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Abstract. A mineralogical study of the chief mineral component i.e. pyroxenes
of the teschenitic association is made. The pyroxenes are mostly titan-augites. Be-
sides these a later stage green variety occurs as the chief mafic mineral of the
leucocratic rocks. It was identified as ferri-ferrous augite. All these pyroxenes
are Si deficient. Al along with a small amount of Ti, in certain cases, compensa-
tes this deficiency. The amount of Al + Ti, however, in the case of green ferri-
-ferrous pyroxene is insufficient and thus Fe3t is supposed to fill the lacking Z
sites. The pyroxenes investigated are compared with those from the other petrolo-
gical provinces.

Clinopyroxenes are the most important mineral group of the tesche-
nitic rock series. These occur in almost all the rock varieties distingui-
shed. Generally the clinopyroxenes are titan-augites but in the pro-
ducts of the later stage of magma crystallization an iron rich variety is
the most important mafic. In view of the greatly altered nature of these
pyroxenes only three sufficiently fresh specimens could be separated for
a detailed mineralogical study.

OCCURRENCE

The pyroxene No. 1 is from a highly melanocratic limburgitic rock
occurring in the centre of a sill at Pastwiska near Cieszyn (Teschen).
This sill displays a well differentiated sequence. Pyroxene No. 2 is from
the margin of the same sill. The host rock in this case is a coarse grai-
ned teschenite, with large phenocrysts in titan-augite and lamprobolite
in an unclear glassy matrix containing scarce subhedral grains of anal-

cite.

* At present post-graduate student at the pepartment of Mineralogy and Pe-
trography, Jagellonian University, Cracow (Krakow)
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Pyroxene No. 4 occurs in a leucocratic vein in a thick.teschemtm sill
at Puncow. The rock is a nepheline syenite. Both nepheline and the al-
kali feldspar are intermixed with unclear glassy mass. Pyroxene consti-
tutes only 7 to 8 per cent of the rock.

OPTICAL AND PHYSICAL PREPERTIES (TABLE 1)

Pyroxene No. 1 forms both small and large grains. These grains are,
however, smaller than the accompanying saponitic pseudomorphs of oli-
vine. Pyroxene No. 2 displays equally large grains with those of asso-
ciated lamprobolitic amphibole. The pyroxenes sometimes have large
iron ore inclusions. The grains are often cracked. Both pyroxene No. 1
and 2 typically show the colour zoning as a result of inequal distribu-
tion of Ti within a single grain. Almost always the outer parts of grains
are coloured light purplish brown with a colourless core. In the case of
pyroxene No. 2 the coloured parts are more markedly pleochroic. As
also observed by Wilkinson (1957), in a classic example of the zoning of
this kind, the outlines of the coloured parts are conformable with that
of the grain (photo 1 and 2). Under the crossed nicols the colour zoning
is manifested in the form of hour-glass structure and in the difference
of birefringence, extinction angle and optical axial angle (2V). The zo-
ning observed in the present case is of the normal type, whereby 2V
(core) is greater than 2V (margin).

Pyroxene No. 4 is entirely different from the preceeding two, both in
its mode of occurrence as well as optical characteristics. It forms short
prisms. It is greenish yellow and strongly pleochroic. Pleochroism in shades
of green agrees with the pleochroic scheme of such kinds of iron rich
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Physical properties of the teschenitic pyroxenes from the Polish Carpathians

Pyroxene N N
AT MR e e a Y
i s e Sp..t Relief Pleochroism (aver-|(aver-| Z/y 2VY
J
ocality | gravity age) | age)
1 | Pastwiska 3.398 high | in shades of pale | 1.714 | 1.744 | 45° to | 45°to
‘ purplish brown 50° B3
2 | Pastwiska 3.400 high i in shades of pale | 1.726 | 1.748 50° 54° to
| purplish brown (ave- 60°
} rage)
3 | Marklo- 3.401 — j greyish violet to | 1.721 | 1.746 73)07” ; 75‘;17077
wice | greyish yellow
4 | Puncow = medium| o = deep green | 1.743| 1.766 | 30° [70°, 71°
| B = yellow green
| v = yellow

Pyroxene No. 3 is taken from Wawryk’s study (1935)
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pyroxenes (Hess 1949). A yellow tinge may be due to Ti content (Tyler &
King 1967).

Pyroxene No. 1 is free from any kind of amphibolitization. It only
shows very thin rims of fresh grassy green iron rich pyroxene. Pyroxene
No. 2 is rimmed by coarse envelops of lamprobolitic amphibole. Pyroxene
No. 4 owing to its extremely iron rich nature alters to limonite. Very
infrequently there is partial alteration to biotite as well.

CHEMISTRY AND X-RAY DATA

Three genetically important pyroxenes chosen for chemical analysis
were first subjected to preliminary magnetic separation. Further concen-
tration was performed by means of heavy liquids. The separation of the
felsics from mafics was achieved using bromoform. The pyroxene No. 1
was separated from the accompanying biotite in the mercuric potassium
iodide liquid (sp. gr. 3.18). Pyroxene No. 2 and pyroxenes of similar
occurrence, widespread in this petrological province, always presented
the difficulty of their separation from the associated brown hornblende
and alkali amphibole. In the present case the associated amphibole was
lamprobolite. Their separation was achieved by the use of methylene
iodide. In the cases of pyroxene No. 4 both Thoulet liquid (HgI + KI -+
+ aq.) and methylene iodide was used. In this way nearly pure pyroxe-
ne samples, free from biotite and limonitic matter, was obtained. A 100%
purity is, however, not claimed, particularly where the Ti-augites had
a thin rim of green iron rich pyroxene.

Tiable 2

Chemical composition, in weight per cent, of the teschenitic pyroxenes from the
Polish Carpathians

No. 1 “ No&2 No. 3 No. 4
Si0, 42.70 40.90 44.71 35.67
TiO, 2.56 2.58 2.92 2.59
Al,O; 6.83 8.60 7.85 5.93
Fe,04 6.76 5.63 4.46 13.87
FeO 2.49 3.50 4.3 13.00
MnO 0.054 0.112 0.10 0.56
MgO 11.92 11.95 11.74 5.26
CaO 25.50 24.81 22.37 19.70
Na,O 0.18 0.22 0.90 1.30
K,O 0.27 0.26 0.09 0.26
Dosson 0.796 1.19 0.35 (H,0) 1.44
ignition
Total 100.06 99.75 99.72 99.58

Analyses Nos. 1, 2 and 4 by the author.
Analysis No. 3 by Wawryk (1935).
(The numbers of analyses correspond to the numbers of the pyroxenes).
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Table 3

Formulae of clinopyroxenes on basis of six oxygen atoms

1Pyroxene No. 1 f Pyroxene No. 2 | Pyroxene No. 3 ‘ Pyroxene No. 4
1
Si 1.630 1.584 1690 | 1.490
Ti 0.063 0.026 = | 0.080
é Al 0.307 0.390 0.310 w 0.292
Fes+ £ A8 oot 0.138
Al g e 0.040 —
Ti 0.012 0.051 0.083 —
Y Fes+ 0.197 0.162 0.127 0.295
Fet 0.080 0.114 0.134 0.456
Mn 0.000 — 0.002 0.003 0.001
‘ Mg 0.678 0.686 0.661 0.325
‘ I Ca 1.045 1.028 0.906 0.883
HaaXee Sl SN 0.013 0.007 0.066 0.105
l | K 0.013 0.002 0.004 0.001
|z Q2 2.00 i 2.00 2.00 ‘ 2.00
| X4+ Y = 2.03 \ 2.05 2.02 2.06
‘1 . Mg 34.0 34.4 36.1 15.5
Atomiell |\ ge 13.8 14.0 14.4 42,5
% Ca 52.2 51.6 495 42.0
Atomic percentages at Z of the elements accompanying Si
; Al 15.3 19.5 15.5 14.6
| i 2 1.3 i 4.0
Fea+ e = — 69

Al,O; + TiO,, MgO, CaO and the total iron were determined by com-
plexometric titrations. TiO, alone and MnO were determined colorime-
trically. Alkalies were determined using flame photometry. Table 2 pre-
sents the results of chemical analysis in wt. percentages, and Table 3
number of ions calculated on the basis of six oxygen atcms.

Pyroxenes of the present petrologic province, like those from other
provinces of similar nature, are under-saturated in Si which is partly
replaced by Al. Except for the case of pyroxene 3 (anal. Wawryk 1935),
the other three pyroxenes do not have sufficient Al to fill the two Z
sites per formula unit. In case of pyroxenes Nos. 1 and 2 part of Ti is
probably also situated at Z site. In the case of pyroxene No. 4 the
amount of Si + Al + Ti is insufficient to satisfy the numerical require-
ments of the Z group. In this case a part of Fe3* has also been conside-
red to occupy tetrahedral positions.

In the case of pyroxenes under consideration the amount of Ti is
nearly constant. This may also arise the possibility that only a part of
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Ti in all the three cases occupies tetrahedral Z sites and some Ti remains
in octahedral coordination. Very few pyroxenes which have been analy-
sed show Fe?* in the tetrahedral position. According to Kuno (1955), par-
tial replacement of Si** by Fe?' appears to be characteristic of sub-
-calcic and ferro-augites. Where a small portion of Fe?" enters the te-
trahedral position in the pyroxenes, the temperature of the crystallization
for such pyroxenes is lower than of the normal ones. The temperature
of the magma now lies above this point and, therefore, only sub-calcic
or ferro-augites can be formed as stable phases (Mg : Fe is more than
40 : 60).

There is a gap in total iron content between pyroxenes Nos. 1, 2, 3
and pyroxene No. 4. No intermediate pyroxene was found to occur.
Fe3t preponderates over Fe?f, as is the case with most of the pyroxe-
nes of the basic alkaline rocks (Deer, Howie, Zussman 1962). FeO/Fe,0;
ratio, however, increases from the sample No. 1 to 4.

MgO remains constant in the first three pyroxenes but in the case
of pyroxene No. 4 it is greatly reduced due to replacement by FeO.

CaO, like in pyroxenes of other rocks of alkaline associations, shows
comparatively feeble changes with the proceeding fractionation. Alt-
hough in pyroxene No. 4 its amount is markedly reduced yet the overall
course of differentiation does not deviate very much from the Di-Hd
join, due to large scale replacement of Ca by alkalies.

Total alkalies, and Na,O in particular, increase from pyroxene No. 1
to No. 4. With an increase in Fe?* the content of acmite molecule in py-
roxene (No.4) rises.

In Table 4 the results of the X-ray analyses are given. These are
compared with those of a typical diopside and a Ti-augite, taken from
Zwaan’s study (1954). The present X-ray diffraction patterns were ob-

Table 4
X-ray powder patterns of the teschenitic pyroxenes
Diopside, Zille- Ti-augite, |
- B i
Pyroxene No. 1 |Pyroxene No. 2 | Pyroxene No. 3 rtal, Ty.xol, abutzim,
| Austria Czechoslo-
(No:113)* vakia *
S SRRl T w50 s e TR o Bk U P SR M e T B 1
3.25 S 327 Vs | 325 ms 3.23 | m fe113.24 mw
2:99 il wvsblie3. 1268 ims 10 102:64 FHgims 2997 Hlikivs | 2099 | vs
2.56 s 2.96 S e Da8 m 2.957 ; mw | 2.957 sm
2.16 ms 2.55 ms | 173 | ms 2.896 | sm | 2801 | mw
2.05 m 2.16 msisl 1.63 S 2.562 ' sm : 2.510: % ¥m
1.748 | m 1741 | m | 153 | ms 2.514 | vs 2.148 foew
1.620 | s } 2157 | w 1 1746 | mw
1 1.754 mw ! 1624 | w
| 11624 il o5 | 1614 | vw

* after Zwaan (1954)
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tained using CuK, radiation which, however, due to Fe content in the
samples gives raise to rather high background. The scanning speed was
2°/min.

The results of the analyses are close to those of the Di-Hd pyroxenes.

CRYSTALLIZATION

The substitution of Mg by Fe is distinctly marked, especially in No. 4.
Subordinately substitution Ca(Fe2t, Mg) — NaFe?t can also be observed.
Both of these phenomena are accompanied by an unsystematic replace-
ment of Si by Al The plot visualizing the crystallization trends of py-
roxenes investigated (Fig. 1) show a course sub-parallel to Di-Hd join.

Fig. 1. Crystallization trend of
monoclinic pyroxenes
I — clinopyroxenes of the teschenitic
association from the Polish Carpa-
thians (O analyses 1—4, Table 2),
II — Black Jack Sill, Australia (Wil-
kinson 1957), III — Japanese alkaline
basaltic series (Aoki 1964), IV — Ska-
ergaard intrusion (Brown 1951 IRV
Japanese tholeitic series (Kuno 1955)

For comparison sake the plots for other pyroxenes are also included.
The trends of pyroxenes Nos. 1—4 and those of the Black Jack Sill
(Wilkinson 1957) are perfectly parallel, difference is seen only in a sligh-
tly more Si-saturated nature of the pyroxenes of the Black Jack Sill,
when compared with that of the present ones. Pyroxene No. 4 corres-
ponds to the mineral of the Black Jack Sill whose chemical composi-
tion was determined by optical methods. The crystallization trend of the
pyroxenes of the Polish Carpathians lies closer to the Di-Hd join. This
crystallization trend conforms to the one for the alkaline rock series,
in the present case examplified by the crystallization trend of the alka-
line rocks of Japan. On the other hand it differs from that of the tholei-
‘?c rock series in not showing a downward sag away from the Di-Hd
ine.

In Fig. 2, Si and Al, relation is shown. It is difficult to construct
a Si— Al substitution trend for all the four pyroxenes. Their projection
ppints lie in the zone of feldspathoidal alkaline rocks, which are men-
ticned by LeBas (1962) as per-alkaline rocks. Ramberg (1952) and later
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LeBas (1962) suggested that with increasing Fe/Mg ratio and provided
Fetotal + Mn ; ; :

(fémlen) 1T T alk) e Blp is 18 or less (in atomic per cent), Al,
increases. Such a relation in the present case, where Fe/Mg ratio in the
Ti-augite group increases very feebly, may not be reliable, despite va-
rying amounts of Al, recorded in the present case. However, pyroxenes
Nos. 1 and 2, which are definitely (as supported by the field evidence,
too) two end members of a sill differentiated from the core to the mar-
gin, show a marked increase in Al, as compared with a feeble rise in
Fe/Mg ratio from the one to the other. Early crystallizing pyroxenes,
in fact, show very little change in their Fe, Mg-contents with the pro-
ceeding fractionation. Pyroxene No. 4, therefore, forms a magmatic pro-
duct detached from the rest of the sequence. The leucocratic rocks in
the present petrologic province (as already observed by Smulikowski,
1929) form veins between the melanocratic rocks. These, therefore, for-
med from squeezed out, late stage, liquids crystallizing at low tempera-
tures under hydrous conditions. At these low temperatures only a limi-
ted amount of Al could be incorporated in the pyroxene structure whe-
reas the magma was extremely undersaturated in Si0,. This facilitated
the substitution of Sit* by Fe3* along with AI** jons.

Al
e

3

C
0,345 10 .

4
0,21 O
> 5\
0,1
A \

i) R =

145 15 1,6 17 18 19 20 S

Fig. 2. Relation between the atomic proportions of Si and
Al in the clinopyroxenes from the three different rqck
groups. Approximate concentration areas of projection

points
A — clinopyroxenes from the tholeitic rocks, B — clinopyroxenes
from the feldspathoid-free alkaline rocks, C — clinopyroxenes

from the feldspathoid-bearing rocks. O clinopyroxenes of the te-

schenitic association from the Polish Carpathians. ® clinopyroxe-

nes of the Black Jack Sill, Australia (Wilkinson 1957). Atomic pro-

portions are calculated on the basis of six oxygen atoms. (Kushiro
1960)
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Pyroxene No. 4, though its projection point lies in the ferrosal@te
range, shows chemical properties slightly in between those of ferrosalite
and aegirine-augite. Somewhat high octahedral Fe®* content of this py-
roxene may indicate charge balancing for the trivalent ions accompa-
nying Si in the tetrahedral position.

Ti remains surprisingly constant and does not show a correlation
with Al. The lack of its influence on Al, in case of these pyroxenes
seems to be in agreement with Kushiro’s (1960) findings.

The pyroxenes of the teschenitic association of the Polish Carpathians
are, therefore, products of a magma undersaturated in SiO,. The amount
of other elements, substituting Si, are subordinated to the state of sa-
turation in SiO, of the particular magma fraction, and, in a lesser degree,
to the temperature of crystallization.
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Ahmed MAHMOOD

PIROKSENY SKAL SERII CIESZYNITOWEJ POLSKICH KARPAT

Streszczenie

Niniejsze studium mineralogiczne poswiecone jest piroksenom jedno-
skosnym, stanowigcym jeden z najwazniejszych skladnikéow skat serii
cieszynitowej polskich Karpat. Autor szczegétowo zbadal trzy wybrane
okazy swiezych i z genetycznego punktu widzenia waznych piroksenow.
Najpospolitszg odmiang w tych skalach sg augity tytanowe, z ktorych
zbadano dwa. Trzeci okaz reprezentuje zielong odmiane augitu, zasobng
w zelazo, wyseparowang z leukokratycznego sjenitu zawierajgcego nefe-
lin i analcym. Skalami macierzystymi pozostatych piroksenéw byty od-
powiednio limburgit i cieszynit. Ponadto w rozwazaniach uwzgledniono
dane o augicie tytanowym zawarte w pracy Wawryka (1935).

Pirokseny wydzielono ze skal za pomocg separatora magnetycznego
oraz cieczy ciezkich (jodku metylenu i cieczy Thculeta).

W tabelach 1 i 4 przedstawiono wyniki badan mikroskopowych i rent-
genowskich, ktore wykazaly, ze omawiane pirokseny nalezg do szeregu
diopsyd-hedenbergit.

Analizy chemiczne (tab. 2 i 3), wykonane metodami kompleksome-
trycznymi, plomieniowo-fotometrycznymi i fotokolorymetrycznymi, wy-
kazaly typowo wapniowy charakter badanych piroksenéw oraz wysoka
zawarto$¢ w nich aluminium. Pierwiastek ten pelni zasadniczo role pod-
stawnika krzemu w tetraedrycznych pozycjach Z tych piroksenow, ktére
wykazuja niedob6r SiO,.

Augity tytanowe zawierajg znacznie mniej zelaza niz zasobny w ten
pierwiastek piroksen wystepujacy w zyle sjenitowej, stanowigcej przy-
puszczalnie produkt pézniejszego stadium krystalizacji w sSrodowisku
o0 nizszej temperaturze. W tym szczeg6élnym przypadku ilos¢ jonow Al**
nie wystarcza nawet do obsadzenia wraz z Si‘" wszystkich pozycji Z,
wskutek czego cze$¢ tych pozycji zajmuje najprawdopodobniej Fed*,
a piroksen ma charakter zelazowc-zelazawy.

Podstawienie Si— Al nie jest jednak tak prawidlowe jak Mg — Fe
lub Ca(Fe2+, Mg) — NaFe3*, chociaz na wykresie Si: Al, wszystkie bada-
ne mineraly ukladaja sie w strefie piroksenéw pochodzacych ze skat
alkalicznych zawierajacych skaleniowce. Jak sie wydaje, w danym przy-
padku Ti nie jest czynnikiem kontrolujacym Al,.

Jest rzecza charakterystyczna, ze omawiane pirokseny nie wykazuja
podstawienia wapnia przez alkalia na wigksza skale. Dlatego linia prze-
biegu ich krystalizacji jest niemal réwnolegla do linii Iaczacej punkty
projekcyjne Di i Hd. Jednak przy wyzszej zawartosci Na i Fedt w pi-
roksenie zelazowo-zelazawym moze on zawiera¢ domieszke drobiny ak-
mitowej. :

Na ogél omawiane pirokseny wykazuja sklad odpowiadajacy ich §ro-
dowisku magmowemu. Ich glowna cecha jest niedobér Si i zwigzane
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z tym zjawisko wchodzenia w pozycje .tet.raedry.czpe Z takich jonow
troj- i czterowartosciowych, ek /AL e o T1:.Stop1en tego podstawienia
zalezy od nasycenia krzemionka danej frakcji magmy oraz od tempera-
tury jej krystalizacji.

OBJASNIENIA FIGUR

Fig. 1. Przebieg krystalizacji piroksenow jednos_kos’n_ych : :

g I — pirgkser?’y jednoskos$ne z serii cieszynitowej polskich Karpat (O analizy 1—4,
tab. 2), II — Black Jack Sill, Australia (Wilkinson 1957), III — seria alkalicznych 'ba—
zaltow Japonii (Aoki 1964), IV — intruzja Skaergaard (Brown 1957), V. — seria toleito-
wa Japonii (Kuno 1955)

Fig. 2. Zalezno$¢ miedzy iloScig atomow Si oraz Al w piroksenach jednoskosnych

z trzech réznych typow skat i : §
A — pirokseng jednoskosne ze skal toleitowych, B — pirokseny jednoskosne z bez-

skaleniowcowych skat alkalicznych, C — pirokseny jednosko$ne ze skal skaleniowco-
wych. O pirokseny jednoskosne z serii cieszynitowej polskich Karpat e pirokseny
z Black Jack Sill, Australia (Wilkinson 1957). Ilo§é atomoéw wyliczono w stosunku do
6 atom6w tlenu. (Kushiro 1960)

Axmed MAXMY ]l

NMUPOKCEHBI TOPHBIX MOPOJA TEWIEHHTOBOWU CEPUHU
MOJIbCKUX KAPIAT

Peswowme

B paGore mpejacTaBieHa MHHepaJOrHuecKas XapakTepHCTHKa MOHOKJIMH-
HBIX THPOKCEHOB, SIBJSIIOLIUXCS OJAHHM M3 OCHOBHBIX KOMIOHEHTOB MOPOJ Te-
menuToBoil cepuu [oabekux Kapnar. ABTopom ObliH AeTanbHO M3YUYeHbl TPH
00pasia CBexHX U eHeTHYECKHX BaXKHBIX MUPOKCeHOB. [IBa M3 HHUX, Bblle-
JieHHble COOTBETCTBEHHO M3 JUMOYpPrUTa M TelleHHTa, NpUHAAJNEe)KaT K caMoi
pacnpocTpaHeHHOH Pa3HOBHAHOCTH — THTAHUCTOMY aBLUTY, a TPETHUH, BHI-
JIeIeHHBI U3 JIEHKOKPATOBOTO CHEHHMTA C He(peJHHOM U aHAJbLUUMOM, SBJS-
eTcsi 3eJeHol, OoraToil »ejae3oM pasHoBHAHOCTbIO. Kpome Toro, B pabote
YUTEHBl pe3yJbTaThl XHMHYECKOTO M MHHEPAJOrHYeCKOro MCCJIeOBAHHUSA TH-

TAHUCTOrO AaBLUTA M3 CHJIE3CKHX TEIICHHTOB, BBINOJHEHHOr0 BaBpbBIKOM
(Wawryk 1935).

JKumuyeckne aHa/JH3bl, BBIMOJHEHHbIE aBTOPOM METOMAMHU KOMIJIEKCO-
METpPUH, NJIaMeHHOH (GoTOMETPHH M (POTOKOJOPUMETPHH, MOKa3aJ/H, YTO 3TH
MUHEpaJ/bl OTHOCATCA K KaJIbLHEBLIM NHPOKCEHAM, COAEPKALUM MOBBILIEH-
HOE KOJIHUECTBO aJIIOMHHHUSA, KOTOPBIK, B OCHOBHOM, 3aMelllaeT KpeMHH# B Te-
Tpasapax NUPOKCEHOB, HEJOCHIEHHBIX 3TUM 3JIeMEHTOM.

TuranucTble aBrUTHI COJAEPIKAT HAMHOLO MEHbLIE KeJae3a ueM BhlleyKa-
3anHas PasHOBHUAHOCTb M3 CHEHMTOBOM MKHJIbI, SIB/ISIOLLASCS, BEPOATHO, MPO-
AYKTOM TO3JIHEH CTAZlMH KPUCTAJJIM3alluK, NPOTeKAloUel npu 6ojiee HU3KOM
Temnoparype. B sTHX cneunuueckux yCIOBHSAX KOJUUECTBO MOHOB KPeMHHS
W amoMUHKsA OBIJIO HELOCTATOYHO Ma)e Jis 3alONHEeHHST BCeX TEeTPasapH-
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yecknx mnosiozxenui. Ilosromy uvacte u3 HuX Oblia 3aHATA HOHAMH TpeXBa-
NEHTHOTO KeJse3a, BCJAEACTBHE yero 00pa3oBasics NUPOKCEH KeJae3UCTOro THIla
(beppoasrur). Onnako 3amelenue Si— Al He HACTOJNBKO 38KOHOMEPHO KaK
Mg — Fe?t uau Ca/Fe?t, Mg/— NaFe®t, xors Ha Auarpamme Si: Al, Bce
paccMOTpeHHbIe MUPOKCEHbl PACHOJNOKEHbl B 30HE 3THX MHHEPAJOB M3 Ilie-
JIOUHBIX TOPOJ, cofepxkamux ¢enapamnaronasl. [loBuauMomy, B AaHHOM
cayuae TUTaH He sIBJAseTCs (PAaKTOpoOM KOHTpOJupylolium Al,.

Crielyer OTMETHTB, UTO B NMUPOKCEHAX M3 MOPOJA TEUIEHUTOBOM CEpPHH HE
HabJI0/1aeTesl 3HAUNTEbHOTO 3aMelleHusl 1eJOUHbBIMU daeMeHTamMu. [losTo-
MY MYTb MX KPUCTAMIU3ALUUOHHON 9BOJMIOLUHUH MOUYTH Mapasiesned JHHUH, COe-
JIMHsIOEH npoekuronuble Toukn Di u Hd. Oanako, HEOOXOAUMO CKa3aTh,
YTO JKeJe3UCThl MUpOKCceH, OoJiee GOraThlil HATPHEM H TPEXBAJEHTHBIM Ke-
J1€30M, COJePIKUT NMPUMECTb AKMHUTOBOH MOJIEKYJIbI.

B o6uiem cocTaB M3yYEHHBIX NMHPOKCEHOB COOTBETCTBYET MArMaTHYECKOM
cpene ux obpasoBanusi. Haubosee xapaKTepHbIM NPH3HAKOM 3THX MHHEpa-
JIOB SIBJISETCSI HENOCTATOK KpeMHe3eMa M CBfI3aHHOEe C 3TUM MPHCYTCTBHE
B TeTpas/ApHUECKUX MO3UUHAX TAKHX TPeX- HJAH JaxKe YeTepex-BajeHTHDIX
MOHOB KaK MOHbI aJIOMHHHS, xkejae3a H THTauus. CTeneHb TaKoro 3aMelle-
HUSI 3aBHCUT OT HAChIKEHHs] KPEMHEKHCIOTOH AaHHOH (QpaKiuun MarMbl U OT
TeMIepaTyphbl €8 KpUCTa/IH3alNH.

OBbACHEHUS K ®UTYPAM

Gur. 1. [lyru xKpucranau3amun NHPOKCEHOB

I — rteuennroBas cepusi IMoabckux Kapnar (o aaamspt 1-4, taéa. 2), Il — cuix Buaiek Jlxek
(Wilkinson 1957), III — simoHcKas cepHsi LIEJOYHBIX 6azanpToB (Aoki 1964), IV — ckaepraapi-
ckas uuTpysusi (Brown 1957), V — simoHcKas TosefinToBas cepua (Kuno 1955)

®ur. 2. 3aBHCHMOCTb MeXK/1Yy COAepKaHHIAMH KpeMHHSA H aJJIOMHHHUS B T€Tpaaﬂpll‘{eCKHX 1no-
3HIHAX MOHOKJIHHHBIX MHPOKCEHOB PasHbIX TPYMI TOPHBIX TMOPOX
A — OHPOKCEHBI TOJEHHTOBOH cepHH, B — MHPOKCEHBI H3 LIEJIOYHBIX MOPOX, HE comepHalHX
denpammnatonnos, G — MNHPOKCEHBI H3 MOPOX, COAEpHKAlIHX denpamnarouap, O MOHOKJIHHHBIE
NHpOKCeHbl TellenHToBoil cepHn ITosbekux Kaprnar, ® MOHOKJIHHHBIC MHPOKCEHBI H3 cuana Baex
Jlxkek, ABctpanusi (Wilkinson 1957) ATOMHbIe COOTHOLICHH5 BbIYHCJCHDLI B nepecyere Ha 6 O.
(Kushiro 1960)
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PLATE I (PLANSZA I, TABJIMLA I)

Phot. 1 and 2. (X67) Hour glass structure in titanoaugites. Outlines of the inner
zones are parallel to those of the grains. (Photo nos. correspond to pyroxens
nos. in the text). Enlarged 67X |
Augity tytanowe o strukturze klepsydrowej. Zarysy stref wewnetrznych sa i
réwnolegte do zarysoéw ziarn. (Numery fotografii odpowiadajg numerom pi-
roksenoéw w teks$cie). Pow. 67X ‘

THTaHHCTBIE aBTHTHI CO CprKTypOﬁ NeCOYHbIX YacoB. I“palmubr BHYTPEHHHX 30H

napanaseabHbl ouepTaHusM 3epH. (Homepa dororpaduit coorBecTBYIOT HOMepaMm mi- ‘ Phot. 1
POKCEHOB B Tekcre). YBequu. 67X |

-

Phot. 2

Ahmed MAHMOOD — Clinopyroxenes of the teschenitic association from the
Polish Carpathians
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