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LITHIUM IN THE LOWER SILESIAN KAOLINS

. Abstract Lithium content in the Lower Silesian kaolins is fairly diversified. This phenomenon
is evidently connected with the origin of their parent rocks. Lithium is most abundant in kaolins formed
from weathered greisens and granitoids subjected to late- and post-magmatic alteration processes. In
Lower Silesian kaolins, lithium is located not only in micas but also in kaolinite as diadochic admixture.

INTRODUCTION

The mean content of lithium in the commonest parent rocks of kaolins i.e.
in granitoids is higher when compared with other igneous rocks. Depending on
petrographic and genetic type of granitoid, the Li content usually ranges from
24 to 40 ppm (Wedepohl 1978). The role of alkali metals (such as potassium and,
particularly, sodium) distinctly diminishes in kaolinization process. However,
lithium behaves differently and its content may even increase. Consequently, the
average Li content in clays amounts to 57 ppm (Turekian, Wedepohl 1961) and
in some kaolins is even higher. According to Horstman (1957), the mean content
of Li in 19 kaolin samples analyzed by him amounts to 120 ppm (¢ = 60 ppm)
whilst in 23 granites — 40 ppm (¢ = 30 ppm). Very rich in lithium are some,
purely kaolinitic, grain-size fractions below 2 pm, separated from kaolins of Mon-
troux deposit in Massif Central Mts., France. The content of this element ranges
from ca. 350 to ca. 600 ppm (Mosser 1982, 1983). This is, unquestionably, connected
with high Li content in parent leucogranites containing sometimes more than
800 ppm Li (Aubert 1969, Burnol 1974 — fide Mosser 1982). Their kaolinization
was often connected with hydrothermal processes.

The main lithium-bearing minerals is granitoids are micas — particularly
biotite which can contain more than 90% of the total content of this element in a rock
(Walenczak 1969). During metamorphic processes the concentration of Li in
rocks tends to diminish. Consequently its content in biotites of metamorphic rocks
is lower when compared with that of igneous ones (Gadomski 1968, Zawidzki
1976). Other rock-forming minerals of granitoids (quartz, feldspars) are distinctly
lower in lithium. So e.g. in feldspars its content does not exceed 5 ppm (Wedepohl
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1978). Lithium content in plagioclases is higher than in p()l.;.as.siufn i'cldspurs., This
conclusion results from geochemical study of minerals contained in Lower Silesian
granitoids from the environs of Strzegom and the Karkonosze Mts (Walenczak
1969).

As already mentioned, during kaolinization of granitoids the content of Li
in these alteration products increases when compared with parent rocks. Lithium
may be incorporated into the lattice of new-formed clay minerals (Wedepohl 1978)
particularly into that of kaolinite (Horstman 1957, Mosser 1982, Mosser ¢t al.
1985), what is due e.g, to small ionic radius and low valency of Li*. In Horstman’s
(1957) opinion, heterovalent diadochy may have place in octahedral layers of
kaolinite (AI"* =Mg?*), This hypothesis was later confirmed by ESR studies (An-
gel et al. 1974, Hall 1980), The above diadochy in connected with a deficit of charge,
In clementary cell of kaolinite only four of six possible octahedral positions dre
occupied, Thus, the deficit of charge in connection with vacants in octahedral layers,
could be the cause of entering monovalent Li* into the lattice to reach its charge
balance. Besides, the presence of this trace element in kaolinite lattice should also
be related with the problem of so called structural iron, It is known that in kaolinite
lattice the limited substitution of Fe'' for Al** is possible. This phenomenon was
confirmed ¢.g. by detailed studies of Lower Silesian kaoling containing, on the
average 0,57 (Wiewiora 1970) and even 1% (Sikora 1974) structural Fe, (j More-
over, Mossbauer (Malden, Meads 1967) and ESR (Angel et al. 1974) sIU(fics‘ sugpest
the possibility of replacing Al** by Fe?* in kaolinite lattice, Such rcplnccrln‘cnt
would need a compensation of charge what can be accomplished just by incor-
poration of small ions like Li* into this lattice, Consequently, the opinion on the
presence of trace amounts of lithium within kaolinite lattice is evidenced and well

explained by heterovalent diadochy, first of all within octahedral layers of this
mineral, ' e

METHODS

The present study was carried out using some methods of chemical and phase
::ln;nly.s:s. Lithium and magnesium contents were determined by AAS using Perkin
-Elmer spectrometer model 5000, The following par: i ;

_ ; ) parameters were ¢ >

airfacetylene flame i g

Li — wave length 670.8 nm, slit width — 1.4 nm

Mg — wave length 285.2 nm, slit width — 0.7 nm

The prccisiup for Li and Mg is +5% (16) and

Phase analysis was carried out by means of X-r
Uvniglll:n:tli:l“llnm()(”-lmy slludlcs the DRON-1,5 diffractometer (USSR production)

f ‘ counter was use ¢ ing C adiati ;
15 used by applying CuKg radiation. Infrared spectro-

scopic analysis was carried out by means of C. Zeiss (lena €t
using KBr discs technique, 't €. Zeiss (Jena, GDR) UR-10 apparatus

£47, (10), respectively,
ay and infrared spectroscopic

RESULTS

Lithium conte St8 VA at asisest :
residual and sctlt‘l’rlllcsrn\'&:(ltn’ld:lb.”,rl:‘md' n selected representative samples of both
in Fig, 1, whilst list of analysed 1 a0 Kaolins. Their localization is presented
The obtained rest it "y/&‘(., S'mm'%.;”'d the short characteristics in Table |,
csults indicate considerably variable lithium contents in raw
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Fig, 1. Sampling sites of kaoling from studied Lower Silesian deposits

Lower Silesian kaolins (Tab. 2). The highest amounts of this trace alkali element
were found in kaolin from Kamiefi near Mirsk (Izera region) and from the en-
virons of Zarbw near Swidnica (,,Andrzej” open pit in Zar(’)w,A ,»Antoni” deposit
in Kalno, “Stefan” deposit in Bolestawice, Golaszyce). Kaolin in Kamicn was
formed by weathering of leucogranites and gneisses iptcrcalalcd with schists (Kos-
cibwko 1982). The rocks of this complex werc‘subjcctcd to greisenization (Kar-
wowski 1977). Within the kaolin deposit in question a quartz-topaz vein was found
(Budkiewicz 1971). Consequently, the increased Li content (?9 ppm) in this kaolin
should be related with greisenisation of its parent rocks. This process resulted,
especially in the initial stage of greisenization, in concentration of Li in muscovite
(Karwowski 1977). This mica, apart from dominant kaolinite and quartz, is one
of the components of kaolin from Kamien. : : ;

Higher lithium contents in kaolins from the environs of Zafow are also, prob-
ably, connected with the origin of their parent gram_mlds of the Strzegom — Sobotka
massif, In marginal parts it consists of morc alkaline rocks S.Ub)CClC(! to anum'fi-
tolytic-hydrothermal processcs (K_owulskn 1967). In the environs .01’ Lar(fw l'hg){
are penerally represented by two-mica gr;amlcs, being p.roduc.ts of latc-md'gm'dt’lc]
alteration of different granites of Chwatkow type which in their top and margina
parts of the massif were secondarily enriched in potassium and water. These pro-
cesses resulted in microclinization of primary rocks, dcca_lc‘lﬁcau'on of plagio-
clases and crystallization of large muscovite flakes (Maciejewski .1‘973)'. Con:
sequently, these two-mica granites represent a scparate 'pclrographl'c .m('k [yEL;
(Gawronski 1982). According to recent opinions (Puziewicz 1985), based on t e
results of #Sr/*Sr isotope studies, these two-mica granites and _granod!onte}
of E part of the Strzegom — Sobotka mz_issd were formed by part{al mclu'ng (l)
rocks dominated by upper mantle material and not, as was suppf)Tc(ji.fF‘rc)\uQ}J:)yl
(Majerowicz 1972), from the Sowie Gory Mts. gneisses. Am()n.g)l()c'd‘ d'l. .chngx.‘;] c(;
and late- to post-magmalic producl.s a two-mica M‘rowmy‘gr.amtc wa; Imlm'gl;us’ tc .
which is the parent rock for kaolin of Zarow (Gawronski 1982). Post-magmatic
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Table 2
Lithium content (ppm) in Lower Silesian kaolins and in separated <40 pm fractions

Table 1
List of Lower Silesian kaolins samples studied and their characteristics
Region Deposit Sample Genetic Locality and date of sampling
symbol type
Swidnica | “Andrzej” in Zarbw | 37 residual open pit, N wall, 182 m 0.5.1. (1984)
67 sedimentary | open pit, NE wall (1984)
“Antoni” in Kalno | K-/ residual test pit (1973)
"Stefan” in Bolesta- | B-4 residual borehole No. 4, depth 32.2-33.2 m
wice (1969)
Golaszyce G41820 | sedimentary | borehole No. 4, depth 18.0=20.0 m
(1948)
Gola Swidnicka Gl 2 sedimentary | borehole No. 18, depth 47.0~47.5 m
(194%)
Wirki Wir sedimentary outcrop (19%4)
Strzelin Wyszonowice /4 sedimentary | borehole 2,5/K, depth 13.0—14.0 m
(1982) ¥
now residual borehole 2,5/K, depth 16.0—17.0 m
(1982)
3w residual borehole 2,5/K, depth 37.0~38.0 m
(1982)
Jeglowa KJ residual open pit K-4, SW wall, 200 m level
(1985)
Izera Kamiehi near Mirsk | 1494 residual open pit (1975), closed
W'z;drfvic Wadroze Wielkie wwi residual borehole 24/W, depth 21.4—28.9 m
Wielkie
(1972)
XV/4/1 residual exploration ditch XV/4/] (1984)
B l 1ec 2y 10 77 3 - P 1ni 1
olestawiec | "Maria ?Il in No- | /1] kaolinite open pit, W wall, 11 level (19%5)
wogrodziec sandstone

Region Deposit Sample. .| wiw £h5is <
symbol fraction
Swidnica “Andrzej” in Zarbw 7 27 1%
“Andrzej” in Zarbw 67 21 40
“Antoni” in Kalno K-1 39 88
“Stefan” in Bolestawice B-4 22 53
Golaszyce G41520 26 30
Gola Swidnicka G112 4 6
Wirki 2 Wir 5 6
Strzelin Wyszonowice W 11 12
Wyszonowice 10w 12 12
Wyszonowice I % 2 >
Jeglowa KJ 7 i
lzera Kamiefi 1494 29 27
Wadroze Wielkie | Wadroze Wielkie wwi 21 28
Wadroze Wielkie XV/4/1 3 4
Bolestawiec “Maria 111" in Nowogrodziec* 11 9 41

tProoessc:s may resglt e.g. 1n enrichment of micas in
or some granitoids of peripheral parts of the Strzegom — Sobbtka mass
widzki 1976). The role of pneumato]ytic-hydrotherrnau1g Obo?kd Sl g
'"Cff’;f{SCd concentration of Li in quartz from veins cuttin idug
dr}f,_eljt .?pen pit in Zarbw. White quartz of these veing
whilst its grey variety — up to 30 ppm of this elemen
: ; ; t (Stenzel-Kol:

45 Irll(crled;ie(ji cf)nseptratnqns of Li are observed both in residual kao](i)ncs‘s?salngjlzgé

o, K1, B-4) and in sedimentary ones (samples 67, (G41820) from the envir%ns

ks

contains 1020 ppm Li

granite from ,, Andrzej” open pit in Zaré i
37) and sedimentary (sagplepéz")n kZdroW G o) acd
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* Kaolinite sandstone deposit.

of this trace alkali element is evidenced by higher Li contents in kaolins formed
frofn granitoids containing lithium rich biotite. So e.g., the everage Li content in
biotite from Gotaszyce granite calculated according to apalyses.of Zawidzki (1976)
is very high and contains 675 ppm. Similarly, its content in kaolin from this locality
is also relatively high — 26 ppm. On the other hand, biotite from Gola Swidnicka
granodiorite contains less lithium i.e. 450 ppm (Zawidzki 1976), similarly as kaolin
formed, most probably, from this rock (4 ppm). Contrary to kaolins originated
from two-mica granites, sedimentary kaolin from Gola Swidnicka and from Wirki

Table 3
) in selected Lower Silesian kaolins and in separated <40 pm fractions

Lithium content (ppm
after preliminary 9% HCI treatment

Deposit Sample symbol Raw kaolin <40 pm fraction
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“Andrzej” in Zarbw 321 :Zz? .

“Andrzej” in Zarbw 67 2

Golaszyce 41820 25 3

Wirki 2 Wir 5 z
2

Wyszonowice W ; 3

Jeglowa KJ i
Kamiefi 1494 28
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tion ability of this trace element during metamorphic processes. Variable amounts
of lithium in kaolins from the borehole Wyszonowice 2.5/K (Tab. 2) are, prob-
ably, connected with changes in their mineral composition. So e.g., sample 3/ W,
containing no micas (according to X-ray data) is the lowest in lithium in comparison
with the other samples.

Kaolins from Jegtowa, which are considered to be formed by hydrothermal
alteration of sericite schists (Wiewiora 1973) are similarly low in Li (7 ppm) as
their parent rocks (8 ppm).

Kaolins from the environs of Wadroze Wielkie are genetically related with
granite-gneisses occurring there. Kaolinization of parent rocks is partical (sample

d a
WW 1) what is confirmed by the presence of feldspar relicts or complete (sample
XV/4/1). The content of Li in the both samples fairly diversified, whereby the
lowest concentration are characteristic of the latter (Tab. 2).
q b Specific type of clay sediment occurs in Maria 111 open pit in Nowogrodziec
q

i near Bolestawiec. These are kaolinite sandstones, being actually the only raw
material in Poland used for the production of washed kaolin. Lithium content
in this deposit, determined for comparison purposes, amounts to 9 ppm.

i fA | a 30-5 um
[ M
M
5=2 um
M
0 M
Q <2 um
M
M
Q

U e e TR R R i T | ' : '
BD il ke B o0ie 2820 TS 0 8O
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Fig. 2. Typical X-ray patterns of size fractions b
a — residual kaolin from
(sample 3/ W), ¢

IR iy o ed frot Fig. 3. X-ray patterns of size fractions separated from residual kaolin from “An-
drzej” open pit in Zarow (sample 37)

‘Antoni” deposit in Kalno (s ; ¥
sample K- qidiis APRCIES)
ample K-1), b — residual kaolin from Wyszonowice deposit Pl ——
i E ns are of ka
M — mica, Q — quartz, other not marked retlexio

sedimentary kaolin from Golaszyc i 2
szyce deposit (sample G41820). Symbols: ic .
quartz, other not marked reflexions are of kaolinite % PO i ol

are very low in lithium (Tab, 2). This can be connected with the different type of fanalyzeduaplenn e S atio e dis

a1 t 3 '
R oshed kaolins (Tab. 2). This phenomenon is much more dis-

parent rocks (so called Gola Swidnicka ) 3
(Gawroiski 1982} a Swidnicka and Strzeblow granite type, respectively)

Kaolins of the Strzelin region (W
of lithium (Tab. 2). In the fO%mcr loc)fs;ono
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finer fractions of wa . . -
tinct in typical residual kaolins (samples 3Z, K-1, 31W) than in sedimentary ones

2, 2 Wir). This is due, first of all, to removal of Li-poor quartz,
;S(irggggzg;fétgﬁ(})’, rGellative inc)rease of kaolinite and fine-grained micas contents.
So e.g in washed kaolin from Maria 111 kaolinite sandstone, the amount of Li
is 4.5 times higher than in primary rocks. On the other hand, no such enrichment
is observed in finer fractions of washed kaolin from Kamien near Mirsk (Tab. 2).
The raw kaolin from this deposit is relatively rich in light mica. Greisens, parent
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rocks of these kaolins, contain Li-enriched muscovite (Karwowski 1977). Con-
sequently, we observe no increase of Li content in finer size fractions after washing
of raw kaolin from Kamien.

Lithium contents were also determined in selected samples of raw and washed
kaolins after preliminary treatment with boiling 9% HCI for 15 min. The obtained
results (Tab. 3) do not differ — within analytical error — from those for primary

material. This evidences that lithium in
Table 4 these rocks is not connected with easily

- Lithium and magnesium content (ppm) soluble, poorly crystalline iron oxides
in size fractions separated and hydroxides, often sorbed onto the
from residual kaolin (“Andrzej” deposit surfaces of clay minerals. It is, thus,

in Zarébw — sample 32) supposed that Li occurs not only in

micas but also in kaolinite lattice.

, Content (ppm) The content of micas, considered to
Fraction : be the main Li-bearing minerals, is very
Li Mg variable in washed kaolins. It follows
oo .18 ¥ i from X-ray data (Fig. 2), since their con-
P i 0 tent can be evaluated on the ground of in-
Wi 4 760 tensities of (002) and (004) reflexions, cor-
780 resppn?xng U@ 243} g O enll 117005, it

pectively. So e.g. fine fraction
Raw sample 27 310 40 pm) separatgd from Kalno (l?;(l;l)ivl:

?]::ootm}ds in micas when compared with
: i at from Wyszonowi i
\;)v;éze:ll;:toffr(;?hii};}aisr]zyﬁe (l)pe;: (}:ig.‘ 2)) lr(lj order to eyxplain ttfe? pir;(li)lecrflpf)?il}llz
. i aolinite lattice, individual size fracti
lreile%ualAka;)I;ln from the “Andrzej” open pit in Zaréw r?s(:rll?glse S;E';lr?vt:i f;ﬁ:}
f¥acti5nssang i?]wtsh ftrol;n] X-ray data (Flg.. 3), kaolinite is dominating in finer
e afl elow 2 pm even it is the only mineral component. Purely
7 e Szzsureltohthe latter fraction was also confirmed by infrared absorp-
il am);)uﬁts Ostpuldd be emphasized that just this fraction contains the
e A com] gnd, also, of Mg (Tab. 4). This evidences that lithium in the
e, e bs amfez not only in micas but also enters into kaolinite lattice
Me“.—:’A]“ ‘ h.a confirm the phenomepon of limited heterovalent diado h.
in this lattice, whereby essential role in it is played by Mg2* iocnsy

CONCLUSIONS

— Lithium content in Lower Silesian kaolins i

terials it ranges from 2 ppm i )
(residual kaolin from Kglpl)]o).(remdual S TG

— Kaoli i
-magmatiac ;ﬂzrg?{;?leSrgr:II?icizth?: SL'an"l("jh'grarlllitoids o Jected o later and post
1. 1his phenomenon is exempli i
plified by kaolin

from Kamien near Mirsk (I i i
G (Izera region) and by kaolins from the environs of Zarow

s fairly diversified. In raw ma-
m Wyszonowice) up to 39 ppm
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kaolinitic fraction of residual kaolin from Zaréw confirmed the opinion on the
presence of Li in kaolinite lattice. This is connected with heterovalent diadochy
Me?* = Al** resulting in compensation of electrostatic charge of this lattice.
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Piotr WYSZOMIRSKI
LIT W KAOLINACH DOLNEGO SLASKA

Streszczenie

Zawartos¢ litu w kaolinach dolnoslaskich jest zréznicowana i waha si¢ w ma-
teriale surowym od 2 ppm (kaolin pierwotny z Wyszonowic) do 39 ppm (kaolin
pierwotny z Kalna). Najwyzsza zawarto$cia tego pierwiastka wyrozniaja sie kao-
liny, ktére powstaly w wyniku wietrzenia grejzenéw (Kamien k/Mirska) a takze
granitoidow zmienionych na etapie p6zno- i pomagmowym (okolice Zarowa w
rejonie $widnickim — Zaréw, Kalno, Gotaszyce, Bolestawice).

Proces szlamowania kaolindw prowadzi najczeSciej do wzrostu zawartosci
litu w wydzielonych w ten sposob frakcjach o uziarnieniu ponizej 40 pm. Wiaze
si¢ to z usunieciem ubogiego z reguly w ten pierwiastek kwarcu oraz wzglednym
wzrostem zawartoSci kaolinitu i drobnoziarnistych mik.

Badania czysto kaolinitowej frakcji o uziarnieniu ponizej 2 pm — przepro-
wadzone na przykladzie kaolinu pierwotnego z Zarowa — potwierdzily poglad,
ze lit moze wchodzi¢ do struktury kaolinitu. Zwiazane jest to z heterowalentng
diadochia Me**=AI** i wynikajaca stad koniecznoscia kompensacji ladunku
elektrostatycznego tego mineratu.

OBJASNIENIA FIGUR

Fig. 1. Lokalizacja miejsc wystgpowania badanych kaolinow dolnoslaskich

Fig. 2. Przyktadowe dyfraktogramy frakcji ziarnowych o uziarnieniu <40 pm wydzielonych z:
2 kaoli'nu pierwotnego ze zloza ‘“‘Antoni” w Kalnie (probka K-1), b — kaolinu pierwotnego z Wyszo-
nowic (probka. 31W), ¢ — kaolinu wtérnego z Gotaszyc (probka G41820). Stosowane o znacze-
nia: M — mika, Q — kwarc (nieoznaczone refleksy pochodza od kaolinitu)

Fig. 3. Dyfraktogramy frakcji ziarnow
w Zarowie (probka 327)
Stosowane oznaczenia: M — mika, Q

ych wydzielonych z kaolinu pierwotnego z kop. ,»Andrzej”

— kwarc (nieoznaczone refleksy pochodza od kaolinitu)

OBJASNIENIA TABEL

Tab.

G Zestawienie badanych probek kaolinéw dolno
ab.

nie slaskich i ich charakterystyk
. Zawarto$¢ litu i Slaskich i i ich fral e
e (ppm) w kaolinach dolnoslaskich i wydzielonych z nich frakcjach o uziarnie-

Tab. 3. Zawz}rtos_é litu (ppm) w wybranych kaolinach dolnoslaskich i w
O uziarnieniu <40 pm po obrobee chemicznej 9%-owym rozt

Tab. 4. Zawartosé litu i magnezu we frakcjach ziarnowyc
»Andrzej” w Zarowie (prébka 3Z)
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ydzielonych z nich frakcjach
/ worem HCI
h wydzielonych z kaolinu pierwotnego z kop.

[Memp BbILUOMMPCKHM

NTUNTUN B KAONTIMHAX HWXHEWN CUNE3UUN

Pesrome

CopaepxaHue NUTHUA B HUKHECUITE3CKUX KAOoNMWHaX HEMOCTOAHHO W Konebnetcs
B CbIpoM MaTepuane oT 2 /T (NepBuUHbIi KaonuH u3 BeiwoHosuu) ao 39 r/T (nep-
BUYHbIN KaonuH u3 KanbHa). MakcuManbHbIM COAEPXKAHMEM ITOrO 3NEMEHTa OTNU-
4arOTCA KAOMUHbI, KOTopble obpa3soBanucb B pesynbTaTe BbIBETPUBAHUA pew-
seHoB (Kamewb Bosne Mupcka), a Takke rpaHUTOMAOB, MIMEHEHHbIX B NO3AHe-
W mocrneMarMaTuYeckux dTanax (okpecTHocTu aposa B CBUAHMLKOM paiioHe —
Xapos, Kanbho, Monawuue, Bonecnasuue).

Mpouecc OTMyYMBAHWA KAOMWHOB Yalle BCEro BEAET K yBENUYEHUIO Copep-
XAHUA NUTUA B BbiAGNEHHbIX QPaKUUAX 3€PHUCTOCTbIO Huxe 40 mkM. 3To ces-
32HO C yAaneHWeMm Kak MmpaBuno 6eaHOro 3TUM 3M1EMEHTOM KBapua, a TaKxe oT-
HOCUTENbHbLIM YBENUYEHUEM COAEPXKAHWUA KAOMUHWUTA M MENKO3EPHUCTLIX CIIHOA.

MNccnenoBaHms 4YMCTO KAaONWHWUTOBONW (PaKLMM 3EPHUCTOCTLIO HUXE 2 MKM,
npoBeaeHHble Ha NpuMepe nepeuyHoro kaonuwa us Kaposa, csupeTenscreyer
O BO3MOXHOM BXOXAEHWU NUTMA B CTPYKTYypy KAOMMHMTA. DTO CBSA3AHO C rere-
poBaneHTHbIM Msomopgusmom Me2t = AT, u cneaytowen HEOBXOANMOCTH KOM-
NEHCAUMN SMEKTPOCTATUHECKOro 3apAaa CTPYKTypbl 3TOrO MWHepana.

OBBACHEHUA K ®UTYPAM

®ur. 1. MecTononoxeHue U3yYaeMbiX HUXKHECUNEICKUX KAONUHOB

®ur. 2. HekoTopbie audpakTorpaMMbl rpaHynOoMETPUHECKUX obpakunn <40 MKM, BblAGMEHHBIX M3:
@ — NEpBUYHOrO KAONUHA U3 MECTOPOXAEHUA AnTonu" B Kanbwe (obpaseu K-1), b — nepsudHoro kao-
nuHa ¢ Boiwownosuy (obpaseu 31W), ¢ — sTopuuHOro KaonuHa u3 Fonawwuy (obpaseu G41820). Mpum e-
HaeMmble oBo3Hauenna: M— cnopa, Q — ksapu (He onpeaeneHHble OTPAXKEHUA MPOUCXOAAT
OT KaonuHuTa)

®ur. 3. QudppakTorpaMMbl TpaHynOMETpUHECcKux GpaKunil, BbIAGNEHHBIX M3 NEPBUYHOTO KAONMHA
us kapeepa ,, Anpxen” B Xapose (obpaseu 3
MpumeHseMmble O 6o3nHadeHuna: M— cnoaa, Q— keapu (He onpeaeneHHble OTPaXeHUA Npo-

UCXOAAT OT KaONUHUTA).

OrNABIEHWE TABNUL

Tabn. 1. CBoAHaA XapaKTepUCTUKa W3ydaembix 06pa3LoB HUXHECUNE3CKUX KaoNUHOB
Tabn. 2. CoaepxxaHue nuUTUA (F/T) B HWKHECWNEICKUX KAONWHAX W BbIAGNEHHBIX U3 HUX hpaKLUAX

sepHucTOCTH <40 MKM
KaOMMHAX U BbIAGMEHHbIX U3 HUX
Tabn. 3. Coaepxanue nutus (r/T) B HEKOTOPbIX HUXKHECUTIeICKNX A T T o
paKkuUAX 3epHUCTOCTH <40 MKkM nocne xumudeckoil o6pabotku 9% p p
X (paKUWAX, BbIAENEHHbIX W3 NEpBUY-
Tabn. 4. CopepKaHue NUTUA U MArHWUA B rpztb"l‘)'ﬂor;;TpMHeCK% cps ;Z) a p
HOIO KaonWHa M3 Kapbepa ,,AHaxen'' B /Rapoee (ob6paseu
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