
be definitely deternlir~ed. Such faces are not indicated by a 
letter in our figure. This richness of faces recalls to mind the 
meteoric enstatsite of the Breitenbach iron, which were deter- 
nlined by von Lang's sagacity. The cause of the remarkable 
rnonoclinic formation of the Norwegiail enstatite is quite 
hidden. Thc first thought may be tliat it is the result of pres- 
sure. But that explanation must be surrendered if we ob- 
serve that the nlonoclinic dislocatiol~ is only to be seen in the 
faces of the summit, and nerrr  in the vertical faces. SO this 
anomaly sepms to have its origin in crystalloilomic causes. 
The exhausted apatite-mine of Kjorrestad is hitherto the only 
linown locality of these enstatite ginnt,~. No doubt implanted 
pnstatite crystals will be found in other plutonic localities. 
If \Ire shall there be able to ohserve the crystals not merely 
arnong the materials thrown away, but alqo in their natural 
position in situ, 17-e may possibly find a solt~tion for the dislo- 
cation of thc telminsting faces, which is at  present :l11 enigma. 

Bonn, October 4, 1876. 

V. OYL Ludln~rli t~,  cr ?LPZO Cornish Jli'rz~i.ul. 
FREDERICK FIELD, E1.R.s.* 

LI'DLAJIITE is f'ound associated with qn:~riz, c.hai?i~itc, '\'L 
vianite, iron pyrites, and mispicbel. 1;: tiv. girt~i~gue of ,sollle 
specimens galena, blende, and fluor ha\<. :liw i)eg~tl noticei ( l  

IIardness 3.4. S1;ccific gr:nily 3.12. C'o!cinr c.ie,~r kt.ct,n. 
from pale to dark, trailsparent and brilliant. 8t1.c::h l clr) 1ia.o 

green, approaching white ; po~vcicr g r e j  is11 n llitt,. Before 
tilt. blowpipe on charcoal, tinges the flame sliglitly greer:, 
and yields s sentifused blackish residue. 

T a  closed tubes yields water on Ireating, decrepitating vio- 
lel~tly, breaking up into brilliallt crystalline plates of an intense 
bluish-green colour by tranbmittcd light. Bolnb!e in dilute 
11)-drochloric and sulphuric acids; oxidized and dissolved by 
nitric acid. Perfectly insoluble ill glacial acetic acid. De- 
composed immediately by boiiing with solution of potassium 
or sodium hydrate illto ferrous oxide and phospbate of the 
alkali metal. Consists entirely, when pilre, of ferroub oxide 

' R e a d  I)rce--btlr 15. 1876. 
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phosphoric acid, and water. Oxidizes slightly, like Vivianite, 
by long exposure to air, with the formation of ferroso-ferric 
phosphate. The crystals contain generally minute particles of 
chalybite, which are very difficult to separate, also specks of 
iron pyrites. 

Estinzation of Water.-As the mineral, when heated in air, 
is more or less oxidized, and that yery readily, i t  was evidelitly 
necessary to prevent oxidation. The crushed crystals were 

between folds of warm bibulous paper to reiiiove any 
small amount of niechaiiical water, ~vrappecl in thin platinum- 
foil, and heated to low redness in an atmosphere of carbonic 
acid. 

0.213 grm. lost 0.036= 16.82 per cent. 
0.192 ,, 0.033=17.18 ,, 
0.230 ,, 0.039=16.95 ,, 

Mean of analyses ... 16.98 per cent. H, 0. 

Estimation qf Iron.-The iron was estimated by a standard 
solution of potassium permanganate. When the crystals are 
pure, there is no difl'erence in the quantity of the test-solution 
employed, whether before or after the addition of a deoxidizing 
reagent to the solution of the mineral in dilute hydrochloric 
acid, showing the absence of the higher iron oxides. 

Rlinesnl. Per cent. Per cent. FeO. 
0-1 96 gave 40.80 iron = 52.45 
0.184 ,, 41.24 ,, =53.02 
0.243 ,, l , =52.85 
0.201 ,. 40.95 ,, =52.64 

S .  Nea l  of iron ..................... 41.0,-3 
Mean of ferrous oxide ........ 52.76. 

Estimation of Phos2)l~oq.ic i1cicl.-The phosphoric acid was 
estimated as magnesium p~"ophosp1iate. 

Mineral. Big," P, 0,. Per cent. P, 0,. 
0.214 gave 0.101 = 30'13 
0.236 ,, 0.1 11 = 30.09 
Mean of analyses ...... 30.1 1. 

This gives a formula closely correspondilig to 

7Fe0 ,  2P2 05, 9H2 O*, 
ir: Ludlamite is doubtletis a basic ferrous phosphate ; and its relation to 



U new Cornish Hineral. 

\\-llich requires the following numbers:- 

Calculated. Found. 
7FeO ...... 53-05 52.76 
2 P, O5 ...... 29.88 30.11 
9H2 0 ...... 17.05 16-98 

99.98 99.65 

That different specimens of the mineral vary somewhat in 
their colnposition there can be little doubt. Owing to the 
kindness of Mr. Ludla~n and Mr. Talling, I had sufficient for 
many other analyses, not published here ; and in one or two 
instances the amount of' iron was a per cent. or two under the 
mean of the numbers given abore, as estimated by potassium 
permanganate. In a preliminary note sent to the ' Chemical 
News ' on this mineral, i t  was suggested that its probable com- 
position might be represented by the formula 

and in this case the amount of water is 16.7 per cent., within 
0.3 per cent. of that in the formula I have adopted ; but the 
ferrous oxide is lower, and the phosphoric acid higher, than 
subsequent analyses yielded. In more than t,en estimations of 
iron made from the clear green crystals of the minerals, 40.5 

Virianite or normd ferrous phosphate may with much probability be re- 
presented by the following forn~uls :- 

Vivianite. 

Fe 

Ludlamite. 

I t  inay be regarded, in fact, as formed by the addition of a single mole- 
cule of ferrouv hydrate, Fe(0 H),, to two molecules of 1-ivianite, this ad- 
dition being accompanied by the separation of a part of the water of crys- 
tallization of the lattei. 
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per cent. iron was tlie lowest number obtained. I n  the analyses 
of Viriaiiite, i t  is well known that the results of chemists have 
varicd much as to the amount of water in the mineral. Vogel, 
for instance, gives 31.0 per cent., Stromeyer 27.48, and 
Brandes 25.00 only. Messrs. Maskelyne and Plight found 
28.26, which agrees best with the recognized formula 

3 Fe0 ,  P, 05, 8 Hz 0. 
Vivianite, on heating, tnrns white, exfoliates, and does not 

decrepitate in tlie slightest, and, nloreover, when in the crys- 
talline form, is oxidized only to a very slight extent. I t  is a 
striking experinlent to heat small crystals of Ludlaniite in the 
ordinary atmosphere, and another portion in carbonic acid: 
the decrcpitation is the same; but in the former case the crys- 
tals, as before observed, change their colour to a splendid bluish 
black, while in the latter atmosphere they become brilliantly 
pearly white. 

This new mineral I have nanied LutJlantite, after nly friend 
Mr. Ludlam, a gentleman who for many )-ears has eulti~-ated 
the science of mineralogy, and possesses, perhaps, the finest 
private collection of minerals in Great Britain. I I I ~ T  e to re- 
turn my best thanks to Mr. Talling for having first c:illed my 
attention to the mineral, and for affording n ~ e  specimens ne- 
cessary for its examination. 

I am also extremely indebted to l'rofessor Blaskelyn~, 
F.R.S., of the British Museum, m110 kindly u~ldertooli the 
crystdlographic part of the investigation, the results of mhicl~ 
are subjoined. 

The crystals of Ludlamite belong to the oblique system, the 
elements of the crystal being 

1 0  1 . 1 0  0=42O 46', 1 1 1 . 0  1 0=3G0 3i', 
1 0 1 . 0 0 1 = 3 6 °  41'. 

Otherwise, the angle of the axes Z-X is '79' 2i', and the para- 
metral ratios a : h : c =  1 : 0.4439 : 0.8798. The for~ris inet with 
on the different crj-st:lls clxamined are 

~ , 1 0 0 ;  r , 0 0 1 ;  n z , l l O ;  p, i l l ;  d , 1 0 1 ;  
l c , 2 0 1 ;  t , 2 0 1 ;  1 , 0 1 1 ;  r , l l 2 ;  p , l l l .  

Thc face c is a prominent face ni th  1-itreous lustre, and ii= 



parallel to the only distinct cleavage. It presents fine stria- 
tions parallel to its intersections with the faces g. The face a  
is small, usually triangular, and rerliarliable for its lustre: the 
faces of the form q are the most developed after the faces c, 
often equally developed with the latter, and then iinpartirlg to 
the crystal a rho~nbohedral aspect. They are furrowed with 
striation-planes parallel to the edges they form with the clea- 
vage-plane. See fig. 5. 

The fhees of the form 91% are brilliant but very narrow, repla- 
cing the acute edges in which a Face c meets a pair of the 
faces p. They are somewhat rare. The faces of the form d  
truncating those edges of the faces y which lie in the plane of 
spmmeti-y are very small, but occur not unfreyuently ; the 
conlposite character of the crystal, however, renders a good 
nieasurement of the angle cc d yery difficult. The faces l, t, 
and p have been only once observed. 

Owing to the difficulty of taking accurate measurements 
between the furrowed faces of the form q and the faces of the 
forins c or a, an evaluation of the various ineasure~neilts of the 
angles on the crystals was made, and the method of least 
squares applied for the determination of the angles a c ,  
am, and y q', froin which the Table of calculated angles 
(colunin 1 )  is reckoned. Angles obtained from the ineasure- 
rneilt of four crystals were as follows":- 

Calculated angles. Rleasured angles. 

= 71; 27 79' 2(i&' 1 79' 27/1\80' 20' r::/ =l00 33 
I c d  = 4 5 5 3  45' 56' 

da' = 54 4 0  54' 33/ 1 54O 9' 1\54' 3' 
a d  = l 2 5  20 125' 27' 
a t  = 26 494 
t c  = 52 374 52' 50' 
c k  = 68 362 

.ka' = 31 56% 31' 37' 
r a m  = G5 419 65' 56' l 65' 553' 

l m~n'= 48  37 48' 8' 
.:'rG=131 2 3  131' 52' 

In the original description of this crystal, an omission of a unit in 
one of the angles used in the calculation vitiated the numbers given in 
the first column. Those given above are, however, founded on data that 
are better than those previously used. 
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Calculated angles. lCIeasured angles. 
O r  

a y  =l07  423 107' 43' 1) 108' 
ga' = 72 174 72' 1'ir(1720 35' 1 72O 394' (172O1172O 22' 
n p  = 64 13 64' 9' 
a l  = 85 12 85' 23' l p z  = 21 104 21' 24' 
la' = 94 48 lip = 22 303 

! 
cm = 85 403 86' 6' 
me' = 94 194 93' 54' 99O 28' 
c'q =l11 29 110' 59'11111' 52' [ 111' 4'1)111° 30' 

4 68 31 69' 1'11 68' 6' to 68' 56' 11 68' 30'1168O 49' 
m p = 25 489 25' 29' 
c r  = 44 369 11 44' 12' 
r m  = 41 44 
cp  = 61 254 

L p m  = 24 15 23O 55' 

qq' = 63 28+ 63' 24' ( 1  63' 38' 
d p  = 58 152 58' 32' 1 58' 10&'(158O 14' 11 58O 33' 
pd' = l 2 1  444 
pp '  =l16  314 116' 36' 116' 32' 11 116' 13' 

61' 5' 

The cl.ystals are generally composite-the faces of the forms 
j i  1 1) and 1(0 0 11 being not only furrowed but often also tes- 
sellated, and, from this cause also, not planes; and occasionally, 
where the crystal is thin in the direction of the normal to c, 
the faces q in the zone [c m] assume a rounded character, and 
the angle p c offers various values, the limits of which are about 
64O and 74' 17'. 

Besides the very perfect cleavage parallel to the face 0 0 1, 
there is a second and more difficult cleavage .parallel to the 
faces of the form 1 0 0. 



The figures 1 to 5 represent the distribution of forxs on 
different crystals. 

Pig. I. 

OOI,," 

a --.. m .- -. 

Fig. G is a stereographic projection of the poles of the 
crystal. 

On looking through a plate of a crystal of Ludlanlite parallel 
to a cleavage-plane in a Nijremberg's polarization-apparatus, 
one of the optic axes nlap be discerned near the edge of the 
field ; and i t  is also seen that the optic axes lie in the principal 
section parallel to the plane of symmetry. 

Accordingly two faces were ground on a crystal as nearly 
as possible parallel to the plane of symmetry. One of the 
planes thus ground was cemented to a plate of glass and laid 
upon the revolving stage of a n~icroscope, and by the aid 
of a goniometer eyepiece, one wire of which was accurately 
adjusted parallel to the plane of polarization of the light em- 
ployed, the directions were determined of the principal sections 



of thc crystal rc!atively to the trace or edge of the cleavage- 
planrb, 0 0 1. This process gave an angle of l d O  22' for tile 
inclinations of tlie two principal sections upon tlic trace of t " r ~  
face 0 0 1 and on its normal reqpectively, the greater angl? of 
102' 22' for one of the principal sections lying on the po3iti1 e+ 
side of the norinal 0 0 1. Consequently the normal of the face 
1 0 0 inakes an angle of 22' 55' on one of the principal sec- 
tions. A plate was accortlingly ground from this crystal in a 
clirection as ilearlp perpeiitlicular as was attainable to this prin- 
cipal section ; and a second plate was formed from a cleavage 
fragment of anotlier crystal as nearly as possible perpendi- 
cular in direction to that of the former plate and to the plane 
of syminetry. 

Esalnined in oil, the optic ases were found to rnake an ap- 
p r e n t  angle of 97' 50' in the fornler p1:tte and of 119' in the 
latter. The firht ineail line is therefore inclined on the normal 
of tlle face 1 0  0 at 22' 55', and on the liormal of the face 0 0 1 
at :In angle 77' 38'; and the acute angle between the optic 
axes within the crystal, as obtainet1 by calculation, is 88' 54'. 

The dispersion of the optic ases for the different colours 
appears to be inconsitlcml~le. The striated structure of the 
crystal from which the plate was cut perpendicular to the first 
mean line soine.ivh:~t obscured the tints close to the hjpcrbolas ; 
but in both the eyes representing the optic ases a blue fringe on 
tlie convex side of the hyperbola was discernible. In the other 
platc this characteristic ~vas  inore inarlced, as in i t  each hy- 
perbola prcsented a blue fringe within the first ring on the 
side nearest, and a red fringe on the side opposite, to the 
second mean line. Consequently the mean lines for these 
colours can be verylittle dispersed ; for their dispersion is not 
recognizable in tlie plates experimented on ; but the optic axes 
for the red rays present a slightly wider divergence in respect 
of the first mean line than do those for blue light. 

The optical character is positive, as shown by the dilatation 
of the rings in the former of the two plates %,hen a plate of 
quartz, cut perpendicular to the axis, is rotated on a line per- 

* I n  my first comrnunication the contour of the frnglnent of a rough 
crystal on which I experimented led me to the erroneous conclusion that 
this angle wns on the negative side of the normal. 



pendicuhr to that which joins the optic axes in a Niiremberg 
polarization-apparatus. 

I t  rnap be ~vort11 wllilc observing that the directions of the 
principal sections in r, small plate can be determined with ease 
:~ntl ~vith ~onri t lcr~ble  :Iccuracp by the method above described, 
since, if the point of rnaximu~n obscuration is difficult to be 
hit upon with precision, this determination can he much faci- 
litated by :L sliglrt rotation of the analyzing prism to right or 
left ; for then tints developetl in the crSystt~1 assist in indicating 
a slight inclination of its principal section to the plane of po- 
larization. Of course the relative directions of the principal 
sections of the crystal, and of the trace (or edge) of one of its 
faces perpendicular to the plane of symmetry, are readily de- 
tcrminetl either hp the re-\~olution of the crystal on the rotating 
stage tiil the trace of the plane is in contact with tlie wire of 
the eyepiece, or by bringing the rotating wire of the eyepiece 
into apparent contact with the edge of the face in question. 

The rnethod is available and chicfly usofnl in cases where i t  
i~ almost impossible, or at  least rcquirrr a refined lapidary's 
skill to form an artificial twin according to the elegant inethod 
of Des Cloizcaux. 

VI. ill'otice of Cr,y~talZogrnp1iiml Fowns of Glnucodote. By 
\V. J .  LEWIS, MA., Fellow of Oriel College, Assistant in the 
,lJL~ze,-(il Z)epn?*tn~ent, British i?fuseunz". 

[Plate 11.1 
THE nlincral from Hiik:~asbo in Sweden is found in large 
crystals of metailic lustre and dull tin-white colour, irn- 
bedded in tomnnite and pyrites. The crystals are, for the 
rnost part, twins, most of them being twinned about the normal 
to tlic face (0 1 l), so far not described, some about the nor- 
m:xl to the prism-face (1 1 0). The specific gravity and the 
prism-angle agree fairly well with those of Breithaupt's 
acontite. 

Glaucodote. Acontite (Br.). 
Sp. g. 5.986-6.18. 6.008-UO6'3. 

Prism-angle . . . 6; 3i 69 31 
Brachyclorne-angle . l00 2 102 0 

* Read December 15, 1876. 




