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Abstract. The nature of sulphur compounds in well-encrusting sediments
was determined using chemical and thermal analyses, X-ray diffractometry, IR spec-
troscopy, microscopic examinations in reflected light and electron microprobe ana-
lysis. The sediments in question have been found to contain iron sulphides, ele-
mentary sulphur and presumably also hydrated iron sulphates besides iron oxides,
hydroxides and carbonates. The chemical composition of sulphides is similar to that
of pyrite, Feg.4:S1.00° 1.12H,0, or troilite, FeggSy.00* 0.18H,0. The sulphides generally
have a collomorphous structure. Sulphate ions are largely adsorbed by iron oxides.

INTRODUCTION

Earlier studies of the chemical and mineralogical composition of sedi-
ments encrusting some wells in the area of Cracow (Ratajczak et al. 1977)
have demonstrated their ferruginous nature. The total content of FeO
and Fe,0; has been found to be frequently higher than 80 wt. ?/0. Iron
minerals, specifically hydrated iron oxides, hydroxides and s@ente, do-
minate in the composition of the sediments, giving them a b‘nght rusty
colour (Adamczyk et al. 1974; Ratajczak, Witczak 1974; Ratajezak et al.
1977). The analyses carried out so far have failed to show any significant
amounts of sulphur compounds.

The observations made by the present authors during the disassembly
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of one of the well screens in the low terrace of the Vistula in Cracow have
revealed that dark, frequently black, sediments and rusty-yellow ones
occur side by side over a relatively short distance of 2—4 m. Black con-
centrations have been noted in the lower part of the screen. Their smell
is characteristic of H,S, and preliminary investigations have shown that
they contain sulphur compounds. Rusty-coloured sediments precipitate in
the upper part of the aquifer, and there is a transition zone between those
two varieties.

The purpose of this paper was to define the nature of sulphur com-
pounds in well-encrusting sediments. Investigations were carried out on
a sample of black sediment derived from the lower part of the disas-
sembled well screen from the area of Cracow.

RESULTS
Chemical analysis

The sediments studied were subjected to chemical analysis with special
emphasis on the determination of the content of sulphur compounds. When
SIO,; was removed from the sample, the remainder was melted with
N2,C0; and N3,0,. The melt was dissolved in water with an addition of
ECL, and tofal sulphur was determined as BaSO, using gravimetric method.
The amount of sulphate sulphur was determined by decomposing the
sample with a mixture of HCI and HF (1:1) which causes sulphide sul-
phur to volatilize as H,S. The remaining part is suphate sulphur. Its
content was estimated using gravimetric method with BaSO,. The amount
of sulphide sulphur was calculated as the difference between the contents
of total and sulphate sulphur.
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Table 1
Chemical analysis of the sample
Component Weight
%
SiO, 1.52
ALO, 1.46
Fe,Oy 28.23
FeO 17.14 Table 2
Cao 8.78 Content of sulphur compounds in well-encrusting
MgO 2.57 sediments (weight per cent)
MnO 0.35
Content
K,0 0.08 Author
Na,O 0.39 : SO4 S—
SO, 12.13 :
S—: 3.95 Gavrilko (1968) 1.35 7.56
1 Kommunar (1974) 0.3—0.6
0ss on
sgnifion 25:0% Marton, Sellyey (1971) 3.7—4.5
Z Milihikier (1971) . 0.4—0.8
Total 100.54 Ratajczak, Witczak (1974) 0.76—17.256
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The chemical composition of the sample is given in Table 1. It is evident
from the results that the total content of FeO and. Fe,O; is 'lower than
indicated by the earlier studies of welltencrusting sediments. It also
appears that the FeO/Fe,O; ratio is higher than observed so. far. In the
sediments studied earlier by the present authors this ratio varied from
0.01 to 0.22 (Adamczyk et al. 1974: Ratajczak, Witczak 1974; Ratajczak
et al. 1977). Gavrilko (1968) and Milichikier (1971) gave a value of 0.40
a?cg'e()l.OS, respectively, whereas in the sample studied it was estimated
at 0.61. : : i i

As appears from chémical analysis, iron oxides are the dominant cons-
tituent of the sediments studied. Worth noting, however, is a high content
of sulphur compounds. The amount of sulphate and sulphide sulphur totals
16.08 wt. %. This fact seems to be significant because in the well-encrusting
sediments studied by other authors (Table 2) sulphur was neglected
altogether or its concentrations were much lower. | ;

The analysed sample has been also found to contain elementary sul-
phur. Its presence was detected when determining the composition of an
organic extract obtained in Soxhlet’s apparatus. The X-ray diffraction
pattern of this extract shows reflections typical of orthorhombic sulphur.

The results of chemical analysis of black well-encrusting sediments ard
the noted anomalies acquire significance when combined with observations
made by Gavrilko (1968). This author noticed that in some wells the con-
centrations of SOj; increased (up to 25 wt. %) towards the screen bottom
at the expense of Fe,O3; whose content decreased in the same direction.
This phenomenon was attended by a change in colour of the sediments
from rusty to dark. 7

X dydififizaction analysis

The investigations were carried out in a TUR M-61 diffractometer over
the full angle range, using CoK , radiation.

The X-ray diffraction pattern shows pronounced reflections of siderite
(2.79, 2.34, 2.13 A) and calcite (3.02 A) (Fig. 2), whereas reflections of iron
hydroxides, hydrated oxides, sulphides and sulphates do not allow an
unequivocal identification of those compounds. This is due not only to
partial coincidence of the reflections but also to the fine-disperswg form
of the sediments (Ratajczak et al. 1977), which causes most reflections to
be diffuse. ) :

Nevertheless, the obtained dpx; values yield some information regarding
the mineralogical composition of the sediments studied. The presence of
goethite and hydrated haematite can be inferred from the dpxr values
similar to those obtained for these minerals is earlier studies (Adamczyk
et al. 1974; Ratajczak, Witczak 1974; Ratajczak et al. 1977). The reflection
d = 7.2 A evidences a high degree of hydration of goethite (Czuchrov et al.
1977). Weak and diffuse reflections 2.52, 2.25 and 1.97 A suggest the
presence of incompletely crystallized hydroxides of the Fe(OH); type .
(Towe, Bradley 1967). : .

““The presence of iron sulphides is indicated by the reflections dnkt =
= 505, 2.97, 2.64, 2.30, 2.08, 2.01 A; yet, because of the sumlgr;ty of
the d-spacings, it is difficult to define whether troilite, greigite or
mackinawite is responsible for their appearance. It seems that the analysed
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Fig. 1. X-ray diffractogram of extract obtainned in Soxhlet apparatus
S — sulphur

substance contains a mixture of iron sulphides. This observation would
substantiate Ward’s hypothesis (fide Joffe 1976) that iron sulphides are
to be considered as one substance which assumes the form of various modi-
fications, depending on the Fe : S ratio and the genetic conditions.

The reflections regarded by Kubisz (1964) as typical of hydrated iron
sulphates coincide with reflections of other minerals present in the se+
diment. Hence their unmistakable identification is impossible, The reflec-
tion d = 4.29 A is due to gypsum.

Thermal analysis

The sample was subjected to thermogravimetric analysis (Fig. 3). The
interpretation of the TG curve presents some difficulties due to the coin-
cidence of thermal peaks produced by the constituent compounds. Three
ranges of weight loss are pronounced on the curve: I — 200—300°C, II —
400—700°C, III — 800—1000°C, The first and third range of weight loss
have been already discussed by the authors in an earlier paper (Ratajczak
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Fig. 2. X-ray diffractogram of black well-encrusting sediments

hG — hydrogoethite, hH — hydrohaematite, Fh — Fe(OH);, Gi — gypsum, K — calcite, Sy — siderite, Sk — iron suphide, Q — quartz
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et al. 1977). The second range is a result of the coincidence of several
peaks due to the decomposition of siderite and goethite, combustion of
organic matter, oxidation of pyrite and the loss of OH groups by basic iron
sulphates. It is interesting to note that the weight loss range in question
reaches higher temperatures than those generally regarded as limit tem-

0} 2?0 1-0'0 : 6?0 —-800 10?0' C

20+

weight =~ %

S0 1]

601

'Fig. 3. TG curve of investigated sediment
I— .loss of adso.rbed water, II — decomposition of pyrite, combustion of organic matter, dehy-
dration of goethite, gypsum and iron sulphates, III — decomposition of calcite and iron sulphates

perature for thermal decomposition of organic compounds and iron sul-
phates (Tsvetkov et al. 1964). This fact is presumably due to the presence
of hydrated iron sulphates. Kubisz (1964) observed that endothermic

reaction occurring in such minerals in that t
oo emperature range frequently

Infrared spectroscopic analysis

Investigations were carried out in a C. Zeiss UR-10 spectr , i
range of wave numbers 400—1800 and 3200—3600 cm'?eusi;fgniz%‘rucliigtz
(1.5 mg of the substance and 300 mg of KBr). ’

~ The IR absorpfuon spectrum (Fig. 4) reveals the presence of iron hydro-
xides, gypsum, iron sulphates and carbonates. The presence of iron
hydrox1clies is evidenced by the absorption bands at 470, 545, 578, 599, 803
904 cm~! (Moenke 1962; Parfitt et al. 1975; White, Roy 1964). The occur-
rence of sulphates and their nature can be inferred from the absorptions
i’n the regions 1000—1200 cm~* (v; vibrations) and 550—700 cm—1! (v4 Vi-

rations) (Adler, Kerr 1965; Nyquist, Kagel 1971; Kubisz 1972). In the first
region, three maxima are pronounced: 1030, 1120 and 1145 cm~1, being
a result of partial coincidence of the absorption bands off;jarosi’te and

¢ Th ! i '
%gg\é!rnn_l btaen%g(.esence of thg latter sulphate 1s borne out by! the 670 and
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The 1030 cm~1 band shows a markedly higher intensity than in standard
spectra. This is most likely due to the coincidence with the absorption
bands caused by an admixture (a few: per cent) of amorphous silicates.

The 605 cm-! band is an effect of the coincidence of gypsum and
goethite vibrations. i
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Fig. 4. IR spectrum of black well-encrusting sediments
G — goethite, Gi — gypsum, K — calcite, Sy — siderite, Sre — iron sulphate

The presence of carbonates is indicated by weak absm.-pmons vy —
712 cm-1 and v, — 880 em-1, typical of calcite, the maxima 740 and
868 cm—! produced by siderite, as well as by the broad v; band in the range
1400—1500 cm~?, common to the two carbonates (Moenke 1962).

Electron microprobe analysis and microscoplc
examinations

chemical composition of the sulphur-containing compounds of the
san'lI}‘)}ll: was analysed cs)r? the Cameca MS-46 electron microprobe. T\I;‘e proll)):
operating conditions were: beam accelerating voltage — 20 kth’ grok_
current — 140 pA; sample current — 10—14 A, depending on S e 821?‘
ground; scanning time — 80 s. Spec-pure Fe, Si, Mg, Zn, as we as 2

nd Fe,0; were used as standards. : ) .

E dElgétrzon microprobe analysis was supplgmented with microscopic e‘:v(:;
minations of polished sections in reflected light. A MIN-9 mlcroscqpe

used for that purpose.

Iron sulphides

Fe-S type have been detected.

i ! f the X
In reflected light, compounds © L stiuctitre an & wiriable

are fine-crystalline, showing, a SP nd
E(?ftlegctarﬁ:e (20—20%). Those which have lower R values exhibit glreattﬁz
‘anisotropy, which disappears with rising reflectance. Slmultaneoutshy(,)u ¢
‘hardness of the mineral increases and its cologr cbanges from grey ; ge
'-yellow—grey—pink to yellow with a pink tinge. This corresponds to a chang
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in the structure of sulphides from hydrotroilite (FeS- i
(FeS,). The latter, however, failed to bZ detected b}s elec‘;an(_)Irzlor)mitc(:‘o1%))1}“,(;"[1)53e

A typical, clearly collomorphous structure of iron sulphides is shown
on Photographs 1, 2 and 3. Electron microprobe analyses (Phots. 4 a, b)
1'nd1cate a chemical composition similar to that of pyrite — Fe'o o
_ 1.1;2~H20_ s or closer to troilite — Feg55;.09° 0.18H,0 (Table 3). G:éigli(’é‘)e
i.e. iron tlospl_nel Fe;Sy, can also be expected, as suggested by the colouxi
anddother optical features of the sulphides. These features do not corres-
p;)g .glosely to pyrite, pyrrhotine or marcasite but are similar to those of
ghelgl e, as.descrlbed by Skmger et al. (1964). The precise identification of
those sulph1de§ presented considerable difficulties.

Iron sulphides frequently form collomorphous coatings on siderite

which seem to have arisen in the pro
b e Sl iy process of remowval from the carbonate

Iron sulphates

Electron microprobe analysi i

. : . ysis has revealed a high content =
gggugsndm s?tr?e iron oxides (Tabl.e 3), which are presgumably par(’)c{y[g((i);ir—
5 Is)i ytoiicur as an admixture of hydrated FeSO,. This interpre-
= fg%s ed by t}}e presence of elementary sulphur in iron oxides
i Zi ;% oin eaé) Lll)t),bwh)lich facéj ;vas ascertained by microprobe investiga-
B S'I(‘)l}:hlet’s apparatuS.y -ray diffraction analysis of the extract obtained

e chemical composition of iron h ides
! . ydroxides (Table 3) di

:1111:;:, (k))fe O;J(eietsol?hzhfcfs;h:f sullpl'}llur addmixture is conEﬁderabl_;2 Sd;lf:ﬁI; f;?lrfls
: Su . . . :
e e ﬁ) ;xvre u;rmg recrystallization of the primary

Both in iron oxides and hydroxides, sulphur admixtures induce changes

in their reflectance and h i
Ay : : X ;

o, dness, being also responsible for their aniso-
Mineral components of investi ey
estigated sediment resultin

g from ele -mi
oy s ctron-microprobe
Sample N
§9) o Mineral component
o Hydrated oxides
57 Fezoz‘m(soli)o.lg +1.61 H,O
o Fe;05.06(SOy)g.04 - 2.14 H,0
Fel-Mzno.moz.oz(sod)o,u -0.03 H,0
o Hydroxides
o Fe;.0001.00(0H)1.05(SO ). 0
s, Feo.99Cao,01(OH)2,99 - 0.49 H,0
o Fey.00(OH)s.40 + 0.95 H,O
Fey.09Cay.0,(OH),  1.38 H,0
Sulphides
94
94?1;31 Feg.64S1.00° 1.12 H,O
Fe.6551.00 * 0.18 H,0

DISCUSSION

Estimates of the redox potential at the definite pH and specified che-
mical composition of water solutions imbibing the well-encrusting sedi-
ments indicate that iron compounds showing varying degrees of oxidation
can precipitate on working screens relatively close to one another. The
co-existence of sediments typical of different redox conditions is a result
of substantial differentiation of the hydrogeological field within the
Quaternary rocks. This is particularly true of the first aquifer, in which
the screens discussed in this paper were operating. Even in aquifers of
inconsiderable thickness 5—10 m, the Eh of water usually drops with
depth; in consequence, the Fe2+ content in water increases in the deeper
parts of the aquifer, where reduction conditions prevail, and hence
a higher value of the Fe2+/Fe3+ ratio noted in the sediments. Variations
in the redox conditions manifest themselves in the change of colour of the
sediments precipitating on well screens. Dark and black sediments have
been found in parts in which reduction conditions prevail, while rusty-
_coloured ones in the oxidation zone of the aquifer.

Studies of the mineralogical composition have revealed that black se-
diments contain iron sulphides, elementary sulphur and, most likely, hy-
drated iron sulphates (jarosites) alongside of iron oxides, hydroxides and
carbonates. Iron sulphides are largely responsible for the colour of the
sediments. From estimates of the average redox potential it appears that,
in the case discussed, the conditions are not particularly favourable to the
precipitation of iron sulphides. The latter compounds .presumably owe
their origin to organic matter present in the aquifer, which causes a local
decrease in Eh, reducing the iron sulphates to sulphides. This process can
be promoted by sulphur bacteria (Roshova et al. 1969, Bondarenko 1968,
Plochniewski 1973). The bacterial activity gives rise to colloidal
FeS-nH,0O. Zyska (1977) noticed that bacteria reducing su?phates to sul-
phides cause corrosion of metals, and the black coatings wh1qh are formed
have a strong smell characteristic of H,S. He has found thgt iron sqlphlde
accumulates not only in the corrosion products but also in the soil near
the corroded pipes. Studies of Baas Becking, Kaplan and Moore (1960) have

revealed that sulphur-reducing bacteria develop at pH 4.15—9.92 and Eh
— 450 mV. The above facts also account for the pre-
i ss of formation of

iron sulphides is in intimate association wi I inc
centration of some other elements. In the case studied it has been found

hat, e.g., the contents of Cu, Co, as well as those of V and Mn in blgck
;egi;ner%ts are, respectively, 5, 8 and 10 times higher than the concentration
of those elements in rusty sediments. The experimental data of Roberts
et al. (1969) support the possibility of occurrence of colloidal iron gulphldis
in well-encrusting sediments. It follows from those data that lL)rc;r:S S;:—.
phides form at pH < 6, when the access of oxygen is cut off. Robe as
also noticed that such conditions promote the formation of e.lemev.ntary
sulphur. It seems that diagenetic and aging processes, which give ?seht(;
pyrite-type sulphides from colloidal iron sulpl}lde§ and whose ro (;3 r?i
been appreciated by Barner (1971), were not active in the case cons; fi'ed.

Sulphates, e.g. gypsum, have been detected in the sediments stu 1;:1 4
Most of [SO4]~2 anions are free to migrate. Some of them are presumably
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adsorbed by iron oxides. As shown by the studies of Rejman—Czajl;owska
(1972), the mobilization of sulphur compounds in Quaternary deposits fol-
lows the mobilization of iron compounds during the process of washing.
Only a small part of sulphur compounds precipitates in the form of relati-
vely sparingly soluble sulphates (gypsum). The remaining compounds keep
the ability to migrate as long as the solution does not become oversatu-
rated with sulphates due to the gradual loss of water. Investigations of
Kroll and Swinarski (1964) have shown that iron compounds making up
the aging series of hydroxides (i.e. the substances similar to those studied
in this paper) are capable of combining with sulphur compounds. Ac-
cording to these authors, the binding activity of those compounds is sig-
nificantly enhanced by the fine-grained texture of the sediments. This
accounts for the presence of iron hydroxides with adsorbed [SO4]-2 anions
(Table 3).

In his discussion of the genetic features of jarosites, Kubisz (1964)
stated that these minerals form not only in rocks containing iron sulphides
but also in those being within the range of activity of surface water. Their
crystallization is also promoted by compounds of the Fe(OH), type present
in the solutions. It is evident, therefore, that these conditions are exactly
the same as in the case of encrustation, accounting for the presence of iron
sulphates in well-encrusting sediments. :
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Streszczenie
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kgn?:f?ctzigyoc}? spektroskopowych w podczerwieni a takze
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Analiza chemiczna wykazala, ze sumaryczna zawarto$§¢ siarki siarcza-
nowej i siarczkowej wynosi 16,08% wagowych probki. Stosunek FeO/
/Fe;O; = 0,61 jest dos¢ wysoki jak na tego typu osady.

Na dyfraktogramie rentgenowskim probki stwierdzono refleksy pocho-
dzace od siarczkéw zelaza. Nie zdotano jednakze na ich podstawie spre-
cyzowac, ktora z faz siarczkowych — troilit, greigit czy mackinawit jest za
nie odpowiedzialna, gdyz podstawowe refleksy tych mineratow koincydujg
ze soba. Wydaje sie mozliwe, ze analizowana substancja zawiera rozne
siarczki zelaza. Nie stwierdzono reflekséw pochodzgcych od uwodnionych
siarczkéw zelaza. Badania rentgenograficzne ekstraktu organicznego osa-
dow otrzymanego na aparacie Soxhleta wykazaly obecno$¢ siarki rombo-
we]j. Potwierdzila to analiza rentgenospektralna w mikroobszarze. Wska-
zuje ona na wystepowanie wtracen siarki wsrod tlenkow zelaza.

Badania termograwimetryczne z racji nakladania sie efektéow termicz-

nych pochodzacych od réznych potgczen wchodzgcych w skiad osadéow nie
wniosty wiele do znajomosci ich sktadu fazowego.

W widmach absorpcyjnych w podczerwieni wyrazne s3 m.in. pasma
pochodzace od grup [SO,]~2

Przy pomocy badan mikroskopowych wykazano, ze typowa dla siarcz-
kow zelaza jest struktura kolomorficzna. Sg one drobnokrystaliczne, cechu-
ja sie zmiennym wspélczynnikiem odbicia $wiatla. Ich analizy rentgeno-
spektralne w mikroobszarze wskazujg na sktad chemiczny badz zblizony do
pirytu — Fe55;,00° 1,12H,0 badz tez bardziej odpowiadajacy troilitowi —
Fegg551,00°0,18H,0. W stadium posrednim mozliwe jest tworzenie sie grei-
gitu. Przemawia za tym stwierdzenie cech optycznych uwazanych za cha-
rakterystyczne dla tego mineralu. Wydaje sie, ze siarczki zelaza sa glow-
nym powodem ciemnego zabarwienia osadow kolmatacyinych.

W badanych utworach wykazano takze obecnosé siarczanéw. Pewna ich
czeS¢ wystepuje w formie gipsu. Wiekszo$¢ anionéw SO,—2 znajduje sie
w stanie wolnym i moze migrowac.

Z pomiaru warto$ci potencjalu redox wynika, ze w badanym przez nas
przypadku nie ma specjalnych warunkéw do wytracania sie siarczkow
zelaza. Zapewne obecnos$¢ ich jest efektem wystepowania w warstwie wo-
donosnej substancji organicznej. Wplywa ona na lokalne obnizénie war-
tosci Eh, powodujac redukcje siarczanéw do siarczkéw zelaza. Proces ten
mqie zachodzi¢ pod wpltywem bakterii siarkowych. Efektem tej dziatal-
nosci jest powstanie koloidalnego FeS-nH,0. Tg drogg powstaje takze
siarka elementarna rozpoznana w badanym materiale. ;

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogram rentgenowski ekstraktu otrzymanego na aparacie Soxhleta
S — siarka

Fig. 2. Dyfraktogram rentgenowski czarnych osadéw kolmatujacych studnie
hG — hydrogetyt, hH — hydrohematyt, Fh — Fe(OH);, Gi — gips, K — kaleyt, Sy —
syderyt, Sk — siarczek zelaza, Q — kwarc

Fig. 2. Krzywa termograwimetryczna badanego osadu
I — utrata wody zaadsorbowanej przez probke, I
substancji organicznej, odwodnienie gips
rozkiad kalcytu i siarczanéw s

I — rozklad pirytu, getytu, spalanie
u, utrata wody przez siarczany .zelaza, III —
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Fig. 4. Spektrogram absorpcyjny w podczerwieni czarnych osadéw wytracajacych sie
w ujeciach wodnych
G — getyt, Gi — gips, K — kaleyt, Sy — syderyt, Sy. — siarczan zelaza

OBJASNIENIA FOTOGRAFII

Fot. 1. Przerosty kolomorficznych siarczkéw zelaza typu hydrotroili@ — piryt (bia-
te — Sk). Wystepuja one w ziarnach syderytu (Sy) oraz rzadziej kalcytu (K).
1 nikol. Pow. X 240

Fot. 2. Drobnorozproszone nagromadzenia siarczkéw zelaza (Sk) w syderycie i w kal-
cycie. 1 nikol. Pow. X 240

Fot. 3. Skupienia siarczkéw (Sk) i uwodnionych tlenkéw zelaza (hO) oraz syderytu
(Sy). 1 nikol. Pow. X 240

Fot. 4. a — Kolomorficzne siarczki zelaza (biale) w syderycie i w kalcycie (ciemno-
szary). Pow. X 2000

b — Rozmieszczenie Fe, ¢ — rozmieszczenie S

Fot. 5. a — Kolomorficzne skupienia uwodnionych tlenkéw zelaza zawierajace in-
kluzje siarki. Pow. X 1000

b — Rozmieszczenie Fe, ¢ — rozmieszczenie S

Xenpux KYXA, Tadeyuw PATAHYAK, Cranucras BUTHAK

XAPAKTEP COEJJMHEHUH CEPbl B HAHOCAX
KOJIbMATHPYIOUIUX BOJLO3ABOPDI

Peswome

B HeKOTOpBIX BOA03ab0pax Ha TepPPUTOPHH T Kpaxox;ell 6b11U oc?)};a;l){zgleaﬂci
yépHple HAHOChl KOJbMAaTHPYIOLIHE 3TH Bono3abopnl. K3 1-1211-10n i
BOHb XapakTepHasi Iisi H,S, 4TO 1a/10 OCHOBAHHE npeanoiaraTh pxa yaKTe ;
B HHX coeauHeHHil cepbl. Llenbio pa60T§;ézblgznzggggzg$uexHM]fqecmpx

: enuil. JIOCTHTHYTO 3TOro 1 s
?zgﬁuiziii; pemfleuorpaqglnqecgnx, I/'IK-cnexrpocxonogx:gMeuccnenosanmx
1l MHKPOCKONHYEeCKHX HaGJI0/IeHHH Coagsfﬁl:f:;ﬁu?ent:}c{);gg?xauue .Cepbl b e

XHMHUeCKHH aHaJu3 MmoKasals, uT s
baTHBIX W CEPHbIX COETHHEHHSX pPaBHO 16,08% no Becy oépg;:aﬁa%ggg:.ome
Hue FeQ/Fe,0; = 0,61 OTHOCHTEJbHO BBICOKOE JUIA sméro P s

Ha pentreHoBcKoit AH(ppaKrorpamMme o6pa3uaoo He}gym sl o
KbI3BalHble CYIbQHIHBIMU COEJHIIEHUSIMIT JKeJera. nHmI\X (1;33 = i
s ::;ggg?ﬂ*rgz %J;bg)gf?g{sbﬂue pedJieKchl 3THX
IDEHCHT MJIH MaKHHABHT, HX BB : v
nFnuepanoa coBMecTHO coBnazpaioT. Kaxercs BosMO)Kﬁ)zlgdn‘e:amﬂues}(])éuapy-
BeIleCTBO COAEPKHT pasHbie CyJbOHIHbIE coenuﬂeuuﬁc .nuba-rému oAy
Jkeno pereKcoB BbI3BAHHBIX TH/paTHPOBAHHBIMH 3K}é1~pam‘a . kg
Pentrenorpauyeckie HCCIe10BaHHU OpraHHYecKoro

95



ayuennoro B npubope Coxcsera BbISIBIIH NPHCYTCTBUE POMOHUYECKOM CepHI.
TIoATBEPANT 5TO PEHTIeHOCTEKTPaIbHbIIT AHAIN3 B MHKPOOGBEME. YKasbiBaer
OH Ha NMPHCYTCTBHE BKJIOUEHHH Cepbl CPeIH OKHCIIOB KeJesa.

TepMorpaBHMeTPHUECKHe HCC/IEOBAHHST BBHIY HAJIOKEHUS TEPMHUCCKHX
5 heKToB, BLI3BAHHBIX PA3HBIMH COeIHHEHHSIMH BXO/SLIMMH B COCTaB HaHO-
COB, HE BHEC/JH MOUTH HHYEro B JIeJ10 MO3HaHHs HX (ha30BOr0O COCTaBa.

B mHbpaKpacHbiX CHEKTPax MOIVIOUeHHs OUYeHb YETKH, MEXLy NMPOYHM,
NoJIOCH BhI3BaHHbIE TpynnaMu [SO4]~2. ;

IIp1 OMOUIM MHKPOCKOIHYECKHX HCCJIe/I0OBAHHM OBIIO BBISBJICHO, 4TO TH-
IHUecKol A5 CyJabDHAHBIX COGAMHEHHA »Kelesa sBJseTcs KoloMopduas
CTPYKTypa. DTH COENHHEHHs SBJAIOTCS MEIKOKPHCTAIIHUECKHMH, XapaKre-
PH3YIOTCSI HEMOCTOSIHHBIM Ko3(uIHeHTOM oTpaxenusi csera. Mx pentreno-
CIeKTpasbHble aHAJH3bl B MHKPOOOGBEMe YKa3bIBAIOT Ha XHMHUECKHH COCTaB
GIH3KHI K THPUTY — FegesSy 007 1,12H,0 nau 6osee OGJH3KHI K TPOMIHUTY —
Feg g551,00°0,18H,0. B npomexxyTouHO#l CTaiHH BO3MOKHO obpasoBanue rpe-
ruta. B mosb3y 3TOro BBICTYMAeT YCTAHOBJEHHE ONTHYECKHX XapaKTepHCTHK,
KOTOpbIe CYHTAIOT CBOMCTBEHHBIMH /Il 3TOT0 MuHepasia. Kaxkercs, uTo r/iaB-
HBIM 00pa30M Cy/b(HIHbIE COeHHEHUS XKee3a SBAAOTCA NPHUHHOM TEMHOH
OKPACKH KOJbMATHPYIOIKX HAHOCOB.

B M3yuaeMBIX BeLIECTBAX YCTAHOBJEHO TOXKe NPHUCYTCTBHE CYJb(paToB.
Kakasi-To MX 4acTh npejcTaB/ieHa runcoM. Boabmas 4actb anHOHOB [SO4]~2
HAaXOAMTCS B CBOOOJHOM COCTOSIHHH H MMEeT BO3MOXKHOCTb MUIPALIHH.

Ha ocHBaHHH H3MepEHHH peloKC-TOTeHIHaNa YCTaHOBJIEHO, YTO B H3yuae-
MOM HaMi CJyyae, HeT CelHaJbHbIX YCJIOBHH JIsl BbilalaHHa CYJb(hH/IHBIX
Coe/lHHeN Nl XKeye3a. BecbMa BO3MOXKHO, UTO HX NPUCYTCTBHE sBJsETCS 3¢-
heKTOM HAXOXK/EHHs B BOAOHACHILEHHOM CJI0€ OPraHHYECKHX BellecTs. JTH
LellecTBa BAMSIIOT Ha MeCTHOe CHUKeHHe 3HaueHus1 Eh, 4To BelIET K pelyKUHH
cynb®haToB 0 Cyab(GHIHBIX COeMHEHHH XKeae3a. DTOT MPOLUECC MOKET Mpo-
HCXOJIHT H3-3a BJIMSIHHS CEPHBIX MHHEPaJoB. Pe3ybTaToM 3TOH MesATeJbHOCTH
sBasiercs 06pasoBanue Koaouanoro FeS-nH,0O. 9TuM nyTém-06pasyercs Toxe
sJleMeHTapHasl cepa oOHAapyXKeHHasl B U3yyaeMoOM MaTepuale.

OBBbJACHEHHUS K PUTYPAM

Pur. 1. PentrenoBckas andpakTorpamMma sKCTpakTa mosydyeHsoro B npu6ope Cokciera:
S — cepa

®ur. 2. PentreHoBckas AHGpaKTOrpaMMa Y€pHbIX HAHOCOB KOJbMATHPYIOUHX KOJIO/IbL:
hG — ruaporerur, h — ruaporematur, Fh — Fe(OH)s, Gi — runc, K — KaJbuur, Sy — CH-
JAepHT, Sk — cynbdHIHOE XKene30, Q =~ KBapn

®ur. 3. TepmorpaBHMeTpHYecKas KpHBAs H3y4aeMOro HaHoca:
I — noreps Boabl noraouléHHo# oGpasuom, // — pacmajg nupuTa, reTHTa, CropaHHe OpraHHuec-
KOTO BEWeCTBA, JIETHTPATaUUA THICA, MOTEPA BOAbI CYJAbGHIHLIMH COeHHEHHIMH JeJesa, I —
pacmaj Kanbuura H cyabdaTos kenesa

®ur. 4. UK-cnektp noriowenns YépHbIX HAHOCOB, KOTOpble BBIMAJAlOT B Bopo3abopax:
G — rerur, Gi — runc, K — Ka/abuuT, Sy — CHAEPHT, Sre — CyJbHpAHOE XKesne3o
OBBJACHEHHA K POTOTPADPUAM

“®o70.1. TIPOCnOHKH KONOMOP(HBIX CyMbHAHBIX COC/AHHEHHUH JKese3a THNA THAPOTPOMIHTA-
-nuputa (Gensie — Sk). IIpucyTeTBYIOT OHM B 3epHax cHaepuTa (Sy) H pexe Kaib-
-nuta (K). 1 uukonn. ¥Yeen. X 240 > .
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doro.

doro.

doro.

®oro.

. MeakoanceneprupoBannble CKOMICHHs CyabGUANBIX COCLHHEHMHIT Kese3a (Sk) B cu-

aepute H Kanabinre. | Hukoab. Yses. X 240

. Cxonuenne cyabguanblx coemnnennii (Sk), rApaTHpOBAHHLIX OKHCJIOB iKe/esa

(hO) n cunepura (Sy). | unkoab. Ysea. X 240

. a — Konomopdubie cynbpuanoe coennnenis xeaesa (Geable) B CHAePHTE H Kaib-

uite (TéMHO-cepblit). YBea. X 2000
b — Pacnono.keuue Fe, ¢ — pacnonoxenne S

e Konomopq)ﬂble COCAHHCHHS THAPATHPOBAHHLIX OKHCJIOB KeJse3a, coaepxKaurie

BKJIOUeHHs cepbl. YBe. X 1000
b — Pacnonoxenne Fe, ¢ — pacnojoxkenie S

7 — Mineralogia Polonica



MINER. POL. VOL. 8 No 2 — 1977 PLATE I

Phot. 1. Intergrowths of collomorphic iron sulphides of hydrotroilite — pyrite

(white — Sk) type occurring on siderite (Sy) and calcite (K) grains, 1 nicol. Magn.
X 240

lu.J~ &

Phot. 2. Iron sulphides 1 nicol.

(Sk) disseminated in siderite and calcite grains.
Magn. X 240

Henryk KUCHA, Tadeusz RATAJCZAK, Stanistaw WITCZAK — The nature of

sulphur compounds in well-encrusting sediments



MINER. POL. VOL. 8 No 2 — 1977 PLATE II MINER. POL. VOL. 8, No 2 — 1977 PLATE III

Phot. 3. Aggregates of iron sulphides (Sk) and hydrated oxides (hO) and of siderite
(Sy). 1 nicol. Magn. X 240

% ¥ _atk C : . anp
Phot. 4. a — collomorphic iron sulphides (white) in siderite and in caltice tdd:t”bg,:tel:m
Electron absorption image. Magn. X 2000. b — distribution of Fe, ¢ — dis
of S
) \ By Stanistaw TCZAK — The nature of
Henryk KUCHA, Tadeusz RATAJCZAK, Stanistaw WITCZAK — The nature of Henryk KUCHA, Tadeusz RAFI'AJL/‘AK'-’Sl*d'nL'l"l\x\iin\?ixlnlts Z4
sulphur compounds in well-encrusting sediments sulphur compounds in well-encrusting sec s




PLATE IV

MINER. POL. VOL. 8 No 2 — 1977

Phot. 5. a — collomorphic aggregate of hydrated iron oxides containing an inclusion
of elementary sulphur. Electron absorption image. Magn. X 1000. b — distribution of
Fe, ¢ — distribution of S
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