MINERALOGIA POLONICA
Vol. 12, No 2 — 1981

Wactaw Marian KOWALSKI*

THE OCCURRENCE OF ZEOLITES IN VARIEGATED DEPOSITS
OF THE RYBNIK COAL BASIN {UPPER SILESIA}

UKD 549.673.1.01 +549.676.13.01:552.14:552.52 + 552.55/438.23 ROW)

Abstract The paper discusses the occurrences of analcime and harmotome within the zone
of pre-Miocene weathering accompanied by underground fires of coal seams. The genesis of zeolites
is to be associated with the epigenetic process of “burial diagenesis” under the conditions of high
pH and high concentration of Si, K and Na ions. Clay rocks have been found to be most suscepti-
ble to zeolitization whilst rocks that have been subject to epigenetic silicification are zeolitized only
in fracture zones and in zones of silica leaching.

INTRODUCTION

An analysis of all the available borehole profiles from the southern part
of the Rybnik Coal Basin (Kowalski 1977, in press I) has shown that a regionally
developed zone of pre-Miocene weathering of the Carboniferous rock mass
occurs in this area. It has also been observed in other outcrops of the Carboniferous
rock mass (Alexandrowicz, Bogacz 1971 ; Alexandrowicz, Siedlecki 1961; Lipiarski
1969) under an overburden layer consisting of Permian, Triassic or Miocene rocks.
In the Rybnik Coal Basin it is covered by Miocene marine sediments with the
locally preserved relics of Triassic rocks that were not eroded before the Miocene.
Weathering took place both before and after the Triassic, reaching the greatest
intensity in the Upper Palacozoic and Palacogene. The weathering processes operat-
ed in Carboniferous sedimentary rocks, as well as in the local volcanite intrusions.

The regional weathering processes were locally accompanied by undergrqund
fires of coal seams in the zone of pre-Miocene outcrops, which expedited the oxidat-
ion of coal and caused the coal seams to disappear in this zone. The weathering-
-fire genesis of zones of disappearance of coal seams in the Ostrava — Karvina
area (Czechoslovakia) has been advocated by [Kralik (pers. comm.), who found
mullite there. In fire zones the structures of clay minerals were destroyed under
the influence of elevated temperatures (Kowalski 1971, 1973, 1977, in press 2)8

During weathering siderite, pyrite and marcasite passed to haematite and
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maghemite, and sulphuric acid liberated during the decomposition of sulphide
minerals favoured local precipitation of gibbsite. Recrystallization qf t.he c}ay
material burnt out in the zone of outcrops, and maybe also the resilicification
processes, led to the formation of hydroha.lloysite and kaolinite. e

The progressive concentration of silica in intergranular water of an 1p1t|ally
low pH promoted resilicification of gibbsite and the removal of iron. The investi-
gations show that hydrohalloysite was partly replaced by genetically younger
smectite. The increase in silica content in the intergranular water led to partial
silicification of the fossil weathering zone. ; .

Partial silicification of the rocks studied, which were being gradpa]ly buried
and covered by younger sediments during the formation ofthe Cglrpathlaq foredeep,
was followed by alkalization of the environment of epigenetic alterations. This
resulted initially in the replacement of hydrohalloysite and smectite by illite, and
then in the crystallization of fissure illite in the silicified rock§. lllltl;qtlpn was
accompanied by an increase in pH, which is reflected in the leaching of sxlgcnc rocks
and the formation of cavities or caverns. In time the pH exceeded 9.0, which at the
high concentration of SiO,, led to the formation of zeolites. The processes similar
to those described are defined by Richard (1978) as “’burial diagenesis’.

THE OCCURRENCE OF ZEOLITES
IN VARIEGATED DEPOSITS

Among a variety of minerals occurring in the variegated deposits, analcime and
harmotome, as well as small amounts of phillipsite and natrolite, have been found.
Analcime was described from the Jastrzgbie mine (Fig. 1, site 4), from the zone
of the Orlowo — Michatkowice disturbance, where it appears in paragenesis with
harmotome, montmorillonite and quartz (Kowalski 1977). A similar paragenesis,
reported by Kralik (1971), was investigated in samples collected together with
the cited author from the Fu¢ik 5 mine (Fig. 6) and from the zone of disappearance
of the seam 504 in the Knuréw mine near Gliwice (Kowalski 1977). All these locali-
ties belong to the same tectonic unit. Local occurrences of analcime have also been
ascertained in the zones of disappearance of the seams 415/1 and 415/1 —2 in the
Moszczenica and Jastrzgbie mines (Fig. 1, zones 5, 6).

Harmotome is the commonest zeolite in the variegated deposits. It may
appear in the form of idiomorphic crystals white, honey-yellow, grey-yellow and
orange-yellow in colour, elongated along the X-axis, frequently exhibiting cross-
-twinning. These crystals are developed in cavities within volcanic and silicic rocks
subject to leaching. Harmotome veinlets crosscut the silicified rocks, also occurring
within large recrystallized plates of epigenetic illite. This shows that harmotome is
younger than the silicification process and also younger than illite. Harmotome
was found in the zone of disappearance of the seam 415/1 in the Moszczenica
mine, where it is locally accompanied by phillipsite (Kowalski 1977), as well
as in the zone of disappearance of the seams 505/1, 505/2, 505/3 and 510 (Fig. 1,
sites 2, 7). Harmotome and, locdlly, small amounts of natrolite were found
m'the zone of disappearance of the seam 504 in the Knuréw mine. This is
evidenced by the interplanar spacings 6.72 (1), 5.87 (1), 4.38 (3), 4.17 (2), 3.16 (1),
3.10 (1), 2.98 (1), 2.87 (1) and 2.79 i (1), determined in one of the samples.

The present paper discusses new occurrences of analcime in the zone of disappe-
arance of the seam 415/1 -2 in the Moszczenica mine (Fig. 1, site /) and the
signs of zeolitization in the disappearance zones of the seams 505/1 (Fig. 1. site 2)
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Fig. 1. The location of analcime and harmotome occurrences related to pre-Miocene outcrops of

fossil weathering zones - poad
i i s, 3 — ies eds,
] — strike and dip of some coal seams, 2 — outcrops of fossil weathering zones, 3 .boundanes of mine fi
4 — sites with zeolites, 5 — boundaries of mantles of waste relics

i i is mi ative data, the results
¢ Fig. 1, site 3) in this mine. In order to get comparative » the resu
Qr:riesglg?vén]%f Xfray ()iiffraction studies of volcanic rqcks subject to zeolitization
from the Zofie (Futik 5) mine in Czechoslovakia (Fig. 6).

Analcime

The variegated deposits in question.occur.in the zone 9f (;Iizx_sap%ear‘zil&celzf t;)e
seam 415/1—2 in the Moszczenica mine (Fig. l,’ site l(,j ( 1g. F S ; sité Ia’
resting directly on the bottom sandstone of the c.llmmate | seam (hlg.bu‘rned-ou;;
layers a, ¢, d, e, f). They are relics of clay rock intercalations }llr} tbed el e
coal bed and, in their upper part, relics of the-top _rocks ofh¥ ll(S es(.)f Sy
during the fire, weathering and subsequent epigenesis. The t 1cf rtl;? s
bed before the fire was about 4 m. A detailed description of this

is given in (Fig. 2, site /a, b).
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From X-ray diffractioq patterns (Fig. 3) it appears that the principal mineral
components of t.he weathering sandstones and claystones are illite, kaolinite, chlorite
and quartz (Fig. 3, curves /, 2, 3a). In sample 3a they are accompanied by

- a small amount of haematite. Within the concretionary zones of secondary altera-

tions (Fig. 3, curves 3b, ¢), illite disappears altogether and the content of quartz
apd kaol_lmte decreases compared with sample 3a. Instead, there appears anal-
cime which gradually replaces other mineral components.

Harmotome

Samples with harmotome were collected from the zone of complete disappearan-
ce of the seam 505/3 and partial disappearance of the seam 510 in the Moszcze-
nicaimine (Figk 2, sites=2:¥3).

Optical examination has revealed the presence of harmotome with the follow-
ing features within the zone of disappearance of the seam 505/3: n, 1.513, n,
1.505, A 0.008, 2V about 80°, (+), unidirectional cleavage, twinnings. Within the
claystones encountered below the zone of coal seam disappearance, harmotome
forms venlets which, as appears from X-ray diffraction pattern (Fig. 4, curve 4b),
contain small amounts of quartz and chlorite, as well as accessory montmorillonite
and haematite. The claystone crosscur by these veinlets is made up almost entirely
of illite, chlorite and quartz (Fig. 4, curve 4a). In the zone of disappearance of
the coal seam 505/3 (Fig. 4, curves 5a — ¢) primary illite is nearly completely degrad-
ed within the clay derived from intercalations in the burned-out coal bed.
lllite has only been preserved in intensely reworked fragments of the brecciat-
ed top rocks (curve 5b). In samples 5a and 5b insignificant amounts of hydro-
halloysite have also been preserved. The dominant mineral component of these
samples is epigenetic montmorillonite which_forms as allogenic detrital quartz
disappears in the brecciated fragments. In the brecciated claystone (Fig. 4, sample
5b) the content of quartz is still fairly high while in the clay cementing the brecciat-
ed fragments (sample Sc¢) it is insignificant. In the clay sample Sa from the zone
of coal seam disappearance (Fig. 2, site 2a, b) quartz is lacking. All the samples
show interplanar spacings typical of harmotome and the accompanying haematite.
The content of these minerals is the highest in the upper part of the profile
(Fig. 4, curves 5b, ¢), near the silicified zone. Montmorillonite, on the other
hand, is most abundant in the lower, quartz-free part of the claystones of the zone
of disappearance of the seam 505/3. The paragenesis of haematite and har-
motome points to the existence of two generations of haematite, one originat-
ing under the conditions of pre-Miocene weathering and the accompanying fir-
es, and the other close in age to zeolites.

In the zone of disappearance of the seam 510 (Fig. 1, site 3), above the bottom
sandstone (Fig. 2. site 3), there is a relic of an eliminated coal bed of the original

Fig. 2. Geologic profiles of investigated sites with the location of samples

| — sandstone, 2 — aleuritic claystone, 3 — pelitic claystone, 4 — coal, 5 — brecciated top rocks over an elimi-
nated coal seam, 6 — silicified rocks, 7 — distinguished layers, 8 — sample numbers; site Ja — layer a — grey
sandstone, b — clay of epigenetic origin, ¢ — green-grey sandstone, d — light-green sandstone, ¢ — dark-grey sand-
stone, / — sandstone with haematite veinlets, g — green-cherry-red soft clay, h — coffee-coloured top claystone
of the eliminated coal seam 415/1 —2. The Moszczenica mine; site /b — fragment of the layer g (as above), 3a %
fairly soft, friable pelitic rock with an oriented structure, 3b — concentric zone of green claystone, 3¢ — concentric
zone of white colour, sometimes with a red core; site 2a — sample 4 — claystone with veinlets; site 2b — layer
a — soft cherry-red claystone, b — soft pale green and white claystone, ¢ — hard dark-green claystone, d = lcherry
-red clay, e — fragments of brecciated claystone, f — rocks subject to silicification in the top of l.he ellfnxnaled
coal seam 505/3; site 3 — zone of partial disappearance of the seam 510 m in the Moszczenica Mine
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seam 415/1 —2 in the Moszczenica mine

Fig. 3. X-ray diffraction patterns of samples from the zone of disappearance of the coal
A — analcime, Au — augite, D — brammalite, Ch — chlorite, A — hydrohalloysite, H — haematite,

, J — illite, K — kaolinite, Ka —

Ha — harmotome,

Q — quartz, S — siderite. D,,, values in A

calcite, M — montmorillonite, Mg — maghemite, MnK — manganese calcite, P — plagioclase,

4. X-ray diffraction
A

patterns of samples from the
zone of disappearance of the
coal seam 505/3 in the Mosz-
czenica mine. Symbols as in
Figs™ 39D 0 values in
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thickness of about 9 m. In the area under study it was burnt out during an
underground fire. The relict fragment of the bed is overlain by clays showing
an or.lented. structure a.nd by brecciated top rocks that have been partly subject
to epigenetic homogenization in the roof of the mine working.

X-ray diffraction studies (Fig. 5) have revealed that the dark laminated rocks
in the top of the relict coal bed (curve 6) contain allogenic detrital quartz as
well as montmorillonite, hydrohalloysite and chlorite as dominant mineral com-
ponents whereas harmotome occurs sporadically. Optical examination has confirm-
ed the presence of orange-yellow harmotome in the rock fissures. Within the super-
jacent pink claystones (sample 7) quartz is lacking, having been removed from this
zone, and the pigment of clay rock is made up of haematite and maghemite. Both
varieties of claystones contain hydrohalloysite and montmorillonite, the content
of the latter increasing in the zone of pink claystones with the simultaneous
decrease in the content of detrital quartz.

In the brecciated rocks overlying the zone of disappearance of the seam 510
(Fig. 5, curves 8a, b) there appears epigenetic quartz, and simultaneously hydro-
halloysite disappears and the content of montmorillonite decreases. The main
mineral component of samples 8a and 8b is harmotome accompanied by haematite
of the second generation. Harmotome forms concentric-radial aggregates, well
visible in thin sections, which develop within the montmorillonite rock. In the
zone subject to silicification (Fig. 5, curve 9) harmotome fills up fissures and
caverns leached in the quartz or quartz-montmorillonite rock, its content being
lower than in the underlying claystones. In caverns harmotome forms well de-
veloped idiomorphic crystals with cross-twinnings, which are readily detectable
with scanning microscope. Samples with harmotome were subjected to spectro-
scopic analysis, displaying very intense barium lines.

In all the samples from the Fucik 5 mine (Fig. 6, curves /0 — 14) harmotome
has been found to coexist with varying amounts of analcime, montmorillonite
and quartz, as well as minerals typical of volcanic rocks, such as augite and
plagioclase. The presence of chlorite and epigenetic siderite has also been ascertain-
ed, the latter being developed in cavities in the form of rhombohedra. Incrusta-
tions in caverns within the lava are mainly made up of idiomorphic crystals
of harmotome, clearly visible under the scanning microscope. This harmotome
undergoes weathering, passing to montmorillonite aggregates of the second gene-
ration. Spectroscopic analysis of the melaphyric lava and the wall-rocks consist-
ing of harmotome, quartz and montmorillonite has revealed the high intensity
of Ba lines and the presence of Sr, Cr, Cu, Pb, Mn, Ni, Ga, V and Ti lines.
Chemical analyses made by Dopita and Krilik have shown that BaO content
is the highest (5.87%) in sandstones of the contact zone with melaphyre, bCl‘l'.lg
similar (5.09%) in the montmorillonite-harmotome-quartz rocks from the Fucik
5 mine, defined by these authors as porcelanites with harmotome.

GENESIS OF ANALCIME AND HARMOTOME

Analcime and harmotome occur within the zone of weathering gnd subs;-
quent epigenetic alterations of the Carboniferous rocks. They. form both in 'volcamc
rocks subject to secondary alterations and in rocks of sedimentary origin. They
formed after the burial of the complex in question, under the cqndltlpns gf
high pH and at a high concentration of silica, potassipm anq sodium ions in
the intergranular solutions. Harmotome does not require a high concentration
of barium ions in the solutions to form. as both analcime and harmotome form
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Fig. 6. X-ray diffraction patterns of samples from the Fucik 5 mine (Czechoslovakia). Symbols as in

Fig. 3. D,,, values in A

==

at a low concentration of these ions in the solutions. Zeolitization proceeds in
zones of complete elimination of coal seams (Fig. 1, site 2). Where a relic
of a seam remains (Fig. 1, site 3), zeolitization does not operate in claystones
of the zone of direct contact with coal but moves upwards into the zone of
brecciated rocks. The high pH favoured the precipitation not only of harmotome
but also of fissure haematite. In silicified rocks the content of harmotome decrea-
ses. While in clay rocks it replaces metasomatically the groundmass, in silicified
zones it only fills up fissures and caverns in the silicic rocks being leached (Fig.
2, sample 9; Fig. 5, sample 9). This indicates that harmotome is younger than
the silicification process and that extreme alkalization of the environment of
epigenetic alterations followed silicification.

Since analcime and harmotome crystallize from solutions of a high pH (more
than 9.0), the acid environment of the direct coal seam contact favours in this
zone the preservation of the genetically older products of aggradational trans-
formation of minerals of the weathering and fire zone, characteristic of en-
vironments with a low pH.

Silicification processes, which generally operate at some distance from coal
beds, are older than zeolitization. They cause clay minerals that readily convert
to zeolites to be replaced by quartz which is unsusceptible to structural transfor-
mation. Therefore, zeolites form throughout smectite rocks whereas in silicified
rocks, only within fissures and caverns.

Zeolites encountered in the discussed rocks may be Miocene or post-Miocene
in age and seem to be coeval with the rock salts of Zory and Rybnik. According
to Peterson et al. (1970), phillipsite does not already occur in pre-Miocene
sediments, and the presence of this mineral has been ascertained in the Moszczenica
mine. The present author is in favour of the hypothesis of “burial diagenesis”
advanced by Richard (1978).

Translated by H. Kisielewska

REEFERENCES

ALEXANDROWICZ S., BOGACZ K., 1971 — , Arkoza Kwaczalska” w potnocnym obrzezeniu
rowu krzeszowickiego. Rocz. Pol. Tow. Geol. 40, 3—4 : : !

ALEXANDROWICZ S., SIEDLECKI S., 1961 — Osady pstrego piaskowca w okolicach Rybnika.
Rocznik Pol. Tow. Geol. 30. . ;

KOWALSKI W.M., 1971 — Obserwacje zaniku pokladow wegla kamnennyego w lgopalnl ,.Moszcze-
nica”. Spraw. z Pos. Kom. PAN Oddz. w Krakowie, lipiec —grudzien. Krakow.

KOWALSKI W.M., 1973 — La zone de I'alteration prémiocgnique en bassin houiller de la Haute
Silésie (Pologne). ICSOBA, 3¢ Congr. International. Nice. e R ;
KOWALSKI W.M., 1977 — Petrografia pstrych utworéw gornoslaskiej serii piaskowcowej (namur

gorny) Rybnickiego Okregu Weglowego. Geologia 3, 1. el '
KOWALSKI W.M., (in press 1) — Rozmieszczenie pstrych utworow na podmiocenskich wychodniach
skal karbonskich w potudniowo-wschodniej czgsci Rybnickiego Okregu Weglowego. Annales
UMCS, Lublin. g 4 Aroaal
KOWALSKI W.M., (in press 2) — Przedmiocenska strefa wietrzenia (pstre utwory) w stropie warstw
zaleskich (dolny westfal) Rybnickiego Okregu Weglowego. Kwart. Geglti o f
LIPIARSKI 1., 1969 — Wystepowanie tonsztajnu w tzw. ,,piaskowcach z Karniowic okoto Trzebini.
Prz. Geol. 8. 5
PETERSON M.N.A., ADGAR N.T., Van der BORCH., REX R.W., 1970 — Initial Reports Deep
Sea Drilling Project, v. 2. . g
RICHARD L., 1978 — Geological occurrence of zeolites. Natural zeolites occurrence. Prop., Use.
Selec. Pap. Int. Conf. Occur., Properties and Utilization of Natural Zeolites, Tuscon, Arizona
1976, Oxford.

87



Waclaw Marian KOWALSKI

WYSTEPOWANIE ZEOLITOW W PSTRYCH UTWORACH
RYBNICKIEGO OKREGU WEGLOWEGO (GORNY SLASK)

Stréeszczenie

W pracy opisano wystapienia analcymu i harmotomu w ob.r(:bie strefy przed-
miocenskiego wietrzenia potaczonego z podziemnymi pozarami poktadow yve;g.la’;
Geneze zeolitow wiaze si¢ z epigenetycznym procesem ,.diagenezy pograzenia
w warunkach wysokiego pH i wysokiego stezenia jonéw Si, K, Na. Najbardziej
podatne na zeolityzacje sa skaly ilaste, natomiast skaly poddane epigenetyczne]
sylifikacji sa zeolityzowane jedynie w strefach spekan i tugowania krzemionki.

OBJASNIENIA FIGUR

Fig. 1. Rozmieszczenie badanych wystapien analcymu i harmotomu na tle podmiocenskich wychodni
reliktéw kopalnych stref wietrzenia.
| — bieg i upad pokladow wegla, 2 — wychodnie kopalnych stref wietrzenia, 3 — granice pol kopalnia-
nych, 4 — stanowiska zeolitow. 5 — granice reliktow pokryw wietrzeniowych

Fig. 2. Profile geologiczne stanowisk badan szczegolowych z zaznaczeniem polozenia probek
| — piaskowiec 2 — ilowiec aleurytowy, 3 — ilowiec pelitowy, 4 — wegiel, 5 — zbrekcjowane skaly
stropowe nad zanikajacym pokladem wegla, 6 — skaly poddane sylifikacji, 7 — wyréznione warstwy, 8 —
numery probek; site Ja — warstwa a — szary piaskowiec, b — it 0 epigenetycznej genezie, ¢ — $zaro-
zielony piaskowiec, d — jasnozielony piaskowiec, e — ciemnoszary piaskowiec, f — piaskowiec z zytkami
hematytu, g — wisniowozielony migkki i, 2 — kawowy ilowiec stropowy zaniklego pokladu wegla 415/1 —2.
Kopalnia Moszczenica; site /b — fragment warstwy g(j.w.),3a — skala pelitowa, o teksturze kierunko-
wej, krucha, dosyé migkka, 3b — koncentryczna strefa ilowca zielonego, 3¢ — koncentryczna strefa bar-
wy bialej. niekiedy z czerwonym rdzeniem: site 2a — probka 4 — itowce z zytkami; site 2b — war-
stwa a — migkkie ilowce wisniowe, b — migkkie itowce bladozielone i biale, ¢ — twarde ciemnozielone itow-
ce, d — wisniowy il, e — fragmenty zbrekcjowanego ilowca, f — skaly poddane sylifikacji w stropie
zaniklego pokladu 505/3; site 3 — strefa czgsciowego zaniku pokiadu 510 w kopalni Moszczenica

Fig. 3. Dyfraktogramy probek ze strefy zaniku poktadu 415/1 —2 w kopalni Moszczenica
A — analcym, Au — augit, B — brammalit, Ch — chloryt, & — hydrohaloizyt, H — hematyt, Ha —
harmotom, J — illit, K — kaolinit, Ka — kalcyt, M — montmorillonit, Mg — maghemit, MnK — kal-
cyt manganowy, P — plagioklaz, 0 — kwarc, S — syderyt

Fig. 4. Dyfraktogramy probek ze strefy zaniku pokladu 505/3 w kopalni Moszczenica. Objasnienia

jak do fig. 3

Fig. 5. (lj)yl::akl(})gramy probek ze strefy zaniku pokladu 510 w kopalni Moszczenica. Objasnienia jak
o fig. 3.

Fig. 6. Dyfraktogramy probek z kopalni Fucik 5 (CSSR). Objasnienia jak do fig. 3

Baynae Mapsan KOBAJITbCKMU

PACMPOCTPAHEHUE LLEOJIUTOB B NMECTPbIX NMOPOAAX
PbIBHUKCKOIO YroJlbHOIro OKPYIA
(BEPXHAA CUJIE3UA)

Pesome

B paGOTe onucaHo pacnpocTpaHeHne aHanbuuma u rapMoToMa B 30HE€ AOMWUO-
UEHOoBOro BbIBETPUBAHUA, CONpoOBOXAABLLEroCA NOA3EMHbIMU noxapamu yronb-
HbIX NnacTos. OGpuoaaHue UEONIUTOB OTHOCUTCA K 3NUreHeTn4eckomy npoueccy
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,,AMareHesa norpyxeHus'' B yCnoBuAx Bbicokoro pH u cunbHOU KOHUEHTpauun
noHos Si, K, Na. Hanbonee 6naronpnaTHbl K LEONUTU3AUNUMN FIMHUCTbIE NOPOAbI,
a NOpOAbl, MOABEPTrLUNECA SNUrEHETUYECKOMY CUANLMPUUUPOBAHNIO, LIEONNTH-
3UpOBaHbI MWL B 30HaX TPELUMHOBATOCTH W BbILLENAYUBAHUA KpEMHe3eMa.

OBBACHEHUA K ®UTYPAM

®ur. 1. PacnpocTpaHeHne UccneaoBaHHbIX NPOABNEHUIA aHANbLMMA U FAPMOTOMA Ha doHe nogMuoueHo-
BbIX BbIXOAOB OCTAaTKOB WCKOMNAaEMOW KOPbl BbIBETPUBAHUA
1 — NPOCTMPaHWE W NAAEHWE YrONbHbIX NNACTOB, 2 — BBLIXOALI WCKONAEMOW KOPbI BLIBETPUBAHMA, 3~
KOHTYpbl WAXTHBIX NONeR, 4 — NpOABNEHUA UEONUTOB, 5 — rPaHWUbl PacNpOCTPAHUA OCTATKOB KOPbI
BbIBETPUBAHWA

®ur. 2. Feonoruyeckne npodhunu TO4EK AETANBHOIO UCCNEAOBAHUA C OTMEYEHHBIMU MECTAMK onpobo-
BaHUA
1 — necyaHuk, 2 — aneBpUTOBbIA APrUNNUT, 3 — NENUTUYECKUA APrUNNuT, 4 — yrone, 5 — 6pexunpo-
BaHHbIE NOPOAbI, NEPEKPbIBAIOWIME BBIKNUHWBAIOWMACA YrONbHBIA NNACT, 6 — cUNUUMDUUMPOBAHHBIE
nopoabl, 7 — BblaenexHble cnou, 8 — Homepa 06pauos; MECTOHaXOKAEHUE 10: cnot @ — cepbii NecYaHnuk
b — rAMHA 3NUrEHETUYECKOrO NPOUCXOKAEHUA, C — CEpOBATO-3ENeHbid necyauuk, d — ceeTnoleneHsii
NeCYaHUK, € — TEMHOCEpbIi MNecyaHuk, f — NECYaHUK C reMaTUTOBLIMU MNPOXKMNKAMA, g — BULIHEBO-
_3eneHan MAFKaA rnuHa, h — TEMHOKOPUUYHEBbIA APrUNNMT, NEPEKPbIBAIOLUMA BbIKNMHUBAIOLMACA yronb-
Hbli nnact 415/1 —2 (waxTa Mowenuua); MecToHaxoxXaeHue 1b: 4acTe cnosa g (cM. sbiwe), 30 — nenuvu-
4eckan NOpPOAA C OPUEHTUPOBAHHOW TEKCTYPOW, PbIXNaA, AOBONMLHO MATKAA, 3b — KOHUEHTpUYECcKas 3oHa
3eneHoro aprunnuTa, 3¢ — KOHUEHTPUYECKan 30Ha 6ENoro LUBeTa, MeCTaMu C KpacHbIM UEHTPOM; MECTO-
HaxoxaeHue 2a: obp. 4 — aprunnnTel C NPOXUNKAMU; MECTOHAXOXAEHUE 2b: cnoit @ — MArKue BULIHE-
Bble aprunnUTLI, b — MArkue cseTnosenensie v Genbie aprunUTLI, C — TBEPABIE TEMHOIENEHbIE Aprunny-
Thl, d — BMLWHEBAA rNUHA, e — rNbI6bl GPEKUNPOBAHHOrO AprunnuTa, f — CUNMUMBUUUPOBAHHBIE NO-
POAbI, NEPEKPLIBAIOLIME BbIKNUHUBAIOWNACA nnacT 505/3; MecToWaxokaeHue 3: 30Ha YACTUYHOrO Bbi-
KnuHuBaHua nnacta 510 B8 waxte Mowennua

®ur. 3. AnddpakTorpammbl 0BpasUoB U3 30HbI BbIKNUHMBAHWA nnacta 415/1 —2 MecTopOXAEHWUA
Mowenuua
A — awanbunm, Au — aeruT, B — 6pammanuT, Ch — xnoput, h — ruaporannyasut, H — rematut, Ha —
rapmoTomM, | — unnut, K — KaonuHuT, Ka — kanbuut, M — MOHTMOpUNNOHUT, Mg — MarxemuT, MnK —
MapraHuesbiii KansuuT, P — nnaruoknas, Q — xeapu, S — cupepuT

®ur. 4. AuddpakTorpammbl 06pa3Los U3 30HbI BbIKIUHUBAHUA nnacta 505/3 mecTopoxaenua Mouse-
Huua. O6bAcHeHua Kak K ¢urype 3
®ur. 5. AuddpakTorpammbl 06pasuoB U3 30HbI BEIKTUHNUBAHUA nnacta 510 mecTopoxaenna Mowlenuua.

O6bacHenus kak k durype 3
dur. 6. AuddpakTorpaMmbl 06pa3uos u3 WaxTel ¢yunk 5 (YCCP). O6bAcHeHns Kak Kk ¢urype 3



