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The chemical composition and optical properties of 
a basaltic hornblende from ttungary. 

By lgIKLSS VnNDL, Ph.D. 

Professor of ~ineralogy and Geology in the Mining Academy 
o f  Sopron, Hungary..." 

[Read June 17, 1924: ; communicated by the Editor.] 

A L T I t O U G H  there is an extensive literature on the amphiboles, 
especially those of the monoclinie series, there appeal" to l)c only 

few records for basaltic hornblendes in which the physical properties 
and the chemical composition have been determined in detail on the 
same sample of material, h[ention may t)e made of the later papers 
by S. L. Penfield and F. C. Stanley/ S. Kreutz /  W. E. Ford /  and 
It. Kiichler.' 

The basaltic hornblende described in the present paper is found in the 
volcanic tuff-breceias of Pliocene age in the neighbourhood of Lake 
Balaton. The locality is near the small village of Balatonesicso oll the 
southe,'n slope of the 'Fenyves '  hill, the top of which is capped with 
basalt. Tile hornblende is found as loose crystals in the tuff-breccia 
and also in blocks rich in olivine. Specimens of some size, up to 
2 or 3 cm. in length, may be collected. In  bulk, they are black in 
colour with bright vit,'eous to sub-metalllc lustre on the cleavages. 
A b,'onze-like lustre is sometimes shown by altered specimens. The 
crystals show no terminal faces. Measurement of the cleavage-angle 
made on six fragments gave the mean value ( 1 1 0 ) : ( 1 1 0 ) =  55 ~ 44~'. 

1 S. L. Penfield and F. C. Stanley, On the chemical composition of amphibole. 
Airier. Journ. Sci., 1907, ser. 4, vol. 237 pp. 23-51 ; translation in Zeits. Kryst. 
Min., 1937, vol. 48, pp. 233-260. 

2 S. Kreutz, Untersuchung dcr optischen Eigcnschaften yon Mineralien der 
Amphibolgrut~)e und ihrer Abhiingigkcit yon der chemischen Zusammensetzung. 
Sitzungsber. Akad. Wiss. Wien, hlath.-naturw. KI., 1908, vol. 117, Abt. 1, 
pp. 875 970. 

s W. E. Ford, A contribution to the optical study of the amphiboles. Amer. 
Jouru. Sci., 191~, ser. 4, vol. 87, pp. 179-193 ; translation in Zeits. Kryst. l~Iin., 
1914, vol. 54, pp. 1-16. 

4 II. Kiichler, Ohemische and optische Untersuehungen an IIornblenden und 
Augiten aus dam Diorit-Gabbro-Massiv des oberen Veltlia. Chemie der Erde~ 
1914, vol. 1~ pp. 58-100. [See also A. N. Winchell, 1921; Min. Abstr., vol. 2, p. 304.] 
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This  value  lies be tween  those (55 ~ 40 '  to 55 ~ 50 ' )  de te rmined  by  K. yon 

Kraa t z -Kosch lau  t for basal t ic  hornblendes .  Sections parallel  to (010)  

show the perfect  p r i smat ic  cleavage, and  sometimes also a system of 

cracks as shor t  i n t e r r u p t e d  lines incl ined a t  500--60 ~ to the  c-axis on 

tile side of the  acute  angle  fl and  near  the  di rect ion of ('201). [Calcu- 

la ted  ( I 0 0 ) :  ( ~ 0 1 ) =  50  ~ 84�88 This l a t t e r  cleavage or p a r t i n g  is 

shown only by  a l te red  specimens and  is never  seen in fresh fi 'agments.  

The t h in  sections of the  al tered mate r ia l  also show minu te  gra ins  of 

an  opaque minera l  and  rus ty  spots along the  cleavage-cracks.  

For  the purpose of the  chemical  analysis  and  the  de te rmina t ion  of 

the  optical  proper t ies  carefully selected f ragments  only were used, 

which  unde r  t he  microscope were perfectly clear and  free from 

inclusions.  

The chemical  analysis  was carr ied out  by the  usual  methods. The 

de te rmina t ion  of the  water  was made in a tube  of  silica-glass placed 

in an electr ic  furnace,  the wate r  be ing  car r ied  by a c u r r e n t  of dry  a i r  

in to  a spiral  tube  con ta in ing  concent ra ted  su lphur ie  acid. The results  

are as follows: 
Percentage. :~olocular ratios. 

SiO, 2 . . . . . .  40.17 ... 0.6662 ~ 0.7134 
TiO 2 . . . . . .  3-78 ... 0.0472 
AI203 . . . . . .  15.09 ... 0.1476 ~ 0.1820 
F e , 2 0 3  . . . . . .  5.49 ... 0.08.t4 ) 
FeO . . . . . .  5.99 ... 0.0834 ) 
]~nO . . . . . .  0.09 ... 0.0013 . ~ 0.594 I 
CnO ... 11.21 ... 0.1999 't 
MgO . . . . . .  12.48 ... 0.3095 ) 

Na~O . . . . . .  2.27 ... 0.0366 
KzO . . . . . .  1.55 ... 0.0166 I 0.1697 
ItoO + 110 ~ ... 2.10 . . .  0.1165 
I-I20 - 110 ~ ... 0.25 

100.47 

0.9458 

The  analysis  shows t h a t  the  chemical  composit ion of th i s  hornblende 

cannot  be calculated as consis t ing of normal  metasi l icates,  since the  

metal l ic  oxides and  wate r  in the  form of metasi l icates  would require  

S i O 2 + T i O  2 = 1.3098, whils t  only 0 .7134 is shown in the  analysis.  

I l l  exp la in ing  the  elmmical composit ion of the augi tes  F. Zambonin i  ~ 

has  advocated the  assumpt ion  of a lumina t e  molecules in place of 

Tsehermak ' s  hypothe t ica l  compound. The same idea can be applied 

i It.  Rosonbuseh, Mikro. Phys. Min., 1905, vol. 1 (2), p. 226. 
2 F. Zanlbonini, Osservazioni sulla eomposizione ehimica di aleuni minerali. 

Atti R. Aeead. Set. fis. mat. Napoli, 1916, ser. 2, vol. 16, No. 2, pp. 1-25; 
translation in Zeits. Kryst. Min., 1915, vol. 55, pp. 132-155. 
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in t he  p r e sen t  ease, as s h o w n  below. W a t e r  a l i v e  l l 0 ~  is r e ga r de d  

as an  essential  cons t i tuen t ,  as s h o w n  by  Penfield and  Stanley,  and more  

recen t ly  by  Kiichler.  The calculat ion g ives  the  fol lowing c o m p o u n d s  : 

R20. RO. R203. (Si, Ti)O 2. Mol. ~.  

CaSiO s ... - -  ... 0.1999 ... - -  ... 0.3[ 999 ... o5-09 
MgSiO S ... - -  ... 0.1604 ... - -  ... 0.1604 ... 20.14 
Fe"SiO s ... - -  ... 0.0834 ... - -  ... 0.0834 ... 10.47 
MnSiO a ... - -  ... 0.0018 ... - -  ... 0.0013 . .  0.16 
Na2SiO a ... 0.0366 .. - -  ... - -  ... 0.0366 ... 4.59 
K~SiO 3 ... 0.0166 ... - -  ... - -  ... 0.0166 ... 2.08 
H2SiO s ... 0.1165 ... - -  ... - -  ... 0.1165 ... 14.62 
A12(SiO3) s ... - -  ... - -  ... 0.0329 ... 0.0987 ... 4.13 
MgAI20 , ... - -  ... 0.1147 ... 0.1147 ... ~ ... 14.40 
MgFe'"~O~ ... - -  ... 0.0344 ... 0.0344 ... - -  ... ,1.32 

Totals ... 0.1697 ... 0.5941 ... 0.1820 ... 0.7184 ... 100.00 

The  agreement is very  close, and shows  t h a t  the  composi t ion  can 

be expressed  by  the i s o m o r p h o u s  m i x t u r e  of  s imple  metas i l ica tes  and  

a lumina te s .  The o u t s t a n d i n g  fea tures  of  the  p r e s e n t  analysis ,  which  

is v e r y  close to t h a t  of  a basal t ic  h o r n b l e n d e  ana lysed  by  C. Schneider ,  1 

are t he  h igh  con ten t s  of sesquioxides ,  especial ly a lumina ,  and  of  t i t a n i u m  

dioxide, t hus  showi ng  some re la t ion  in t he  di rect ion of  k a e r s u t i t e .  

The amoun t s  of alkal is  a n d  of w a t e r  are also high,  s u g g e s t i n g  a w e a k  

a lka l ine  character .  

The specific gravity of the  minera l ,  de t e rmined  w i t h  a p y k n o m e t e r  

on 1.5175 g r a m  of mater ia l ,  gave the  va lue  8 .178  (mean  of  two de te r -  

mina t ions ,  8 .179  and 8.177)  at  20 ~ C. 

OTtical Tro~erties.~The d e t e r m i n a t i o n  of t im th r ee  pr inc ipa l  indices  

of re f rac t ion  was  made  on an A b b e - P u l f r i c h - Z e i s s  to ta l - ref lec tometer  

a t  200 -20 .5  ~ in sodium-l ight .  A careful ly  polished pla te  paral le l  to  

t he  cleavage (110)  was  used.  The  edges  of the  shadows  of to ta l -  

reflection were  v e r y  sharp ,  especially for a ;  for fl and  ,/ a nicol was  

used.  Since the  th ree  va lues  were  d e t e r m i n e d  on a s ingle  plate ,  

a con f i rma t ion  of the  value for fl was  made  by  c o m p a r i n g  the  m e a s u r e d  

opt ic  axial  angle  w i th  t ha t  ca lcula ted  f r o m  the  t h r ee  indices. T h e  

r e su l t s  ob ta ined  f rom the  means  of  t en  m e a s u r e m e n t s  t aken  on e i t h e r  

side are  : 
a = 1 .6698 ~ , - - a  : 0 .0231 

fl = 1 '6825 7 - - f l =  0 .0104  

---- 1"6929 fl--a = 0 .0127  

1 C. Schneider, Zur Konntniss  basaltischer Hornblenden. Zeit~s. Kryst.  Min., 
1891, vol. 18~ pp. 579-584. 
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The plane of the optic axes is parallel to the plane of symmetry 
(010) and the positive bisectrix -/ lies near the vertical axis c. Since 
terminal faces are present on none of the crystals i t  was not possible 
to determine dh'ectly whether thc 7 direction lies in the ohtuse or the 
acute axial angle fl (Dana's orientation, fl = 78 ~ 58~'). The dispersion 
of this blsectrix though not strong is quite perceptiblo, the angle being 
greater for red than for blue, c : 7p > c  : Yv" According to the connexion 
between the dispersion of the l)iseetrlces and the optical orientation 
of thc hornl)lcndes, as established hy F. Becke, ~ this shows that y lies 
in the obtuse anglc ft. The mc~tn of ten double measure,nents made 
in daylight in plates cut accurately parallel to (010) gave the values 
c : 7 = + 8"7~ to + 8"8 ~ 

The optic axial anglc was mcasured in a plate cut very nearly 
pcrpendicubtr to thc acute bisectrix a. The accuracy of the orientation 
was controlled by goniometric measurements fi'om the prismatic 
cleavages, and a slight difference--less than l ~  observed between 
a and the normal to the plate. This was eliminatcd as tier as possible 
by adjusting thc refract/ire index of the Thoulct s()lutlo, in which 
the plate was immersed. The measurement was nmdc on the large 
Fuess apparatus , and in sodium-light gave the value 2VN.~ = 82 ~ 45', 
which agrees closely with the vahte (84 ~ O') calculated from the three 
refractive indices. The dispersion of the Optic axes is small and v > p. 

The extinction-angle on the cleavage-planc determined in daylight 
on tbur flakes gave the mean vahm 7.6 ~ to the vertical axis. This 
corresponds very closely with the value (7.4 (~) calculated tbr sodium- 
light from the positions of the optic axes. 

Tim pleochroism as observed under the microscope is givcn bclow; 
and the absorption is fl t> y > a, the difference between fl and 7 l~eing 
very slight, but perhaps/3 is the darker. 

a ,  palc-ycllow with a tinge of brown, 
/3, dark-brown, 
,/, dark olive-green with a tinge of brown. 

The above study was carried out part ly in the Laboratory. of 
Mineralogy and Petrography of the PKzm~;ny University in Budapest 
and part ly in the Laboratory of Mineralogy and Geology of the Mining 
Academy at Sopron. 

i F. Beck% Gesteine des Columbretes. Tschermaks ]gin. Petr. Mitt., 1896, 
vol. 167 p. 159. 


