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IV. On certain large C~Tstals of Enstatite found b~/ W.  C. 
BrSgger and H. It. Reusch at Kjorrestad near Bamle~ South 
2Yorway. Memoir by W. C. BI~SGG~R of Christiania and 
G. vo~ R ~  of Bonn*. 

[Plate L] 

TgERE are few minerals which offer an equal interest, 
from the point of view of the progressive development of 
our knowledge of them, with the two magnesian silicates, 
enstatit% MgSi03~ and olivin% Mg2 SiQ. It is well known 
that our knowledge of the latter mineral~ in proportion as it is 
increased~ has recognized its abundance and importance. At 
first found almost exclusively in volcanic rocks and in small 
crystals~ olivine has since been met with in plutonic and recta- 
morphic rocks, the "serpentine crystals " of Snarum having 
been recognized as pseudomorphs after olivine. This mineral 
further acquires a really universal importance through its pre- 
sence in meteorites. 

Nearlythe same may be said ofenstatite. Its distribution and 
its importance have hitherto been less recognizable than in the 
case of olivine. Professor Kenngott, nearly twenty years ago, 
gave the name of enstatite to a mineral from Mount Zdjar in 
Moravia, the composition of which yon Hauer determined as 
that of a normal silicate, MgSiQ (Akad. Wien, vol. xvi. p. 162, 
1855). Professor Des Cloizeaux showed by means of optical 
researches that the crystalline system of enstatite is rhombic, 
and established the difference between augite and enstatite 
(Bull. Soc. Geol. vol. xxi. p. 105). Professor Rammelsberg 
first proved by chemical analysis that enstatite is a constituent 
of meteorites, the stone of Bishopsville (~l[onatsber. Akad. 
Berlin, 1861). Professor ~T. Story Maskelyne found this 
mineral in the Busti meteorite (Trans. Roy. Soc. clx. 189). 
Professor yon Lang showed, in an admirable investigation, 
how rich were the combinations of the enstatite of the Breiten- 
bach meteorite. :Nearly at the same time veto Rath deter- 

" Received October 9,--Read October 27, 1876. 
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larqe Crystals qf Enstatite. 15 

mined the crystals of hypersthene of Laach. The specimens 
from both these sources~ cosmical and terrestrial, have abso- 
lutely the same angles. Implanted crystals of enstatite pre- 
senting freely formed crystalline faces had hitherto been un- 
known in plutonic rocks. It  might be thought that if they 
could be found they might astonish us by their gigantic siz% 
like the olivines of Snarum; and in this expectation we are 
not disappointed. 

In the apatite mine of Kjorrestad between Krager~ie and 
Langesund~ in the autumn of the year 18747 enstatite was 
discovered in crystals of a size reached only by very few mi- 
nerals. The locality where the great enstatite crystals have 
been found is one of those nmnerous apatite veins of Southern 
:Norway. ]'he main rock of this part of the coast is mica and 
amphibole slate, in which the apatite veins are included. Their 
predominating mineral is amphibole. 

In the vicinity of these normal veins there is to be found at 
the Hankedalsvand, not far f>om Vestrc Kjorrcstad, an isolated 
deposit, as a thick lode constituted principally of large crys- 
tals of enstatite and enormous masses of rattle. There was 
not much apatite, but some greenish-white mica and talc ; and 
for this reason apatite was obtained only for a short time. 
The enstatite crystals, from 0'3 to 0"4 metre in size, had 
been thrown away unheeded~ till they were discovered by 
BrSgger and Reusch in their researches on the apatite beds 
(Zeitsc]tr. d. deutscs geol. Gesellsc]t. vol. xxvii, p. 646, 1875). 
As the mine of Vestre Kjorrestad had been already abandoned, 
the investigations of the discoverers were confined to the matter 
thrown out. 

The enstatite crystals~ occurring in more or less elongated 
colmnnar forms always broken at one end, were no doubt origi- 
nally implanted on the wall of the lode. The space between 
the gigantic enstatite crystals was filled with silver-white or 
light-green talc. Also in the interior~ and principally in the 
decomposed crust of the enstatite, we see minute scales of tal% 
lying in planes parallel to the prismatic faces, or oftener to the 
brachypinakoid~ formed evidently by a metamorphosis of the 
enstatite. 

The new crystals excite our attention at first bv their size. 
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gravity of our enstatite is 3"153. 
lows :--  

Several crystals attain a magnitude of 20 centims, in length 
and in breadth. One of the two largest specimens measures 
38 centims, in length, 26 in breadth, 13 in thickness; the 
other one, notwithstanding its being broken at both ends, is 
still 40 centims, long. 

The crystals show a predominating vertical rhombic prism, 
whose edges are nearly rectangular. The makropinakoid is 
much developed, whilst the brachypinakoid is only small. An 
evident rhombic symmetry is seldom to be recognized on the 
summits of the crystals ; it offers, on the contrary, a pseudo- 
monoclinic appearance. A very characteristic feature of the 
crystals is the" great number of often repeated faces, and with 
small inclinations which form a shallow vaulted summit. We 
shall return to the study of the crystalline form after a brief 
sketch of the physical and chemical properties. The sm'faeo 
of the crystals offers a steatitic appearance; the faces are d,1]. 
This steatitic crust is only thin, reaching at the utmost 10 
millims, into the interior. There are two perfect cleavages, 
parallel to the prismatic faces; the third, parallel to the bra- 
chypinakoid, is imperfect. The lustre of the first two is pearly, 
whilst that of the imperfect cleavage is only glistening. Nu- 
merous undulated fissures seen on the cleavage-faces are con- 
nected with the metamorphosis into steatite. It is very inter- 
esting by means of the microscope to observe the gradual 
change of enstatite into the hydrous combination. The specific 

The composition is as tel- 

Si02 =58"00 O = 30"93 
A1~O3= 1"35 ,, 0"63 
FeO = 3"16 ,, 0"70 
MgO =36"91 ,, 14"76 
H~O = 0"80 

100"22 

These numbers resemble closely the composition of the Mo- 
ravian specimen from the Zdjar Mountain, and those of the 
cosmical enstatites from Bishopville and Busti. 

We also analyzed the steatitic crust, whose specific gravity 
=2"867. 
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St02 =57"62 
A12 03= 1"48 
FeO = 1"9(; 
CaO = 0'12 
1VIgO =34'72 
H~ 0 = 4'38 

100"28 
So that the only change is the introduction of water. 

Considerable difl:iculties present themselves in the optical 
investigation of the Kjorrestad enstatite, arising from the 
perfect cleavages and the imperfect transparency. Professor 
Des Cloizeaux had the kindness to undertake the research, and 
determined the crystalline system from the optical character 
to be rhombic. It was done at a time when we were still in 
doubt concerning the form, and especially as we had not yet 
reduced the forms of the Kjorrestad crystals to those of bron- 
zite and enstatite. 

According to Professor Des Cloizeaux, the optic axes lie in 
the brachypinakoid. The acute positive bisectrix is parallel 
to the edge of the vertic~fl prism. A plate cut normally to this 
edge gave (in oil):-- 

O 
Right hyperbola to the normal 37 3() 
Left , ,, 41 0 

2 H~. ,=78 30 
Most of the crystals, as already mentioned, show a remark- 

able deformity, which consists in a dislocation or turning 
(round the makrodiagonal as axis) of all the faces fbrming 
the summit. The brachydiagonal becomes, to all appearance, 
klinoaxis. Whilst the crystals show, in consequence of this 
deformity, an asymmetric form on both sides of the macro- 
diagonal plane, the brachydiagonal plane becomes the face of 
symmetry. It is dii]~icult to believe them of a rhombic cha- 
racter on looking at only a few of these crystals. But exami- 
ning more of them, we get convinced, even without measuring, 
that the degree of the dislocation is different in each crystal, 
and that the whole phenomenon is to be reduced to pertur- 
buttons, 

But all the crystals are not deformed: some of them are of 
pure rhomboidal character; and these'allow a crystallographic 

C 
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identification with the enstatite of Breitenbaeh (foilowing yon 
Lang~ ~q'itzunysber. Ale. Wien~ vol. lix. 2. Abth. Aprilheft, 
Jahrg.  1869), and with the hypersthene from the Rocher du 
Capuein in Montdore and from the lake of Laach (Des Cloi- 
seaux~ Manuel de 3/[indraloyie, vol. ii. pp. xiv-xviii ; vom Rath~ 
Pogg. Ann. vol. exxxviii, p. 529, and vol. clii. p. 2.~). 

In order to be able to eompare the crystals of the three 
above-mentioned localities~ we have drawn in the figures 1, la, 
2, 2a, 3, 3a the crystals of Breitcnbaeh (meteoric), Laaeh, and 
Roeher du Capucin. 

We choose as the primitive form the pyramid measuring in 
the 

On the enstatite 
of Breitenbach. 

Makrodiagonal edge -~-125 5"} 
Brachydiagonal edge = 127 36 
Lateral edge = 78 42 

These angles give the following axis : - -  

On the hypersthene 
of Laach. 

O I 

1~5 58} 
127 38{ 

78 84�89 

a (brachydiagonal) : b (macrodlagonal) : e (vertical) 
=0 '97016 : 1 : 0"57097 

for the Breitcnbach meteoric enstatlte, or 
-----0"971326 : 1 : 0"57000 

for the hypersthene of Laach. 
The times represented in the figures receive the following 

tbrmula if we refer to the preceding axes : -  
Des CIoizeaux. yon Lang. 

o = ( a  : b : e ) , P  . . . . . . . . . . . . . .  . . . .  b}  1 1 2  
i = (~(~: 1,: ~), 2I'2 . . . . . . . . . . . . . . .  ~ 12  2 
e = ( ~ , : 2 b : e ) ,  P2 . . . . . . . . . . . . . . . . . .  n 1 2 4  

?d " ' ' ~  

x = ( � 8 9  �89 e), 2P . . . . . . . . . . . . . . .  I 1 1 
m = ( a : b : w c ) ,  ~ P  . . . . . . . . . . . . . . .  m 1 1 0  

n = ( 2 a : b : ~ e ) ,  ~ P 2  . . . . . . . . . . . .  1 2 0  

z = ( a :  2b :~c ) ,  ~ ' 2  

k =(~,~,, : 2~, : ~), ~ i ~ .  . . . . . . . . . . .  ~ l O 4  
a = ( a : z c b : ~ c ) ,  ~ ' ~  . . . . . . . . . . . .  17 0 1 0  

b = ( ~ a : b : ~ c ) ,  w T P ~  . . . . . . . . .  .q~ 1 0 0  
c = ( a c a :  ~ b : e ) ,  OP . . . . . . . . . . . . . . .  p 0 0 1  
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There was only one angle on the crystals of Kjorrestad which 
could be measured with the reflection-goniometer--that is to 
say~ the angle of the two cleavage-faces~ =-91 ~ -95~-91 e 40 ~. 
Von Lang determined this angle on the enstatite of Breiten- 
bach =91  ~ 44q On the hypersthene of Laach I found this 
angle = 91~ whilst Des C!oizeauxgives the angle ---- 91 ~ 32�89 ~ 
for the hypersthene of Capucin~ as the nman of several mea- 
sures. All the other angles of the Kjorrestad crystals can 
only be measured with the contact-goniometer~ and even 
that only approximately, in consequence of the striation~ the 
arching~ oscillation~ and repetition of the faces~ sometimes 
already decomposed. 

One of the largest crystals in the Museum of Christiania 
(measuring along the axis a 12 centims.~ along the axis b 20 
centims.) shows undoubted rhombic symmetry. We have de- 
termined the following faces : - -  

e = ( a  : 2b : e) ,  P 2 ,  

= ( ~ . :  2~: ~), {~ ~., 

. ~ = ( ~  : I, : ~ c ) ,  ~ P .  

~. = ( ~ ,  : ~ b  : c) ,  OP. 

The faces denoted by Latin letters are already known on 
~he enstatite from Breitenbach and on the hypersthenes from 
Laach and Capucin. The faces denoted by Greek letters are 
new. The fig. 4 represents the crystal in question with all 
]eformities. The following angles were measm'ed with tl~e 
eontact-goniometer, I t  will be seen that they compare satis- 
Factorily with the values calculated from the element~ of the 
Breitenbach enstatite. 
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Measured. Calculated. 

m:m'(uponb)----- 88 6 88 16 
k :b =105  50 105 56 
q :b =111  0 110 50�89 
~/ :b  = 99 30 99 16 
~ : b  = 95 30 95 26 
e : k  =150  30 147 31 
e :b  =122 30 123 16 
e :b  =105  0 103 49 
e : a  =119  30 119 31 
e :~/ =151 45 149 49 
e :qF =150  0 148 51 
e : k  -----152 0 150 29~ 

Only two of these measurements (E : k and e : ~/) show a 
considerable divergence from the calculated angles. I t  is to 
be explained by the difficulty and uncertainty involved in 
measuring faces perturbated by oscillation and vaulting. 
Also it is to be noticed that the crystal was measured at Chris- 
tiani% and that the faces denoted by Greek letters were deter- 
mined at Bonn. Having in view the imperfections of the faces, 
it would not have been possible to obtain measurements more 
nearly approaching to the calculated angles. 

Fig. 5 represents a crystal of the Museum of Bonn : 5 is a 
portrait of the crystal ; 5a and 5b are more ideal representa- 
tions. We have the following combination : - -  

~- = (~a �9 ~b .  ~), ~P,  

q = ( ~ a .  ~-~),  ~ ,  

,k,=(~a: 6b: j, ~-P~, 
m = ( a  : b : ~cC), ~ P ,  

b = ( ~ : b :  ~c), ~ .  
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Measured. Calculated. 
O O / 

re:m+= 88 88 16 
k :b  = 1 0 6  j 105 56 
q :b = 1 1 0  30 110 50~ 

: k =169  169 30 
r :q  = 159 51] 
r :m  = 1 2 0  118 40 

21 

We remark already a certain asymmetry in this crystal, as 
is to be seen in the following measurements : -  

Calculated. 
k :  m -----10~ 57 + 
k m ' =  99 2 4 t J  -101~ 1'. 

The pyramid r,  not yet  observed in enstatite and hyper-  
sthene, has been determined by the horizontal edges formed 
with the prism m as well as through the parallelism of the 
edges r : q : 7". The dimensions of that crystal are--al t i tude 
7 centims., breadth 8 centims., thickness 9 centims. The 
crystal is broken parallel to two prismatic faces. 

Fig. 6 is very much like the preceding : 

Measured. Calculated. 

m -  . ~ ' =  88 
r : m = 1 1 8  118 40 
7 : a =109~  110 8�89 

Here also the face k is a little dislocated : 

k : m = 1 0 3  ~ 6 lOi i 
k : m+= 99 45 

I t  is possible, even easy, to reduce the above-mentioned 
crystals to the form of enstatite, as the perturbations which 
produce a monoclinic appearance are only 1 or a few degrees. 
On other crystals it is impossible without making too arbitrary 
assumptions, because the differences between the homologous 
edges are as great as 7 degrees, even more in some cases. 
The two large crystals of the Bonn ~r have such a habit. 
One of them (see fig. 7) allows pretty exact measurements, 
I f  we had had only this single one, we sbould not have dared 

+ Mean of ten measurements between 101~ ~ and 102 ~ 
t Mean of ten measurements between 995 ~ and 99�89 
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alkali metal. Consists entirely, when pure, of ferrous oxide, 
to assign it to the rhombic system of enstatite ; and yet even 
here no doubt remains that the irregularity is due to perturba- 
tions only. We acquire this conviction, as well by comparison 
with the more regular specimens as by an exact study of the 
perturbed crystal itself if we try to reduce it to the monoelinie 
system. We get in this case no simple symbols, and we are, 
obliged to take different axial elements tbr nearly every crystal. 
The best-formed specimen of the Bonn collection gave the fol- 
lowing angles (fig. 7) : - -  

m : m: (over b )=  89 ~ 40', 

m : X=109 ~ 
mq %=102 ~ 

I f  we regard m as prism ~ P ,  g as klinodome (Pac),  we 
obtain the following elements : - -  

a : b : c=0"99798 : 1 : 0"41387; 
obliquity of axis (/~) = 94 ~ 57q 

For the face c~ we cannot, get any more simple symbols than 

Supposing this formula, we f ind--  
CaJeul~ted. Measured. 

m ' :  o-=121 56�89 12~ 
X : a = 1 5 2  0 152 

Comparison with the other crystals of t)seudomonoclinie 
habit leaves no doubt t]lat the lace X is identical with the bra- 
ehydome q = ~ P  ~ of tile normal crystals, and that the differ- 
enee of the angles X : m' = 102 ~ X : m = 109 ~ is to be explained 
by the dislocation of all the faces forming the summit. The 
angle q : m =  104 ~ 20-~ I (calculated on tile supposition of the 
rhombie elements of the Breitenbaeh enstatite) corresponds to 
both angles. The real symbol is also to be found for the dis- 
turbed face o- ; reduced to the system of the enstatit% it has 
the symbol (a :  ~ab: c), P~. For the inclination of this face 

we have m' : ~ = 1 2 4  ~ 16' ; X : ~r=151 ~ 1V. 

We nmst compare these angles with the above in order to re- 
cognize the degree of pertm'bation. There are yet several 
other faces on the enstatite crystals from Kjorrestad, the 
symbols of which, in consequence of their imperfections, cannot 
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be definitely determined. Such faces are not indicated by a 
letter in our figure. This richness of tkees recalls to mind the 
meteoric enstatite of the Breitenbaeh iron, which were deter- 
mined by yon Lang's sagacity. The cause of the remarkable 
monoelinie formation of the Norwegian enstatite is quite 
bidden. The first thought may be that it is the result of pres- 
sure. But that explanation must be surrendered if we ob- 
serve that the monoclinic dislocation is only to be seen in the 
faces of the summit, and never in the vertical faces. So this 
anomaly seems to have its origin in crystallonomic causes. 
The exhausted apatite-mine of Kjorrestad is hitherto the only 
known locality of these enstatite giants. No doubt in@anted 
enstatite crystals will be ~bund in other plutonic localities. 
If  we shall there be able to observe the crystals not merely 
among the materials thrown away, but also in their natural 
position "in situ, we  may possibly find a solution for the dislo- 
cation of the terminating faces, which is at present an enigma. 

Bonn, October 4, 1876. 

V.  On Ludlamite ,  c, new Corni,s'h 3[ineraL 

By FREDERICK ]r ~.R.S.* 

LI:DLA~IITE is tbund associated with qnarlz, chalybile, Vi- 
vianite, iron pyrites, and mispickel. In the gangue of some 
specimens galena, blende, and fluor have also be,~n no~iccd 

Hardness 3"4. Specific gravity 3"12. Co!our clear gree~, 
from pale to dark, transparent and brilliant. Stret:k very paie 
green, approaching white; powder greyish white. Bcfbre 
the blowpipe on charcoal, tinges the flame slightly greel:, 
and yields a semifused blackish residue. 

In closed tubes yields water on beating, decrepitatlng vio- 
lently, breaking up into brilliant crystalline plates of an intense 
bluish-green colour by transmitted light. Soluble in dilute 
hydrochloric and sulpburic acids; oxidized and dissolved by 
nitric acid. Perfectly insoluble in glacial acetic acid. De- 
composed immediately by boiling with solution of potassimn 
or sodium hydrate into ferrous oxide and phosphate of the 
alkali me~al. Consists entirely, when pure, of ferrous oxide 

' Read December 15, 1876. 


