

































































lating in greater numbers, especially with regard to porphyroblasts. The bounding of
enstatite porphyroblasts appears to be still more imperfect than that of olivine. Every-
where the effect of resorption on the rounding of individuals and the strong influence
of cataclases are prominent. Also, the habit of the crystals is shown by low columns
with a dominant plane (100) in the prismaticzone. The bounding is mostly given by the
three basic pinacoides, and very rarely we can observe cutting of the edges built by the
planes (100) and (010) by narrow planes (110). The plane (010) is sometimes pushed
back to a large degree by the planes (110) until it disappears completely; the crystals
show then spindle-shaped sections on the sections perpendicular to the vertical.
The prismatic planes are usually unevenly developed and, as a rule, strongly rounded.
The terminal planes are developed only in exceptional cases; they are mostly (101).
Notwithstanding the fact that it is just the terminal part of the crystals which is
usually strongly rounded, we are able to conclude from the rounded edges of the
sections that the bounding is most likely provided by planes of low dipyramids and
prisms by the axis @ of (012) and (021).

Porphyroblasts attain a size of up to 1.67 X 0.5 mm, but their average value is
0.4 x 0.25 mm. The colour of enstatite is occasionally faintly green, the sections are
however, as a rule, transparent and only occasionally yellowish or yellowish-brown.
The prismatic cleavage, characteristic of pyroxene, is only rarely recognizable in the
shape of short, sharp cracks on sections perpendicular to the vertical. Only excep-
tionally we can observe parting by (010). Similar to olivine, the enstatite shows irreg-
ular and coarse cracks on every individual, running obliquely across the crystal.
The cracks are however not so frequent as with olivine.

Optical investigation showed, above all, very frequent undulating extinction,
which appears to be more abundant than in olivine. Pleochroism was nowhere
observed. The refractive index as well as birefringence are lower than with olivine.
The refractive indices of sodium light were determined by the immersion method and
yielded the following values : y = 1.674, @ = 1.665, y — o = 0.009. Birefringence
and elongation are positive, the angle of the optical axes is much smaller than with
olivine (the distance of the hyperbolae lies always within the field of the microscope).
The facts, so far determined, indicatea relatively clean enstatite with
a minimum admixture of ferrosilite components.

The inclusions in enstatite are very thinly dispersed and nowhere oriented. We find
among them mostly blackish-brown grains of troilite of an average size of 0.015 mm.
Occasionally there are also minute black grains most likely of chromite or prob-
ably of magnetite. An interesting inclusion is represented by a relatively great
number of rounded grains of olivine of from 0.15x0.10 mm to 0.03x0.02 mm.
Inclusions of olivine in enstatite were also established in a number of other chondrite
stones; this can be considered as proof that olivine is paragenetically the older com-
ponent than enstatite. Finally, among the very rare inclusions in enstatite are those
of a mineral of low birefringence, which is most likely re-crystallized glassy matrix.

In order to prove and complement the knowledge gained from the optical research
of olivine and enstatite we carried out a roentgenometric investigation as well as
a qualitative spectroscopic analysis. First of all, the chondrite powder was freed of
nickeliferous iron by a strong magnet and the troilite was dissolved in HCI. After
thorough washing, the residue contained only olivine, enstatite and accessory maske-
lynite, besides a small amount of chromite. This compound was submitted to a roent-
genometric investigation in the laboratory of the Mining Institute of the Czechoslovak
Academy of Sciences in Prague (V. Céslavskd) under the following conditions:
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Apparatus Chirana, diameter of the camera 64 mm, Cr-radiation filtered through
V 30 KV — 20 mA, exposure 3 hours, thickness of the preparate 0.4 mm, film used
Agfa Laue, method powder-Debye-Scherrer. The resulting data are contained in
the attached table and compared with the data for d of olivine and enstatite. The
comparison shows that the Debye-Scherrerogram includes lines of olivine as well
as of enstatite, and the resulting values agree well with the data for both minerals
listed in the table. The intensities of the lines are on the same level and this corrobo-
rates the correctness of the estimates derived from the thin sections, namely, that the
two minerals are roughly in balance although, in fact, there is a slight preponderance
of olivine. -

The qualitative spectrographic analysis was carried out in the same institute
(M. Soudny) under the following conditions: Spectrograph ISP—22, 0.008 mm slit,
electrode gap 2 mm, arc 6 A, generator DG—1, time of exposure 90 sec., range 2300—
4500 A, photographic plate Foma-Spectro-blue 220. The estimates of the elements
(in orders of magnitude) are listed in the following table. ‘This table shows that we
have here to deal with a mixture of considerably predominating silicates (olivine and
enstatite, ev. maskelynite) with a small contribution of chromite and traces of pure
copper. The main share falls predominantly to Fe, Mg, Ca and Si. Ca, Al, Mn and Ni
can be considered as isomorphic admixtures of olivine, enstatite and chromite. It
must however be pointed out that Ni appears very rarely in olivine and then only
in negligible amounts. Part of Ni and Fe probably also belongs to the unresolved
and unseparated small amounts of nickeliferous iron. The larger part of Ca and Al
and a small amount of Na are components of accessory maskelynite where doubt-
lessly Ca prevails, because the microscopic examination indicates that it is produced
by re-melting anorthite. Pure copper is present only in traces; it was frequently
found in chondrites, e.g. in the chondrites of Saratov and Ochansk in the Soviet
Union. -

Element am]?)?:;l ‘ Olivine Enstatite Chromite | Maskelynite cf}l:;:r
Fe H 7 p "
Mg m g 6= 2
Si m // E3 i/ /
Ca . m : . : /
Al ! m—s . . : /
Mn m—s
| Ni m—s . : : .
Cr 8. o . /
Na s /
Cu /

H == main. component (more than 10 per cent), m = minor component (10—0 01 per cent),
§= traces (less than 0.01 per cent).

Olinoenstatite .

Clinoenstatite can very rarely be found on the periphery of some large individuals.
It is attached parallel'to enstatite (thin section E), the column of which is rimmed .
by lamellae on both planes paraliel to the vertical. Clinoenstatite can be identified by
its higher birefringence as well as by its inclined extinction : ¢/y = 39°. The great
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differences between' the value of the extinction angle of clinoenstatite in chondrules
and clinoenstatite in the ground-mass agree well with the results of various observa-
tions, C.Hintze (6) quotes 30°—40° as the extinction angle of clinoenstatite.
This difference may be caused by differences of the chemical constitution of the min-
eral, which affect also the optical properties. Enstatite with its rim of clinoenstatite
has a size of 0.17 X 0.048 mm, the clinoenstatite rim on its periphery has a thickness
of 0.007—0.005 mm only and a length of 0.16 mm. The clinoenstatite is famty
turbid, the enstatite itself is comparatively transparent.

We have mentioned already H. Michel’s (13) supposition that the or1g1n of
clinoenstatite on the periphery of enstatite is due to the heating of the chondritic
stone and its rapid cooling during its flight through the atmosphere. R.W.G.
Wyckoff H . E. Merwin and H. S. Washington (21) have succeeded
in proving artificially the creation of clinoenstatite by heating enstatite up to a tem-
perature of 1400° for several days. The clinoenstatite of the Pfibram chondrites ac-
tually indicates only a short time interval favourable for its creation. Here we have
to deal only with a change on the surface of the enstatite into clinoenstatite.

5. Characteristics of the ground-mass

Generally speaking, the ground-mass represents the predominant component of
the chondritic stone. It is a holocrystalline mixture of very minute grains and frag-
ments of olivine and enstatite with ore minerals. The average size of the olivine
grains is 0.04 X 0.025 mm, that of the enstatite grains only 0.015 mm. The minimum
dimensions of the both minerals in the ground-mass attain however only the average
size of about 0.005 mm. On thin sections the ground-mass is transparent, only occa-
sionally it is turbid. The distribution of the components of the ground-mass is on
the whole uniform, only occasionally olivine predominates somewhat over enstatite
and very rarely the opposite is the case. The bounding of the components is mostly
allotriomorphic; only several somewhat larger grains of olivine indicate traces of
bounding planes which can be fairly well estimated. All components show the
effect of high pressure, evidenced not only by strong cataclase of many individuals
but also by undulating extinction quite often shown by grains. No glassy matrix has
been established on thin sections of the ground-mass, which can be considered as
the most reliable proof of metamorphic processes.

Besides olivine and enstatite, the presence of fine-grained plagioc 1 ase was
established, though only in very rare cases. It constitutes lobe-shaped grains of low
birefringence; its refractive index is similar to that of Canada balsam. It can there-
fore be concluded that the constitution of this plagioclase is similar to that of olig o-
clase which, accordingto E. L. Krinov (12), represents a characteristic admix-
ture of crystalline chondritic stones. d

There are two kinds of ground mass plgmenta’mon a coarse one, oons1st1ng of Iarge
agglomerations of nickeliferous iron and troilite, and a fine one, produced by very
thinly dispersed ore powder. The effect of fine pigmentation on the colouring of the
ground-mass is not very great. As for the coarse pigmentation, the nickeliferous iron
is present, as a rule, in particles of larger size, while troilite occurs only in finer
accumulations of grains. Ore minerals fill up the gaps between the other components
of the ground-mass and present therefore a considerably irregular and composite
shape. Viewed in transmitted light, they are black to blackish-brown, in reflected
light they can easily be distinguished. The largest agglomerations of ore minerals
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achieve the size of about 1.3 mm, while the particles of ore powder are restricted
to only 0.002 mm. The colour of the ground-mass is very much affected by the begin-
ning of hydratation especialy of nickeliferous iron; the limonite produced by hydrata-
tion colours the ground-mass yellowish-brown.

Nickeliferous iron

The preponderant ore component of the chondritic stone consists of very composite
and tipped particles of nickeliferous iron. Its largest particles in a thin section show
the size of 1.5 X 0.6 mm, the smallest ones only of 0.30 X 0.015 mm. In transmitted
light its colour is deep black with a brown rim, in reflected light it is characteristically
steel-gray showing semi-metallic to metallic lustre. At some places it is evident that
the agglomerations are aggregates of several smallish grains. In a metallographic
microscope its colour is clear light yellow; it has a large or medium reflecting power
without inner reflections; between crossed nicols it appears isotropic. Nearly every
agglomeration is in the initial stage of hydratation. The limonite produced hereby
colours the surrounding ground-mass yellowish-brown and penetrates into the cracks
of the other components. The border between nickeliferous iron and the limonite
is always very sharply marked and it can therefore be concluded that the disinte-
gration did not exceed the initial stages.

Troilite

As far as the amount and size of the particles and agglomerations are concerned,
troilite falls far behind nickeliferous iron. We observed on thin sections only very
rarely places where both minerals were in rough balance. Not unfrequently troilite
is changing into finely dispersed ore pigment. Its agglomerations have the size of
0.64 to 0.043 mm, while the powder components attain only the size of 0.002 mm and
- less. Its fine-grained agglomerations are again very composite. Troilite occurs in
the ground-mass as well as in porphyroblasts and in chondrules. In the last two com-
ponents it is very thinly dispersed. Occasionally it is present in the fine rim of some
chondrules in great numbers. In transmitted light its colour does not differ very
much from that of nickeliferous iron. However, even in the faint reflected light of
the polarization microscope the troilite differs from nickeliferous iron by a character-
istic dark tombac colour and at some places by metallic lustre, which is however
fainter than the lustre of nickeliferous iron. Its colour in the metallographic micro-
scope is bright bronze yellow to yellowish-brown, its reflecting power is smaller than
that of nickeliferous iron and occasionally shows evidence of anisotropy. Only in rare
cases we can observe on troilite the beginning of disintegration into limonite, which
never reaches the intensity of nickeliferous iron.

As a rule, troilite does not occur together with nickeliferous iron, common occur-
rence of both in agglomerations on thin sections so far examined is a rare event.

Chromite

Still very much less than that of troilite is the occurrence of isolated grains of chrom-
ite or their small accumulations in the ground-mass. Frequently they present qua-
dratic or triangular cross sections and their size amounts to 0.15 to 0.021 mm. They
are sometimes included in olivine grains as minute powder, and the size of these parti-
cles ranges between 0.007 and 0.005 mm. These particles are velvet black in transmit-
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ted light and have translucent yellowish-brown borders. They are therefore doubt-
lessly chromite, which is frequently a component of chondritic stones. Its colour in
a metallographic microscope is grey with a brown tinge; it is distinctly isotropic and
its reflecting power is very low. In contradistinction to the two earlier components
it never suffers the beginning of disintegration.

Chromite remained also preserved in the form of small black grains, when the
powder compound for roentgenometric research of olivine and enstatite was pre-
pared. After the removal of iron by a strong magnet and the dissolution by hydro-
chloric acid of troilite the remaining silicate powder still contained some minute
grains of chromite.

Maskelynite

One of the accessory components of the ground-mass is maskelynite, which today
is generaly considered to be a re-fused plagioclase and a proof of the crystalline char-
acter of the chondrite. It is very rarely in the Pt{bram chondrites and we can there-
fore assume that plagioclase, too, was an accessory in the original chondritic stone.
We found it only on two of the six thin sections examined (D and F). It occurs
in the form of xenomorphic lobe-shaped grains attaining a maximum size of 0.75 x
X 0.45 mm. Otherwise it was present in enstatite chondrules as very fine particles
between the columns. No cleavage was observed, but at different places fine irregular
cracks were present. It is strikingly transparent and fills always the gaps between
the minerals. Sometimes it is faintly coloured by limonite. It is optical isotropic and
characterized by faint anomalous birefringence with a bluish-grey interference
colour, indicating 0.001 as the value of birefringence. It was just this anomalous
birefringence which induced A. Brezina (3) to suggest that maskelynite is
a cubic instead of an amorphous mineral, as had been stated by G. Tschermak
(16,17). A. Brezina assumed that maskelynite was produced from an original cubic
felspar by molecular transformations, because cubic modifications are more stable at
high temperature. — The refraction of maskelynite is higher than that of Canada
balsam, though distinctly lower than that of olivine and enstatite. Unfortunately we
could not determine correctly the refractive index, because the dimensions of maske-
lynite in our thin sections were too small.

The relative refractive index indicates however that we have very likely to deal
with fused anorthite. According to a proposal by H. Michel (13)it could be des-
ignated as an anorthite-maskelynite. — The inclusions in maskelynite consist of
small, strongly rounded grains of olivine of maximum size of 0.045 mm and, though
rarely, of grains of enstatite. Troilite is frequently found in the form of black allotrio-
morphic grains, usually elongated in one direction; they attain a maximum size of
0.075 x 0.030 mm. — Paragenetically, maskelynite is evidently the youngest min-
eral and represents, according to E. L. Krinov (12) a characteristic symptom
of chondrite metamorphosis.

Finally, I should like to express my gratitude to all those who co-operated and
discussed with me, especially to Z. Ceplecha, Astronomical Institute, Ondtejov,
R. Rost, Professor of Mineralogy of Charles University, Prague, J. Koufimsky
and V. Sipek of Department of Mineralogy, National Museum, Prague. My sincere
thanks go to Mrs. V. Céslavska for providing the roentgenometric exposures of the
silicate mixture and to M. Soudny for carrying out the necessary qualitative spectro-
graphic analysis.
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Table of the roentgenometric data

Olivine, Sorrento, Italy
Micheev — 750

|

Silicates of the chondrite,
Velk4 near Pribram

Enstatite, Bamle, Norway
Micheev — 780

I. d. I d. I d.
3 4.405
1 (4.39)
4 3.95
2 3,79
3 3.53 2 3.457 5 3.208
7 3.149 10 3.158
2 (3.08 )
2 3.02 4 2.982 5 2.945
4 2.864 7 2.864
7 2.792
3 2.734 4 2.736 5 2.701
1
7 2.516 8 2.516 6 2.526
8 2.466 8 2.455 6 2.472
3 2.356 2 2.351
2
8 2.261 3 2.258
5 2.162 2
2 2.044 2 2.064 6 2.105
2 2.054
1 =
2 1.974
, 1 1.966 4 1.955
9 1.878 1
2 1.806 1
1 1.786 3 1.782
10 1.744 7 1.745
‘ 2 1.731
: ‘ 1 1.696 2 1.699
3 1.667 1 1.668 1
5 (1.633) 1 1.646
2 1.617 1 1.612 5 1.601
3 1.569
1 (L535) :
4 1.520
6 1.495 2 1.500
.8 1.478 8 1.482 6 1.483
- o ' 3 1.467
- g 1.431 : :
1 1.417 2 1.417
8 1.393 6 1.395 5 1.391
7 1.349 5 1.351 2 1.357
- —_ 2 1.336
6 1.314 4 1.317
B 3 1305 -
3 1.295 3 1.294 3 1.292
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EXPLANATION TO THE TABLES ]

(All photos by Rudolf Rost. Dimensionsg of the stones in the survey of data in the text)

Table TI.
Table  II.
Table III.

Table IV.

Table Y.

Table VI.

Tablo VII.

Table VIIT.
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The largest chondritic stone founded in the vicinity of Luhy near Pribram; a) Front
part (apex), b) Basal part

Chondritic stone from the vinicity of Velkd, ESK Piibram; a) Basal part, b) Apex
Chondritic stones from the vinicity of Drazkov (a—-c) and of Hojsin (d—e).

The surface details of chondrite from Luhy with so-called ,,greasy stain‘ (Magnifi-
cation ca 12X).

The surface details of chondritic stone from Velka; a) Knobby structure on the apex,
b) Structure on the basal part (Magnification 6<)

Parts of thin sections of chondrite from Velké with indistinet chondrules partly
dissolved in the ground-mass (Magnification a) 80X, b) 120 X)

Chondrite from Velké; a) Part of thin section of chondrite (Magnification 35X),
b) Enstatite chondrule, ¢) Microporphyritic chondrule of olivine with largest ag-
glomerations of nickeliferous iron in its vicinity (Magnification 120 X)

Chondrite from Velké near Piibram; a) Chondrule with unsharp boundary, b), c)
Chondrules of lamellar structure, d) Part of thin section with prevailing squashed
porphyroblasts of olivine. Dark ground-mass around the olivine grains is in the
fact rather transparent (Magnification 120X)



CONTENS

1. Shapes of the meteoric SLONEs .. ... oot
2. Compositions and structure of the surface crust ............. . ... ..........
Microscopic research of the fusion crust onthe surface ......................

3. Chondrite substance and its macroscopic description . .......................
Structure and composition of chondrules ......... .. .. ... ... 0 ...
Enstatile choRAPULES . ...cvvwioonsmosames suemugsn pos oy vas sawssnsres s
Olivine chondrules .. ... .
Mized chondrules . ....... .. ... . i

4. Description of the individual components . ... ...
OUIUIRE « s v sisms sa s @i 555 a0 m8 mis GRE 556545556 54555 0m e o m s weomems
FTUSTHIURR o1 o s 0 o505 Bt B B P52 B 365 U BT 5 B F BB BE ER PR D HE S 3R 5@

OUmoenstabite . . ... ... ..

5. Charactéristics of the ground-mass . ...... ... ... ..
INTCRETIferoUs TrOT: o oo o v ve v wv v v s s s a s v s e ks e s s s s s
PROUILE.  « 5 v s s e s 5 st s 500 58 0 5 5 58 6 550 6 606 8 608 6 M6 6 & 6 b @ e mie s e e g
CHIDINANG o < o5 1 8 95 55 25 5 59 15 16 5 I8 § 9B 4B E NG ISR S BE IR B3 2B 1 e 26 abd 5 |
IASKBIYIIRG « x5 s sm s 55 mn poe mm s @6 0w s 5 0 B8 5606 $18 5 06 558 B8 50 R 6 e e wie o

TOCICTOTCER iz o i 3 55 s 11 e o e 518 et 5 8 1 0 5 08 40 5 46 1D s 5 0 3

Explanation to the tables .. ... ... .. ... . ... . . . .. . . . ...

19

22



SBORNIK NARODNIHO MUSEA V PRAZE — ACTA MUSEI NATIONALIS
PRAGAE

XVIII, 1962/B (pi¥irodovédny), No. 1
Redaktor:
Dr. JIRI KOURIMSKY

K. Tu e k: Makroskopicky a mikroskopicky vyzkum chondritd z Pribramska —
Macroscopic and microscopic Investigation of the Chondrites from the vicinity
of Pribram (CSSR)

V bfeznu 1962 vydalo svym nékladem v poc¢tu 800 vytiskii Narodni museum v Praze.
Cena broZovaného vytisku 3,— KcCs.

A-08*21192



