less frequent combination, in which the unattached ends 
make an obtuse angle of 154 ~ , would then be said to have the plane of 
composition parallel to the twin-plane (fig. 25). Both these modes of 
composition occur, but the former is by far the more frequent. 

Since, however, there is no true plane of composition, but the crystals 
interpenetrate irregularly, they may be better described as developed on 
one side of the twin-plane in the former case, and on opposite sides of 
the twin-plane in the latter. 

Composition perpendicular to the plane of twinning being difficult to 
understand, it might be suggested that these crystals are ill reality twinned 
upon a face of the form f 122~31 - - 5  A', which is nearly perpendicular 

Uo 

(2.) Twin-face r. 
(3.) Twin-face a. 
(5.) Twin-face e. 

Proustite (1.) Twin-face u. 
(2.) Twin-face r. 
(4.) Twin-face o. 
(5.) Twin-face e. 
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to the face u o r  to the edge of the rhombohedron e. I f  this is the case 
then the adjacent faces of e, which would be parallel in the two individuals 
on the first hypothesis, mus~ in reality form a re-entrant angle of 51�89 in 
Pyrargyrite, and of 1~ ' in Proustite. 

To decide tMs point a number of twin-crystals were measured, with the 
result that adjacent faces of the form e upon the two individuals were 
found to be rarely, if ever, strictly parallel;  they form an angle which is 
generally re-entrant, sometimes salient, and has various values from �89 

to 9 ~ �9 

"/ \\ ' " ~ z ~  
// ~ // 

This variability in the position of twin-crystals is well illustrated by a 
group of Pyrargyrite from Andreasberg, in which the relative positions of 
five crystals could be determined and are represented in the adjacent 
figure. This group also illustrates the variability of the rhombohedron 
angle upon a single specimen, and the consequent difficulty of determining 
its precise magnitude. The faces of {ii0} ~ ~�89 R are denoted by the 
letters e E E ~ H on the five crystals respectively. 
good, but not perfect. 

Twin Angle, 

(a.)  IE, = 

e.,El = 1 54 
(b.) e ~  = 2 6 

e3e~ = 4 13 

(d.) ,2H1 = 0 24 

The reflections were 

Rhombohedron 
Angle. Mean. 

e, ea =4~ 5'8 "~ 

esea : 41 57 f eo = 4] 58 e:e, ---- 42 0 
]~'tE~ = 42 7 
E~J~a =42 5 EE =42 5 
E3E1 = 42 2 
~,Es = 42 2 "] 
E~E3 : 4 2  1 ~Ee = 4 2  0 
esEl ~ 41 58 
~:~ : 42 9 ~1~ = 4 2  9 
tI~Hj~-- 42 7 Htt=42 7 
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Other instances, in which the measurements are more accurate than the 
above, and are certainly reliable to one or two minutes, are as follows : ~  

PYRARGYRITE, 

Rhombohedron 
Twin Angles. Angles. 

(1.) lb = & 
e2E~ = 2 24 E E  = 42 5 

(2.) eLE~=I 3 ee ~ 4 2  5 
e~EL'= I 4 E E  = 4 2  5 

(3.) e,E~ = l B3 ee = 42 6 
e~E~ = I 34 E E  -~ 42 (i 

PROUSTITE. 

Twin Anglei. Rhombohedron 
Angles. 

(1.) elE, = 5 57 ee : 4 ~  46 
~ E I - - 0  56 E E l 4 2  46 

(2 . ) . e lE~=2 29 ee : 4 2  46 
2 0 E E  _~42 46 

It  will be seen that these angles do not show whether u o r f  is the twin- 
plane, but they suggest the further question whether there may not be 
some regularity in the deviation of the crystals from the true twin position ; 
a similar deviation in other minerals has been pointed out, 1 but has 
not been accurately described. 

In the case of both Pyrargyrite and Proustite the angle eE  upon one 
side of the edge common to the two crystals is usually equal to that on 
the other. This may take place in two ways : either (a) the zone eiE.j is 
nearly parallel to the zones ee and E E ,  in other words the edges ee an4 
E E  are nearly parallel, and one crystal may be regarded as having deviated 
from the true twin position by a rotation about the rhombohedron edge 
which is common to the two individuals; or (b) the zone elE ~ is nearly 
perpendicular to the rhombohedron edge ee and E E ,  in other words the 
planes a are nearly parallel, and one crystal may be regarded as having 
deviated from the true twin position by a rotation in the prism face a which 
is common to the two individuals. 

I f  the true twin position and the deviations are to be included in a 
single statement, the twin-growth may be described by saying that two 
crystals are so united that they have in common a face a = (101), and 
also the edge (zone-axis) [111~ lying in this face ; their deviations flora 
this position are due either to a slight inclination of the two faces alone, 
or to a slight inclination of the two edges alone2 

In the same way the twin-growth of Bournonite (twin-face 110) may 
be expressed by the statement that two crystals have a face (110) in 
common, and also the edge (zone-axis) [001], i.e. the vertical axis, lying 
in this face. The variations from the true twin position (described in 

I of. Des Cloizeaux, Manue~ clr Min~ralog@, II. p. 109. 
cf. Max Schuster,/oc. cir. 
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Min. ~/lag. u 1884, p. 77, under the heading Irregular Conjunction) may 
then be described as due to an inclination of either the face (110) or the 
edge [001] alone. 

In the Red Silvers, when the deviation cannot be expressed either by a 
simple rotation about the edge ee or the normal to the plane a, the angle 
elEg between one adjacent pair of faces is often exactly double of that 
between the other pair esE~ (cf. example (b) above). 

No other observations seem to have been made upon the variability of 
twin-crystals, so that it is not possible to say whether the features here 
described are also to be found in other minerals. 

Twin-lamellation.--Although the direct measurement of twin-crystals 
does not decide the question whether u o f f  is to be regarded as twin-plane, 
the fact that composition sometimes takes place parallel to the face u 
removes any objection that might be raised to the former interpretation. 

The most pronounced mode of such composition is the twin-lamellation 
parallel to the faces u, which is a very common feature in Pyrargyrite, 
and one which has not been hitherto described. Man ,  crystals of Pyrargy- 
rite, if carefully examined, are found to have isolated lines of extreme 
fineness which run across the prism and scalenohedron faces, generally 
near the summit of the crystal. These lines may sometimes be traced 
completely round the crystal as a set of three markings parallel to the 
three faces of the rhombohedron u ; they sometimes yield faint reflections 
on the goniometer, which indicate either (1) a face inclined at about 22 ~ 
to the prism faces, or (2) a face parallel to u ;  the angle 29, ~ is that 
between the prism faces of a pair of crystals twinned on u. 

There can be no doubt, therefore, that these lines indicate fine twin- 
lamellm parallel to the faces of u, and that they are bounded at their edges 
by the prism a, and on their surface by' the face u, which is otherwise an 
extremely rare form. ~ 

The lamella~ may be traced through the whole mass of a crystal as fine 
lines traversing the fractured surfaces, but the crystals do not seem to 
have any tendency to separate along the planes of lamellation. Sometimes 
they have more the appearance of sliding planes. 

Secondary Twinning.--The face u has certainly in some instances played 
the part of a sliding plane. A crystal of Pyrargyrite from Andreasberg 
shows this very clearly; the crystal has evidently been crushed either 
during or subsequently to the process of crystallisation, and is now tra- 

1 Conclusive evidence will be found below. 
These lamell~e may have given rise to the statement that the prism faces are 

striated parallel to the face g. [Rethwisch, loc. eit. p. 80.) 
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versed by a series of twin-lamellm which are distinctly visible as such, and 
on which the faces of the prism a are of sufficient breadth to give definite 
reflections ; a good measurement is in this case possible and shows the 
angle between the surfaces of alternate lamellm to be 22~ F ; the calculated 
value is 22~ '. 

Attempts to produce this twinning artificially in crystals of Pyrargyrite 
have not met with success. (One method adopted to obtain a uniform 
homogeneous pressure was to immerse a crystal in water in a closed glass 
tube which was placed in a freezing mixture.) 

Lame llar twinning parallel to u has not been found in Proustite. 
Connection between twin-growth and hemimorphisrn.--So far as the posi- 

tions of the two crystals of Proustite are concerned, the twin-growth may 
be equally well expressed by either of the statements--  

(1.) Twin-axis normal to the face u. 
(2.) Twin-axis parallel to the edge ee. 
But by taking into account the hemimorphic character of Pyrargyrite, 

we have a criterion by which the two explanations may be perfectly dis- 
tinguished, at least for that mineral. 

Fig. 14 represents a crystal (ae) of Pyrargyrite in the normal position, 
q denoting the end towards which the striations on the prism faces a con- 
verge to form the scalenohedron q (as shown in fig. 5). 

A semi-rotation about the normal to u as twin-axis brings the crystal 
into the position of fig. 20, while a semi-rotation about the edge qr brings 
it into the position of fig, 21. 

Fig. 22 represents the intergrowth of the crystals in the first case, 
fig. 23 their intergrowth on the second supposition. 

If, then, (1) is the true geometrical expression of the twinning, q is at 
those ends of the crystals which make an acute angle with one another, 
and the twin is symmetrical about a planr which is perpendicular to the 
edge qr;  if (2) is the true geometrical expression, q is at those ends which 
are in,lined at an obtuse angle, and the twin is symmetrical about a plane 
parallel to u. 

blow a careful examination of these twins has shown that, except where 
complicated by the occurrence of the third twin-law, the growth is always 
that represented in fig. 22, and the statement, " Twin-axls normal to 
the face u {211}," is a true geometrical description of the twin-growth. 

As regards the mode of composition under this law, the crystals may 
either be developed on both sides of the twin-plane, as in fig. 25, or on 
one side of the twin-plane, as in fig. 24 ; but the latter is by far the more 
frequent mode of growth. 
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The unattached ends of a twin-crystal, such as is shown in fig: 24, may 
eitl~er be those which bear indications of the q faces, or those which 
do not. 

2. Twin-face r = 100 = R. 
This law is far more common in Proustite than Pyrargyrite, and the same 

considerations may be applied as in the case of the first law, the only difference 
being that the individuals are now nearly at right angles to one another. 

A composition similar to that of fig. 22 would result from a semi-rotation 
about the normat to r, and a composition similar to that of fig. 28 from a 
semi-rotation about the edge ss  lying in the face r. 

An examination of the few Pyrargyrite crystals which are twinned 
according to this law leaves no doubt that the former alone represents the 
twins which occur in nature, and that they may be geometrically described 
by the expression 

Twin-axis perpendicular to the face r ; or twin-plane r (100). 
In the ease of Proustite there is nothing to distinguish this from 

hemitropy about the edge ss  lying in the face r. 
The twins of Proustite from Chafiarcillo are described and figured by 

S~reng as having their morphological axes inclined at an angle of 94o18 ', 
in other words as lying upon opposite sides of the twin-plane. In all 
the specimens which I have been able to examine the two individuals lie 
upon one side of the twin-plane alone, so that their axes make an angle of 
85o42 ' . The two cases are easily distinguished; in the former the acute 
edges (s) of the predominant sealenohedron v would face one another in 
the twin crystal, whereas in the latter the obtuse edges are always opposed, 
as is shown in fig. 27. 

In  Proustite the two first twln-laws are often combined, the angle 
between the two individuals of a twin on r being occupied by a third 
crystal twinned with one of them on u (fig. 27). 

Lamellar-twinning is very rare (or perhaps does not exist)in Pyrar- 
gyrite, but is to be found, though seldom, in Proustite from various 
localities (cf. Streng). 

3. Twin-face a=101=  ~ P 2 .  
The crystals which are twinned according to this law were formerly 

described as twinned about the basal plane, and the figures in which 
the twinning is indicated by the interrupted development of the prism 
b {21i} o R  at alternate ends on consecutiveedges of the prism a {10i} ~ P 2  
are familiar in all the text books. The true explanation and significance 
of certain twins from Andreasberg belonging to this type were recently 
pointed out by Max Schuster, and his conclusions are fully confirmed by 
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the present study of the British Museum Collection, which had led inde- 
pendently to precisely the same results. 

Figures 14 to 19 were, in fact, drawn before the appearance of Max 
Schuster's paper, and may still serve to illustrate the nature of these 
growths, l~Iax Schuster himself I appeared to regard the law as of rare 
and exceptional occurrence, and did not deny the existence of crystals 
twinned upon the basal plane or upon the prism b {9.~} ~v R. According 
to my own observations this law is extremely common, though not con- 
spicuous, and all eases explained by twinning upon the basal plane or b 
are in reality to be ascribed to twinning upon the prism a. 

Starting with the crystal in the normal position of fig. 14, and dis- 
tinguishing the end of the crystal towards which the oblique striations on 
the prism tend to form the face q {324} by the letter q : 

(1) a semi-rotation about the vertical axis (normal to the basal plane 111) 
brings it into the position of fig. 15 ; a composition of the two crystals 
in this position parallel to the basal plane would, it is true, bring the 
trigonal prism b (which occurs on the same edges of the prism a with the 
q faces) alternately to the upper and lower end of the crystal, but the 
form q, as indicated by the oblique striations, would appear at one end of 
the crystal alone. 

(2) A semi-rotation about the edge between a and the basal plane (normal 
to the prism b) brings the crystal into the position of fig. 16 ; composition 
parallel to the basal plane would now result in a twin having the q faces 
symmetrically disposed at the upper and lower end, and the prism b 
associated with them would only appear as a trigonal prism on alternate 
edges of the compound crystal. 

(8) A semi-rotation about the edge between the prism b and the basal 
plane (normal to the prism a) brings the crystal into the position of fig. 17. 
Composition parallel to the basal plane now results in fig. 18, if the q ends 
of the crystal are turned outwards, and in fig. 19 if the q ends are turned 
inwards. This composition is described as new by Schuster, but it had 
been previously figured by Naumann and described as a " Zwillingsartige 
Yerwachsung." (See above, w 1.) 

According to my own observations, the last of the three is the only case 
which occurs in Nature, so that all twins of Pyrargyrite having parallel 
axes are referable to the law 

Twin-plane a t l0i} ~ P2 .  

1 Lor cir. r .  131. 
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The twin-crystal may either have its q ends turned outwards or inwards. 
I t  is a peculiarity of this mode of twinning that the compound crystal 

has the appearance of a simple holohedral individual, unless it bears faces 
along the line of composition belonging to that end of the crystals which 
is turned inwards ; otherwise the twin-crystal must have similar termina- 
tions and the hemimorphic character is masked (see w 16). 

In Pyrargyrite indications of the two distinct ends are supplied by the 
q striations, by the development of the prism b, or by the faces mentioned 
above as associated with the form q. 

I t  is possible, therefore, that the same mode of twinning may occur in 
other rhombohedral minerals, 1 but may not be detected owing to the want 
of such indications, and may itself conceal their hemimorphic character. 
The specimens of Tourmaline in the British Museum have been searched 
without success; it has, however, been shown by Prof. Kundt, by the 
method of dusting, s that in a section of Tourmaline cut perpendicular to 
the axis there are parts which have the analogous pole above, and other 
parts which have it below, so that this may possibly be an example of 
twinning similar to that of Pyrargyrite. 

In the Pyrargyrite twins the union of the two individuals never takes 
place parallel to the basal plane as shown in figs. 18, 19, but either (1) 
irregularly, (2) parallel to u, (3) parallel to r, or (4) parallel to the prism 
a ;  the component crystals may also interpenetrate in every conceivable 
way. 

Sometimes the interpenetration is so regular that each face of the prism 
a is divided into two halves by a vertical twin junction, as shown in fig. 
26. In this case the crystal can only be distinguished from a simple 
holohedral crystal by very careful observation. 

Sometimes one individual forms a shell partly surrounding the other. 
The striations indicated in figs. 14 to 26 are formed by thin plates 

parallel to the prism a which overlie the prism faces ; these are bounded 
on their edges at one end by the faces q n or q v, and since they often lie 
in inverted or twin position upon a central crystal, they make it extremely 
difficult to determine which end of the latter is in reality the end 
charactcrised by the form q. 

One of these twin-lamell~e as observed upon a crystal from Mexico is 
shown in fig. 13. Now a cursory examination of such a crystal would 
lead to the conclusion that the upper end of the crystal is that to which 

1 cf .  Schuster, p. 132. 
2 13cr. A k a d .  13erlia, 1883, p. 421. 
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q belongs, and that it is associated with the faces r p ;  whereas in 
reality r p belong to one end of the crystal and a v q to the other, which 
is only developed upon the twin-lamella; this is also indicated in the 
figure by the striations on the main crystal, which converge to q faces at 
the lower end. 

The striation parallel to the face q is often due to this twin-lamellation; 
consequently, if great care is not observed in interpreting the strim, they 
may lead to a completely erroneous orientation of the crystals. The 
striations upon the prism faces a, due to twinning, run parallel to the faces 
a v q a. The same cause produces a very fine twin-lamellation parallel to 
the prism edges, which may sometimes be observed as a vertical series of 
fine lines somewhat similar to those parallel to u which have been 
described under the first law. 

The third law might, so far as can be seen, operate conjointly with 
either of the first two; it has not, however, been found in conjunction 
with the second. Crystals twinned according to the first law upon the 
face u are frequently complicated by the third law (as was mentioned 
above), each individual being a composite and apparently holohedral 
crystal, so that it is impossible to orientate either individual. A precisely 
similar difficulty is experienced in explaining twinned crystals of quartz 
with inclined axes, and deciding whether they are to be described as due 

to hemitropy about a face (e.g. 52i) or the edge lying in that face, since 
each individual is a composite crystal. 

In Pyrargyrite, however, wherever the growth is not complicated by 
the third law the twin is explicable b 5 hemi~ropy about the face u. 

(4). Twin-plane o = 111 =01L 

This mode of twinning is only exemplified in the Museum Collection by 
a crystal which forms one of a group of dull but well-formed scaleno- 
hedral crystals of Proustite from Marienberg, and is represented in fig. 28. 

A specimen of Proustite from Himmclsfiirst Mine, Freiberg, is also per- 
haps an example of the same law. 

Though this law is given in all the text books as a mode of twinning 
common in Pyrargyrite, I have found no case of apparent twinning on 
the basal plane which does not, on careful examination, prove to be due 
to the third law. 

It  must be noted that without direct evidence of the hemimorphlsm of 
Proustite, it is impossible to say whether this law is to be described as 
twinning upon o {111}, or upon b (2i l} .  See figs. 15, 16. 

(5). Twin-plane e = 110 = -- ~1:. 
This law is exemplified by two specimens from Markirch in the Museum 
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collection, which are prisms of Proustite having lamell~e parallel to the 
face e ; also, perhaps, by a group of scalenohedral crystals of Proustite 
from Freiberg. A specimen of Pyrargyrite of scalenohedral habit from 
Freiberg in the Ludlam collection appears to be twinned according to this 
law, the two individuals being, as usual, on the same side of the twin-plane. 

(6). Twin-plane b = 211 = Go R. 
This law rests upon the authority of Haldinger (Ed. J.  Sc. I. 1824, 

p. 826, figs. 14-17) ; it would require re-examination to determine whether 
the law is to be so expressed, or to be described as twinning about o with 
composition parallel to b. 

w 18.--PRINCn'XL (CuRveD AND STRIATED l) ZONES. 
The striated zones of any mineral deserve particular attention. If  the 

reflections obtained on the goniometer are not carefully criticised and 
distinguished, there will be a tendency to accept as typical faces (from the 
mean of several images) precisely those forms which do not occur as such, 
but are replaced by vicinal faces ; this is what was certainly done in many 

cases by the earlier observers ; for example, the face A = 15 3 4, given 

by Sella, is almost invariably replaced by the faces L = 19 4 5 and 

x '  ~ 26 5 7 in the group between VB,  and is certainly not the typical 
face in this region of the crystal ; on the other hand, if equal importance 
is attached to all the reflecting surfaces, the zone becomes filled with a 
continuous series of planes which are difficult of interpretation. 

Several authors have insisted ~ that to ascertain the indices of vicinal 
faces, and faces in striated zones, it is not enough to take the mean of 
several measurements, but that these planes are to be regarded as local 
developments, and the individual measurements on each crystal must 
determine the faces present. On the o~her hand, a difference of a few 
minutes in the measurements introduces an enormous difference in the 
symbol of a face with high indices ; now even the faces of the rhombo- 
hedra (100) and (110) have been shown above to be subject to local 
distortions from their true positions even when they are perfectly smooth 
and bright and not complicated by vicinal faces, so that definite symbols 
cannot be assigned to planes with very high indices until there is some 
proof that the measurements can be relied upon to three or four minutes. 

In dealing with the striated zones of Pyrargyrite it has therefore seemed 
safer to ascertain which faces with simple symbols are not developed in 

1 Zones rich in faces are striated when 
curved when they form salient angles. 

ttintze, Zr f. Kryst. XI. p. 234. 

the faces tend to make re-entrant angles, 
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these zones but are replaced by groups of neighbouring faces, and what 
are the symbols which the replacing planes tend to assume, and finally, to 
compare these with the typical forms by which the zone or a part of the 
zone is occasionally represented. 

For  this purpose the whole series of definite reflections obtained on the 
goniometer from a striated zone upon a number of crystals is reduced to 
angular distances from some one face in the zone ; ~ these are all ranged 
in parallel columns so that the same values fall upon horizontal lines ; it 
is then found that the readings fall into well-defined groups ; the mean of 
each group is taken to form a new column which represents a first ap- 
proximation to the faces of the zone (vicinal faces of the first order ?) ; 
the individual variations within each group (vicinal faces of the 2rid order ?) 
cannot safely be expressed in terms of indices, and must for the present 
be neglected. 

A comparison of the angles so found with those of the typical faces 
which occur as bright planes unaccompanied by striated series, shows that 
the new column contains all the typical faces, and in addition others which, 
if they recur with regularity and vary within small limits, must be regarded 
as true faces of the zone, and which it may be hoped will throw some light 
upon the laws that govern the development of these complicated zones. 

The richest zones in Pyrargyrite are : - -  
(1.) era, the parts between er, and between ra. 
(2.) br~, the parts between bE, and between r/~. 
(8.) bVe, the part be~veen VB. 
(4.) ee, the part between ee. 
Oscillatory combinations or striated faces have also been observed 

between bX, ca, ass, and in the neighbourhood of Y in the zone rr ,  in 
Pyrargyrite ; between es, and on the prism edges, in Proustite. Sella, 2 in 
a paper which was evidently the outcome of his study of the Red Silvers, 
has laid it down as a law that when a zone is characterised by a series of 
striated faces, i.e. is an important zone upon the crystal, the conjugate 
face (that is, the face which has the same symbol as the zone) is dis- 
tinguished by its perfection and brightness. This statement is not sup- 
ported by a more complete study of the minerals, since the four faces 
corresponding to the first four zones mentioned above are : - -  

(1.) r = 100 which is bright and perfect. 
(2.) p = 210 which is generally striated, sometimes bright. 

1 Care is taken to repeat the measurements at various angles of incidence, so that  
the reflections which correspond to true planes can be selected. 

2 12 Nuovo Cimento IV. 1856, p. 103. 
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(8.) 81 i  which does not  exist. 

(4~) s = 11i  which is bright  and perfect.  

While striated zones corresponding to e v t a, the four most perfect  faces 

on both minerals,  are not to be found. 

The following tables give in the first three columns the results  obtained 

from measurement  of the above-mentioned zones, where they are de- 

veloped as striated series. The adjacent columns give the calculated 

angles for those faces which have been established by independent  

measurements  upon definite faces. 

A. OBs~avAxzoss. 

(1.) Zone e r a. Striated ; e r sometimes curved. 

I e : h k 0. Limits. 

59 . . . .  

7 17 . . . .  
10 32 
12 1 f !  , o 54--12 
12 54 12 42--13 2 

13 25 13 11--13 44 
13 43 13 34--13 47 
14 11 14 1--14 17 
14 33 14 30--14 37 
14 50 14 37--14 59 
15 16 15 12--15 20 
15 51 15 44--15 57 
16 34 16 30--16 41 
17 0 . . . .  

17 30 17 23--17 31 
18 21 18 ~--18 51 
19 40 19 26--20 5 
22 25 . . . .  
22 40 . . . .  
23 10 . . . .  
23 36 . . . .  
24 19 . . . .  
25 24 25 9--25 32 
Bl I . . . .  

Number. 

1 
1 
1 
8 
9 

24 

7 
3 
8 
6 
2 
3 
4 
1 
4 

7 
16 

1 
1 
2 
1 
I 
5 
1 

] { • O W l a  

Forms. 

A 
Z '  

oJ  

x 

P 
~  

II'  

pO 

T 

ft.~ 

k 

t 

e ~ 

0 o 

,1)  

o ~  

h k O .  

540 
430 
320 
530 

13 7 
2 1  

13 6 

730 
. .  

520 
830 

11 4 
310 

10 3 
720 
410 

o .  

510 
610 

Calculated. 

5 g2 
8 11 

10 11 
0 12 10 

0 13 28 

e .  

. ,  

0 14 50 

16 2 
. o  

17 7 
18 5 

0 18 32 
19 46 

0 21 9 
21 46 

23 19 

25 36 
27 I0 



C O N T R I B U T I O N S  T O  T H E  S T U D Y  O F  P S / R A R G Y R I T E  A N D  P R O U S T I T E o  

A .  O B S ] ~ R V A T I O N S .  

(1.)  Z o n e e r a .  S t r ia ted;  e r  somet imes  curved - -Con t inued .  

85 

e :  

3~ 
34 
35 

36 

43 

61 7 

65 12 

65 48 

66 20 

67 22 

68 27 

69 40 

70 44 

71 12 

72 37 

73 35 

73 57 

74 28 

75 5 

75 32 

75 58 

76 21 

77 38 

78 18 

78 49 

79 19 

80 32 . . . .  

81 11 

81 48 

82 11 

82 40 

83 40 

I 84 25 
85 10 

I 85 43 . . . .  

I 86 5 86 3--8t; 

k 0. Limits. 

0 34 12.-34 27 

;8 35 27--35 41 

4 36 0--36 8 

16 . . . .  

54 49--65 43 

66 11--66 28 

67 19--67 24 

~ 1 7 6  

69 29--69 50 

71 I1--7L 14 

72 3O--72 44 

73 34--73 36 

74 17--74 47 

75 2--75 18 

75 30--75 34 

75 56--75 58 

76 16--76 28 

77 31--77 44 

78 4--78 31 

78 45--78 57 

79 11--79 37 

. . . .  

81 40--81 56 

82 5--82 17 

82 25--82 54 

83 30--83 58 

84 15--84 36 

85 5--85 15 

Number K~own 

�9 FG,  " 
5 

I 2 ' .. I 
14 r 

W * 

2 n 

1 S '  

9 v 
[ . .  

2 . .  

2 . .  

1 7 
3 .. 

2 1' 
[ � 9 1 7 6  

11 y 

8 

2 A 

3 
~2 

g 

h k 0. Calculated. 

c 

A' 

Z 

~ 1 7 6  

~ 1 4 9  

~ 1 7 6  

N' 

810 
. � 9  

100 

50i 

40i 

3O] 

703 

20i 

90-5 

, .  

50~ 

~ 7 0 1 ~  

, .  

3o~ 

e l  

19of~ 

1 0 0 ~  

705 

403 

17 0 i'3 

90~' 

504 

. ~  

. ,  

. ,  

, ~  

17oi5 
. ,  

29 12 
~ 1 7 6  

35 41 

47 8 

5O 8 

55 10 

60 54 

65 7 
, ,  

68 19 

� 9  

70 49 

7'3 2~ 
o ~  

74 27 

g ,  

75 22 

76 12 

76 56 

78 45 

~9 29 

80 8 

81 13 

, ,  

u o  

� 9  

o l  

. .  

85 2 

G 
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Zone b r b. Genera l ly  curved.  

(a.)  Series b to E .  

7 
7 

10 
11 
12 
12 
13 
14 
15 
15 
15 
15 
16 
16 
17 
17 
17 
18 
18 
18 

19 
3C 
43 

37 
45 
17 
41 
18 
38 

2 
12 
24 
5O 
4O 
53 
2O 
31 
47 
9 

23 
43 

Limits. 

~  

, o ~  

10 13--10 46 

11 22~11 58 

12 3~12 26 

o , l e  

14 28--14 45 

* , . ~  

15 11--15 18 

15 22--15 25 

15 39--16 2 

17 19~17 21 

17 28--17 83 
17 43~17 55 
18 3~18 13 
18 21--18 20 
18 36--18 53 

~  

d~ 

~  

o 4  

q 

~  

/ /  

~  

* ,  

/7 
I o  

o *  

o ~  

* ~  

~  

F 
K ~ 

E 

h k 1. Calculated. 

. ,  o ,  

436 8 22 

, ,  e ~  

�9 ~  

324 12 8 
, ~  ~  

8 5 i ~  14 16 

, ~  . ,  

536 15 37 
! 1  * i  

~  . .  

748 17 15 
~ 1 7 6  , ~  

Q D  , *  

9 5 ~'~ 18 12 
13 7 ~ 19 16 

212 21 46 

(b.) Series between r/~. 

r :  h k l .  

6 26 

6 22 

8 11 

Limits. 

$ 2L--5 31 
6 10--6 37 
7 43--8 19 

Number. h k l .  

2 3 2 i  
2 0 2 i  

1 3 2 i  

Calculated. 

~. 46 
5 21 

6 16 

8 8 

This  group occurs as s t r ia ted faces on the  corner  of the  rhombohedron  

r (100) upon a specimen of Pyrargyr i te  from Freiberg,  which is a com- 
binat ion ot the  pr i sm a with ~ and b, te rminated  by r t. 
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(8.) Zone b Ve. Generally curved. 

b : h k 1. Limits. Number. 

39 41 . . . .  

40 34 . . . .  
41 13 . . . .  
43 26 43 23--43 32 
44 28 44 14--44 42 
45 22 45 13--46 36 
46 42 46 30--45 64 
46 23 46 2--46 47 
46 54 . . . .  
47 28 47 7--47 46 
48 10 48 0--48 16 
48 48 . . . .  
49 37 49 24--49 54 
50 24 50 1--50 43 
50 58 50 54--41 37 
52 5 51 51--62 25 
53 2 . . . .  

9 
1 
1 
1 
3 
2 
6 
2 

12 
1 

11 
5 
1 
5 
4 
3 

11 
1 

V 
~  

~ 1 7 6  

g 
~ 1 7 6  

F 
~  

x '  

A 
L 

f f  

, .  

. .  

B 
K 

h k 1. Calculated. 

~ 1 7 6  ~  

�9 ~ ~  

712 43 20 
~  ~  

4 0  7 1"~ 4 5  1 9  

, ~  * *  

26 5 7 46 21 
15 3 '~ 46 49 
19 4 ~ 47 26 
27 6 7 4S 7 

. ~  . .  

41~ 49 42 
�9 ~ ~ 1 7 6  

. ,  ~ 1 7 6  

17 5 4 5 2  9 

21 6 ~ 53 5 

(4.) Zone e~. b~o definite measurements could be obtained in this ~.one. 

1 3 .  I N D I C E S  O F  F A C E S  I N  S T R I A T E D  Z O N E S ,  

The above Tables represent a series of carefully selected measurements,  

and may be useful as data to be employed at some future t ime in the 
general discussion of striated zones. 

Max Schuster,  in his laborious memoir on the vicinal faces of danburite, 
has endeavoured to show how their regularity may be expressed in terms 

of the indices ; Professor Hintze,  on the  other hand,  suggests  that  the 

vicinal faces indicate local variations which may with equal propriety be 
expressed in terms of their direct angular relations, a succession of vicinal 

faces in celestine being, for example, inclined to one another at equal 

angles. I t  will be enough in the present  instance to point out  certain 

features of regulari ty which eharacterise some parts of the crowded zones 
in Pyrargyrite.  

This regulari ty may be expressed either in terms of the indices or of 

the angles ; but not  in a series of direct angular differences, as was the 

case with celestino ; and therefore denotes some law of progression r~- 
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sulting from the internal structure of the crystal, and not merely a super- 
ficial and local phenomenon. The functions chosen below to indicate 
the regularity are used because convenient for calculation, but they may 
easily be translated into the nomenclature of Schuster or Websl~y. 

(1). Zone era. Here the function h-[-k _ tan 0 (or the anharmonie 
h--  k tan er 

ratio of the four faces e, r, (hkO), a), where 0 is the angle e : (hkO), proceeds 
by a series of fractions in which different numbers play an important part 
in different portions of the zone. For the crowded region between pt 

the value of h - k  is 7 or a multiple of 7, between yc it is 5 or a multiple 
of 5. This will be clear from the following tables : - -  

: (h ko). 

:d 58' 
18 28 
18 47 
14 7 
14 28 
14 50 
15 18 
16 2 
16 29 
16 57 
17 27 
18 82 
19 46 

(h k o). 

29 15 0 
210 

55 27 0 
27 18 0 
58 25 0 
18 6 0 
51 28 0 

780 
12 5 0 
47 19 0 
2 8  9 0 
11 4 0 

310 

tan 0 
tan er 

{: 
{:=i} 

7 
1"-6 

:5 

The above series may be tested by the following very good measurements, 
derived from two exceptionally perfect Andreasberg crystals taken from 
two specimens : - -  

e : (h k 0). Limits. Number. 

18 27 
18 45 
14 49 
16 88 
19 41 

lI~ ~8--12 ~ 58' 
18 21--13 32 
1B 41--18 49 

. ~  . . .  

A"89-19"48 
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The crowded portion of the zone between yc may be compared with the 
following calculated values : - -  

e : (h Ok). (1~ o k). 

7~ 2~ 
75 1 
75 88 
76 8 
76 80 
77 44 
78 26 
78 45 
79 21 

tan 0 

tan er 

ao~ 
al o ~ 
~6 o i5 
as o ~'a 
17 o i"2 
S7 0 2-7 
a9 o ~ 

4o~ 
2a o ~ 

2 5 =  5 

2 0  
5 

P~7 
5 

~8  
5 

2_9 
5 

Y 

s_~ = 7  
5 

3_7 
5 

h-~ Sk 
(2). Zone bE. Here we may take the function ~h~k- which is equal 

to the ratio tan br tan 0 [or the anharmonic ratio of the four faces b, (hkl), r, 

(522)] where 0 = b : (hkl) and the following angles calculated from a series 
proceeding by differences of sevenths agree very closely with the measured 
angles. (See Table on page 90.) 

Here then, between the positions of (18 11 2"2) and (81 17 8"4) at 
h~-Sk 

least, the value of h- -k  is a multiple of 7, and the function h- -k  
proceeds by equal increments. 

(8.) Zone bVe. The group of faces between VB is found on certain 
specimens from Andreasberg, probably from the Morgenrothe mine, which 
have the habit of the crystal figured by Phillips. 

This is the most perplexing zone on the mineral, there cannot be the 
least doubt that 

V =  13 1 4, x ' = 2 6  5 7, L = 1 9  4 5, B = 1 7  5 
are well-defined typical faces in the zone;  the remainder are perhaps 
induced by these. 

The group scarcely ever extends beyond B on the one side and Y on 
the other (the doubtful face given above as 21 6 5 was only observed 
once). 

I t  is possible that the zones connecting this set of faces with the face v 
(20i) may contain the group of faces between 9 (510) and w (530) ; if 
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b : h ~ l .  

7 85 

7 41 

10 34 

11 46 

12 8 

12 41 

18 7 

14 38 

15 0 
15 12 

15 25 

15 50 

16 45 

17 0 

17 15 

17 31 

17 47 
18 4 

18 21 

18 39 

hl~ l. 
tan br = h + 5k 

tan 0 h--  k 

5 4 

~3 lo  

lo 7 f i  
43 29 5S 

324 

6i 40 go 
17 II E2 

55 ~4 ~-s 
18 11 22 

~z~ = 25 
lit = 21 q 

Ii5 
7 

io_5 = 15 
7 

94 
7 

9_i = 18 7 

8 7  

s-4 = 12 
7 

7.5 

7_.'4 
7 

107 65 130 

52 al  @ 
~o 29 5-s 
8a 19 E~ 

97 55 110 

95 53 106 

47 26 ~2 

31 17 3~ 

7 2  

7 1  
7 

6_9 
7 

6 5  
V 

6--4 
7 

6a = 9  
7 

6_2 
7 

6 J  
7 

6 0  

5 9  

this is so the zone VB may be described as the projection of the zone re 
from the face v. 

This is indicated by the following table, in which the first column gives 
the symbols of faces between re, the second column gives their projections 
from v upon the zone be, and the second and third columns the cortes- 
poadiug symbols and angles in the zone be. 

Here, although the important faces L B  have not their representatives 
in the zone er, it appears possible that the general law of progression in 
the series may be derived from that of the zone er. In this case, since 
the projection of a face (h~0) will have the symbol (3h--2k, k, k- -h) ,  the 
vicinal faces in the zone VI~ will have their last index a multiple of 7. 
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Zone r e. Zone b e. A 
Symbol. Symbol. Angle. 

V 510 
(92O) 
410 

(19 5 
810 

11 4 
28 9 

47 19 
12 5 

780 
(940) 

18 1 
28 2 
10 1 

O) 47 5 
71'2 

0 25 4 
0 51 9 
0 108 19 

0 26 5 
15 8 
19 ,t 

18 6 0 
27 18 0 

210 
29 15 0 
(15 8 0) 

(950) 

27 6 
55 18 

41i 
47 15 

29 8 
17 5 

89 
40 

48 
44 
45 

28 45 
46 
46 
47 
48 

i-4 48 
49 

i~ 5O 

52 

47 
87 
2 
20 
24 
24 
58 
21 
49 
26 

7 
56 
42 
27 
9 
9 

g 

X P 

A 
L 

G 
i 

B 

C. I~OSITION OF STRIATED AND CURVED GROUPS. 

(1). The position of the group V - B  is marked by a curious feature. 
I f  V is the point at which the zone 5Ve approaches most nearly to the 

plane r, so that bv is at right angles to VB, then bv --- 45~ ' ; now this 
is exactly the centre of the group Y -  B, the inclinations being VU = 6088 ', 
BV -- 6c81 '. Hence the crowded part of the zone be is precisely the region 
where it approaches most closely to the rhombohedron r, and it extends 
to an equal distance on both sides of the nearest point; the group 
terminates abruptly at the planes Y and B, which are distant from b by �89 
and ~ respectively of the total angular 0istanee be. 

(2). The point where the zone av (10i : 20i) approaches most nearly 
to b (211) is a plane inclined at 78~ to e (101), and this is exactly the 
point where the striated faces are most thickly developed. 

(8). The point at which the zone bqr approaches most nearly to the 
plane a is distant 12~189 ' from b, and this is a plane nearly coinciding 
in position with the face q. 
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In some instances, therefore, at the point where a principal zone of a 
Pyrargyrite crystal approaches most ,~early to one of the principal faces 
lying outside the zone, the zone is, as it were, unstable, and liable to de- 
velope vicinal faces belonging to the same zone. 

w 19.--ISOLATED GROUPS OF VICINAL FACES. 

We here consider groups of planes with high indices which replace or 
accompany typical faces. 

The faces between (23 2 1) and (13 2 1) given above form one such 

group. Another is the series of four faces in the zone rr [100 : 213] 
which replace the face ia of the crystal described by Phillips, and which 

extend froin Y = 818 to 613, as follows : - -  

,-: (hkO. 

e6 
24 28 
26 11 
27 29 

Limits. 

2(; 4 i - 2 J  49' 
24 12---24 40 

. . .  o , .  

27 22--27  34 

Number. Symbol. 

813 
20 8 ~) 
25 

613 

Calculated. 

25 8i  
24 41 
26 16 
27 19 

The face r (100) is accompanied on a crystal of Pyrargyrite from Frei- 
berg by a pair of planes replacing the edges which it makes with two faces 
of the form e (110), which are inclined to r at the angles 1~ ' and 2~189 ' 
respectively. Both these angles are capable of accurate measurement. 

A crystal of Pyrargyrite from Andreasberg, which is terminated by epr, 
has four faces replacing the edges ep, and having the following inclinations 
t o e : - -  

(h k o). 

2 ~ 97' 
2 54 
8 80 
4 16 

24- -2  36 71 63 0 
2 58- -2  54 61 53 0 
8 2 6 - - 3  35 51 43 0 
4 11--4  19 41 33 0 

Calculated. 

2 53 
8 80 
4 26 

This series seems without doubt to proceed by equal increments, not of 
angle but of indices. The scalenohedron v (20]), on a crystal of Proustite 
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from Chafiareillo, is accompanied by minute facets in the zone av [101 : 201], 
three above v towards r, and three below v towards a. 

Those above v are inclined to v at the angles 2~ 3~ 3r  
those below at the angles 1~ ' ; 1~ ; 2~ '. 

0n a crystal of Pyrargyrite from Andreasberg the face n (401) at the 

attached end of the crystal which is inclined to the prism a (101) at 50~ ' 
is accompanied by four faces in the zone na which are inclined to a at the 
angles 

48~ ' ; 48~ ' ; 47048 ' ; 48019 '. 

On a crystal of Pyrargyrite from Andreasberg the face r (100) at the 
attached end is accompanied by two rhombohedral planes belonging to the 
same vertical series and inclined to r at the angles 

6~ , r : 14 i :f = 6028�89 ' 

7~ ' - 7 ~  ' r : 12 i :[ = 7029�89 ' 

w 20.--DISPOSITION OF THE FACES. 

The principal zones characteristic of the upper and lower ends of a 
Pyrargyrite crystal will be found in the edges of a combination of the 
prism a and trigonal prism b with the faces r e v at the upper end and 
terminated by r e n at the lower extremity, as is shown in fig. 2. 

The characteristic zones of the upper end are t h e n - -  
[a v r e] typical faces N' y 7 v ~ w t X p. 
[be] typical faces V x '  L B ,  with g F '  A ~ o'. 

[v v] typical faces q f E T .  
Iv v] typical faces a s. 
[b r] typical faces T R u s F, with I .  
[b v] typical faces X l d, with 2 '  P. 

The characteristic zones of the lower end a r e - -  
Fb r] typical faces D q F E,  with G H N, &c. 
[an  r el typical faces v ~ t p, with s' ~ w'. 
In n] typical faces a Y H. 
[b el typical faces fu .  

I t  will be seen from the projections that the poles mostly lie upon zones 
having simple symbols which radiate from the poles of r and e respectively. 
The notations G~ and G2 of Ooldsehmidt may be regarded as representing 
faces belonging to sets of zones which radiate from a pair of faces of the 
prisms a and b respectively. The symbols p q of the notation.G~, for 
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instance (which are given above), are derived from the i~Iillerian symbol 
h - k  k - - l  

(h k l) as p - -h+k+i ,  q = h + k + t  

We might use a similar notation to express the faces as the intersections 
of zones radiating from r and e. Thus, taking the symbol p q where 

k h- -k  ~ 1 it will be found that almost all the certain forms are v =-'2-7' q = '" - I  
denoted by very simple ratios, more simple than those of G~ or Og. 

w 21.--CHEMICAL COMPOSITmN. 

The 15 analyses given below were made by Mr. G. T. Prior upon 
specimens in the Museum collection; they represent our endeavours to 
determine the composition and crystalline form of pure Pyrargyrite, pure 
Proustite, and varieties containing both antimony and arsenic; the man- 
ner in which the specimens were selected has been mentioned in w 5. 

The analyses were conducted by methods which have been indicated 
in u VII. "p. 197. In all cases the mineral was decomposed in a 
current of chlorine. 

In the case of Pyrargyrite (with the exception of No. 10) the separation, 
where necessary, of the small percentage of arsenic from the much larger 
percentage of antimony was effected by Fischer's method as modified by 
Hufschmidt and Classen; while in the case of Proustite the separation of 
the small percentage of antimony from the much larger percentage of 
arsenic was effected by means of magnesia mixture. In most of the 
analyses the sulphur was determined in a separate portion of the material. 

When slowly and carefully conducted, the decomposition of the mineral 
in a current of chlorine determines the percentage of silver with great 
accuracy, so that this determination may be regarded as a guide to the 
composition of any specimen, for the analyses show that all the specimens 
examined (with the exception of No. 5) consist of mixtures of Pyrargyrito 
and Proustite. For this reason, coupled with the fact that no arsenic was 
detected in the specimen by the Fresenius and Babo method, we have given 
the silver determination alone of No. 2. 

Fischer's method of separation of arsenic and antimony appears to be 
an excellent one when the proportion of arsenic is considerably less than 
that of the antimony; but in the r~verse case a second distillation was 
generally required to effect the absolute separation. For this reason in the 
case of the Proustites the separation by means of magnesia mixture was 
used. By this method, however, it did not appear always possible to effect 
a perfectly absolute separation, for traces of arsenic passed through in 
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the washings, so that the percentage of antimony in the Proustite speci- 

mens is doubtless a little too high, but not by more than 0 '1 per cent. 
Of the two rhombohedron angles given, the first is always that  which 

was measured, and the second is calculated from it. 

Pyrargy~ t e .  

(1.) Catalogue number 29709. 
Ag . . . . . .  59.75 
S . . . . . .  17"81 
Sb . . . . . .  22 '45 

Specific gravity = 5 '82  

100"01 
Rhombohedron angle ee = 42~ ' (42~176 

.'. r r  = 71~ ' 

Andreasbcrg. Typical specimen;  lateral habit, p re la te ;  termination, 

pyramidal ; combination of t v e a b p  . ~ ~,, &c. ; p a smooth bright face. 

A group of bright crystals on calcite ; twinned on u. 
(2.) Catalogue number  48555. 

Ag ... 59 '74 Specific gravity = 5"85 Contains no arsenic. 
Rhombohedron angle ee = 42~ ' 

. ' . r r  = 71022 ' 

Santa Lucia mine,  Guanaxuato, Mexico. Typical spec imen;  lateral 

habit, prismatic ; termination fiat (see w 4) ; combination of a b e q u, u 

forming a drusy basal plane. A group of bright prisms ; twinned on a. 
(8.) Catalogue number 37042. 

Ag . . . . . .  59'91 
S . . . . . .  17"79 
Sb . . . . . .  22"09 
As . . . . . .  0 '12 

99'91 
Rhombohedron angle r r  = 71~ , 

. ' .  ee = 42~ ~ 

Andrcasberg (Abendrothe mine ?). Lateral  habit, sealenohedral ;  ter- 
mination rhombohedral  ; combination of a y V L e X b m r ~ p t w p A B T 

(without e and v). Bright  crystals dispersed on calcite. 
(4.) Catalogue number  A. G.  20. 

Ag . . . . . .  60"04 Specific gravity = 5 '83 
S . . . . . .  17'74 
Sb . . . . . .  22"39 
As . . . . . .  0"27 

100'44 
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Galega mine, Zacatecas, Mexico. Habit pr i smat ic ;  combination of 

a b u with q r n at the attached end. A group of large dull uneven crystals ; 
twinned on a. 

(5.) Catalogue number  37042 (8), 
Ag . . . . . .  57 '46 
S . . . . . .  18 '62 
Sb . . . . . .  23 '73 
As . . . . . .  0 '80 

I 0 0 " I I  
Rhombohedron angle rr = 71022 , 

.-. ee = 42~ ' 
kndreasberg.  Latera l  habit ,  lanceolate;  termination, rhombohedral ;  

combination of r q F a X r V L,  &c. A fine mass of crystals grouped on 
calcite, with galena and miargyrite ; the lateral faces are coated with crystals 
of hypargyr i te  which par t ly  penetrate them. 

The analysis has evidently been vitiated by the presence of the hypargy-  
rite, which was even visible in the crushed material.  A mixture of 10 
per cent. of miargyri te with 90 per cent. of Pyrargyr i te  would have the 
composition 

Ag ......... 57"55 
S ......... 18"46 
Sb ......... 23"99 

(6.) Catalogue number 57648. 
Ag . . . . . .  60 '24 Specific gravity = 5 '86 
S . . . . . .  17 '74 
Sb . . . . .  9.1.69 
As . . . . .  0,44 

100'11 
Rhombohcdron angle r r  = 71010 , 

... 8e = 41 '55~'  
Andreasberg.  Lateral  habit ,  lanceolate;  termination,  rhombohedral  

pass ing into pyramidal  ; combination of aFyb  qX  VLr t e~x '  Bp yQp', 
with r n H s' at the attached end. Represented in fig. 8. The habit  is 
similar to that  of (8) (5), and of Phill ips '  crystal. 

Br ight  drusy crystals on calcite with galena. 
(7.) Catalogue number  29714. 

Ag . . . . . .  60 '17 Specific gravity = 5 '78 
S . . . . . .  17'65 
Sb . . . . . .  21"64 
As . . . . . .  0.52 

99"98 



OONTI~BUTIONS TO THE STUDy OF PYRARGYRITE AND PROUSTITE~ 97 

Rhombohedron angle ee = 4208 ' 
. ' .  r r  = 71~189 ' 

Freiberg. Lateral habit, pr ismat ic ;  termination, rhombohedral .  A 
large hollow crystal, a combination of ab with rough terminal  planes, 
having a little Proustite (?) on its surface. The angle was taken from a 
small crystal (combination e v Y) from the inside of the specimen. 

(8.) Catalogue number  84756. 
Ag . . . . . .  60"07 
S . . . . . .  17.89 
Sb . . . . . .  21 '20 
As . . . . . .  0"79 

ChafiarciUo. 

Specific gravity = 5"77 

99 '95 

Lateral habit, pr ismatic;  termination,  rhombohedral ;  
combination of a e q r,  &c. Groups of bright crystals on calcite ; twinned 
on u ,  a ,  and r.  

(9.) Catalogue number  C r .  v .  v .  4 .  

Ag . . . . . .  60"21 Specific gravity = 5"81 
S . . . . . .  17"78 
Sb . . . . . .  20 '69 
As . . . . . .  1 '02  

99 '70 

Harz. Lateral habit, prismatic ; termination, pyramidal ; combinat ion 
of a t with a r n v q u  at the other end ; represented in fig. 8 ; twinned on a ; 
large uneven doubly terminated crystals with calcite, galena, mispickel (?), 
and a little tetrahedrite ; the crystals are too drusy for accurate measure- 
ment ;~ they are somewhat light celoured (this may perhaps be due to their 
drusy character). 

(10.) Catalogu{~ number  84485. 
Ag . . . . . .  60"85 
S . . . . . .  17"99 
Sb . . . . . .  18"86 
As . . . . . .  2"60 

Specific gravity = 5"805 

99"80 
Rhombohedron angle r r  = 71080 ' 

. ' .  ee = 42~189 ' 

Andreasberg. A small mass of bright light-coloured crystals of the 
habit  and combination shown in fig. 4. The prism faces are smooth, but  

1 Two edges yielded accurate measurements vv = 35~13 ' and nn = 17~ '. The first 
leads to ee =42~ ', the second to 4l~ '. 



9 8  ~ .  A. MIERS 

the e-faces are uneven and concave ; these crystals form a crust overlying 
a compact drusy mass, from which it is partly separated by drusy cavities ; 
this mass consists of very minute crystals bearing the faces a e s v y t, and 
the rhombohedron angle is deduced from the measurements vv = 74~ ', 
av = 24o51 ' made upon these;  the rhombohedron was not capable of 
direct measurement, consequently much reliance cannot be placed upon 
the measurements. The analysis was made upon material consisting of 
both the crystalline crust and drusy mass;  it was impossible to obtain 
enough of either singly without destroying the specimen, since the whole 
group did not weigh 7 grams. The streak on paper is that of Pyrargyrite, 
the eolour of the powder in a tube is somewhat lighter than that of pure 
Pyrargyrite, 

ZOroustite. 

(1.) Catalogue number 26751. 
Ag . . . . . .  65.39 Specific gravity = 5"67 
S . . . . . .  19"52 
As . . . . . .  14.98 

99-89 
Rhombohedran angle ee ~- 42046 , 

. ' .  r r  = 72012 , (observed 7206 ') 
Mexico. Massive and in bright crystals, on calcite; combination of 

a v r e w ~t' M d s ;  represented in fig. 7 ; twinned on r. 
(2.) Catalogue number 89862. 

Ag . . . . . .  65'37 Specific gravity = 5"59 
S . . . . . .  19"24 
As . . . . . .  14"81 
Sb . . . . . .  0"59 

100'01 
The antimony here is undoubtedly too high. 

Rhombohedron angle ee = 42~ ' 
... r r  = 72~ P 

Chafiareillo. Bright detached sealenohedral fragments ; combination of 
a v e s M w ~ .  

(8.) Catalogue number 85832. 
Ag . . . . . .  65.88 Specific gravity = 5'58 
S . . . . . .  19"81 
As . . . . . .  14"89 
Sb . . . . . .  0 '26 

99"84 
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Rhombohedron angle ee = 42~189 , 
r r  = 72~ ' 

Chafiarcillo. Bright detached scalenohedral crystals;  combination of 
a v e, &c. ; twinned on u and r. 

(4.) Catalogue number 62322. 
Ag . . . . . .  65"06 
S . . . . . .  19"64 

As . . . . . .  18"85 
Sb . . . . . .  1'41 

Chafiarcillo. 

Specific gravity = 5'64 

99"96 
Rhombohedral angle ee = 42~ ' 

. ' .  r r  = 72~ ' 
Bright crystals on calcite ; combination of e v s P ; parts 

of this specimen contain 8"58 per cent. of antimony ; it has been fully 
described in M i n .  M a g .  u  p. 197. 

(5.) Catalogue number 84423. 
Ag . . . . . . .  64'43 
S . . . . . .  19'54 
Sb . . . . . . .  8"74 
As . . . . . .  12"28 (by difference) 

Saxony ? Large uneven prismatic crystals consisting of Proustite, 
surrounded with a shell of Pyrargyrite ; combination of a e q, with smaltitc, 
calcite, pyrrhotite and fluor. The analysis was made upon the interior of 
the specimen. A minute crystal protruding from the surface yielded an 
approximate measurement ee = 41~ '. 

w 22o~CONNECTION BETWEEN COMPOSITION, FORM, MODE OF 
OCCURRENCE ~ &Co 

The variations in the rhombohedron angle among the whole series of 
Pyrargyrites analysed fall within the irregular variations on individual 
specimens, and cannot be attributed to the presence of varying quantities 
of arsenic; the same is true of Proustite containing antimony. 

The rhombohedron angle of Pyrargyrite free from arsenic is (as was 
shown in w 7) 71~ ' to a very close degree of approximation; that 
of Pyrargyrite containing arsenic in varying quantities (from a trace to 
2'6 per cent.) determined in the same way is 71o22�89 ' , the limits being 
71o10 ' to 71~ '. This is the result of direct measurement of the rhombo- 
hedron faces, from 36 crystals belonging to 18 specimens from Andreas- 
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berg, Laasphe, Freiberg, Schneeberg, Br~unsdorf, Hiendelaen~ina, 
Guanaxuato, Zaeateeas, and from unknown localities. 

The presence of arsenic in all these has been proved by the Fresenius- 
Babe method. 

No certain connection can be traced between the presence of arsenic 
in Pyrargyrite and the habit or appearance of the crystals; specimens of 
identical appearance sometimes contain a small percentage of arsenic 
and are sometimes free from it ;  and some Pyrargyrite of rather light 
colour is found to contain no arsenic. 

The 22 specimens of pure Pyrargyritc examined include crystals of the 
four lateral habits mentioned in w 6, and of pyramidal and rhombohedral 
terminat ions;  they are from the following locali t ies:--Andreasberg,  
G'onderbach, Freiberg, Hiendelaen~ina, Guanaxuato, Zacatecas, and 
Peru;  the associated minerals are calcite, galena, stephanite, quartz, 
stibnite, copper pyrites, ehalybite, barytes, blende; and, in two instances 
from the Harz, arsenic. 

The forms found upon these specimens a r e - -  
e v a t b p v k ~ y  U r f P s u q w O a .  

The Pyrargyrite from Hiendelaen~ina, and most of that from Laasphe, 
is remarkably free from arsenic. 

w 28.--SPEoIFIC GRAVITY. 

The following determinations were made; most of these have been 
already given with the analyses in w 21. 

PYRARGYRITE. 

Sp. Gr. 

(o.) 6.85 
(3) 5.85 
(4) 6"84 
(5) 5~8~ 
(6) 6.8~ 
., 5"82 

(o 5.82 
(8) 5.8~ 
(9) 6.86 
10) 5"80 
1.1) 5"81 
12) 5"78 
13) 5"77 

Weight.____. Method. 

5'0 grams I Pyknometer 
2" 2 ,, Hydrostatic 
4"0 ,, Pyknometer 

22"2 ,, Hydrostatic 
24-0 ,, ,, 
6-0 ,, ,, 

44'8 ,, 
4"0 ., Pykno'meter 
8'8 ,, Hydrostatic 
2"5 ,, Pyknometer 
0'8 . . . .  
1'9 ,, ,, 
5"0 ,, 

10'4 ,, Hydrostatic 

Arsenic. 

0 
~ 1 7 6  

Trace 
Trace 

Small percentage 
0 
0 

0.27 per cent. 
0"44 ,, 
2"60 ,, 
1"02 ,, 

Angle ee. 

42"'4~ 
42 

~176 

42" '5 

41"56 

2"5 
0"52 ,, 42"'8 

Pyknometer 0"79 
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PROUSTITE.  

8p. Gr, 

(x) 5.55 
(2) 5.57 
(3) 5.5s 
(4) 5.59 
(5) 5.59 
(6) ~.6o 
(7) 5'62 
(8) 5"64 

Weight. Method. 

7'7 grams Hydrostatic 
0'9 ,, Pyknometer 
2"7 . . . .  
2'3 ,, 
4'5 . . . .  

15"3 ,, ttydrostatic 
50'5 ,, ,, 

2-4 ,. Pyknometer 

Antimony. 

,oo.  
o 

0.26 
0'59 

, . , ,  
1'41 

Angle ee. 

4~'iG 
42 45~ 
42 46 

42'16 

SPECIMENS REFERRED TO IN TIIE ABOVE T A n L E .  

Pyraryyr i t e .  

(1.) Samson Mine, Andreasberg;  very fine crystals, a t e v y s P ,  q. 
('2.) Analysis 2. 
(3.) S~mson Mine, Andre,%sberg; fine crystals,  p a r e y/~ s Z P q. 
(4.) Andrc,~sbcrg; fine crystals, t v e y a b e q n G .  

(5.) Frcibcrg;  large hollow scalenohedral crystal ;  habit  of Proustite.  
(6.) Ha rz ;  l ight colourod mass of cryst%ls, a v t. 

(7.) Analysis 1. 
(8.) Analysis 4. 
(9.) Analysis 6. 

(10.) Analysis 10. 
(11.) Analysis 9. 
(1'2.) Analysis 7. 
(13.) Analysis 8. 

Prous t i te ,  

(1.) Chafiarcillo; fine group ; shown in fig. 27~ 
(9,.) Anzlysis 1. 
(3.) Analysis 3. 
(4.) Analysis '2. 
(5.) Chili; clear fragments. 
(6.) Chafi,~reillo; fine group, ~,' s e , .  
(7.) Andreasbcrg:  large mass of cryst~ds, t a e. 

(8,) 5alalysis 1, 



102 M I E R S m T H ~  STUDY OF PYRARGYRITE AND PROUSTITE. 

EXPLANATION OF FIGURES. 

PLATES IV.-V. 
Fig. 

1. Ideal combination of a doubly-terminated Pyrargyrite crystal. 
2. The same, showing the typical zones. 
B. Pyrargyrite from Andrcasberg ; hemimorphic. 
4. Ditto, hemimorphic. 
6. Ditto, showing the striations on the prism faces, hemimorphic. 
6. Ditto, hemimorphic. 
7. Proustite from Mexico. 
8. Pyrargyrite from Andreasberg. 
9. Ditto. 

10. Typical Pyrargyrite crystal. 
11. Typical Proustite crystal. 
12. Proustite from Chaharcillo. 
18. Pyrargyrite from Mexico showing twin-lamina. 
14. Hemimorphic prism of Pyrargyrite. 
15. Fig. 14 after hemitropy about the vertical axis. 
16. Fig. 14 after hemitropy about normal to 5 (2~i). 
17. Fig. 14 after hemitropy about normal to a (10i). 
18. Composition of 14 and 17 with q-ends outwards. 
19. Composition of 14 and 17 with ~-ends inwards. 
20. Fig. 14 after hemitropy about the edge ~r. 
21. Fig. 14 after hemitropy about axis perpendicular to qr (u-twin). 
22. Composition of 14 and 20. 
28. Composition of 14 and 21. 
24. Twin on u (211) developed on one side of the twin-plane. 
26. Twin on u (211) developed on both sides of twin-plane. 
26. Interpenetrating a-twin of Pyrargyrite. 
27. Compound crystal of Proustite twinned on u and r. 
2~. Proustite twinned on o (111). 

PLATE VI. 

Gnomonic projection of all the certain forms. 

PLATE VII. 

Stereographic projection of the typical forms. 

The letters in the right-hand sextant represent those of Pyrargyrite, 
and in the left-hand sextant those of Proustite. 
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