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The domain state of magnetite detected in sediments of Shira lake (Khakassia, Russia) was examined by
means of magnetic hysteresis. Analysis of experimental data obtained on samples from different parts
of bottom sediment cores in terms of Day plots allowed us to conclude that magnetite particles are in
the pseudo-single-domain state. This indicates respectively small size of magnetite particles (< 100 nm)
and reveals their bacterial origin. Biogenic magnetite buried in the bottom sediments can indicate the

climatic changes in the Shira lake level in the Late Holocene.
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Introduction

One of crucial factors determining magnetic hysteresis of submicron size particles is the
type of their domain state. Among the single-domain (SD) and multi-domain (MD) states the
intermediate between SD and MD, so called pseudo-single-domain (PSD) state is distinguished.
These domain states are conventionally elucidated in terms of Day plots [1]. In this report the
domain state of magnetite detected in sediments of Shira lake (Khakassia, Russia) was examined
by means of analysis of magnetization curve M(H) measurements. The aim was to confirm (or to
disconfirm) the bacterial origin of magnetite in sediments of Shira lake obtained from previous
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study [2]. In [2] the non-monotonic dependence of magnetite content on the depth of sediments
was found to correlate with the lake level indicating that the most probable source of magnetite
is magnetosomes of magnetotactic halolimnetic bacteria.

1. Experimental

Lake Shira (54°30’ N, 90°11’ E) is located in the Chebakovo-Balakhtinskaya depression of the
Minusinsk trough, a steppe region of the Republic of Khakassia (Siberia, Russia) was described
in detail elsewhere [3]. The bottom sediments were sampled on May 31, 2011 in the central part
of Lake Shira at 54°30.546’ N and 90°11.442’ E. The lake depth of the sampling area was 24
m. The sampling was made with the use of an Ekman box bottom grab taking a bottom area
of 160x160 mm. The samples were cut from several parts of bottom sediment cores (obtained
in 2011) corresponded to different depths (in mm) of sediments. Magnetic measurements were
performed by using vibration sample magnetometer. A signal from the sample with a capsule was
corrected by the diamagnetic signal from the capsule; then, the magnetic moment was normalized
to the unit sample mass.

2. Results and discussion

The Fig. 1 shows typical field dependence of magnetization M(H) for sediment sample. Hys-
teresis of the M(H) dependence in the field range up to 2 kOe is seen. Another feature of the
M(H) dependence is its linear behavior in the range of fields higher than 2 kOe. The slope of
this linear dependence was found to decrease with increasing of temperature. The inset of Fig. 1
shows the temperature dependence of magnetic moment M(T) of the sample measured in the
external field of 1 kOe. There is a a kink on the M(T) dependence at temperature of 120 K
corresponding to the Vervey transition of magnetite. The decrease of the magnetization with
temperature is due to additional paramagnetic contribution from Fe?* and Fe3* ions [2]. This
paramagnetic (PM) contribution was taken into account and the ferrimagnetic (FM) contribution
(from magnetite) was extracted from M(H) and M(T) data, see the Fig. 1.

To build the Day plots a set of minor hysteresis curve with step by step increase of the maximal
applied field Hmax (up to Hmax corresponding to the major loop) were recorded. The values
of remanence Mg, saturation magnetization Mg, coercivity He, and Hog (Heg corresponds to
the Hmax value at which the remanence is 0.5 of the Mz magnitude for the major loop) were
determined from these data. The Fig. 2 shows major and minor hysteresis M(H) curves together
with typical example of determination of Mg, Mrs, Ho, and Ho g values. The experimental data
obtained on several samples from different depths of sediments were plotted in the co-ordinates
Mpgs/Mg, Her/He. According to [1] the SD, PSD, and MD states correspond to areas shown
in the Fig. 3. As can be seen from this figure the experimental data obtained on samples from
various depths are located in the PSD region. This indicates respectively small size of magnetite
particles (< 100 nm) [4] and reveals their bacterial origin.

Conclusions

Thus, the magnetic state of the magnetite particles buried in the sediments of the Shira
lake is the pseudo-single-domain. This points out the small size (< 100 nm) of the magnetite
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Fig. 1. Typical results of magnetic measurements of a sediment at the depth of 65 mm together

with FM and PM contributions
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Fig. 2. Typical major and minor hysteresis magnetization curves of a sediment at the depth of

65 mm
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Fig. 3. The Day plots for the studied samples from the sediments of various depths

particles and supports the conclusion of Ref. [2] that the source of magnetite in the sediments
is magnetosomes of magnetotactic halolimnetic bacteria. Therefore, biogenic magnetite buried
in the bottom sediments can indicate the climatic changes in the Shira lake level in the Late
Holocene.
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I'padbukn Hd3s nasg 6akTepuaibHOTO MAarHeTUTA U3 JOHHBIX
orsioxkeHmii o3epa Illupa (Xakacusi, Poccus)

Cepreit B. Ceménon

Jmurpuit A. Banaes

WNucruryr dusukn um. JI. B. Kupenckoro CO PAH
Axanemroponok, 50/38, Kpacuosipck, 660036
Poccus

Kupunn A.IlaiixyTanHOB

WNucruryr dusukn um. JI. B. Kupenckoro CO PAH
Axanemroponok, 50/38, Kpacuosipck, 660036
ennc FO. Porosun

Nucruryr 6nodusuku CO PAH
Axanemropomok, 50/50, Kpacnoapck, 660036

Poccus

Hcenedosaro domenmoe cocmoanue MazHEMUMa, 06HAPYHCeHH020 6 JOHHBIE omaodceruar odepa IIupa
(Xaxacua, Poccus). U3 anasu3a sKcnepumenmasb o OaGHHOLT N0 HaAMAZHUMEHHOCTNY 06Pa3y06 ¢ PA3HHIT
YUACMKO8 KepHna JOHHBIT omaodcenuli, a makosice na ocnose 2paduros lsa cdeaar 661600, 4Mo “acmu-
UbL MAZHEMUMA HATOOAMCA 8 NCe80000H000MEHHOM COCOAHUY. DMO YKA3bIBAEM HA MAALLL Pa3mep
wacmuy, maegnemuma (< 100 nm) u nodmeeporcdaem ux baxmepuansvbroe npoucrodtcierue. Buozernvil
MAZHEMUM, COOEPHCAUUTICA 6 OOHHOIL OMAOHCEHUAT, MONCEM CAYHCUMD UHOUKAMOPOM KAUMAMUYE-

crux usmenenul 6 yposte osepa Ilupa 6 nozdnem zosoueme.

Karouesvie crosa: HAHOYACTNUYDL, MA2HUMHBLT, 2ucmepesauc, 6a%mepucmbmmi Ma2HEMUM.
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