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Isokite and triplite from Bohemia. 

By D. JEROME FISHER, Ph.D. 

Dept. of Geology, University of Chicago, Illinois, U.S.A. 

[Read 6 June 1957.] 

Summary. Isokite (CaMgPOdF), a new mineral homologous with sphene, was 
described late in 1955 from a Rhodesian carbonatite plug. A fine-grained variety 
is now reported from Bohemia, where it occurs as a replacement of (probably a 
hydrothermal alteration product of) coarse medium brown 'later' triplites. It is 
intimately associated with fine-grained apatite that along with quartz formed 
post-isokite. 

S OME work on pegmatite phosphates by  the writer in September 1954 
yielded an X-ray powder pat tern from a sample in the University 

of Chicago collection labelled ' tr iplite from Schlaggenwald, Bohemia 
(Foote, Philadelphia)'  that  could not be identified. However, from the 
powder-pattern data given recently with the description of the new 
mineral isokite (i-s6k'-it; not Y-sS-k~t) by Deans and McConnell (1955), 
it was realized tha t  this was probably the same as the writer's unknown. 
A sample of the Rhodesian isokite yielded the powder pat tern giverL as 
no. 173 in fig. 1. This is substantially identical with the pat tern from the 
unknown mineral in the Schlaggenwald triplite specimen as shown in 
no. 183 of fig. 1. 

Slavkov and its triplite. 

t torni  Slavkov (German name: Schlaggenwald) is in the Karlsbad 
Hills of north-western Bohemia about l l  kin. south-south-west of Karls- 
bad and 20 km. north-north-east of Marienbad. The Karlsbad Hills, 
which are south of the Eger (Oh~e) River, are underlain by granites 
intrusive into gneisses and schists ; in fact the geology is very similar to 
that  of the Erzgebirge north of the river. Slavkov and Kr~sno nad Lesy 
(German name: Sch6nfeld; 3 km. to the south-south-west of Slavkov) 
were the centre of the great tin-mining industry of Europe in the 
sixteenth century. Mining was important  here as early as the twelfth to 
fourteenth century, but by 1870 (Groth) the mines were closed down 
and had caved in ; nothing but a single pillar of granite was left exposed 
(Phillips, 1896, p. 437). Kratochvil (1943) gives 376 references for this 
locality, but  the latest is 1934. He lists nearly 100 mineral species from 
Slavkov (including the phosphates apatite, pharmacolite, scorodite, 
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triplite, and wavellite, as well as autunite and torbernite) and gives 13 
references to triplite from here, the earliest one by Glueekselig in 1854. 
In 1910 Lazarevi5 quoted Cornu as stating that the Slavkov triplite 
stage embraced the paragenesis (here meaning association): quartz, 
cassiterite, triplite, chalcopyrite, and molybdenite. The triplite would 
thus seem to occur in connexion with the tin veins, though in places 
these carry enough felspar so that they resemble pegmatites. Ia fact 
Cornu states that there is a felspar mine on the Mfickenberg which is 
5�89 kin. south-west of Slavkov and 1�89 kin. north-east of Lauterbach. 
Triplite-bearing pegmatites near KSnigswart and Pnnau in the vicinity 
of Marienbad have been described by Sellner (1924) and earlier writers. 
According to Cornu the contact metamorphic minerals from Slavkov are 
found in the Reinbachtal, which is only 4 kin. west of Slavkov; while 
wollastonite and diopside, as well as manganoan siderite (oligonite), 
baryte, and fluorite, occur at Hub (midway between Kr~sno and Slavkov). 
No reference has been found that gives the exact locality of the triplite, 
and there is no indication that two generations of this mineral may be 
present. The Foote Mineral Company has no record to show the exact 
source of these triplite specimens. 

Stelzner (1906, p. 932) states that a steeply-dipping gneiss block is 
embedded in the granite of the Lauterbaeh-Sch~nfeld-Schlaggenwald 
district. This block is intruded by three stock-like masses of fine- 
grained granite. In these the tin ores occur as stockworks of topaz- 
bearing greisen; they are also found in veins in the gneiss. Fiala (1947) 
calls this a biotitic katagneiss, and says that the Huberstoek, the largest 
one of the three, some 570 by 180 m., which lies south of Slavkov, was 
the most important. The smallest one, the Klingenstock, is north-west 
of Kr~sno (SchSnfeld). Between these is the SchnSdenstock, 180 by 
90 m., and the road from Slavkov to Kr~sno crosses its eastern edge. 
These three stocks occur along a north-east-south-west line. 

In 1946 Dr. Jan Kutina collected samples of greisen from a dump on 
the Sehnoedenstock. These carry vein-like masses of medium brown 
vitreous to resinous-lustred triplite up to 1"5 cm. thick forming irregular 
indefinite boundaries with the greisen. Brownish-pink, dull-lustred, 
fine-grained apatite (megascopically very similar to the isokite) is 
commonly present between the triplite and the greisen. Small anhedra 
of chalcopyrite and veinlets of quartz also occur in both the triplite and 
apatite. Grains of ehaleopyrite and cassiterite are found in the associated 
greisen. Molybdenite and fluorite also occur in triplite specimens from 
this locality in the mineral collections of Charles University. Kutina 
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c o l l e c ~ d  f rom a fresh d u m p ;  m i n i n g  in th is  a rea  was r e j u v e n a t e d  on 

a smal l  scale du r ing  Wor ld  W a r  I I ,  in  t he  ma in  for  t ungs t en .  On th i s  

d u m p  were pieces of a f e l s p a r - q u a r t z - m i c a  p e g m a t i t e ;  b u t  no t r ip l i t e  

was  found  in th i s  rock. Apl i tes  are c o m m o n  in the  area,  a n d  t o u r m a l i n e -  

TABLE I. Analyses of triplites. 

Slavkot~. Sc lmen - 

r ..-...--. ~ fe ld .  K o e n i g s w a r t  :~ P u n a u . w  
yon Kobel l  Otto? 

D a r k . *  L igh t .*  (1864). (1936). Sel lner  (1924). 

Ca() 3.4 10.0 2.21) 1.80 6.89 4.90 8-68 
MnO 27.5 21.5 30.00 28-4S 31.96 33.40 22-94 
FeO 29.6 21.9 26.98 25.80 24.84 26.50 16.50 
MgO 0.7 6.0 3.05 7.20 t r  tr 15.54 
Fe~()a . . . . . . .  0-17 1-43 - 
Tit) 2 0.I6 0-22 . . . . . . . . .  
P~Os - -  - -  33.85 31.98 31.87 30.44 32.14 
:F - -  8.10 7.64 3.29 3.34 5.70 
Other . . . . .  0.64 /).42 0.90 

Total i04.18 102-9(I 99-66 100.43 102.40 

Less 0 for F 3.40 3.21 1-39 1.40 2.40 

Total 100.78 99-69 98.27 99-{)3 100-00 

D 3.886 3-828 3.77 3.88 

c~ 1.680 1.662 1.672! 1.664 
fl 1.689 1.667 1.674 
y 1.702 1.680 1-6831i 1.680 

* Spectrographic analyses (each constituent to __5 % of its figure); all iron 
calculated a~s FeO. 

Otto state~ that  this sample is from a pegmatite ; Heinrich must be wrong when 
he says tiffs is from Germany. The last three samples in the above table are fronl 
]~ohemia, not Moravia (ms stated in Hintze, Dana, and iIeinrich). 

DerL~ity from Lazarevi5 (1910); analyses by W. Stanczak. 
w Recalculated from an analysis with 8.10 % insoluble. Punau (or Punnau) is 

10 kin. south-ernst of Marienbad. 
',] n-values for Slavkov triplite. R. Rost, Min. Abstr., 1946, vol. 9, p. 205. 

bear ing  pegma t i t e s  are known.  F ia la  no tes  t h a t  red o r t h o e l a s e - a l b i t e -  

q u a r t z  p e g m a t i t e s  are typ ica l  of the  bo rde r  of t he  greiscn stocks.  

The  S lavkov  t r ip l i t es  as r ep resen ted  b y  t he  spec imens  a t  h a n d  c o n t a i n  

two forms  of t h e  mineral .  One is v e r y  (lark b r o w n  and  t he  o the r  is 

m e d i u m  or c h e s t n u t  brown.  The  two do no t  occur  in  t he  same h a n d  

specimen.  B o t h  of t h e m  are t h o r o u g h l y  fresh. The  d a r k  mate r ia l ,  

wh ich  occurs  in  mass ive  c h u n k s  a n d  is ve ined  by  chalk- l ike  apa t i t e ,  

has  a l igh t -grey  (greenish t inge)  s t reak ,  p i t c h y  a d a m a n t i n e  lus t re  w i t h  

one indi f ferent  cleavage.  I t s  compos i t ion  is shown  in t ab l e  I. The  l ight-  
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coloured triplite occurs as small vitreous to resinous-lustred irregular 
anhedra embedded in fine-grained du]l-lustred light-brown isokite and 
fine-grained light grey apatite. I t  has a white streak and shows no 
cleavage. A spectrographic analysis appears in table I. X-ray powder- 
diffraction data for these two triplites are given in table II .  While the 
spacings for the light triplite are definitely consistently smaller than 
those for the dark triplite, any intensity differences or differences in 
lines present are very minor. The weak 5"16-~_. line seen in most light 
triplite films is absent in those made from the dark triplite. 

I t  is probable tha t  these triplites are of two generations. While this 
is not mentioned by Heinrich, it seems to be a fairly common pheno- 
menon. Thus at the 'White  Rock '  {quartz core) pegmatite just north- 
east of Koenigswart (20 kln. south-west of Slavkov and 7 km. north-west 
of Marienbad) Lazarevi5 describes two kinds of triplite: dark brown 
compact coarse-grained aggregates with an adamantine-oily lustre, one 
good cleavage and a poor one normal thereto;  and light-brown, fine- 
grained, dull-lustred, indistinct cleavage. At Hagendorf, 40 miles south- 
west of Slavkov and barely across the Bavarian border, Schmid (1955, 
p. 353) describes two triplites ; the older is chestnut brown and commonly 
in felspar, the younger is light brown and generally in quartz. Volborth 
(1954, p. 27) lias an older dark brown and a younger reddish-brown 
triplite in the Viitaniemi {Finland) pegmatite. The isokite in the Slavkov 
specimens has been found only in the light brown triplite samples. 

The Slavkov triplite seems to have been distributed very widely ; thus 
many  museums probably contain samples of Bohemian isokite ; this was 
true for the Chicago Natural  History Museum. At the X X t h  Inter-  
national Geological Congress Slavkov triplite (presumably with isokite) 
was seen in the collection of the Insti tuto de Geologla of the Universidad 
Nacional de Mexico. 

Iso]cite. 

Isokite from the type locality (15 miles east of Isoka [pron. Ishk'a] in 
Northern Rhodesia) occurs in the samples at  hand as radiating whit~ 
fibres or needles in globular masses less than a millimetre in diameter. 
These are sprinkled through a limonite-stained coarsely-crystalline 
ankeritic dolomite composing a carbonatite plug which cuts granitic 
and micaceous gneisses. Apatite is a principal accessory mineral. The 
isokite is considered to have replaced the dolomite in a late stage of 
metasomatic activity. 

A large (2 by 5 era.) thin section was cut from a specimen of the light- 
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brown Slavkov triplite which had a 15-mm. wide fissure vein of coarse 
green apatite across one end. A photograph of it (no analyser) appears 
in fig. 2. A portion of it (taken with an analysing polaroid filter) together 
with an explanatory 'geologic map' is shown in fig. 4, and photomicro- 
graphs of selected areas appear in fig. 3. 

N-eglecting the coarsely crystalline green apatite vein (analysis: Otto, 

Fin. 1. X-ray powder diffraction photographs of minerals homologous with 
isoki te ;naturals ize ,  Fe/Mnradiat ion,  l l4 .6 -mm,  diameter camera, 188~Durangi te ,  
Durango, Mexico. Yale Brush no. 586 ; 187--Sphene,  Pitcairn, New York. Univ.  of  
Chicago no. 763; 183--Isokite,  Bohemia;  173--Isokite,  l~hodesia; 201--Tilasite,  
Lhngban,  Sweden. Riksmuseet  no. 339, 650. 

FIG. 2. Photomicrograph (no analyser) of  large thin section from Slavkov specimen. 
Sides of squares of grid are 2 mm.  long. Upper  one-third is mainly  apatite,  f ragment  
of which a t  upper  left was broken off in grinding. The three circles indicate areas 
shown in more detail in fig. 3. See text  for fur ther  description. 

Fro. 3. Photomicrographs (crossed polars) of portions of the  large th in  section, 
as outlined by circles on fig. 2 .  

A1 : From L4 area of fig. 2. Shows most ly  a portion of a single anhedron of 
triplite (light grey) cut  by replacement veinlets of apati te  (black or dark grey). 
Polars not  quite crossed, thus  holes (fragments torn from the triplite) appear light 
grey. Ckavage  cracks are obvious. Speckled or mott led white to grey to black 
areas through the triplite are the  replacing isokite. 

A2 : Shows the  portion in the  circle of  A1 in more detail ; polars t ruly crossed, so 
holes are black. Both of these make it  clear tha t  the  apati te  was the  last  of  the  
three minerals formed. 

BI :  From J9 area of fig. 2. The two isolated masses of triplite (light grey;  lower 
left and upper right) are par ts  of  a single anhedron. The fine-grained apat i te  
appears dark grey to black ; par t  of it is as two replacement veinlets, bu t  t ha t  across 
the  top is a portion of the  large mass  of such apati te  along row I of  fig. 4. Isokite is 
the  most  abundan t  mineral present. 

B2: Detail  from upper right circle of B1. Shows the isolated par t  of  the  triplite 
crystal (light grey with a dark tear-fragment  spot  and cleavage cracks), much  fine- 
grained apatite,  and masses of fine-grained isokite in lower left and lower right. 

B3: Enlargement  from lower left circle of B1. Excellent to show three masses of  
a single triplite anhedron (upper left, left, and below the centre) isolated from one 
another  by isokite replacement, t hen  cut  by an apati te  vein. 

C1 : From T4 area of fig. 2. Apati te-quartz  vein on left, triplite anhedron on right, 
isokite between. There is everywhere a selvage of apati te  separating the  quar tz  
from the isokite. 

C2 : Detail  from portion shown by circle in C1. Triplite at  top and in lower r ight  ; 
these const i tute  a small par t  of the  large single crystal of  triplite making up the  
lower right portion of fig. 2. Nearly all of  the  rest  of  C2 is isokite ; a little apati te  is 
found at  the  lower left and along the  triplite cracks. 

FIG. 4. Photomicrograph (crossed polars) of  central portion of the  large th in  
section, together with explanatory diagram. Here • refers to a hole in the  thin 
section. 
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FIG. i. 
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FIG. 3. 
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1936, p. 112) across one end, this Slavkov thin section consists in the 
main of three large corroded triplites; by far the largest makes up 
t h e '  south-east '  (map parlance) quarter of the specimen (fig. 2), but the 
other two in the upper half show up well in fig. 4. A quartz vein splits 
the lower part of the specimen along a near-vertical line; it actually 
extends intermittently all the way up the middle of the specimen. I t  is 
fringed with narrow borders of fine-grained apatite, outside of which is 
isokite ; not a great part of the latter occurs to the east of the vein, but  
the whole south-west portion of the section is isokite, as is a central 
east-west band �89 to 1 cm. in width. The isokite and triplite are differen- 

TABLE I I L  

Triplite Isokite Apatite 
8[(Mn, Fe,Mg,Ca)2PO4 F]. 4[MgC~P()~F]. 2[Cas(PO4)aF ] . 

Space-group 1 2/m(~12) C 2/c(:~15) C 6a/m(~:176 ) 
a : b : c  12.0:6.5:10-0 6.52: 8.75:7.51 9-36:6.88 
fl 105042 ' 121~ ' - -  
Unit-cell volume 750 731 X �89 696 • 3/4 
Cations per 8(PO,) 16 16 10 • 4/3 13.3 
Density 3.9 3.3 3.2 

tiated in fig. 4 (crossed polaroids), since the former is fine-grained, and 
so appears speckled. The fine-grained apatite shows up well ill fig. 2 
(no analyser) as medium to dark grey, nearly black; it occurs near the 
top and along some of  the straight upper veins. The courses of the latter 
are controlled presumably by the triplite cleavages. I f  this is true, the 
triplite was obviously once much more extensive than it is at present. 
The fact that  the two large triplites shown in fig. 4 are broken up into 
very irregular corroded masses by the isokite, both of which minerals 
are cut by replacement veins of apatite, indicates rather clearly a 
sequence triplite-isokite-apatite. 

Table I I I  presents certain changes involved in the alteration of triplite 
to isokite; data are also given on apatitc. Examination of the thin 
section shows that  triplite was extensively altered to isokite ; this would 
require the removal of Mn and Fe, the major cations of most triplites, 
with ion-for-ion replacement by Mg and Ca, with the latter two in (at 
least approximately) a 1:1 balance. There is little evidence from the 
thin section that  either triplite or isokite was altered into apatite. In 
fact the bold veins of fine-grained apatite cutting these two minerals, and 
partly replacing the trit)lite, and probably the isokite to a much less 
extent, indicate strongly that  apatite as such was introduced later. The 
quartz present as fissure-vein fillings with a selvage of fine apatite is so 
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closely associated with the la t ter  tha t  the two were probably deposited 
from the same solutions, though the quartz apparent ly  formed slightly 
later. Locally there are very minor amounts of opaque al terat ion pro- 
ducts of the phosphates. 

The Slavkov isokite is very fine grained and no crystal  faces were 
seen. Employing the universal stage double variat ion technique, and 
working with grains smaller than 100 mesh, it  was found tha t  most 
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F[o. 5. Dispersion curves for a and fl of Slavkov isokite. 

grains if not actual ly nearly fibrous consisted of three or more differ- 
ently oriented crystals. Study of a crystal  in one grain yielded the dis- 
persion curves for a and fi shown in fig. 5, each line being based On 
but  two points as indicated. These curves give for Na light a = 1.5977, 
fi = 1.6012. Since the crystal  showed somewhat undulatory extinction, 
these results are probably about ~0.001. The crystal  was positive with 
2 V = 3 9 ~ 1 7 7  ~ In  several a t tempts  no grain was found suitable for the 
determinat ion of }, by  this technique. Using these values a graph indi-. 
cates tha t  Y is about 1"629, Employing ordinary immersion techniques, 
the highest measured value obtained was ~" of about 1.619 for Na light. 
Thus the assumed best values for Slavkov isokite for Na light are (with 
2V = 39 ~ a = 1"597, fl = 1"600, }, = 1"623. The Rhodesian isokite 
was found to have a = 1.590, fi = 1"595, ~ = 1"615, with 2V = 51 ~ 
No dispersion was observed in the interference figure of the Slavkov 
isokite. Assuming b = acute bisectrix (as determined on the Rhodesian 
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isokite) any dispersion shou]d be of the crossed type. This was tested 
against the extinction position of the trace of the optic plane for yellow 
and violet light. No difference greater than the probable error in read- 
ings was noted. The associated fine-grained apatite has (Na light) 
oJ = 1.633, E = 1-628, both • 

A sample of Slavkov isokite, which unfortunately was contaminated 
with apatite (presumably some 35 % of the latter), subjected to spectro- 
graphic analysis showed: CaO, 40-0; MgO, 15-5; MnO, 1.5; TiO~, 0-22; 
Fe, 1-5. The sample probably had enough triplite in it to account for 
the Mn and Fe. 

X-ray diffraction powder data on isokite are given in table IV for three 
radiations. Using cobalt radiation (col. 2) with the Guinier-de Wolff 
multiple camera where the patterns of the Bohemian and Rhodesian 
isokite appear next to each other on the same film, the differences 
are very minor: the former lacks the 2.89 line, the latter lacks the 2-70 
line, and the 2.787 line of the latter (the one whose measurements are 
given in col. 2) appears as a doublet on the former. Other differences are 
so minor as to be barely discernible. In particular there is no measure- 
able difference in the spacing of any of the lines, showing substantial 
identity of unit-cell dimensions and angles; the reversal in relative 
intensities of the 3.18 and 3-02 lines (as compared to the values of cols. 3 
and 4) is interesting. The results from the two isokites using iron 
radiation are given in cols. 3 and 4; here the spacings are measured 
much less exactly. The most pronounced distinction is the difference in 
relative intensities of the 2.787 line. Also the weak 1.74, 1.77, and 1.83 
lines are much more apparent in the fihn fl'om the Bohemian specimen, 
as are the 2-70 and 3.40 lines ; on the other hand the weak 4-38 and 2.89 
lines are apparent only in the film from the Rhodesian sample. The 
failure to be able to index the 2.04 line is puzzling; the (221) line should 
have a spacing of 2.60 rather than 2.63. 
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ADDENDUM 

The optical properties of the Slavkov triplites listed in the first two 
columns of table I have recently been determined by two of my students 
using the double variation technique on the universal stage, with results 
as follows: 

Dark triplite* Light triplite t 
~. C. D. E. F. C. D. E. F. 

1.6785 1.6802 1-6824 1-6845 1-6592 1.6626 1-6668 1-6707 
fl 1.6868 1.6883 1.6903 1.6922 1.6625 1.6662 1.6711 1.6755 
~, 1.6999 1.7012 1-7031 1.7049 1-6752 1.6787 1.6832 1.6873 
VA~ 38.3 38.3 38.3 38.3 29.1 29.0 28.9 28.8 
VB~ 39-45 39"1 38"6 38-15 30"9 30'4 29"8 29-2 
2V 77'75 77.4 76.9 76.45 60.0 59.4 58-7 58.0 

* a, fl, and V measured by S. Ghose;  ~ calculated from these results by D. J. F. ; 
thus  the  y-values would presumably have  ra ther  large errors if  there were even 
small  ortes in t hen  or fl figures. Later  actual  measurements  by Ghose show tha t  these 

values are substant ia l ly  correct, at  least in the  D - E  range. 
All values measured by G. Chao (except V for F light). 
The differences in the  two V-values determined for each wave-length confirm 

the  presence of inclined dispersion (thus b -~ fl) with r > v. 

A. S. Povarennykh (1950) has described triplite and apatite in the 
hydrothermal veins of southern Kazakhstan. Here the apatite is also 
post-triplite. At depth the apatite forms borders of the triplite masses, 
but in the upper horizon the apatite almost completely replaces the 
triplite. This is a mangan-triplite with only very minor amounts of Ca 
and Mg. On the other hand the analysis of the apatite shows 2.17 ~ 
MgO. This is so unusual that the writer is inclined to suspect that this 
apatite may contain some isokite. 
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