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IRON-BEARING MINERALS IN THE BALTIC SEA
SURFACE SEDIMENTS: A MOSSBAUER EFFECT
STUDY

Abstract. Six samples of bottom sediments from Gdansk Basin were studied with Mdssbauer
spectroscopy to find the distribution of ferrous and ferric ions between different crystal chemical
sites of iron-bearing minerals. The samples were collected at depths from 25 to 90 m b.s.l., and at
distances from 5 to 55 km from the Vistula River mouth. The Mdssbauer spectra were obtained at
room temperature (300K) for the clay fraction of the sediments (< 2 um). Present study, along with
previous chemical and mineralogical analyses allowed us to state that Fe** ions occupy M (1) and
M (2) sites in the octahedral sheets of illite and smectite. There is ferric iron in non-clay superpara-
magnetic phases. Fe?* is present in the octahedral sheet of chlorite. Ferrous iron is also present
in the unidentified hydroxide phases which are stable, and thus more abundant in the reducing
environment of the fine sediments below 50 m water depth.

INTRODUCTION

Méssbauer spectroscopy was applied to investigate changes in iron ions distri-
bution between different crystal chemical sites of fine crystalline minerals in the
surface sediments of Gdansk Basin. Deposition of fine sediments in this area is
dominated by precipitation and settling of the dissolved and suspended load carried
into the Gdansk Basin by the Vistula River (Fig. 1).

In the present paper an attempt is made to trace the estuarine processes taking
place in the water mass by studying fine fraction of the resulting surface sediments
in the different points of the Gdansk Basin. The work is focussed on the iron bearing
phases, as iron is commonly regarded to be the most reactive inorganic component
of the estuarine sedimentary system. As the environment of the sediment changes
from oxic (down to 50 m water depth) to anoxic (below 50 m) it is interesting to
observe sensibility of the valency states of iron to the change in oxidation state of
the sediment.
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Fig. 1. Geographic setting and sampling
sites in the Gdansk Basin. Isobaths are
at 10 m intervals

1 — grab samples, 2 — 85 cm long sediment core
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Mineralogy of the sediments in the study area was described in detail by Stoch
et al. (1980), and early diagenetic transformations of iron-bearing phases in these
sediments were discussed by Gorlich et al. (1978, 1984).

MATERIAL

In this paper the clay fraction (<2 pm) of the sediments is discussed. The sedi-
ments studied contain variable amounts of clay fraction: from 5% in sample PI to
309 in sample P6. According to previous works (Gérlich et al. 1978, Stoch et al.
1980) the clay fraction consists of clay minerals (up to ca. 909 of clay fraction), parti-
culate organic matter and fine-crystalline non-clay phases. The latter are mostly
X-ray amorphous, and thus their quantitative determination is ambiguous.

Different methods were used to evaluate the form and quantity of X-ray amorphous
components of sediments. Organic matter was determined as loss by heating
at 720 K of previously dried samples. The content of low-aluminium allophanes
by dissolution in 0.8 n NaOH (Gérlich 1978). The results are gathered in Table 1.

Table 1
Natural himidity, concentration of allophanes and con-
centration of organic matter in natural samples P3,yP5

and P6

Natural! Onoan

ganic

Samfle e Allophanes o

N t. © wt. %

wt. % wt. %
re 62 8 42
e 43 —2 3.2
5 4 5 6.9

! By drying at 380 K.
2 Notdetermined.
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Table 2
Clay fraction content, natural humidity and chemical composition of core P4
at different levels below sediment surface (natural samples)

Natural Clay ;

Level humidity fraction 8i0, Al0, Fe;0,
m wt. % wt. % wt. % wt. % wt. %
0.08 75 13 52.1 13.4 6.7
0.25 74 15 50.3 11.9 5.5
0.35 76 12 52.9 13.6 6.7

The content of iron hydroxides and oxyhydroxides was determined by Mdssbauer
method at 4.5 K in the sediment core close to P6 position (Gorlich et al. 1984) and
is ca. 3% (calculated as FeOOH). The concentration of iron monosulphides determi-
ned by Neglia-Favretto method is ca. 0.3% in the same locality.

Homogeneity of the surface layer of sediment (about 30 cm thick) which is collected
in distorted state in grab samples under study, was checked on the single sediment
core P4. The results gathered in Table 2 confirm assumption that for the purpose
of this study the surface layer of sediments may be regarded as homogeneous.

The clay-mineral assemblage consists of illite (407 to 5574 of clay fraction),
chlorite (20% to 35% of clay fraction) and smectites (357; to 107 of clay fraction).
The range of values given in brackets corresponds with the weight per cent content
of given mineral near the mouth of the Vistula River and at the 55 km distance,
respectively. These values represent the trend of changes of clay composition in
surface sediments. In the vicinity of the river mouth there is a distinct contribution
to the XRD patterns from swelling chlorites and mixed-layer illite/smectite (Stoch

et al. 1980). :
Illite is dioctahedral (dpso=0.1503 nm), and the IR absorption band of OH

Table 3
Concentration of iron in the clay fraction and Fe®*/Fe?* ratio
Sample Depth ]31 stapegiion Iron content Fe3t/Fe?2+

istula mouth b2

N° m e wt. % Fe 03! ratio
Rl 25 5 9.9 7.4
P2 60 12 BR/ 2.1
P3 65 by 53 28
P4 90 35 72 2.8
BS 85 45 32 2.8
P6 90 5T 55 2.8

1 Determined by PIXE method.
2 Determined by Mdssbauer spectroscopy.
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stretching vibrations near 3620 cm™' may suggest considerable Fe** substitution

in octahedral sheet. s i
Chlorite is poorly crystalline, magnesium-ferrous type as indicated by the distri-

bution of intensities of XRD basal reflections and low wave numbers of IR absorp-
tion bands: 645, 725 and 3550 cm™! (Gorlich et al. 1978). Considerable ferrous
substitution is confirmed by the reduction of 0.701 nm XRD reflection of chlorite
after heating at 850 K (Stoch 1974).

Concentrations of iron in the clay fraction of the samples P1 to P6 are given in
Table 3. The iron content was measured by PIXE method on the samples submitted
to Mossbauer measurements.
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EXPERIMENTAL AND RESULTS

Gamma resonance absorption measurements were performed using a standard
constant acceleration Mossbauer spectrometer and a >’Co(Cr) source. The velocity
scale was calibrated with Fe-metal absorber. The spectra were measured at room
temperature. All absorbers had the same thickness of about 100 mg/cm?.

Six samples of clay fraction (<2 pm) of surface sediments were submitted to
Mossbauer measurements (Fig. 1). The samples were quasi-natural (washed and
air-dried) to avoid impact of chemical DCB cleaning procedure (Ericsson et al.
1984). Spectra obtained are illustrated in Figures 2 and 3.

The spectra were fitted using the least squares minimization routine with two
doublets corresponding to the divalent iron (C; and C,in Figures 2 and 3) and two
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Fig. 3. Gamma resonance absorption spectra for samples PS5 and P6 at
room temperature

Details as in Figure 2
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doublets for trivalent iron (C; and C,). Each doublet is a set of two Lorentzian
lines. The hyperfine parameters obtained for satisfactory fits are listed in Table 4.

There is a considerable range of variability of parameters along the profile from
Pl to P6. On one hand, it is due to the correlation between parameters in the fitting
procedure and results from the change in amplitudes of the component spectra.
On the other hand, it reflects the complex nature of the fitted quad rupole-split
doublets.

Some doublets are superpositions of resonance absorption by iron species in the
different crystal chemical positions. As found in the other study of Gdansk Basin
sediments (Gorlich et al. 1984) C, and C; quadrupole components contribute at
helium temperature (4.5 K) to Zeeman split components. Thus, C; and C; components
at RT most probably include effects from iron in the superparamagnetic non-clay
compounds. These compounds are presumably ferrous and ferric hydroxides and
oxyhydroxides. Fe(OH), is characterized at RT by isomer shift ca. 1.15 mm/sec

Table 4
Hyperfine parameters for all components of spectra at room temperature
(300 K)
I ] i
dassie'll Ghrpoliest SO}I;I'lfCI' Qua(?rlfpole Full w1d.th at
s N° shift splitting half maximum
mmy/sec mmy/sec mmy/sec
P1 C, 1.31(1) 2.59(2) 0.21(2)
C, 1.37(1) 1.91(6) 0.22(7)
Cs 0.46(1) 1.07(1) 0.29(1)
(€ 0.48(1) 0.55(1) 0.32(1)
P2 C, 1.28(1) 2.56(1) 0.21(1)
C, 1.19(1) 2.40(1) 0.24(1)
C; 0.48(1) 1.16(1) 0.28(1)
(€7, 0.49(1) 0.56(1) 0.35(1)
P3 (€ 1.26(1) 2.70(1) 0.22(1)
C; ik2lah), 2.31(1) 0.33(1)
€5 0.53(1) 1.03(1) 0.36(1)
@) 0.47(1) 0.60(1) 0.33(1)
P4 C, 1.22(1) 2.74(1) 0.21(1)
82 1.20(1) 2.39(1) 0.25(1)
C3 0.46(1) 0.95(1) 0.42(1)
P 4 0.41(1) 0.58(1) 0.34(1)
5 C, 1.23(1) 2.67(1)
- 0.28(1)
CZ 1.07(1) 2.19(1) 0.47(1)
3 0.44(1) 0.86(1) 0.41(1)
Cs 0.43(1) 0.
- .49(1) 0.43(1)
G 1.24(1) 2.73(1)
< 0.18(2)
2 1.36(1) 2.02(8)
= 0.37(6)
3 0.54(1) 1.15(1) 0.
Cs 0.46(1 ‘ oo
| .46(1) 0.59(1) 0.29(1)

1 Relative Fe-metal.
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and quadrupole splitting ca. 2.9 mm/sec, which are close to C; parameters. FeOOH
y and o polymorphs reveal at room temperature isomer shifts between 0.30 and
0.65 mm/sec and fit in Cy component. The presence of superparamagnetic y-FeOOH in
the sediments at the locality close to P6 was confirmed by measurements at 4.5 K
in the above cited study by Gorlich et al. (1984).

Siderite may contribute to C, component with its parameters: IS = 1.24 mm/sec
and EQ = 1.80 mm/sec. C, component at RT includes interaction of ferric iron in
the octahedral sheets of two different clay minerals: illite and smectite.

The question of presence of ferrous monosulphides is unresolved here. In spite
of the dark to black colour of the anoxic sediments (samples P2 to P6) there is only
about 5% of iron bound in monosulphides. It is probably below detection limit of
the Mossbauer method as found by Rozenson and Heller-Kallai (1978). However,
one may notice in Fig. 3 the traces of magnetic split in the spectra of P5 and P6,
which may arise from interaction of antiferromagnetic ferrous monosulphide.

The component quadrupole spectra are ascribed to the following crystal chemical
positions of iron:

(1) Component C is ascribed to divalent iron in octahedral and brucitic sheets
of chlorite and presumably in ferrous hydroxide.

(2) Component C, may be ascribed to the minor contribution from divalent
iron in the octahedral sheet of illite (and in siderite ?).

(3) Component C; includes resonance absorption by trivalent iron in the M(1)
sites of octahedral sheet of illite and by the non-clay superparamagnetic phase,
presumably ferric hydroxide of ferrihydrite type and ferric oxyhydroxides.

(4) Component C, includes effects from trivalent iron in M(2) sites of the octa-
hedral sheets of illite and smectite.

DISCUSSION

The plot of relative intensities (abundances) of component spectra C; to Cy4
in Fig. 4 and Fe*/Fe?" ratios in Table 3 suggests the transition in site preference of
ferrous and ferric iron along the profile from the river mouth in seaward direction.
There is a rapid decrease of Fe>*/Fe?* ratio in the surface sediments, from 7.4 in
sample Pl (5 km from the river mouth) to a constant value of 2.8 for the other
samples, all of them situated below 50 m water depth.

The rapid drop of the ratio is accompanied by changes in the intensities of com-
ponent spectra. The greatest is a decrease of Cj contribution. It may be related to
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0160 st & LA T e O CilEaY
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sities of component spectra
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the decrease in content of ferric hydroxides of ferrihydrite type. The maximum. con-
tent of this phase would be thus situated immediately at the mouth of the Vistula
River, reflecting the rapid precipitation and flocculation of Fe**t by destabiliza-
tion upon the first contact of fresh and brackish waters. Further slow increase in
the intensity of C, component is due to the increasing concentration of illite in
the sediment and to the settling of ferric oxyhydroxide phase from the suspension
which has avoided deposition at the barrier of primary destabilization.

Monotonous decrease of C, component intensity from P1 to P6 is explained by
the decreasing content of smectites which contribute to this component.

The general increase of the intensities of C; and C, components is explained by
the correlated decrease in the relative intensities of trivalent components and by
growing concentration of ferrous hydroxide and iron-bearing illite. Greater increase
.c;f. C, when compared with C, indicates growing contribution of ferrous ions in
llite.

CONCLUSIONS

The distinction between the two valency states of iron by Mdssbauer spectro-
scopy is in the present study explicit. On the contrary, the assignment of quadru-
pole components to the specific crystal chemical sites is ambiguous. There is much
room left for interpretation. Therefore, it was necessary to use as extensively as pos-
sible suplementary data from XRD, IR absorption and chemical analysis.

There are two distinct zones of estuarine deposition of fine sediments in the
Gdgmsk Basin. The first, down to ca. 10 km from the Vistula River mouth includes
rapid _ﬁogculation of swelling clay minerals of smectite group, accompanied by
precipitation and flocculation of ferric hydroxides. Smectites are nearly completely
removeq from the suspension in this first zone. In the second zone, further in sea-
ward dgection, there dominates sedimentation of iron-bearing illites and chlorites
A considerable part of ferrous phases in this zone is built up of non-clay mi11era]§
(ferrous. hydroxides) which are stable and thus in greater abundance in the reduc-
ing environment of the sediments below 50 m water depth (samples P2 to P6)
The amount.of ferric oxyhydroxides (y-FeOOH?) is increasing with depth .

Flocculation of dissolved and particulate matter by mixing of fresh and b.rackish
waters con'grols sed_imentation in the immediate vicinity of the river mouth. Settlin
of the modified residual suspension which passed through the barrier of de'stabiliza%

tion, controls formation of fine sediments further t i i
gk han 10 km from the Vistula Ri-
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MINERALY ZELAZA W POWIERZCHNIOWYCH OSADACH
MORZA BALTYCKIEGO: STUDIUM METODA
MOSSBAUERA

Streszczenie

Szeé¢ probek osadow dennych z Basenu Gdanskiego zbadano spektroskopia
mossbauerowska w celu znalezienia regularnoéci w rozmieszezeniu jonow Zzelaza-
wych i zelazowych w réznych pozycjach krystalochemicznych. Prébki osadu po-
brano czerpakiem Petersena z gigbokosci 25—90 m p.p.m., w odlegtosci 5—55 km
od ujécia Wisty (fig. 1). Fizyczne i chemiczne cechy osadu przedstawiono w tabe-
lach 1-3. Widma mossbauerowskie zarejestrowano w temperaturze pokojowej
(300 K) dla prébek z frakcji ilastej osadéw (<2 pm) — fig. 2 i 3. Pomierzone
parametry nadsubtelne zebrano w tabeli 4. Stwierdzono, ze jony Fe* ' zajmuja
pozycie M(1) i M(2) w warstwie oktaedrycznej illitu i smektytu. Zelazo tréjwarto-
Sciowe znajduje si¢ réwniez w nieilastych fazach superparamagnetycznych. Fe?*
znajduje sig w warstwie oktaedrycznej chlorytu. Zelazo dwuwartoSciowe znajduje
sie réwniez w niezidentyfikowanej zelazawej fazie wodorotlenkowej, ktéra jest
trwala, a stad obfitsza w redukcyjnym érodowisku drobnych osadéw zalegajacych
ponizej glebokosci 50 m p.p.m. Obliczone wzgledne intensywnosci widm sktadowych
(fig. 4) pozwalaja ustali¢ zmienno$¢ stosunku Fe®*/Fe?* (tab. 3) oraz zmiany prefe-
rencji w obsadzie pozyciji krystalochemicznych, a takze zmiany form mineralnych
w jakich wystepuje zelazo.

Stwierdzono dwie strefy sedymentacji estuaryjnej materialu drobnoziarnistego.
Pierwsza, siegajaca do 10 km w gtab morza od ujécia Wisty, zdominowana jest przez
flokulacje, a w efekcie depozycje mineratow peczniejacych grupy smektytu oraz wy-
tracanie si¢ i flokulacje wodorotlenkéw zelazowych. Smektyty sa usuwane z zawie-
siny gtéwnie w tej pierwszej strefie. Druga strefa jest zdominowana przez sedymenta-
cje illitu i chlorytu. W tej strefie osiada zmieniona zawiesina, ktéra pokonata bariere
destabilizacji w strefie pierwszej. Oprocz mineraléw ilastych deponowane sa tutaj
oksywodorotlenki zelazowe, ktérych iloé¢ w osadzie roénie z glebokoscia basenu.

OBJASNIENIA FIGUR

Fig. 1. Potozenie geograficzne obszaru badan i miejsca pobrania probek w Basenie Gdanskim
1 — prébki czerpakowe, 2 — rdzen dlugosci 85 cm

Fig. 2. Widma absorpcji rezonansowej gamma probek P1 do P4 w temperaturze pokojowej. Linia
ciagla jest najlepiej dopasowana krzywa teoretyczna. Pokazano potozenie linii widm sktado-
wych. Jezeli zatozy¢, ze frakcja bezodrzutowa jest taka sama dla wszystkich pozycji i warto-
$ciowosci zelaza, intensywnosci widm sktadowych odpowiadaja wzglednym zawartosciom
zelaza w poszczego6lnych pozycjach, przedstawionym na fig. 4

Fig. 3. Widma absorpcji rezonansowej gamma probek PS5 i P6 w temperaturze pokojowej
Szczegbly jak na fig. 2

Fig. 4. Wykres wzglednych intensywnosci widm skladowych Cy do Ci dla wszystkich badanych
probek. Zaznaczono odleglosci od ujscia Wisty i glebokosci poboru probek
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Kuwwumod TEPJTHX, Ddeapd A. TEPINX, ®am Kyox XVHI

MMWHEPAJIBI JKEJE3A B JJOHHBIX OTJOXEHMSX
BAJITUIICKOTO MOPSI — M3VUEHUE
MECCBAYSPOBCKUM METOAOM

Pe3rome

IllecTs 06pPA3IOB MOHHBIX OTIOXeHUH U3 [1aHbcKoro GacceiiHa OBIIM M3yYEHBI
METOIOM MEccOAyIPOBCKOM CIEKTPOCKOMMHU C LEJIbI0 HaWTH 3aKOHOMEPHOCTh pa3-
Menerust (eppr- # (HEpPOMOHOB B PA3IMYHBIX KPUCTAIIOXMMHUYECKMX ITOJIOXNKE-
musix. O6pasnsl ocaaka OGbUM 0TOOpaHkl yepmakom Iletepeera ¢ rimy6unsr 25—90 M
HMXE YPOBHSI MOPsI, HA PACCTOSHUM 5—55 kKM OT ycTbsi p. Bucisr (dur. 1). dusn-
YeCKHe ¥ XMMMYECKHe CBOMCTBA OcCajKa MpeAcTaBiIeHbl Ha Tabmmumax 1—3. Mécc-
6ayspOBCKHe CHEKTPBI PErHCTPUPOBAHBI B KOMHATHOM Temmepatype (300 K) mist
06pasnoB riuuHKUCTON (pakuun oTioxenwin (< 2 mMxm) (pur. 2 u 3). M3mepenHsre
CBEPXTOHKHE IapameTphbl cobpanbl Ha Tabimue 4. O6uapyxeno, 4ro monsl Fe3*
3aHnMaroT nojoxenne M (1) u M (2) B OKTasgpuYecKOM CJI0€ MJUIATA M CMEKTHTA.
TpexBaJeHTHOE KEJIe30 MPHCYTCTBYET TAKXKE B HETJIMHUCTHIX CylepHapaMarHUTHBIX
(azax. Fe* HaxoIuTCs B OKTA3APHYECKOM CJIO€ XJOPHUTA. JBYXBAJEHTHOE KEJIE30
IPHUCTYCTBYET TakXKe B HEMAECHTH(HUIMPOBAHHON THAPOOKUCHOM (eppodase, koTopas
YCTOWYMBA, M OTCIO/1a 60JIee 0OMITBEHAS B BOCCTAHOBHTEILHOM CPEJIE MEJIKO3EPHUCTHIX
OCaIIKOB, 3aJlerarolluX Huxke riyouHsl S0 M H.y.M. PaccuMTaHHbIE OXHOCHTEIbHBIE
MHTEHCHBHOCTH COCTABHBIX CHEKTPOB ((Hr. 4) MO3BOJISIOT YCTAHOBUTH HEMOCTOSIH-
cTBO cootHomenwnst Fe?*/Fe?* (tabu. 3), a Takke W3MEHEHHS IPE/NOYTCHMNA B 3a-
HUMaHHK KPHCTAJLIOXMMAYECKOTO TOJIOKEHHS, & TakKe U3MEHEHUS MUHEPATbHBIX
bopM, B KakuX NPHUCYTCTBYET XeJe30.

OGHapyskeHbl J1Be 30HBI 5CTYAPHOTO OCAAKOHAKOIIEHHS METKO3EPHUCTOTO Ma-
Tepuana. B mepsoit, mocturaromei 10 M Briry6s Mops OT ycThs BHCHBI, TOCHOJ-
CTBYeT (IOKYNAUMSI M B WTOre OCAXKIEHHE HABYXaroLIMX MUHEPAJIOB TPYIIIILI
CMEKTHTA, & Takke OCAKICHWE W (IOKYIIUs (eppuruapookucioB. CMeKTHTHL
YHAJSIOTCS M3 B3BECH NPEMMYLIECTBEHHO B 9TOW TepBoii 3ome. Bo BTOpoi
30HE TOCMOJCTBYET CEIMMEHTANMsl MIUIATA M XJIOPHTA. B 3To# 30He ocaxmaercs
M3MCHCHHAS B3BECh, KOTOpas oJojena Gapbep necTaCHiIM3aluu B TEPBON 30He.
Kpome rimiHICTBIX MUHEPATOB, 0CAXIAIOTC 371eCh OKCHIUIPOOKHUCIIBI TPEXBAJICHT-
HOTO %eJie3a, KOTOPBIX KOJIMYECTBO B OCAIKE PACTET C IIyOUHOIM Gacceiina.

OBBSCHEHUS K OUTYPAM

®ur. 1. Teorpadmieckoe monoxkenne paiona uccie '
A IOBAHMH M Mecta 0T6Opa 06pas3loB B -
ckoM Oacceitne g e Fions

1 — xoBmosbie o6pasupr, 2 — KepH UmMHOHK 85 cm

@ur. 2. CrexTpbl Pe30HAHCHOTIO HOTJIOLICHUST ramMma o6pasuos Pl mo P4 B KOMHATHOU Temirre-
patype. CruiomnHas JuHUS Haubosee HOAXOMUT K TEOPETHYECKOM XpuBOM. IToKazaHO
MOJIOKEHUE COCTABHBIX CIIEKTPOB. Ecim TPEATIOIIONUTE, YTO Bpakims 6e3 oT6poca Takast
7K€ JUISL BCEX TOJIOKCHUH M BATCHTHOCTEH XKellesa, To MHTCHCUBHOCTU COCTABHBIX CIIEKTPOB

COOTBETCTBYIOT OTHOCHUTEIbHBIM CoHepKaHUAM 3 T HAX
TBETCT xKeieza B
: OTACJIBHBIX  ITOJIOXKEH. 3

@ur. 3. CuexkTp pe3oHaHCHOro TOTJIOLIEHUS T
TlonpoGrocTn xak Ha dur, 2

@ur. 4. T'padyuk OTHOCUTETBLHBIX MHTEHCUBHOCTEH
YaembIx 06pa3uos. Ykazann PacCTostHust O

aMMa o6pasiuos P5 u P6 B KOMHATHOM TeMIepaType.

COCTaBHBIX criekTpoB C; mo C, st Beex u3y-
T YCTbst p. Bucner u riny6una or6opa o6pasuos
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