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Abstract. In the framework of the Danube Delta geosystem spatial evolution study, new results achieved for sediment cores — this time collected from the
Matita — Merhei Depression lakes — are added up to the data which were previously published with regard to the Mesteru — Fortuna Depression. Actually,
it is the second part of the series of papers dedicated to the magneto — lithological investigation of sediment columns, taken out from various aquatic
environments, in both the Fluvial and Marine Delta Plains. Vertical profiles of magnetic susceptibility (MS) and contents of siliciclastic/minerogenic/detrital
fraction (SIL), total organic matter (TOM) and carbonate (CAR) are carried out for 9 cores (not longer than 55.5 cm), collected from four lakes (Babina, Ma-
tita, Polideanca and Bogdaproste), a swamp (Polideanca — Lopatna) and a canal (Lopatna — Polideanca). These records are based on MS (k) measurements
(with a Kappabridge KLY-2), and respectively, on lithological component contents analyses (by the “Loss on Ignition”/L0/ method), performed on sediment
samples obtained by core slicing, at 1-3 cm intervals. MS, SIL, TOM and CAR maps are carried out for surficial sediments, as well, in order to describe the
magneto-lithological background which characterizes each of the lakes from where the short sediment cores were extracted. The MS calibration of the
lake sediments (core and grab samples) is carried out by using a k scale with 5 classes. The correlation coefficient (r) is calculated for all 6 possible pairs of
above specified parameters (SIL vs. k, TOM vs. k, CAR vs. k, SIL vs. TOM, SIL vs. CAR and TOM vs. CAR). To evaluate the correlation size, a scale with 6 steps
is used. Positive/direct and negative/reversed correlations have always been obtained for SIL vs. k, and TOM vs. k, respectively. Therefore, new proofs are
added to assign the magnetic parameter proxy quality as environmental and sedimentological fingerprinting tool. Another important result of the present
study is the detection of some marine clays located very close below the water/sediment interface, intercepted, particularly, at the lower/basal part of two
cores from the Babina Lake, two from Matifa Lake, and another one from the Lopatna — Polideanca Canal. These marine deposits (with macroscopically
identified specific fauna) are characterized by clearly different magnetic and lithological signatures (high MS values and SIL contents, low TOM contents),
as compared with the fingerprints recovered from the overlying muds (sampled at the upper part of the cores). The presence of a marine episode revealed
by some of the sediment cores collected from lakes of the Matita — Merhei Depression, which is a part of the Fluvial Delta Plain, is very interesting and can
represent a contribution to the better knowledge of the deltaic system temporal and spatial evolution.

Key words: environmental magnetism, minerogenic/siliciclastic component, total organic matter component, carbonate component, lake sediments,
marine clays.

1. INTRODUCTION - STUDY AREA the main lakes of Mesteru — Fortuna Depression (I, in Fig. 1) have

In a previous paper dedicated to the evaluation of relation- been investigated. This depression is a deltaic unit placed in the

ship between the magnetic susceptibility and the lithological ~ Western zone of the Danube Delta (DD) northern wing (which
composition inferred from sediment cores (Radan et al.,, 2013),  encompasses the area between Chilia and Sulina branches).
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Fig. 1. Location of the lakes in the Danube Delta from where sediment cores were collected over the 2010 — 2014 period. I. Mesteru — Fortuna

Depression: 1 — Cutetchi Lake; 2 — Tataru Lake; 3 — Baclanesti Lake; 4 — Fortuna Lake; 4bis — Cranjala Canal; 5 — Trofilca Lake; 6 — Beldi Lake.

II. Matita — Merhei Depression: 7 — Babina Lake; 8 - Matita Lake; 9 — Polideanca - Lopatna Swamp; 10 — Polideanca Lake; 11— Bogdaproste

Lake; 10bis — Lopatna - Polideanca Canal. I1l. Gorgova — Uzlina Depression: 12 — Gorgova Lake; 13 — Cuibeda Lake; 14 — Isacova Lake; 15 —

Uzlina Lake. IV. Lumina — Rosu Depression: 16 — Lumina Lake; 17 — Puiu Lake; 18 — Rogu Lake. Notes: | — Area with published data (Rddan et

al., 2013); 5,6 — lakes from where 3 cores were collected in 2014, and consequently, are not included in the cited article; Il — Area under attention
in the present paper; Ill, IV — Deltaic areas from where the results are to be next published.

With a view to extending the analysis of results achieved
from the integrated magneto-susceptibilimetric and litho-
logical investigation of the cores taken out during the last five
years (2010 — 2014) in the Danube Delta, the present paper
focuses on the data obtained in the other depression situated
in the northern wing, but in its central area, also in the Fluvial
Delta Plain, i.e., the Matita — Merhei Depression (ll, in Fig. 1).

The results provided by 9 short cores, collected in the
Matita — Merhei Depression from the Babina, Matita, Polidean-
ca and Bogdaproste lakes, as well as from the Polideanca — Lo-
patna Swamp and the Lopatna — Polideanca Canal (Figs. 1 and
2), which are commented in the present paper, bring new ar-
guments on the existing correlations between the geophysi-
cal/rock-magnetic parameter (MS) and the sedimentological/
LITHO ones. The vertical distribution of the magnetic sus-
ceptibility values, recorded for the sediment cores, reflects,
accurately, the lithological variations, which, sometimes, are

macroscopically less visible. Besides, the identification — dur-
ing the process of core slicing and sediment description per-
formed on the research vessel, right through the field trip — of
some marine deposits, within several cores, is confirmed and
“quantified” in laboratory; distinct MS and LITHO character-
istics are decoded from the magneto-lithological signatures
recovered from the sediment sample succession.

The data discussed in the paper represent a new contri-
bution towards developing a proxy method of sedimento-
logical and environmental fingerprinting in lake sediments,
confirming the capability of the magnetic susceptibility re-
cord to be used as a proxy for the lithological composition
characterization of the lake sediments.

2. LOGISTICS, MATERIALS AND METHODS

Essential data concerning the methods used to carry out
an integrated magneto-lithological study of sediment cores
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were presented in the first paper (Rddan et al., 2013) of a se-
ries of 4 articles which are intended to be published related
to the four main deltaic depressions (I, II, Il IV, in Fig. 1). Con-
sequently, some significant (new) aspects only will be here
mentioned.

The field works carried out by GeoEcoMar in the frame-
work of the Core Program, Contract no. PN 09-41 03 04,
aboard the fluvial vessel “Istros” in the Danube Delta lakes
have gone on with the October 2013 expedition, and two
other cruises, performed in April/May, and August 2014, re-
spectively. The investigations were focused both on the di-
rect observations related to the water and sediments and on
collecting water and sediment samples/cores for analyses in
specific laboratories. In the lakes where the water depth was
lower than 1.50 m, a motor-boat (“Mdriuca”) was used. Sev-
eral physico-chemical parameters have been investigated
for the surface waters, and the study of the greenhouse gas
emissions in different deltaic ecosystems was performed.
The lithological and the magnetic susceptibility character-
ization of the lacustrine sediments represents an important
objective of the respective multi-disciplinary campaigns.
The detailed study of the relationship between these two
distinct categories of parameters is just what this paper is
dealing with.

As regards the Matita — Merhei Depression, under atten-
tion here, numerous samples from the surficial/bottom sed-
iments have particularly been taken out (with the grab sam-
pler) during 2010 — 2014; these gave information from the
first ca. 20 cm beneath the water/sediment interface. Besides
of the principal lakes of this aquatic area, i.e. Merhei, Babina,
Matita, Trei Ozere, Bogdaproste, such samples have also come
from several small lakes, e.g., Ciorticut and Corciovata (sit-
uated north of Babina L.), Polideanca — Lopatna Swamp and
Polideanca L. (south of Matita L.), and also Covaliova L. and
Cdzanel L. (located southwest and south, respectively, of Trei
Ozere L.) (Fig. 2). Maps showing the areal distribution of the
magnetic susceptibility, based on hundreds of sediment sam-
ples, taken out from all these lakes, during the above speci-
fied period, are also integrated in the paper.

The collection of 6 sediment cores (Fig. 2), extracted from
the Babina L. (cores DD 10-18, DD 10-106 and DD 11-49), Matita
L. (cores DD 10-01 and DD 11-01), and Bogdaproste L. (core DD
13-104), in the 2010 — 2013 period, has been completed —
during the spring 2014 expedition — by taking a core (DD 14-
104) from Polideanca Lake, another one (core DD 14-113) from
Polideanca — Lopatna Swamp, and the core DD14-112, from
the Lopatna — Polideanca Canal (Fig. 2).

Consequently, nine cores from the Matita — Merhei De-
pression (location in Figs. 1 and 2) have been available to be
investigated for the vertical distribution of magnetic suscep-
tibility and of three lithological components. The sediment
columns (with lengths between 24 — 55.5 cm) were extract-
ed with a Hydro-Bios type core sampler, with a transparent
tube, and were sliced at 1 — 3 cm intervals, using an extruder,

aboard the R/V"Istros”. Some details (photos included) can be
found in a paper published by Radan et al. (2013).

The magnetic susceptibility of the samples originating
from different levels along each core was measured with a
KLY-2 Kappabridge (Instruction Manual for magnetic suscepti-
bility bridge — KLY-2, Geofyzika n.p. Brno, Czechoslovakia, 1981),
in the laboratory of environmental magnetism of the Geo-
logical Institute of Romania (GIR). The k values were report-
ed to the classes of a “magnetic susceptibility scale” (Fig. 3a;
Réadan & Radan, 2007), so that a MS calibration of the cores
is feasible. In this connection, some information on the sed-
iment quality, which is generally evaluated by means of the
geochemical and ecological scales, is inferred from the MS
records.

As regards the determination of lithological composi-
tion variation along the sediment cores, the Loss on Ignition
method (LOI) (Dean, 1974; Catianis et al., 2013) was applied, in
the specific laboratory of GeoEcoMar. Therefore, the contents
of three lithological components, following the order TOM
(Total Organic Matter), CAR (CARbonates), and SIL (SlLici-
clastic/minerogenic fraction) have been determined.

Based on the achieved MS and LITHO parameters, a se-
ries of magneto-lithological models associated with each
sediment core are presented, analysed and discussed (see
Chapter 3). To quantify and interpret the relationship be-
tween the magnetic susceptibility calibration of the sediment
cores and their lithological composition, diagrams with the
graphic correlation between the two categories of parame-
ters (MS versus LITHO), but, also, between pairs of lithologi-
cal components (SIL vs. TOM; SIL vs. CAR; TOM vs. CAR) are
used. The resulted correlation coefficients (r) can be reported
to a scale (Fig. 3b) which makes possible the correlation size
evaluation related to the enviromagnetic parameter (k) and
the LITHO components; six classes are nominated between r
=1and r=-1, covering distinct stages between “strong pos-
itive correlation” and “strong negative correlation’, passing,
of course, through the “no correlation” point (r = 0) (Fig. 3b).
In some cases, scatter-plots which demonstrate clustering of
core sediments into distinct lithogenetic groups (“muds”and
“marine clays”) are also illustrated.

3. RESULTS AND DISCUSSION

The magnetic susceptibility records, together with the
vertical distribution of the lithological components contents
along the sediment cores, are discussed in this chapter. In its
first part, the detailed study is following the order given by
the sampling-site location, from northern lakes towards the
southern ones, and, at the same time, within a lake, taking
into consideration the temporal criterion related to the core
extraction moment/year. Synoptic MS and LITHO images,
and some applications and consequences inferred from
them, are presented and commented in the second part of
the chapter.

Geo-Eco-Marina 20/2014 47



Sorin - Corneliu Radan, Silviu Rddan, Irina Catianis, Albert Scrieciu — Relationship between the magnetic susceptibility and lithological composition

3.1. MAGNETIC SUSCEPTIBILITY AND LITHOLOGICAL DATA

The results are analysed within four subchapters, devoted
to the Babina Lake, Matita Lake, Lopatna Channel — Polideanca
Lake area, and, respectively, Bogdaproste Lake (Fig. 2).

3.1.1. Babina Lake (2010, 2011)

Three sediment cores were collected from the Babina
Lake, during 3 expeditions, carried out by GeoEcoMar Insti-
tute, in the Danube Delta, in 2010 and 2011. Therefore, the
cores DD 10-18 and DD 10-106 were taken out during the ex-
peditions performed between 16 — 30 June 2010, and 8 — 18
October 2010, respectively, while the core DD 11-49, during
the campaign organized in the period 29 April — 12 May 2011
(core location in Fig. 2).

a) Core DD 10-106

The macroscopic description of this core (44.5 cm length;
location in Fig. 2) correlates very well with the magnetic sus-
ceptibility vertical variation, which shows continuously in-
creasing values from the upper part towards the base (Fig.
4a); the MS successively passes through the k class 1 (43 %),
11 (33 %) and Il (24 %) (Figs. 4a,c). First time, this MS profile
was presented within a paper dedicated to a brief overview of
the recent sediments as enviromagnetic archives, its short anal-
ysis being connected with a MS map based on the bottom
sediments sampled from the Babina Lake (and Matita L.), in
1978 (Radan & Radan, 2011). Now, the discussion related to
the core DD 10-106 is extended and diversified. Thus, the pie-
chart, which synthetises the weights of the contents of LITHO
components characterizing the core sediments, asserts the
MS calibration: SIL (39 %), TOM (56 %), and CAR (5 %) (Fig.
4d). The MS record corresponds to the lithological composi-
tion regime: the detrital/minerogenic component (SIL) shows
a trend of increasing content towards the core base, i.e., from
15.38 % (0 — 1.5 cm) to (80.93 % — 88.09 %), within the 35
cm — 44.5 cm interval below the sediment - water interface
(Fig. 4b); the richest in organic substance sediments are pres-
ent in the first upper 35 cm, the TOM contens ranging be-
tween 79.66 % (for the first 1.5 cm of the sediment column)
and 48.59 % (for the mud sequence base, i.e., in the 33 — 35
c¢m depth interval; Fig. 4b). As regards the third lithological
component, represented by carbonates (CAR), it is interesting
to remark — even if their contents are very low — a similar ver-
tical distribution trend with the TOM component, i.e., higher
contents in the 0 — 35 cm depth interval (4.96 % — 9.48 %; Fig.
4b), and lower contents within the bottom zone of sediment
column (0.99 % — 2.53 %; Fig. 4b). Actually, when is quantified
the relationship between these two lithological components,
that is TOM versus CAR, the correlation coefficient (r) shows
a strong positive correlation, i.e., r = 0.81 (Fig. 4j). Instead, a
strong negative correlation, as it is easily to be deduced from
the previous comments, is revealed by the relathionship be-
tween the silty fraction and carbonates (SIL vs. CAR), namely r
=—0.84 (Fig. 4i). Surely, a (very) strong negative correlation is
for SIL vs. TOM, with r = — 0.999 (Fig. 4h).

As regards the relationships between the lithological
components and the magnetic parameter, the correlation
coefficients indicate — as the previous comments are sug-
gesting by now — strong correlations in all the cases, positive
for SIL vs. k (r = 0.98; Fig. 4e), and negative for TOM vs. k (r =
— 0.98; Fig. 4f), and CAR vs. k (r = — 0.79; Fig. 49).

The above presented quantification supports the mac-
roscopic observations made aboard the vessel, namely a
rapid transition from a silty, organic, noncohesive mud — at
the upper part, towards a progressively more compact mud,
with darker colour, old bioturbations, silted up, and with a
Cardium fragment, at base (42.5 — 44.5 cm depth), possibly a
marine clay (Fig. 4).

The line-chart carried out for the vertical variation of the
magnetic susceptibility MS (Fig. 5a) and the 2D area-chart for
the lithological components SIL, TOM and CAR, particularly
the first two (Fig. 5b), clearly illustrate the two distinct seg-
ments of the k and LITHO profiles recorded along the sedi-
ment core.

Starting from the general correlation diagrams concerning
the enviromagnetic parameter MS versus the LITHO compo-
nents (Figs. 4ef,g, redrawn in Figs. 6a,d,g), we have analysed
the same relationship type, but, separately, for the two parts
in which the sediment column of the core DD 10-106 was di-
vided. The results are illustrated in Figs. 6b,e,h, for the corre-
lations SIL vs. k, TOM vs. k, and CAR vs. k, related to the “mud
sequence” (0 — 35 cm depth interval), and in Figs. 6¢f,i, with
regard to the possibly intercepted marine clay sediment (35 —
44.5 cm). Strong correlations are indicated by the coefficient r
for muds, in the case of SIL vs. k (positive r; Fig. 6b) and TOM
vs. k (negative r; Fig. 6e), and also for CAR vs k, but concerning
the marine clay horizon (positive r; Fig. 6i). Moderate correla-
tions were obtained for the SIL vs. k case (positive r; Fig. 6¢)
and TOM vs. k (negative r; Fig. 6f), both relating to the marine
clay horizon. The only case when a weak correlation (positive)
was observed is for CAR vs. k, regarding the “mud sequence”
(Fig. 6h). The scale used to evaluate the size of the correlation
(r) between the lithological components SIL, TOM, CAR and
the enviromagnetic parameter (k) was presented in previously
published papers (e.g., Radan et al., 2013).

The magneto-lithological record recovered from the
core DD 10-106 is typical for a zone in which the episodic
influences are attenuated by the distance to the banks and to
the supply canal mouths.

b) Core DD 10-18

The magnetic susceptibility profile recorded along the
core DD 10-18 (location in Fig. 2) shows, in the first upper 18
c¢m (Fig. 7a), a vertical variation which is usually observed for
the sediment cores collected from this type of lakes (pro-
tected from the direct fluvial influx), that is low values in the
first centimeters, followed by an increasing trend towards
the core base. This is the case of the previously analysed
core from the Babina Lake, collected from its central part
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(i.e., DD 10-106; Fig. 6a). Yet, the k profile of the DD 10-18 core
is more complex, actually according with the vertical varia-
tion of the SIL and TOM lithological parameters (Figs. 7b,c).
In Figs. 8a,b, the MS, SIL, TOM and CAR records, achieved for
the sediment column of the core DD 10-18, are clearly illus-
trated. Its integrated magneto-lithological characterization is
facilitated and argued by the strong direct and reversed cor-
relations for SIL vs. MS, and TOM vs. MS, respectively (Figs.
79,h). So, a large maximum zone is well defined by the k val-
ues recorded for the samples sliced from the median part of
the core (with the highest k value of 102.69x10-6 SI; k class IlI),
followed by a minimum zone, with its central axis (a k value of
18.5%106 Sl; k class Il) around the depth of 41 — 44 cm below
the water/sediment interface (Fig. 7a). The 3D bar-charts with
the vertical variations of the siliciclastic/minerogenic fraction
(SIL; Fig. 7b) and the total organic matter (TOM; Fig. 7¢) assert
the magnetic susceptibility record along the core DD 10-18. In
this context, the correlation diagrams from Figs. 7g,h reveal
the strong positive/direct correlation for SIL versus MS (r =
0.93), and respectively, a strong reversed/negative correla-
tion for TOM versus MS (r = — 0.86). As concerns the content
of carbonates (CAR), this is very low (not higher than 9.9 %),
with an exception, generated by the sample collected from
the depth interval 41 — 44 cm (Fig. 7d), consisting of a hard

and compact soil-like sediment, showing granular to colum-
nar structure (31.41 % carbonates); the correlation CAR ver-
sus MS is a moderate negative one (r = — 0.47; Fig. 7i). When
the lithological components TOM and CAR are considered
together, the correlation coefficient for the relation (TOM +
CAR) versus MS is increasing, becoming r = — 0.93 (Fig. 7j).

The magneto-lithological data assert the macroscopic
observations performed aboard, during the core slicing
procedure, pointing out a peculiar pattern. The first segment
from 0 to 20 cm has a normal development, similar to that
of other cores, starting with a grey-brownish, non-cohesive,
fluffy organic mud (first 9 cm), which becomes more dense
and hard in the lower part of the interval. This mud sequence
is followed downwards by compact soil-looking clayey
sediment, rich in plant debris, which explains some organic
matter maxima (e.g., 0 — 9 cm and 44 — 50 cm intervals;
Fig. 7c) and the corresponding MS minima (Fig. 7a). This
sediment could represent the partially emerged old substrate
of a lake sector, close to the sea, taking into consideration the
Cardiidae shells found in this deposit, atypical for the lakes
included within the fluvial delta plain area. Its presence can
acquire a great importance if absolute age determinations on
shelly material of marine origin would be performed.
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The clayey substrate, with an identified marine fauna,
in the Babina Lake, at west of the initial palaeo-beach sand
ridge, could be older or penecontemporaneous with its for-
mation.

c) CoreDD 11-49

This sediment core was taken from the southern-central
part of the Babina Lake (location in Fig. 2), during the 2011
spring campaign. The crossed sequences make this sediment
core very interesting, and some considerations are hereinaf-
ter given. The upper lacustrine mud, which is fluffy, non-co-
hesive, containing Anodonta shell fragments, is passing, after
ca. 15 cm, to a more compact mud, with a granular aspect,
and then, along the following 20 cm, it is getting to a marine
grey clay, rich in Cardiidae. The lithological composition of
the sediment column is synthesized and quantified in Fig.
9f by means of the three main components: SIL (siliciclastic
fraction), TOM (organic matter) and CAR (carbonates); their
weights are 59 %, 35 %, and 6 %, respectively. The downcore
modification of the lithology is correspondingly recorded by
the vertical variation of the LITHO components SIL and TOM,
but also of the enviromagnetic parameter MS (Figs. 9b,c,a,
respectively). The calibration of the core sediment to the k
scale shows the predominance of the class lll (64 %), followed
by k class I (29 %), and class Il (7 %) (Fig. 9e).This composite
structure of the k classes assigned to the sediment samples
extracted from the core DD 11-49, particularly classes (1 +1I) =
36 %, and class 1l = 64 %, is well correlated with the quanti-
fied lithological composition, particularly (TOM + CAR) = 41
%, and SIL content = 59 % (Fig. 9f). The integrated MS and
LITHO characterization is well explained by the interception
of a marine clay (Figs. 9a,b,c), which records higher magnetic
susceptibility values, reaching 155.05x106 Sl, assigned to k
class lll (Fig. 9a), and respectively, by the first sequence inter-
cepted under the water/sediment interface, represented by
fluffy muds, usually defined by low and very low MS values; in
this case, for the first four samples, taken from the core top (0
— 11 cm), k values between 4.08x10¢ Sl and 8.06x106 SI (at-
tributed to class I) were measured, and for the following sam-
ple, a more compact mud (11 — 14 cm), a k value of 42.65x106
Sl (assigned to class Il) was determined (Fig. 9a). Accordingly,
in the lower part of the core DD 11-49, higher contents of the
siliciclastic/minerogenic fraction (up to 88.34%; Fig. 9b) were
obtained, while higher organic matter contents (up to 83.07
%) were found in the core upper part (Fig. 9¢). A parallel il-
lustration of the 4 profiles recorded for the sediment core DD
11-49 is given in Fig. 10a — related to the MS enviromagnetic
parameter, and in Fig. 10b — for the SIL, TOM and CAR litho-
logical components.

The scatter-plot analysis concerning the relationship be-
tween the magnetic susceptibility (MS; k) and each of the
three main lithological components (SIL, TOM, CAR) (Figs.
9g,h,i) identified within the core sediments shows clustering
into the two distinct lithogenetic groups: muds and marine
clays. So, the muds are defined by lower SIL, and respectively,

higher TOM contents, the MS recording low k values (Figs.
9g,h), as compared with the marine clays, which are charac-
terized by higher SIL, and respectively lower TOM contents,
the MS revealing high k values (Figs. 9g,h). As regards the
scatter-plot of CAR versus k (Fig. 9i), the separation of the two
distinct lithological categories is marked out by the magnet-
ic parameter (MS) only, the CAR contents determined within
the muds and marine clays being placed inside of a similar
variation range, i.e., 4.2 % — 6.78 % (see also Fig. 9d). There is
an exception, a higher CAR content (9.21 %), which was de-
termined for the slice cut from the 20 — 23 cm depth interval,
alumashelic grey clay, very rich in Cardiidae fragments (and a
few whole shells).

To interpret relative lake-level changes, Finkenbinder et
al. (2014) use the scatter-plot analysis — related to the “or-
ganic matter content” versus “magnetic susceptibility” — for
a composite sediment core from the Harding Lake (central
Alaska, USA), in which case is also demonstrated clustering of
some lithologic units into distinct groups.

As a concluding remark at the end of the study carried
out for the sediment cores collected in the Babina Lake dur-
ing the 2010 and 2011 campaigns, we can mention that to
set off some marine deposits very close of the actual water/
sediment interface is very important for the deltaic system
evolution knowledge, taking into consideration that these
are located behind of the initial Jibrieni — Letea — Caraorman
sand ridge, and thence, older than this one.

3.1.2. Matita Lake (2010, 2011)

Two cores were collected from the central zone of the
Matita Lake, in the years 2010 and 2011, particularly from the
sampling stations DD 10-01, and DD 11-01, respectively (loca-
tion in Fig. 2).

a) Core DD 10-01

This sediment core (location in Fig. 2) has provided an
interesting magneto-lithological model. The first 20 cm from
the upper part are constituted of a yellowish-brown, non-co-
hesive organic mud, fluffy on top and more compact towards
the base, where a few gastropods and depigmented and
loose Dreissena shells have been found; a H,S-like smell is
characteristic. These muds are defined by low magnetic sus-
ceptibilities, but with an increasing trend towards the lower
part of the upper core interval (0 — 20 cm); k values between
0.26x10¢ — 49.35x106 S| were measured, that is the sedi-
ment is calibrated to k classes I and Il (Fig. 11a). In fact, within
these 20 centimeters, the total organic matter content (TOM)
decreases from 55.6 % (the highest TOM content related to
the entire core) up to 16.6 % (Fig. 11e), and correspondingly,
the siliciclastic fraction content (SIL) increases from 34.5 %
up to 70.8 % (Fig. 11b). In the following 11 centimeters (20 cm
— 31 cm), where the mud becomes more compact, and the
first Cardium shells (articulated valves included) occur, the k
values measured on the core slices are increasing even more
(79.82%x106 — 219.63x10% Sl), the sediment being calibrat-
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area-chart with the distribution of SIL, TOM and CAR contents along the sediment core.

ed to k classes Ill and IV (Fig. 11a). The lithological support
related to the enviromagnetic parameter evolution is again
evident: the minerogenic fraction (SIL) content increases
from 75.5 % up to 84.8 % (Fig. 11b), and, correspondingly, the
total organic matter (TOM) content decreases from 16.6 %
up to 7.1 — 7.4 % (Fig. 11e). Further, in the following 25 cen-
timeters, up to the core bottom, the sediments are defined
by marine characteristics (light grey clayey muds, passing to-
wards plastic clays, coarser at the core base, with Cardiidae
inside). The magnetic susceptibility clearly records this lith-
ological change, the MS measured on the sediment samples
collected from this depth interval (31 — 55 cm) revealing high
k values (230.32x10-6 — 285.44x106Sl), which are assigned to
the classes IV and Va (Fig. 11a). On the other side, referring
to this core lower half, the highest siliciclastic fraction (SIL)
contents are ranging between 85.4 % — 90.0 % (Fig. 11b), with
a mean value of 86.5%, while the lowest total organic mat-
ter (TOM) contents are defined between 4.6 % — 8.2 % (Fig.
11e), with a mean value of 6.95 %. So, the correlation of the
enviromagnetic parameter with the main lithological char-

acteristics, quantified by the (calculated) r coefficients (Figs.
11g,h), is suggested — even graphically only — by the corre-
sponding 3D bar-charts (Fig. 11a, and Figs. 11b,e, respective-
ly). A remark could be done on the relatively constant high
and low contents determined for the SIL (Fig. 11b) and TOM
(Fig. 11e) lithological components, respectively, along the
specified depth interval (31 — 55 cm), where the marine clay
horizon has been intercepted (Fig. 11a).The pie-charts from
Figs. 11¢,d help us to compare some synthesis magneto-sus-
ceptibilimetric and lithological data which characterize the
DD 10-01 core sediments, resulting from the MS calibration,
based on k classes, and from the LITHO composition analysis,
defined by the SIL, TOM and CAR components: classes | + 11
= 37 %, while the contents of TOM + CAR = 26 %; classes Il +
IV + Va = 63 %, while SIL content = 74 %.

The cause of the discussed evolution is a diminution
of the detrital supplies, associated with an increase of the
primary productivity and of the eutrophication, providing
more and more organic material. This decrease of the Danube
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area-chart with the distribution of SIL, TOM and CAR contents along the sediment core.

influence has also been possible in the context of the silting
up of the canal inputs, which were not dredged during the last
decades. The mineralization and natural trend of the organic
substance decay along with increasing of the depth beneath
the water/sediment interface must not be neglected.

As regards the third lithological component — the car-
bonates (CAR), the evolution along the sediment core (Fig.
11f) shows a relatively constant content (5.3 % — 7.5 %, with
a mean of 6.5 %), in the core lower half, as we mentioned for
SIL and TOM components, as well; higher CAR contents were
determined in the upper core half, with a second maximum
zone around the depth of 24 — 28 cm (Fig. 11f), where the
aboard macroscopic description has indicated a mud very
rich in shells (Cardium, Dreissena, Unio).

The first samples were sliced at 1 cm intervals, so that it
seems the resolution of the lithological analyses has been
influenced along the respective depth interval (upper 4 cen-
timeters) because of the small available material quantity.

The scatter-plot analysis concerning the relationship be-
tween the magnetic susceptibility (MS; k) and each of the
three main lithological components (SIL, TOM, CAR) (Figs.
11g,h,i) reveals clustering of the core sediments into the two
groups: muds and marine clays. A general remark concerns the
broader ranges in which the lithological component contents
(particularly, of SIL and TOM, but also of CAR) are defined for
muds, as compared with the quasi-constant (narrow) ranges
characterizing the SIL and TOM contents (anyway, less nar-
row for CAR, as well), determined for the marine clays (Figs.
11g,h,i). Yet, as in the case of the core DD11-49 (Babina Lake;
Ch. 3.1.1.¢), the magnetic parameter (MS; k) gets on a better
dissociation — inside of the scatter-plots — of core sediments
into the two lithogenetic categories: the muds, defined by
distinctly lower k values, comparing with the (high) magnet-
ic susceptibilities which characterize the marine clayey muds
and clays (Figs. 11g,h,i).

The area-chart from Fig. 12b shows the vertical distri-
bution composite image of the lithological components
SIL, TOM and CAR (Figs. 11b,ef). As regards the line-chart
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Fig. 11. Magneto-lithological model showing the vertical distribution

of the enviromagnetic parameter (MS; k) and of the lithological com-

ponents (SIL, TOM, CAR), along the core DD 10-01, collected from the Matita Lake (core location in Fig. 2). @) 3D-bar chart with the vertical

distribution of the magnetic susceptibility; the bars are coloured accord

ing to the k scale classes (see Fig. 3a); b) 3D-bar chart with the vertical

distribution of the siliciclastic/minerogenic component (SIL); ¢) 3D pie-chart showing the MS calibration of the core sediments, according to the

k classes; d) 3D pie-chart showing the lithological composition of the core sediments, based on the SIL, TOM and CAR contents; e) 3D-bar chart

with the vertical distribution of the total organic matter component (TOM); f) 3D-bar chart with the vertical distribution of the carbonate com-

ponent (CAR); g) Scatter-plot of SIL versus MS (k), which shows clustering of the core sediments into two groups; h) Scatter-plot of TOM versus
MS (k) (see text); i) Scatter-plot of CAR versus MS (k) (see text).

from Fig. 12a, carried out for the downcore variation of the
magnetic susceptibility MS (Fig. 11a), this clearly illustrates
— and asserts the above scatter-plot analysis — two distinct
sequences recorded by the k profile: the upper, concerning
the muds, within the first 20 cm beneath the water/sediment
interface, and the lower, within the following 35 cm, up to the
core base, related to the marine clays.

b) Core DD 11-01

The Core DD 11-01 presents an interesting lithology,
which starts with an organic, non-cohesive and fluffy mud,
at the upper part, going towards the base to a darker, more
compact sediment, rich in shells (Dreissena) and vegetal frag-
ments, and passing, finally, to a grey marine clay, with Car-
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sediment core DD 10-01, collected from the Matita Lake. a) Line-chart showing the magnetic susceptibility vertical profile; b) 100% stacked
area-chart with the distribution of SIL, TOM and CAR contents along the sediment core.

diidae.The interception of the marine clay is clearly empha-
sised by all the parameters, both enviromagnetic (MS) and
lithological ones (SIL, TOM); their vertical distribution along
the sediment core is illustrated in Figs. 13a,b,c. The magnetic
susceptibility (MS, k) record reflects, with a high accuracy, the
lithological variations, data which become even more impor-
tant when the respective changes are macroscopically less
visible. The sediments are generally finer than those consti-
tuting the other core collected from the Matita Lake central
area (i.e.,, DD 10-07). The most samples (48 %) are calibrated
to k class Il (Figs. 13a,e), a rather significant weight comes to
the k classes I (19 %) and Il (19 %), the rest of 14 % being
attributed to class IV (Figs. 13a,e).

The increasing trend of the magnetic susceptibility values
along the core DD 11-01, from top downwards, is in agreement
with the sediment lithology shown by the 23 slices (the first
two samples extracted at intervals of 1 cm were not measured
for MS because of the low available quantity of sediment). The
organic mud, non-cohesive, fluffy, and presenting a H,S smell,
described along the first 10 cm of the core, is characterized by

very low k values (0.31x106— 2.41x106 Sl), assigned to class
I (Figs. 13a,e). The magnetic susceptibility is continuosly in-
creasing along the following 30 cm, where a more and more
compact mud (passing to a cohesive mud) was intercepted,
but, anyway, keeping the measured MS values inside of the
k class Il (10.19x10%¢ — 66.9x10% SI; Figs. 13a,e). Within the
40 — 47 cm depth interval, a lighter grey mud occurs, which
contains shell fragments (Cardiidae, Valvata, Dreissena), and
is characterized by higher k values (87.55x106— 151.65x10%
Sl), assigned to class Ill. This horizon makes the transition to
a grey-bluish plastic clay, with Cardiidae, which is atributed
to a marine clay, and that is intercepted up to the core base,
respectively 53 cm (Fig. 13a). This deposit is clearly remarked
by the highest magnetic susceptibility measured for the DD
11-01 core sediments, the MS values being assigned to the k
class IV (195.3x10% — 219.86x10¢ SI; Figs.13a,e). It is worth
mentioning that at the depth of 46 cm it was cut a sediment
slice of 1 cm thickness only, the aboard macroscopic de-
scription pointing out a transition zone between the upper
mud, and a light grey, plastic clay (actually, the marine clay).
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Fig. 13. Magneto-lithological model showing the vertical distribution of the enviromagnetic parameter (MS; k) and of the lithological com-
ponents (SIL, TOM, CAR), along the core DD 11-01, collected from the Matita Lake (core location in Fig. 2). a) 3D bar-chart with the vertical
distribution of the magnetic susceptibility; the bars are coloured according to the k scale classes (see Fig. 3a); b) 3D bar-chart with the vertical
distribution of the siliciclastic/minerogenic component (SIL); ¢) 3D bar-chart with the vertical distribution of the total organic matter component
(TOM); d) 3D bar-chart with the vertical distribution of the carbonate component (CARY); e) 3D pie-chart showing the MS calibration of the core
sediments, according to the k classes; f) 3D pie-chart showing the lithological composition of the core sediments, based on the SIL, TOM and
CAR contents; g) Diagram showing the correlation SIL versus MS (k); h) Diagram showing the correlation TOM versus MS (k); i) Diagram showing
the correlation CAR versus MS (k).

The magnetic susceptibility measured on this sediment also
shows a“transition value”(151.65x106 S|, assigned to class llI;
Figs. 13a,e), which is placed between the previous “MS level”
(87.55%106—-94.6x106Sl; 40 — 46 cm depth interval; Fig. 13a)
and the highest k values determined for the last 6 cm on the
core bottom (Fig. 13a).

The vertical distribution of the lithological components,
particularly concerning the siliciclastic/mineral fraction (SIL;
Fig. 13b) and the total organic matter (TOM; Fig. 13c), asserts

the integrated interpretation of the magnetic susceptibility
core profile and of the macroscopic description. The highest
SIL contents (74.13 % — 79.74 %; Fig. 13b), and, correspond-
ingly, the lowest TOM contents (11.81 % — 16.78 %; Fig. 13c)
were determined for the marine clay, while the lowest SIL,
and the highest TOM contents were shown by the muds in-
tercepted on core top (Figs. 13b,c). As regards the carbonates
(CAR), the vertical distribution of their contents indicates two
maximum zones (Fig. 13d), one with the apex around the 19
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— 28 cm depth interval (with a maximum CAR content of 8.62
%), and the second, at the core lower part (with the highest
CAR content of 12.29 % determined for the sample sliced
at the 46 — 47 cm depth level). Inside of the depth intervals
associated with the maximum CAR zones, the macroscopic
description of the core has particularly indicated the pres-
ence of numerous shell fragments. The MS record, as well
as the SIL, TOM and CAR profiles (represented by a unique
area-chart) — illustrating the vertical variation of these mag-
neto-lithological parameters along the core DD 11-01 — are
given in Figures 14a and 14b.

Taking into consideration the magneto-susceptibility and
lithological data achieved for the entire sediment column (53
cm length), the general correlation diagrams performed for
the «<MS parameter versus LITHO components» illustrate and
show a strong positive/direct correlation for SIL vs. k (r = 0.98;
Fig. 15a), a strong negative/reversed one for TOM vs. k (r = —
0.97; Fig. 15d), and a moderate positive correlation for CAR vs.
k (r = 0.55; Fig.15g). Starting from this information, we have
analysed, separately, the previous relationships for each of
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the two parts in which the sediment column of the core DD
11-01 was — lithologicaly — divided (i.e., muds and marine clay,
respectively). The results relating to the “mud sequence” (2 —
46 cm depth interval) are illustrated in Figs. 15b,e,h, for the
correlations SIL vs. k, TOM vs. k, and CAR vs. k, respectively,
while those regarding the marine clay deposit (intercepted
between 46 — 53 cm) are given in Figs.15¢fi. Strong corre-
lations are indicated by the coefficient r for muds, in the SIL
vs. k case (r = 0.98, i.e. a positive/direct correlation; Fig. 15b)
and for TOM vs. k (r = — 0.96, i.e. a negative/indirect correla-
tion; Fig. 15e), and also in the CAR vs. k case, but concerning
the marine clay horizon (r = — 0.99, i.e. a negative/reversed
correlation; Fig. 15i). Relating to this marine sequence, sam-
pled along 7 cm, at the base of the core DD 17-01, moderate
positive/direct correlations were obtained for both SIL vs. k (r
=0.34; Fig. 15c) and TOM vs. k (r = 0.43; Fig. 15f). As concerns
the relationship CAR vs. k, yet evaluated for the muds, sam-
pled from the core depth interval 2 — 46 cm, the coefficient ¥
indicated a (very) weak positive correlation (r=0.09; Fig. 15h).
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Fig. 14. Vertical distribution of the enviromagnetic parameter values (k) and of lithological components contents (SIL, TOM, CAR) along the
sediment core DD 11-01, collected from the Matita Lake. a) Line-chart showing the magnetic susceptibility vertical profile; b) 100% stacked
area-chart with the distribution of SIL, TOM and CAR contents along the sediment core.
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Fig. 15. Detail with the correlation of the enviromagnetic parameter (MS) with the lithological components (SIL, TOM, CAR), concerning the

sediment core DD 11-01 (Matita Lake), in the context of the “marine clay” horizon interception at its basal part. a) Correlation SIL versus k, related

to the entire investigated core (2 — 53 cm); b) Correlation SIL versus k, related to the “mud sequence” (2 — 46 cm); c) Correlation SIL versus k,

related to the intercepted “marine clay sequence” (46 — 53 cm); d) Correlation TOM versus k, related to the entire investigated core (2 — 53 cm);

e) Correlation TOM versus k, related to the “mud sequence” (2 — 46 cm); f) Correlation TOM versus k, related to the intercepted “marine clay

sequence” (46 — 53 cm); g) Correlation CAR versus k, related to the entire investigated core (2 — 53 cm); h) Correlation CAR versus k, related to
the “mud sequence” (2 — 46 cm); i) Correlation CAR versus k, related to the intercepted “marine clay sequence” (46 — 53 cm).

3.1.3. Lopatna Channel— Polideanca Lake Area (2014) depth level, after a net boundary, a compact “peaty” mud — a

dark grey clayey-silty mud (= “lacustrine clay”).
During the 2014 spring expedition (25 April — 7 May pe- grey clayey=sity ( v)

riod), carried out in the Danube Delta, three sediment cores
were collected from the Lopatna Channel — Polideanca Lake
area (Fig. 2): core DD 14-113 — from the Polideanca — Lopatna
Swamp, core DD 14-112 — from the canal which connects the
Lopatna Channel with the Polideanca L., and core DD 14-104 —
from the Polideanca Lake central zone. The magnetic suscep-
tibility and lithological results are further analysed.

The magnetic susceptibility measurements confirm
the presence of vegetal material within all the 12 sediment
slices, the MS values being correlated with the k class Il (Figs.
16a,c). The MS profile is defined by k values ranging between
24.51x10% — 59.47x10¢ (Fig.16a), the two extreme values
being measured on the core top (0 — 2 c¢m) represented
by a fluid mud, containing a coarser vegetal material and,
respectively, at the core base (22 — 24 cm) —a compact clayey-

a) Core DD 14-113 silty mud, with rare vegetal remains.

This short core, of 24 cm length, collected from a swamp The lithological composition of the core DD 14-113 (Fig.

situated on the canal axis which makes the connection be-
tween Lopatna Channel and Polideanca Lake (Fig. 2), penetrat-
ed a dark grey mud sequence of 22 cm thickness, containing
some vegetal material, intercepting then, at the 22 — 24 cm

16b) supports the MS profile, particularly the above remarks.
Thus, the contents of the siliciclastic component (SIL) deter-
mined for the 12 sediment samples are ranging between
15.23 % — 48.17 %, values provided by the first (top) and the
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last (bottom) core samples, respectively. Complementary,
the highest total organic matter (TOM) content (84.11 %) was
achieved for the top mud (0 — 2 cm), containing coarser vege-
tal material, while the lowest TOM content (49.74 %) was pro-
vided by the “lacustrine clay’, with rare vegetal remains, inter-
cepted at 22 — 24 cm depth. As regards the third lithological
component — the carbonates (CAR), small contents (between
0.66 % — 2.1 %; Fig. 16b) characterize the core sediments; the

ends of the CAR definition range were obtained for the sam-
ples collected from the same depth intervals as in the SIL and
TOM component cases. The pie-chart from Fig. 16d quanti-
fies the main characteristics of the lithological composition
of the core sediments, and points out the highest content
(73 %) of the TOM component, followed by the SIL (26 %)
and CAR (1 %) components, respectively.
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Fig. 16. Magneto-lithological model showing the vertical distribution of the enviromagnetic parameter (MS; k) and of the lithological com-
ponents (SIL, TOM, CAR), along the core DD 14-113, collected from the Polideanca - Lopatna Swamp (core location in Fig. 2). @) 3D bar-chart
with the vertical distribution of the magnetic susceptibility; the bars are coloured according to the k scale classes (see Fig. 3a); b) 100%-stacked
bar-chart with the composite vertical distribution of the three main lithological components (SIL, TOM, CAR); c) 3D pie-chart showing the MS
calibration of the core sediments, according to the k classes; d) 3D pie-chart showing the lithological composition of the core sediments, based on
the SIL, TOM and CAR contents; e) Diagram showing the correlation SIL versus MS (k); f) Diagram showing the correlation TOM versus MS (k);
g) Diagram showing the correlation CAR versus MS (k); h) Diagram showing the correlation SIL versus CAR; i) Diagram showing the correlation
TOM versus CAR.
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Actually, the correlation coefficients r (Figs. 16e,fg,h,i)
assert, quantitatively, the magnetic susceptibility and litho-
logical characterization of the core DD 14-113. As concerns
the relationships between the lithological components and
the enviromagnetic parameter MS, we can remark the strong
correlation for SIL versus k (Fig. 16e), and TOM vs. k (Fig. 16f),
positive/direct (r = 0.78), and negative/reversed (r = — 0.78),
respectively. A moderate positive correlation is shown by the
r coefficient for CAR vs. k (r = 0.51; Fig. 16q). It is also inter-
esting to mention the type/size of the relationships existing
between the main two lithological components, SIL and
TOM, and the carbonates (CAR). So, a strong direct correla-
tion characterizes SIL vs. CAR (r = 0.76; Fig. 16h), and a strong
reversed correlation is indicated by TOM vs. CAR (r = — 0.78;
Fig. 16i).

Finally, the vertical variation of the magnetic susceptibil-
ity related to the sediment core DD 14-113, alongside of the
vertical distribution of the contents of the three lithological
components, are illustrated by the line-chart (Fig. 17a), and
the 2D area-chart (Fig. 17b), respectively.

b) Core DD 14-112

Located between the Polideanca — Lopatna Swamp and
the Polideanca Lake, on the connection canal with the Lopat-
na Channel, closer of its entry mouth into the Polideanca L.
(Fig. 2), the core DD 14-112 has a length of 44 cm (Fig. 18). The
core sediment description made aboard the research vessel
has revealed a sharp limit at cm 31 below the sediment/water
interface, between an upper sequence (0 — 31 cm), consist-

ing of blackish mud, and a lower one (31 — 44 cm), represent-
ed by a light grey clay. The mud which is rich in plant debris
(fine roots, leaves and even reed fragments), non-cohesive at
the upper part, becomes coarser and more cohesive at the
base of the interval, and is characterized by a saprogenic or
hydrogen sulfide smell. Some shells of freshwater molluscs
(Planorbis sp., Valvata sp.) have been found within the 10 — 12
cm depth interval. The light grey clay is cohesive and softer
in the upper few cms and becomes harder and more cohe-
sive as depth increases, showing few vertical and horizontal
bioturbations. Small shell fragments are present, including
a Cardium valve, located at the sequence top, suggesting a
marine origin of the clay.

The magnetic susceptibility, measured on 15 samples
collected from the upper sequence (0 — 31 cm), is ranging
between 3.67x106 - 43.56x10 S|, i.e. MS values assigned to
k classes I and Il (Fig. 18a). We must add to the above gen-
eral description that these muds contain various quantities
of vegetal material, in some of them being identified shell
fragments, too, which influence the MS intensity, but within
the above specified limits (k class I — k class ). An increasing
trend is shown by the magnetic susceptibility of the sediment
slices cut from the depth interval 18 — 31 cm (a dark grey
mud), the clayey mud (clay) intercepted immediately after this
level (i.e., at 31 — 33 cm depth) providing a MS “jump”towards
the k class lll, namely to a value of 112.0x10-6 SI (Fig. 18a). The
plastic clay, sampled up to the core bottom (a marine clay),
keeps this MS regime defined by the k class Ill, the last/base
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sediment sample reaching the highest MS value that was re-
corded along the whole core, namely 155.2x106 Sl (Fig. 18a).

The lithological composition defined by the three main
components SIL, TOM and CAR supports very well the mag-
neto-susceptibilimetric characterization of the core DD 14-
112, the distribution of their contents being illustrated by the
2D area-chart from Fig. 18b. It is easily to remark the “jump”
of the siliciclastic fraction/SIL (towards much higher contents)
and of the total organic matter/TOM (towards much lower
contents), these sharp changes appearing at the same depth
level as in the MS case, i.e. beginning with the 31 — 33 cm
sediment slice (Fig. 18b). Thus, if in the first 31 cm, the SIL
contents are ranging between 11.11 % — 35.69 %, and the
TOM contents between 62.65 % — 88.06 %, then, in the fol-
lowing 13 cm (31 — 44 cm depth interval), where a marine
clay was intercepted, the content ranges are defined by 79.66
% — 86.34 % for SIL, and by 9.19 % — 16.79 % for TOM (Fig.
18b). It is also interesting to remark the CAR profile, which
in this case — even within low contents — shows similar main
characteristics: lower contents for the muds described along
the upper 31 cm of the core (0.84 % — 2.02 %), followed by a
“jump” towards higher contents, ranging between 3.55 % —
5.22 %, related to the marine clays, from the core lower/basal
part (Fig. 18b).

The synoptic illustration of the magnetic susceptibility
and lithological characterization of the core DD14-112 is given
by the two pie-charts from Fig. 18c and Fig. 18d, respectively.
The MS structure of the core reveals close percentages for the
three k classes to which the sediments were calibrated, actually
disposed along 9 percents, i.e., ranging between 29 % — 38 %
(Fig. 18c): 1 — 33 %; Il — 38 %; lll — 29 %. As regards the LITHO
structure, the three main components are characterized by
clearly different content distribution: SIL — 39 %; TOM — 59 %;
CAR — 2 % (Fig. 18d). Yet, this observation is changing when
we compare the two categories of parameters according with
the lithological/sedimentological support of the MS scale (see
Radan & Radan, 2007, 2013). Consequently, the k classes (I +
Il) show, together, 71 %, while the contents of (TOM + CAR),
together, indicate 61 %; the k class lll — defined by 29 %, and
the SIL content — by 39 % also indicate closer amounts. This
grouping is based by the “genuine” lithological support of
the MS scale (Radan & Radan, 2011, 2013), so that the lower
classes (I and ll) correspond to fine sediments, usually rich in
organic material and/or carbonates, while the intermediate
class (Ill) is connected with the fine clayey to silty sediments.
The macroscopic description of the core DD 14-112 indicates
a very good agreement with the lithological support of the
MS scale. Moreover, the quantification of the relationships
existing between the enviromagnetic parameter (MS) and the
lithological components, illustrated in Figs. 18e,fg, confirms
the parallel observations which were above commented. There
were calculated (very) strong correlation coefficients (r) in all
the cases: SIL versus k (r = 0.97; Fig. 18e); TOM vs. k (r = — 0.97);
CAR vs. k (r = 0.97). In all three cases, the r size is very close
of the upper boundary (i.e., 1.00) of the range within which

the strong correlation is defined (see, e.g., Radan & Radan,
2013). We have to remark the result obtained for carbonates,
which usually, in other cases of investigated cores/bottom
sediments, showed reversed correlations with the MS. In our
foregoing comment, it was revealed the similar behaviour
and trends of the SIL and CAR components along the core,
although these are distinctly defined, namely by high, and
much lower contents, respectively (see Fig.18b). In fact, the
correlation coefficient calculated for SIL vs. CAR confirms
these remarks: r = 0.94 (Fig. 18h), that is a (very) strong
positive/direct correlation. A similar result is obtained for
TOM vs. CAR, but the correlation is a (very) strong negative/
reversed one: r = — 0.95 (Fig. 18i). Certainly, for SIL vs. TOM,
a very strong reversed correlation is shown by r, which is
almost 1 (respectively, r = — 0.999; Fig. 18;j).

Starting from the magneto-susceptibility and litholog-
ical data recorded for the entire sediment column (44 cm
length), which were above discussed in detail, we analyse
further, separately, the respective relationships for each of
the two parts in which the sediment column of the core DD
14-112 was lithologicaly divided: muds, and marine clays (a
net boundary between them was identified). The general
correlation diagrams, performed for the «LITHO components
versus MS parameter» related to the entire core, are given
again, in Figs. 19a,d,g, yet, with some additional elements,
which regard the marking of the two zones associated with
the two sediment categories composing the core. The results
relating to the “mud sequence” (0 — 31 ¢cm) are illustrated in
Figs. 19b,e,h, for the correlations SIL vs. k, TOM vs. k, and CAR
vs. k, respectively, and the data regarding the marine clay unit
(31 — 44 cm) are represented in Figs.19¢,fi. As concerns the
muds, the r coefficient indicates a strong positive/direct cor-
relation in the case of SIL vs. k (r = 0.81; Fig. 19b), a strong
negative/reversed one for TOM vs. k (r = — 0.81; Fig. 19¢), and
a moderate positive correlation for CAR vs. k (r = 0.53; Fig.
19h). In respect of the marine clay horizon, sampled along 13
cm, towards the base of the core DD 14-112 (31 — 44 cm depth
interval), moderate correlations were obtained for both SIL
vs. k (r = 0.33; Fig. 19¢), and TOM vs. k (r = — 0.47; Fig. 19f),
positive/direct in the first mentioned case, and negative/re-
versed, in the second one. Related to the relationship CAR
vs. k, analysed in the case of the marine clay, the r coefficient
shows a strong positive/direct correlation (r = 0.90; Fig. 19i), a
result which makes interesting, again, the discussion around
the carbonates which are present inside of this core.

Finally, in Figs. 20a,b, the MS, SIL, TOM and CAR profiles
are illustrated for the whole sediment core DD 14-112, by
means of a line-chart, for the enviromagnetic parameter (k)
vertical variation (Fig. 20a), and a 2D area-chart, for the simul-
taneous/composite illustration of the vertical distribution of
the three lithological components (Fig. 20b).

c) Core DD 14-104

This core was collected from the central zone of the Poli-
deanca Lake (Fig. 2) and points out an interesting vertical var-
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iation of the sequences which were penetrated up to 44 cm
below the water/sediment interface. The first 10 cm consist
of typical mud for the Polideanca Lake (i.e., a fluffy, non-co-
hesive sediment, with H,S smell). The magnetic susceptibil-
ity measurements show low but positive k values (assigned
to k class 1), increasing from 0.07x10 Sl for the core top (0
— 2 cm) up to 2.58x106 Sl for the sample collected from the
8 — 10 cm depth level (Fig. 21a). The siliciclastic component
(SIL) asserts this trend and its low definition range, showing
contents of 9.70 % up to 13.99 % (Fig. 21b). Complementary,
high contents were obtained for the organic matter (TOM),
namely 88.49 % for the core top (Fig. 21b), decreasing then
up to 83.43 % for the sample sliced at the depth interval 8 —
10 cm. Downwards, along the following 30 cm, the presence
of the vegetal material — finely triturated, or as fragments —
becomes more and more important, getting up to a peat-like
sediment, very rich in organic material. The enviromagnetic

parameter MS confirms this composition particularity of
the sediment sequence, and records very low and negative
k values (of course, attributed to k class I), ranging between
(- 6.51)x106 Sl and (- 0.05)x10¢ SI. The presence of some
shell fragments, observed within this sediment sequence,
could influence even more the very low level of the MS inten-
sity. Further, it follows a stepwise transition towards a coarse
siliciclastic sediment. Within the peaty horizon occurs a clayey-
silty micaceous material, its presence increasing towards the
core base. The magnetic susceptibility is fingerprinting this
special composition of the sediment at the core bottom, and
the k values measured on the last two sediment slices (40 —
44 cm) towards the base show the highest intensity recorded
along the core DD 14-104, namely 6.99x106 Sl (i.e., k class I)
and 12.40x10-¢5l (i.e., k class Il) (Fig. 21a). The siliciclastic and
the total organic material components, SIL and TOM, respec-
tively, support these MS fingerprints, indicating the highest
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contents (30.21 % and 33.3 %, for SIL), and, complementary,
the lowest ones (63.85 % and 62.18 %, for TOM), respectively
(Fig. 21b). As regards the third lithological component, the
carbonates (CAR), the contents are ranging between 0.91 %
— 5.93 % (Fig. 21b), the highest values being determined for
the same two bottom slices, cut at the core base (40 — 44 cm
depth interval beneath the water/sediment interface).

The MS and LITHO data, above commented, and illustrat-
ed in Figs. 21a,b, are synthetised by the pie-charts from Figs.
21¢,d. Thus, concerning the enviromagnetic parameter MS
(Fig. 21¢c), 5 % only are assigned to k class I, the remaining 95
% being attributed to class I (k values lower than 10x10¢SI;
see Rddan & Radan, 2007, 2013). This magnetic characteristics
is supported by the lithological composition of the core sedi-
ments, the synoptic image from Fig. 21d showing the highest
average content is determined for the total organic matter
component (85 %), to which there can be added 2 percents
provided by carbonates. The siliciclastic component holds 13
% only within the core lithological composition (Fig. 21d), in
agreement with the very low weight of the k class I, a MS
range (10x10%SI — 75x106 SI; Radan & Radan, 2007, 2013) to
which 5 % of samples only were calibrated (Fig. 21c).

The magneto-lithological data obtained for the core DD
14-104 can be remarked for the very good correlations be-
tween the magneto-susceptibility and each of the three
lithological components, as well as with regard to the corre-
lations related to the pairs of LITHO components. So, the r
coefficient calculated for SIL versus k is 0.83 (Fig. 21e), show-
ing a strong positive correlation. Correspondingly, for TOM
vs. kis indicated a negative correlation, also a strong one, as r
= —0.84 (Fig. 21f). Even for CAR vs. k, the r coefficient shows
a strong correlation, a positive one (r = 0.80; Fig. 21g), as in
the case of the siliciclastic component. Strong negative cor-
relations define the cases SIL vs. TOM (r = — 0.996; Fig. 21h),
and TOM vs. CAR (r = —0.86; Fig. 21i), while for SIL vs. CAR, a
strong positive correlation (r = 0.81; Fig. 21j) is shown by the
r coefficient.

A parallel view of the profiles recorded for the four pa-
rameters — MS, SIL, TOM, CAR - is offered by the line-chart
from Fig. 22a, showing the downcore magneto-susceptibility
vertical variation, and by Fig. 22b, in which the three profiles
SIL, TOM, CAR are simultaneously drawn; the area-chart
makes possible to display the parallel and therewith integrat-
ed vertical distribution of the lithological components, within
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a total area of 100 percents. This composite image could be
seen as a corresponding LITHO background for the pie-chart
from Fig. 21d, where the percentages of SIL, TOM and CAR
contents are indicated, synoptically, for all the 22 samples
sliced from the sediment column, which actually support the
three LITHO profiles. The dominance of the organic matter
is evident (85 %), followed by the siliciclastic fraction, but at
a much lower level (13 %), and, finally, the carbonates, at an
extremely low level (2 %). The macroscopic description of the
core, particularly the complex analysis from the beginning of
this section (3.1.3.c) — the presence of a peaty material with-
in the core sediment being a significant element — is corre-
spondingly asserted by the above remarks.

3.1.4. Bogdaproste Lake (2013)
Core DD 13-104

One sediment core only, namely DD 13-104, was collect-
ed from the Bogdaproste Lake (location in Fig. 2), during the
2013 spring expedition, carried out in the 16 — 29 April time
interval.

The recovered sediment column, thick of 48 cm, includes
three sequences, with a stepwise transition from a lithology
to another (Fig. 23). The magneto-susceptibility and the lith-
ological signature clearly reveal the gradual transition from
the upper sequence (0 — 18 cm), consisting of dark grey to
brown-greenish organic muds, loose, non-cohesive, rich in
plant fragments and finely triturated vegetal material, with
scarce small shell fragments, to a middle one (18 — 36 cm),
represented by a dark brown, coarse peat deposit, contain-
ing rare shell fragments and minor but increasing downward
amounts of coarse silt material that change the peat into a
peaty mud which becomes more plastic and cohesive along
the last 4 cm towards the base interval. The last unit (36 —
48 c¢m) starts with a grey, clayey, plastic, cohesive mud, with
small fragments of reed and irregular enclaves of dark brown
muddy peat, which changes to a more compact and coarse
mud, with lower plasticity, containing small reed and peat
fragments and quite frequent marine shells (Cardiidae and
Corbula).
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CAR contents; g) Diagram showing the correlation SIL versus MS (k); h) Diagram showing the correlation TOM versus MS (k); i) Diagram showing
the correlation CAR versus MS (k).
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The upper vegetal organic mud sequence (0 — 18 cm)
is characterized by very low MS values, ranging from
(— 4.63)x106 S| up to 1.85x106 Sl, eight of nine values being
negative (Fig. 23a); all are assigned to k class I. The miner-
ogenic/siliciclastic component (SIL), and complementary,
the total organic matter (TOM), support these magnetic
fingerprints, the SIL and TOM contents ranging between
12.63 % — 21.65 % (Fig. 23b), and 72.46 % — 82.97 % (Fig. 23¢),
respectively. As regards the carbonates (CAR), they are
present inside of these organic vegetal muds within a range
with very close limits, i.e.,, 439 % — 5.79 % (Fig. 23d); the
shell fragments found within the samples collected from the
sediment column along this depth interval (0 — 18 cm) could
influence the level of the CAR contents.

Passing to the middle sequence, the dark-brown, non-co-
hesive coarse peat, which occurs downwards along the core
up to the depth level 30 — 32 cm, where the peat becomes
finer, the macroscopic description mentions some reed leafs
inside, but also some silty to finely sandy grains. The magnetic
susceptibility reflects very well the macroscopic lithological
observations and records a continuous increasing, from the
k value of 3.4x106 Sl (class 1), measured on the slice from 18
— 20 cm depth interval, up to 47.11x10¢ S| (k class IlI), on the
sample sliced at 28 — 30 cm depth (Fig. 23a). The lithological
analyses confirm the MS behaviour: the siliciclastic compo-
nent (SIL) content increases from 25.59 % (for the 18 — 20 cm
sample) up to 43.81 % (for the 28 — 30 cm sample) (Fig. 23b),
while the total organic matter (TOM) content decreases from
70.28 % up to 54.36 % (Fig. 23c), along the respective depth
interval (18 — 30 cm). The transition zone — it has already been
revealed, at the beginning of this section, the existence of a
stepwise passing from the middle sequence towards the low-
er one — is going on up to the depth interval 34 — 36 cm; the
MS signature records an intensity which is increasing up to
69.1x106SI (Fig. 23a). Along this depth interval (30 — 36 cm),
the sediment becomes a peaty mud, more cohesive, contain-
ing some coarse silt or fine sand, but also some enclaves of
compact clayey mud within the end sample of this sequence.
The SIL contents are also increasing, ranging between 56.29
% — 82.84 % (Fig. 23b), and the TOM contents are decreasing,
from 41.67 % up to 16.56 % (Fig. 23c).

The lowest sequence, which starts at the 36 cm depth, up
to the base, the clayey mud being the main sediment core
constituent, shows a different regime — comparing with the
higher sequences — with regard to the MS and the main
LITHO parameters. The k values “jump” to the class lll, along
the depth interval 36 — 48 cm (core bottom), the MS meas-
urements showing a range with very close limits, namely
89.45x106 Sl — 99.20x106SI (Fig. 23a). The siliciclastic compo-
nent asserts the MS signature, the SIL contents being placed
within a very narrow interval, and defined by high value
ends: 84.64 % — 91.35 % (Fig. 23b). Certainly, the total organic
matter component (TOM) consolidates this distinct regime,
revealing very low contents, placed between 3.89 % — 9.28
% (Fig. 23c). In this case, the range of values is very narrow,

too, but opposite — as intensity — to those of the MS and SIL
signatures. The TOM component records a very low level of
contents, a situation which is in agreement with the macro-
scopic description of the samples sliced from the lowest part
of the core. The highest k values and SIL contents — referring
to the entire sediment column recovered from the core DD
13-104 — were determined along this depth interval (36 — 48
c¢m), within which the TOM component has revealed the low-
est contents (Figs. 23a,b,c).

In this context, referring to the sediment composition to-
wards the core base, we must add the clayey muds become
more silty, coarser, a lithological constitution which explains
the MS, SIL, and oppositely, the TOM signatures.

As concerns the evolution of carbonates within the whole
core, their contents are ranging between 1.4 % — 6.88 % (Fig.
23d). The CAR signature remarks a slightly constant level of
the contents, and at the same time higher (4.39 % — 5.79 %),
for the samples collected from the upper sequence, followed
by a minimum anomaly (1.4 % — 2.27 %), which is defined
within the transition zone and the lower sequence. The lowest
CAR contents were recorded for samples collected from the
transition sediment sequence, the minimum axis being located
around the middle of the core. The lower sequence is defined
by higher CAR contents (2.27 % — 6.88 %), placed on the low-
erincreasing branch of the CAR minimum anomaly (Fig. 23d).
As we mentioned before, several Cardiidae and Corbula shells
and shell fragments have been observed along this interval.

The results of the magneto-lithological analysis of the
sediment core DD 13-104, above discussed, are synthesised
by means of the pie-charts from Fig. 23e — for the MS data,
and in Fig. 23f — for the LITHO data. The structure of the MS
pie-chart clearly reflects the core lithological constitution: an
upper sequence (0 —18 cm) — with all 9 slices defined by neg-
ative values only, calibrated to k class I; a transition sediment
sequence, of similar thickness (18 — 36 cm) — calibrated to k
class I (first two samples), and to k class Il (the following 7
slices; 29 %); a lower sequence, less thick (36 — 48 cm) — cali-
brated to k class Il (25 %). As regards the k class I, to which 11
sediment slices are assigned, this holds 46 % of the pie-chart
structure (Fig. 23e). The LITHO pie-chart (Fig. 23f) supports,
in a great measure, the predominance of the lower k classes
(I+ 1), i.e. 75 %, the TOM +CAR contents totalling 54 %; the
remaining 46 % are covered by the SIL contents.

The relationships between the MS enviromagnetic pa-
rameter and the main lithological components SIL and TOM
are illustrated in Figs. 23g,h. For both cases, ie., SIL vs. k,
and TOM vs. k, the r coefficient shows strong correlations,
positive/direct (r = 0.98; Fig. 239g), and negative/reversed (r
= — 0.98; Fig. 23h), respectively. These results represent the
quantification of the MS and LITHO characterization of the
sediment column which has just been presented above. In-
stead, the r coefficient calculated for CAR vs. k shows a weak
negative correlation (r = — 0.17; Fig. 23i; Table 1), indicating
a low level of the connection of carbonates with the enviro-
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magnetic parameter MS (if it is taken into consideration the
whole sediment column). The diagram from Fig. 23i could
suggest a composite trend line, which might be possible be-
cause of the different sediment sequences within the core
constitution. A test regarding the calculation of the r coeffi-
cient related to the relationship CAR vs. k, analysed for each
of the 3 parts (Table 1) in which the core was divided, as it
has been above discussed, shows a moderate positive cor-
relation in the case of the “upper sequence” (0 — 18 cm; r =
0.32), a strong negative correlation relating to the “transition

Correlation coefficient (r)

sediment packet” (18 — 36 cm; r =—0.75), and a weak positive
correlation for the “lower sequence” (36 — 48 cm; r=0.28). It is
interesting to point out, the r coefficient for SIL vs. CAR also
indicates (Table 1) a strong negative correlation (r = — 0.74)
for the “transition zone” (as in the CAR vs. k case), so that it
could be considered the carbonates are not connected with
the detrital fraction. On the other side, for TOM vs. CAR, relat-
ing to the same “sediment sequence” (a coarse peat passing
then into a peaty mud), a strong positive correlation is shown
by the r coefficient (r = 0.72; Table 1), an argument for the

Table 1. Detail with the correlation of

Lake/ Sediment the carbonate component (CAR) with
Core code column i i ;
CARvs. k | SIL vs. cAR | TOMvs. car |  the enviromagnetic parameter (MS;
| m k) and the other two main lithological
] components (SIL, TOM), related to the
Entire core | 0-48 | 0.10 O | 0.004 O | -0.089 O principal sequences identified within the
Bogdaproste diment core DD 13-104, collected from
Upper 0-18 | 0.32 0.79 ~0.84 € ’
Lake/ sequence © ® © the Bogdaproste Lake. Legend: The circles
DORERIZES Transition are coloured according to the scale used
sediment 18-36 |-075 O | 074 O 072 @ to evaluate the size of the correlation (r)
packet .
(see Fig. 3b).
- 028 O | -051 @ | -0.13 O
© Magnetic susceptibility (k) (h ) Lithological components
(x 10 E-06) SI Content (%)
- e © © o 8
SoR888¢8¢ T P, o
RTITTT 0.0-2.0
w.d B @
T-406@ 4.0-6.0(
4.0-4.00 6.0-8.0|
6.0-4.08 3 8.0-10.0[ 3
8.0-1.0¢ - 10.0-12.0 T
10.0-1.08 ) 12.0-14.0(] i
12.0-14.08| " 14.0-16.0]] a
14.0-14.0 @ Q 0-18.0[] a
0-14. a 16.0-18.0[} .\ a
_ :g.g-;?%&u..: ............ el v __ | 18.0-20.0]] v
.0-2(. o 20.0-22.0 ]
E 200240 & v § |220240] Y
£ 220240 % 9 £ |[24.0-26.0( g
S 24.0-240 & o e | 26.0-28.0 S
@ 260-240 1 & ~ 9 |28.0-30.0]] =
© 1 @ o y =la 9
28.0-SE .0 » = 30.0-32.0 -
290 TR < 3 32.0-34.0]] )
by - 1 o 34.0-36.0 Bt LEEELTEELEELTLRRLIRELE Q.
34.0-34.0 K] 36.0-38.0 : S
36.0-34.0" 5 38 0.40 o[l  Mineral mud 1A
3383(218 ] (’ ‘g 40.0-42.0]/ Marine fauna ,_-g
42.0-440 1 ® 33'8:32'8 [ (clayey silty mud)
44.0-44.0 1 o 0-48.0/1
w.xz ] di 46.0-48, 1 i 1 |
SIL = TOM =CAR

Fig. 24. Vertical distribution of the enviromagnetic parameter values (k) and of lithological components contents (SIL, TOM, CAR), along the
sediment core DD 13-104, collected from the Bogdaproste Lake. a) Line-chart showing the magnetic susceptibility vertical profile; b) 100%
stacked area-chart with the distribution of SIL, TOM and CAR contents along the sediment core.
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direct connection of the carbonates with the organic material.
Opposite data are obtained for the “upper sequence” of the
core (Table 1), i.e., a strong positive correlation for SIL vs. CAR
(r=0.79), and a strong negative correlation for TOM vs. CAR
(r = — 0.84), results which could argue the detrital origin of
the carbonates related to this sediment horizon. As regards
the “lower sequence” (36 — 48 cm; a clayey mud, becoming
more silty downwards the core bottom), a weak negative
correlation is found for TOM vs. CAR (r = 0.13) (Table 1). As a
moderate negative correlation defines SIL vs. CAR (r=—-0.51),
it can be considered the carbonates, in the “lower sequence”,
generally, are bearing no relation to the siliciclastic fraction or
to the organic material, the main lithological components.

The magnetic susceptibility (MS) vertical profile is illus-
trated in Fig. 24a, and next is given a composite image (Fig.
24b) for the vertical variation of the three lithological compo-
nents — SIL, TOM and CAR. It can be easily remarked the sim-
ilarity between the MS and SIL signatures, the TOM record
representing a “negative/mirror counterpart” of the other
two images. The core sediments are passing from the organic
vegetal muds — at the upper part, towards the mineral muds —
at the lower part.

The magneto-lithological parameters reflect these two
opposite categories of muds, by distinct intensities:

at the upper part: very low k values — an average of

(- 3.02)x10%SI/k class I, confirmed by very low SIL con-

tents — an average of 16.40 %, as a response to the very

high TOM contents — an average of 78.65 %;

« at the lower part: higher MS values — an average of
94.34x106 Sl/k class lll, very high SIL contents — an av-
erage of 89.58 %, and, as a “negative/mirror counterpart’,
very low TOM contents — an average of 6.06 %.

Itis also very interesting to observe that beginning with
the depth level 38 cm, from where the sediment slice no.
20 was taken, therefore, within the “lower sequence’, it has
been identified a marine fauna (e.g., Cardiidae, Corbula), in
situ, not-transported (Corbula, with both valves connected).
This faunistic content of the clayey muds shows the exist-
ence of a marine episode at west of the Letea — Caraorman
initial spit, in a zone, which, at present, is part of the Fluvial
Delta Plain, suggesting an age corresponding to either an
earlier period of the initial spit formation, or slightly after-
wards, in an incipient phase, when the Danube bay block-
ing had not been settled into shape. Certainly, an absolute
age analysis, supported by the fauna which was identified
within this core, could help to clarify some aspects of the
controversy relating to the age of the different events which
led to the deltaic edifice building up.

3.2. SYNOPSIS OF MAGNETO-SUSCEPTIBILITY AND
LITHOLOGICAL DATA PROVIDED BY SEDIMENT CORE
INVESTIGATION

The nine cores analysed in the present paper were col-
lected from an aquatic unit, which has been chosen —among
others — as a representative monitoring area in the Danube

Delta. So, in several expeditions carried out within the period
under our attention (2010 — 2014), the bottom sediments of
the Matita — Merhei Depression (M.— M. D.) lakes were investi-
gated by different methods, in the field and in laboratory. The
material needed for analyses has firstly been taken with “Van
Veen"” grab samplers; a number of cores were also extracted
from a series of lakes.

3.2.1. A general magneto-lithological background, based on
a short analysis of the MS and LITHO characteristics of the
surficial sediments

As a magneto-lithological background, supported by sev-
eral MS and LITHO maps and diagrams, general considera-
tions on the surficial sediments from this deltaic area will be
further presented.

Thus, in Fig. 25 and Fig. 26, the MS maps (a), as well as the
SIL (b), TOM (c), and CAR (d) maps are illustrated for the bot-
tom sediments sampled in the northern and southern halves
of the M.— M. D., respectively. Also, a synoptic image of the
magnetic susceptibility calibration of these lake sediments is
represented in Fig. 27, by using MS cubs which are coloured
according to the k classes of the MS scale (Fig. 3a) and are lo-
cated in the sampling stations from each lake/channel which
were investigated during the last five years. A pie-chart, with
the k classes to which the surficial sediments were calibrated,
is associated to each lake investigated in the M.— M. D. (Fig.
27). As regards the lithological composition of the bottom
sediments, a pie-chart with the content weights of the main
LITHO components (i.e., SIL, TOM and CAR) is placed close
to each MS pie-chart, and both of them are associated with
each lake from this representative monitoring deltaic area
(Fig. 27).

All these maps and diagrams show the most significant
magneto-lithological characteristics of the M.— M. D. lacus-
trine sediments. It is easily to note their dominant feature,
namely the calibration to the lowest k class (values under
10x10 S|, negative ones included), i.e. class I (Fig. 27), which,
according to MS scale (Fig. 3a), is assigned to the “fine sedi-
ments, rich in organic matter and/or carbonates”. The MS areal
distribution provided by the k maps reflects the same par-
ticular remark, only at some of the entry mouths of the canals
into the lakes being observed small MS anomalies (Fig. 25a
and Fig. 26a). Therewith, in Fig. 27, these zones are marked
out by the presence of some green cubs (k class Il), or yellow
cubs (k class llI); the k class Il is associated with the same sed-
iment-type as the k class I, but with a slightly higher magnet-
ic susceptibility (values ranging between 10x106 — 75x10%
SI), while the class Il (values which range between 75x10%
— 175x106Sl) is assigned to “clayey, fine up to silty sediments”
(Fig. 3a).

Related to the main 5 lakes of the M.— M. D., i.e., Merhei,
Babina, Matita, Trei Ozere and Bogdaproste lakes, the k class
I percentages are ranging from 68 % — for Babina Lake
surficial sediments up to 84 % — Bogdaproste L., 88% —
Matita L., 95% — Trei Ozere L., and 96% — Merhei L. (Fig. 27).
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Correspondingly, the total organic matter (TOM) contents
record very high percentages, ranging from 67 % — in the
Babina L. up to 83 % — in the Merhei L. (Fig. 27). The MS, SIL,
TOM and CAR maps (Fig. 25, Fig. 26) confirm these remarks.
Therefore, these maps point out — by the areal distribution of
themagnetic(a) and lithological (b,c,d) parameters, respectively
— low k value contours (Fig. 253, Fig. 26a), connected to the
lowest MS scale part (i.e., associated with the blue colour; Fig.
3a), and, respectively, high TOM content contours (connected
with the upper LITHO scale part, i.e. associated with the red
colour) (Fig. 25¢, Fig. 26¢). Complementary, the characteristics
of the TOM maps are presented “in mirror counterpart” by
the SIL maps (Fig. 25b, Fig. 26b), which suggest comparative
features with the MS maps.

All these data reflect the affluence of the organic matter
of autochthonous origin within the surficial sediments of the
main M.— M. D. lakes, which is mainly generated by the decay
of phytoplankton, zooplankton and macrophyte vegetation,
as a consequence of the protection conditions characteriz-
ing these lakes in relation to the direct fluvial supplies. In the
Merhei L., where the lowest k values (most of them, negative;
Fig. 25a), the highest TOM contents (Fig. 25c), and, com-
plementary, the lowest SIL contents (Fig. 25b, Fig. 27) were
determined, the great majority of the sediments are placed
inside of the organic muds category. A small k and SIL maxi-
mum anomaly, and a TOM minimum one, respectively, can be
observed in the northeastern part of the Merheiul Mic Lake, at
the entry mouth zone of the Sulimanca Canal (Figs. 25a,b,c),
where mineral-organic muds were sampled; this canal is flow-
ing close along the Letea Sand Beach ridges, from where some
siliciclastic (sandy and silty) material could be washed-out.
Small anomalies are also illustrated by the MS, SIL and TOM
maps in the other four M.— M. D. main lakes (Figs. 25a,b,c,
Figs. 26a,b,c), located at the entry mouths of some canals, as
well. Yet, slightly more extended anomaly zones are illustrat-
ed by the MS maps carried out for the Babina L. (at the entry
mouth area of the Rdddcinoasele Canal; Fig. 25a), Trei Ozere (at
the mouth of a short canal coming from the Lopatna Channel,
and extended, possibly due to some emerged zones, in the
northern lake area; Fig. 26a), and Bogdaproste L. (in south-
west, at the mouth of the connection canal with the Trei Ozere
L.; Fig. 26a).

As regards the carbonates, they do not have an important
contribution to the lithological composition of the surficial
sediments; excepting the CAR content (higher than 10 %)
provided by a sample taken from the northeastern Babina
Lake, the carbonates present within the sediments from the 5
main lakes record lower contents, all the maps showing CAR
content contours not higher than 5 % (Fig. 25d, Fig. 26d).
They generally have a biochemical origin, with a few excep-
tions, probably explained by a local contribution of a finely
triturated — by fragmentation and leaching — shelly material.

Passing now to the other (smaller) lakes of the Matita —
Merhei Depression, i.e. Polideanca, Covaliova and Cdzdnel,

which actually have recently been investigated (during the
2014 spring expedition), we mention a general characteris-
tic, namely the bottom sediments are calibrated to the same
three k classes, I, I and 1lI, but with some differences related
to the size of their percentages (Fig. 27).

The lower k classes I and Il define, particularly, the bot-
tom sediments of Polideanca and Covaliova lakes; the pre-
dominance of the lowest k class I is clearly observed (79 %,
and 72 %, respectively), 21 % belonging to k class Il in both
lakes. This MS calibration (Fig. 27), as well as the TOM and SIL
average contents, defined by 78 % and 18 %, respectively, in
the Polideanca L. case (Fig. 27), and by 82 % and 15 %, respec-
tively, in the Covaliova L. case (Fig. 27), indicate the preva-
lence of the organic matter within the bottom sediments, as it
has previously been revealed with regard to the 5 main lakes
of the deltaic area under attention. The sediments are main-
ly placed within the category of organic and organic-mineral
muds, the mineral-organic ones being subordinated to them.

Yet, a MS anomaly is observed at the mouth of the ca-
nal which makes the connection of the Polideanca L. with the
Lopatna Channel (Fig. 25a), where sediments with a higher
minerogenic material content are transported from this ca-
nal, which was dredged some time ago. In the SIL and TOM
maps, this zone is also evident, but the anomalies, of maxi-
mum (Fig. 25b) and minimum (Fig. 25¢), respectively, are less
strongly marked out by content contour lines. Besides, it is
worth to remark the presence of a marine fauna (e.g., Cardii-
dae, Corbula) within the sediments sampled in the lake west-
ern extremity (at the Lopatna — Polideanca Canal mouth),
probably reworked from the underlying horizon, as a conse-
quence of digging works necessary to the canal deepening.
Moreover, we remember the core DD 14-112 (see Ch. 3.1.3.b),
extracted from the above mentioned canal, just before enter-
ing into the Polideanca L. (Fig. 2), and the marine clay horizon
intercepted within the 31 — 44 cm depth interval. The magne-
to-lithological characteristics of this sediment sequence were
presented and analysed in the cited chapter.

In addition, in the Covaliova Lake, in its western extrem-
ity, just at the mouth of the canal which makes the connec-
tion with the Oracle Can. (Fig. 26a), the MS map remarks a
k anomaly, mainly generated by the sample of coarse mud
with some fine sand traces (station DD 14-62), which provides
the highest magnetic susceptibility (i.e., 139.45x106 S, corre-
lated with the MS class lll). This is supported by some k val-
ues associated with the class ll, recorded in the neighbouring
stations, so that a MS positive anomaly is clearly evidenced
in the lake western area (Fig. 26a). Correspondingly, there
can be observed a (maximum) SIL anomaly around the same
sampling station (Fig. 26b), where the highest minerogenic
material content (i.e., 33.24 %) — related to the sediments of
this lake — was determined, and, respectively, a (minimum)
TOM anomaly (Fig. 26c), mainly defined by the lowest or-
ganic substance content (i.e., 64.14 %) recorded in the above
nominated station (DD 14-62).
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Sorin - Corneliu Radan, Silviu Rddan, Irina Catianis, Albert Scrieciu — Relationship between the magnetic susceptibility and lithological composition

As regards the third small lake, i.e. Cdzdnel, investigated
in the southern extremity of the Matita — Merhei Depression,
situated closely south of Trei Ozere Lake (Fig. 2, Fig. 26), the
surficial sediments are a bit more various, due to the Cdzdnel
Canal intervention in the southern area.

Consequently, the areal distribution of the enviromagne-
tic parameter (MS) measured on the collected samples (Fig.
26a) reveals the influence of the mentioned canal, which
makes the connection with the Old Danube Branch, and con-
tributes with an important siliciclastic fraction (SIL) to the lith-
ological composition of the lake sediments. This minerogenic
contribution is gradually diminished from the canal entry
mouth towards the northern lake extremity, the SIL contents
decreasing along this direction, from 41.04 %, in station DD
14-73, to 13.02 %, in station DD 14-79 (Fig. 26b). This trend is
even better reflected by the MS contour lines (Fig. 26a), the k
map showing the decreasing gradient from the k class Il (a
value of 164.04x10°6 S|, in the station DD 14-73), to which the
coarse silty (possibly a bit sandy) muds, from the canal mouth,
are calibrated, passing then through the class Il (k values of
maximum 57.03x106 Sl, measured on the muds from the
central lake zone), and reaching the class |, in the station DD
14-79, in the northern lake extremity, where for the sampled
fluffy, non-cohesive muds a k value of 2.47x10% SI, only, was
recorded. This variation of the lithological characteristics of
the bottom sediments, from the entry mouth canal (placed
in south) up to the Cdzdnel Lake northern extremity, is also
well reflected by the TOM contour lines of the organic mat-
ter content map (Fig. 26¢). Therefore, the TOM contents are
gradually increasing from 55.97 % (in south) up to 83.72 % (in
north), i.e. from the TOM contour line of 60 % up to the TOM
contour line of 80 % (Fig. 26¢).

The distribution of the magnetic susceptibility classes to
which the bottom sediments of the Cdzdnel Lake are calibrat-
ed, i.e. the significant majority is defined by the k classes I and
Il (14% + 72%), which are specific to the organic sediments,
is well reflected by the lithological model, which shows the
highest weight (76 %) for the TOM component, to which an
average content of 2 % is added by the carbonate compo-
nent (CAR) (Fig. 27). The remaining 22 % are allocated to the
detrital/siliciclastic fraction (SIL), a level comparable with the
percentage determined for the k class lll (14 %) (Fig. 27), a
situation in agreement with the magneto-lithological scale
(Fig. 3a). Actually, the r coefficients calculated for SIL vs. k,
and TOM vs. k, related to the surficial sediments sampled in
the Cdzdnel L., show (very) strong correlations (see the scale
in Fig. 3b), positive, and negative, respectively: r = 0.99, r =
— 0.98. This asserts, again, the quality of proxy parameter of
the magnetic susceptibility for the lithological characteriza-
tion of the lake sediments.

As concerns the other LITHO component — the carbo-
nates —, the CAR contents are lower than 5 % for the sedi-
ments investigated in all these three small lakes (Fig. 25d, Fig.

26d), namely Polideanca (4 %), Covaliova (3 %) and Cdzdnel
(4 %) (Fig. 27).

3.2.2. Synoptic images of the MS and LITHO signatures
recovered from sediment cores in the Matita — Merhei
Depression

A magneto-lithological data base is now constituted by
integrating the MS and LITHO signatures recovered from
nine cores collected from the lacustrine sediments of five
lakes from the Matita — Mehei Depression (Fig. 1, Fig. 2). To
illustrate together the recorded vertical magnetic susceptibi-
lity profiles, we formally divided the M.— M. D. area into the
northern and southern halves. Therefore, relating to the first,
the three cores from the Babina Lake (i.e., DD 10-106, DD 10-
18, DD 11-49) and the two cores from the Matita Lake (i.e., DD
10-01, DD 11-017) have provided the MS records from Fig. 28.
As regards the second zone, the southern half, in Fig. 30 are
redrawn the MS records for the three cores collected along
a West — East profile, starting from the Lopatna — Polideanca
Swamp (DD 14-113), continuing the canal course which con-
nects the Lopatna Channel with the Polideanca L. (core DD
14-112), and finally entering into the central area of this lake
(core DD 14-104). Besides, in this synoptic image, is illustrated
the MS profile carried out for the core DD 13-104, collected
from the Bogdaproste Lake central zone. Following the same
scenario, the associated lithological signatures, expressed by
composite images which integrate the three main LITHO
components (SIL, TOM, CAR), are also illustrated for the sed-
iment cores taken from the M.— M. D. northern and southern
halves, in Fig. 29 and Fig. 31, respectively.

Details, supported by various diagrams and extended
analyses and comments, were presented in the subchap-
ters 3.1.1 + 3.1.4. Some general observations, based on
these synoptic images, are feasible. They can be applied in
the future — together with new data — to approach various
stratigraphic, sedimentogenetic, mineralogical and ecolog-
ical studies within the Danube Delta. As concerns the use
of the downcore MS records in lacustrine stratigraphy, we
mention, e.g., Trodahl (2010), who emphasizes the neces-
sity of additional information — provided by grain size and
charcoal analyses, as well as radiocarbon dating — to get
clarification with regard to the ambiguity associated with
matching magnetic susceptibility peaks identified in the MS
profiles along two sediment cores extracted from the Lake
Wairarapa (New Zealand).

The connections between the magnetic susceptibili-
ty proxy parameter and the lithological composition of the
lake sediments from the Danube Delta have proved to be of
great interest. In Table 2, the r coefficients calculated for four
cores are synthesized (the five cores in which marine depo-
sits were detected are not included in the Table 2), assessing
all the possible correlations related to the four (magnetic
and lithological) parameters (MS, SIL, TOM and CAR). Firstly,
we remark 3 pairs of parameters for which the r coefficient
shows strong correlations in all these cases: SIL vs. k (positive;

80 Geo-Eco-Marina 20/2014



— Relationship between the magnetic susceptibility and lithological composition

a

4

idan, Irina Catianis, Albert Scrieciu

i

Sorin - Corneliu Ridan, Silviu R

52100 JUBWIPAS 3y} 10§ S3}Is BUINIA||0D 3y} yaew s1apuljfd painojod ayL *(¥L07 — 0LOZ Poad ayp 1aao) suoiels buijdwes qeib ayy edipul sjeued awos buoje pue saye| 3y uiyum dew ay)
uo pa1edo| syulod pal 3y "puabay ‘| L0z pue 0LOZ Ul ‘saxe] eiely pue euIqeg dY) WoI) Paldajj0d S3103 JUSWIPAS AL 10} PAUIRIGO SPI033I (YY) ‘WOL “TIS) [e2160joyu| anisodwiod 3y yum abew dndoufs *6Z *bi4

MU B| 2P BaLIpNy3e

41423 J]BOOY)

[

]DUD). NIDSSDY

dvOom WOLlm TiSw

0'95-0°¢S
0°05-0°8V
0'9Y-0°7v
0°¢y-0'6€
0°,£-0°G€
0°€€-0°LE
0'62-0°8¢
0°92-0'7¢
07¢c-0'0C
0°LL-0'7}
0cl:0°0L
0°8-019

0v-0'¢

07c0l

~
=
£
I=
S
(=%
)
S

(=)

)jusjuoy
03 [ealbojoyyI

193D JIW |nidyiaw

LW T=

aqnupg pjo

dvom WOLo TS

0°€5-0°1S
076¥-0°LY
0i9v-0'vy
0°€v-0°0V
07,E-0'V€
0°1€-0'8¢
0'6¢-07¢C
0:61:0'91
0°€L-0°01
078-0'9

Core DD 11-01 - Matita Lake

0'v-0'C
0°1-0°0
mmmmmo

(%)3us3u09
sjusuodwod [eaibojoy}iT]

]pub) zans

D7 81D |NIdYIaW.

Bl0D 3, €E°

depth (cm)

smwwm_.__m-
=1678e-0"9¢
0'2¢-0°62

0°92:0°€¢

0°9k-0'vb
0°L1-0'8

0°9-0°¢

Core DD 11-49 - Babina Lake

0°1-0°0
© 0 OO oo
40| 0 O T+ N
(%)3us3uon
sjusuodwod [eaibojoy3i

Jouuby) pujpdoi]

“

61711
l0-LlL dd

!

23] bi1IDW 4
\ )b bulgb

111173

Jauubyy puzpdor] \Emnuo:._umvmm

D] 3n313401)

= O

gL-0Laa =1

ojuibeLlieleg

%D }2upzD)

\ uiy 70°s

N STl

9>D7] DAOL)DAO)

4/
D7 848z 194

A

jauuby> buzpdo’]

depth(cm)

dvOom WOLo TiSw
S-Sy

* 0°Ly-0'6E
0°.8-0°'5€
0°€e-0°LE|
0°82-0'a¢

(a[a] 0°¢2-0'6) m

4 Core DD 1G:106 - Babina Lake

m F (=}
[N =N ===}
\ O ®© © < N
=

(%)3usjuod
sjuauodwod [esibojoyli

/ agnupd p)O

Jpub) 3)2p.13

dvOom WOLo TTiSm

§'55-0'75
0'€5-0'05
0iLi-0'tY
0'h-018¢
015¢-0'2E
0'62-0'9C
0120
0702:0'8}
019L-0'p)

depth (cm)

07C1-0'6

Core DD 10-18 - Babina Lake

0°2°0'S
0°€-0C
07100
oo
(]

(%)3us3u09
sjusuoduwiod [eaibojoyi]

81

-Marina 20/2014

-Eco

Geo



*$2100 JUIWIPAS 3y} 10} SIS BuI3|[0d 3y} yiew
siapullfy panojod ay] “(y10z — 010z pouad 3y} 13r0) suoiyers buijduies qelh ay 1edipul sjeued awos Huoje pue saye| ayy uiyim dew 3y} uo payedo| siujod pai 3y "puaba] 107 pUe £107 Ul ‘eued eauRaplod
- euyedo 3y} pue ‘dwems euyedoT - BIUR3PII04 By} ‘saye| Asoidepbog pue eIURIPI|O4 Y} WK P3II3||0) S210D JUSWIPIS IN0J J0j PaureIqo spiodal (SI) Aujiqrdadsns naubew 3y yum abew ddouls *og *bi4

W £Z°ZZ INjnuoyAld B [eNZIA INjBAIU B] 8P BBUIPNINIR W - BI0D 3 ZETETZOT N .6SETSTeSt  PEOT/ST/b :dojuibeiuleieg

O aqnup( pjo 3)D7 ]auUDZD) _
FE;@@ U—NVAUﬁvU ... .u.w?a.uwweo@_m.a_a Ecm@mmm&_ b\ :.E %%.m

u.m.w.o..v&n_:m{ (S3AND 10 & abEL|

0'Si-0°2ey

pAerOiOk ayp7] a3soidppbog - Lv

'8€-019¢ \

0'€-0°Ze / aqnub( p)O

: 4 GE—€€
0°0€-0°82 \ jauubyy a)opi3

a)D7 818zQ 131]

0°'8€-0'9€

0°Zc-00€

D'92-0'¥Z
D'¢e-0°02
0°8L=0"9L
D¥i-0°ClL

0'2-022
0'22-:0'02
081091
0ph-0ZL
g Qg 0'01-0'8
vorpbaa | Lo 090y

¢l Ad LA 0°2-00

0Z-00
D chumﬁ:.un‘ \ W =

= X
Is(90-301 X) SN Sy jauupby) puzpdoT 15 (90-301 X)-S

4+ 1S (90-301 X)'SW

0°9¢-0'vC b Tl 4

depth (cm)

Jauubyy
nibaspw

0°0Z-0'8L

depth (cm)

depth (cm)
DD 14-112

eli-vi dd

_|V

Y

CoreDD 14 -113

0vi-0¢L

aproste Lake - Core DD13-104

Core

depth (cm)
Geo-Eco-Marina 20/2014

0°'8-09

Bogd

EEEXIEES TSRS TR

Core DD14-104-Polideanca Lake

1
-1

o-1baa 5 g Qe IkaE

gL-0L Ad
ayp7 bjigpy —
@)D D]}DAOIJIO) ) “

RS a>D7 buigobg
93D 8IDW [ntdYldW suupyy zans ﬂ H

=
2
=
g
§
S
=
g
=)
2
S
=
=
=
<
S
=
=
=
s
g
3
3
=
=
1]
S
S
g
W
=
S
o
=
=
<
B
=
=
8
By
=
3
<
|
=
g
=
J
oS
=
]
=
<<
S
s
S
S
S
S
S
=
<
S
S
<
=
=
[
§
B
<
=
S
5§
S
v
=
S
S

q ]auuby) buzpdoT] / ]auuby>

. 3)3sDoUI2DPDY
2y [niayJow a)D7 jnatjiol) e




Sorin - Corneliu Radan, Silviu Rddan, Irina Catianis, Albert Scrieciu — Relationship between the magnetic susceptibility and lithological composition

52100 JUSWIPAS 3y} 10} S3}Is BuNIA||0D 3ys dew siapuljfd
paINojod ay] *(#1.0Z — 0LOZ porad ayy Jano) suonels buijdwes qeld ayy ayedipul sjeued awos Huoje pue saye| ay uiyim dew 3y uo paiedol swuiod pal ay) ‘puabay 1.0z pUe £10 Ul ‘|eued exueapljod - euyedo]
3y} pue ‘dwems euedoT - BIUR3PII04 3y} ‘saye| 1s01depbog pue eIURIPI|O4 Y LIS P3IIB||0D S310) JUSWIPAS N0 J0j PUIRIGO SPI0I3I (YYD ‘WOL “TIS) [2160joy| anisodwod ay yim abew dndouds *Lg *bi4

$T0Z/ST/+ sdojiuibeLuiieieg

a)D7 jaupzp) uy £0°s

a)p7 a3soidppsog ——»
dY0m WOLl- TiSw dYOm WOlc Ss

T ——— . AR

0'9p-0'vv

0¥2-0'2C
e pub) 82D
T joub) ajap.d3

0'9¢-0'9¢ dYOom WOlo TISwE \1

0'vE-0ZE 0’5102
B YD 848Z(Q 184 ]
0°0£-0'8C

0°8€-09¢ eLi-¥L Aa
0'vE-0ZE rol-¥| ad
0'02-0'82 S888RK°

| i T (@)iuauod
092-0'F¢ syusuodwos [eaibojoyyir
022002

JpuD)
nibaspy

0'8L-0'9}
0vL-0Ch dvom WOLo

113

0°0L-08

09-0%

Core DD 14-

104

0°92-0'v2

depth (cm)

022002 ieio

Polideanca - Lopatna swamp

depth (cm)

0'81-0"91

Core DD 14

0'vL-0CL

0'oL-0'¢

depth (cm)

0'9-0'% 0'8L-0"91
0'FL-07Ch
0'0l-0'8

—
090 _nu D
> 6v-Ll Ad
e Lotk @ g
g8i-01 aa :
gBBIR° / - B g

(%) 3usjuocn —
c ayb7] buigqpb (%) u=1u0y
# sjuauodwoo [eaibojoyln D7 Uu.__uUS\ v_‘ T .Q m syuauodwo jeaiBojou

<
o
71
o
&
(=]
a
]
=
0
(&)
i
£
I
|
)
-
7]
o
P
o
©
o
=)
0
m

DIUDAPI)Od =5

«——]3uupy) puzpdory

Core DD 14-112

Polideanca Lake
Lopatna - Polideanca Channel -

D7 21DW NLayJIaW ﬂ o
\ 1aplod
]auupy>) puzpdo] y1:11]2J5)

237 jnoi3101) 2]25DOUITBADY |
: d

83

-Marina 20/2014

Geo-Fco



Sorin - Corneliu Radan, Silviu Rddan, Irina Catianis, Albert Scrieciu — Relationship between the magnetic susceptibility and lithological composition

Table 2. Synoptic table with the correlation coefficients (r) calculated for all possible pairs of parameters [magnetic susceptibility (MS; k) and

three main lithological components (SIL, TOM, CAR)], related to four sediment cores, collected from the Matita — Merhei Depression, over the

period 2010 — 2014. Note: The five cores in which marine deposits were detected are not included in the table (see text). Legend: The circles are
coloured according to the scale used to evaluate the size of the correlation (r) (see Fig. 3b).

Lake/ Core Correlation coefficient (r)

Swamp code SILvs.k | TOMvs. k | CARvs. k | SIL vs. TOM | SIL vs. CAR | TOM vs. CAR
’i‘;‘;’:“ DD 10-18 || 0.93 @ | -086 © |-047 @ | -097 O | -032 @ 0.095 O
Lopatna —

Polideanca | DD 14-113 || 0.78 @ | _0.78 © | 051 © | _0.999 O 076 ® | _o78 O
Swamp

Polideanca . O . O . O
Lake DD 14-104 || 0.83 -0.84 0.80 -0.996 0.81 -0.86
Bogdaproste Y

Lake DD 13-104 || 0.98 -098 O [ 010 O | -0.996 O 0.004 O | -o0.089 O

0.78 < r<0.98), TOM vs. k (negative; — 0.78 < r < —0.98), and
SIL vs. TOM (negative; — 0.97 < r < — 0.999). The proxy quality
of the magnetic susceptibility related to the main lithological
components of sediments is thence quantified. As regards
the relationships in which the CAR component is involved,
taking into consideration the possible generating alterna-
tives for carbonates within the sediments, the r coefficient is
correspondingly showing various correlation types (positive
or negative) and intensities (“weak”, “moderate” and “strong’,
according to the scale from Fig. 3b). Referring to the relation-
ship SIL vs. CAR, it is worth to note the total parallelism of its
correlation type (positive or negative), and the general similar-
ity or so of the range sizes with that of the CAR vs. k, even in
the case of the weak correlation which was determined for the
sediments sampled from the core DD 13-104 (Table 2). This ex-
ample could be a very good argument towards consolidating
the quality of proxy parameter of the magnetic susceptibility
with regard to the lithological composition evaluation of lake
sediments. Following a similar approach in the TOM vs. CAR
case, and comparing the r coefficients with those calculated
for CAR vs. k (Table 2), we remark, this time, a perfect antago-
nism between them, in what it concerns the correlation type,
i.e., positive or negative. Again, there are examples, in which
even if the r coefficient, in this case, for TOM vs. CAR, is very
low [= 0.1, for the core DD 10-18, and respectively (= — 0.1),
for the core DD 13-104; Table 2], the correlation type which is
suggested by each of them looks opposite to that defined for
CAR vs. k, correspondingly, in each of the two specified cores
(r=-0.47,and r = 0.10, respectively; Table 2). Of course, this
observation could be added to that above mentioned, con-
cerning the quality of proxy lithological indicator of the envi-
romagnetic parameter MS (in use, in our studies on the recent
sediments from the Danube Delta and Razelm/Razim—Sinoie
Lagoon Complex, since 1977).

Anyway, these problems must be analysed in detail, an
example being given in the previous subchapter (Ch. 3.1.4),
just concerning the core DD 13-104 (Bogdaproste Lake), which

was in our attention above, and in which case the sediment
column begins with organic muds, continues downwards with
a sequence of coarse peat and peaty muds, to finish at its base
within a horizon of mineral muds (clayey-silty muds) with a
marine fauna. The data commented in the mentioned chapter
remark the possible complex character of such an integrated
approach, and the necessity to investigate the lithological,
faunistic and enviromagnetic particularities of each of the dis-
tinct sediment sequences crossed even by the short cores.

4. CONCLUSIONS

In the context of the study of Danube Delta geosystem
spatial evolution, the present paper continues the work dedi-
cated to the data base achievement, involving magneto-lith-
ological models carried out for sediment cores collected
from lakes, swamps and canals in various sedimentary envi-
ronments. Consequently, the results analysed in the previous
chapters for the cores taken out from 4 lakes, a swamp and a
canal in the Matita — Merhei Depression are to add up the data
which were published for the cores collected from 4 lakes
and a channel of the Mesteru — Fortuna Depression (Radan et
al., 2013), also situated in the Fluvial Delta Plain, in the Dan-
ube Delta northern wing (but in its western area). This suc-
cession of the studied deltaic areas, from north southwards
and from west eastwards, brings very interesting data; the
Mesteru — Fortuna Depression lakes are directly influenced by
the Danube supplies (particularly, through the Mila 36 and
Cranjald canals), while the Matita — Merhei Depression lakes
are located far from the main Danube Delta distributaries, and
are protected from the direct fluvial influx, and, therefore,
they are not significantly affected by the riverine inputs. Yet, a
parallel analysis of the magneto-lithological models associat-
ed with the cores collected from these two depressions with
distinctly different characteristics will be performed when
the study will be finished, that is the results achieved for the
cores extracted in the other two main Delta depressions (Gor-
gova — Uzlina and Lumina — Rosu) will be published, as well.
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In these circumstances, the principal aspects resulting from
the investigation of the short cores collected from the Matita
— Mehei Depression sedimentary environments are further
synthesized.

The lithological data reflect the important supply of or-
ganic matter of autochthonous origin within the surficial
sediments of the principal Matita — Merhei Depression lakes,
mainly generated by phytoplankton, zooplankton and mac-
rophyte vegetation decay as a consequence of the confined
conditions characterizing this deltaic area in relation to the di-
rect fluvial influxes. Magnetic susceptibility (MS) maps, as well
as siliciclastic/minerogenic (SIL), total organic matter (TOM),
and carbonate (CAR) component maps were carried out for
the surficial sediments, in order to describe the magneto-lith-
ological background which characterizes each of the investi-
gated lakes. The dominant feature was the calibration of the
bottom sediments to the lowest k class (I, i.e., values under
10%x10-¢ SI, negative ones included), and Il (k values ranging
between 10x10¢ + 75x10°6 SI), to which the “fine sediments,
rich in organic matter and/or carbonates”, are usually included.
Only at some of the entry mouths of the canals into the lakes
were observed small MS anomalies (some of them reaching
the k class Ill, i.e., MS values within 75x106+ 175x106¢Sl in-
terval), assigned to “clayey, fine up to silty sediments”. The SIL
and TOM maps offer a coincident support to the MS areal
distribution analysed in the lakes. The first lithological com-
ponent follows the same variation type/intensity (defined by
the SIL content contour lines, i.e., gradient, maximum/mini-
mum anomalies) with the MS magnetic parameter, while the
second LITHO component (TOM) follows, precisely, the SIL
(and MS) areal variation pattern, but as seen “in mirror’, as re-
gards the anomaly/gradient “trend sign”. These clearly oppo-
site “images” which concern SIL vs. MS related to TOM vs. MS
(and SIL vs. TOM) are confirmed by the magneto-lithological
models carried out for all the sediment cores investigated;
the relationships are quantified by the r coefficients which
were calculated for all possible correlations between the four
investigated parameters (the third analysed lithological pa-
rameter is added, i.e., the carbonates/CAR). The surficial sed-
iments showed low CAR contents (lower than 10 %, with an
exception only, given by a sample from the Babina L.), the 5
% content contour lines being the highest ones within the
CAR maps.

The sedimentation environments from the Matita —
Merhei Depression are well characterized by specific magnetic
susceptibility (MS) fingerprints, recovered from the sedi-
ments of the investigated lakes. The cores, even their lengths
did not exceed 55.5 cm (Core DD 10-18, Babina Lake), the
shortest being of 24 cm (Core DD 14-113, Lopatna — Polidean-
ca Swamp), have offered interesting specific MS, SIL, TOM
and CAR signatures, associated with the crossed sediment
sequences. The vertical distribution of the k values reflects,
accurately, the lithological variations, in some cases being
revealed details which sometimes are macroscopically less
visible.

The proxy quality of lithological index assigned to the
magnetic susceptibility, which was discussed in the paper de-
voted to the Mesteru — Fortuna Depression (Radan et al., 2013),
is again demonstrated, this time by the MS — LITHO models
carried out for the cores collected in the Matita— Merhei De-
pression.The r correlation coefficients, calculated for all 6 pos-
sible combinations related to the MS, SIL, TOM, and CAR pa-
rameters, quantitatively argue the availability shown by the
MS enviromagnetic quantity as a proxy lithological indicator.
Not lastly, they attest the reliability of the “Magneto-Suscep-
tibilimetric technique” and “Loss on Ignition method”, which
were applied in the specialized laboratories from GIR and
GeoEcoMar, respectively. In some cases, the deviation from
the correlation lines (shown, especially, by the scatter-plots
SIL vs. MS and TOM vs. MS) imposed the reanalysis of certain
samples, and higher r coefficients resulted, being confirmed
the benefit of this methodology. An improvement of the cor-
relations related to the lithological components (SIL vs. TOM,
SIL vs. CAR, and TOM vs. CAR) has been recorded, as well.

This integrated magneto-lithological study, carried out
on sediment cores taken during the last five years from the
Matita — Merhei Depression, has also resulted in the detection
of some marine deposits located very close to the water/sed-
iment interface. Particularly, two cores from the Babina Lake,
two from Matita Lake, and another one from the Lopatna —
Polideanca Canal crossed marine clays. The intensity of the MS
fingerprint associated with the marine clays is clearly higher
than that of the muds which occur in the upper part of these
cores. So, if the muds are correlated with the k class I, possibly
with the class Il (i.e., MS values not higher than 75x10-6Sl), the
marine deposits are calibrated to k class Ill, and sometimes to
class IV (e.g., the case of the core DD 11-01, collected from the
Matita Lake, for which k values of 195.3x106 — 219.86x106
S| were recorded). The siliciclastic/minerogenic (SIL) compo-
nent supports this distinct magnetic characteristics, showing
high SIL contents, as well (ranging between 74.13 % — 88.34
%); complementary, the organic fraction is defined by low
TOM contents (within the range 6.48 % — 19.56 %). A detailed
analysis of the MS and LITHO data, associated with these five
cores in which some marine clays were intercepted, has been
performed, by dividing the respective extracted sediment
columns into two main parts: upper (and median/central)
— the muds, and lower — the marine clays. In three of these
cases, the correlation coefficients (e.g., related to SIL vs. k and
TOM vs. k) were calculated for each of their distinct litholog-
ical parts; for the other two cores, a scatter-plot analysis was
carried out, which indicated clustering of the core sediments
into two groups, assigned to muds, and marine clayey muds/
clays, respectively. This approach will be further applied to
similar cases from lakes investigated in the other Danube
Delta depressions, and some more conclusions will be drawn
at the end.

Anyway, we can mention that the identification within
the Fluvial Delta Plain of some marine deposits very close to
the actual water/sediment interface is very important for the
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deltaic system evolution knowledge, taking into considera-
tion that these are located behind of the initial Jibrieni — Letea
— Caraorman sand ridge, and thence older than this one. The
presence of the marine fauna (e.g., Cardiidae) inside of certain
studied cores, at a low depth, corresponds either the former
period of the initial belt, or slightly afterwards, related to an
incipient phase, when the Danube bay blocking had not been
settled into shape.

Certainly, an absolute age analysis, supported by the
identified fauna within the respective cores, could help to
clarify some aspects of the controversy relating to the devel-
opment in time of the different events which led to the delta-
ic edifice building up.

Another important new direction — possibly to be initiat-
ed by the synoptic images which present together the pro-
files with the vertical distribution of the magnetic suscepti-
bility recorded along each sediment core — is the stratigraphy
of the recent sediment sequences. Even the studied cores are
short, being not longer than 55.5 cm, some distinct features
are seen in the most of them.The 2D area-charts with the ver-

tical distribution of the three main lithological components,
particularly the SIL and TOM diagrams, analysed in detail,
but in the same time in connection with the MS profiles and
other known parameters, are of use in testing the capabilities
of the investigated cores for stratigraphic applications in del-
taic environments. The multi-proxy study, supported by the
lithological, sedimentological, mineralogical, faunistic data,
as well as grain size analyses, radiocarbon dating, and other
complementary information, could generate interesting ap-
plications in the future, particularly in a stratigraphic context.

Besides, the high correlation coefficients which charac-
terize the relationships concerning the susceptibility (MS) and
thessiliciclastic/detrital material (SIL), which is present, in more
or less quantity, within the sediment core composition, can
constitute arguments towards the proxy quality assignment
of the magnetic parameter as sedimentological and environ-
mental fingerprinting tool, one of the main objectives towards
which the paper has been directed just from beginning.
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