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1. Sampling strategy

The samples from the Urluia section were collected during a field campaign in spring 2014;
the Vlasca section was sampled in autumn 2015. Profiles were freshly cleaned to allow for
continuous, high-resolution, incremental sampling. Samples for sedimentology and
environmental magnetism were taken in 2 cm increments. At the Urluia section, samples from
2.04 m to 8.50 m depth were taken as oriented samples for future palaecomagnetic studies.
Oriented samples were not taken in the upper 2.04 m because strong bioturbation occurs
ranging from mm to dm scale. Generally, during sampling large scale bioturbation structures
(e.g. krotovinas) were avoided. Moreover, seven luminescence samples were taken at Urluia
by hammering and extracting 15 cm long metal tubes into the sediment wall, and by

collecting the surrounding material in a radius of 30 cm for dose rate determination.



2. Stratigraphy of studied profiles
2.1.Urluia

The Urluia loess section (44.09417°N, 27.9031°E, 125 m a.s.l) is located on the southern
Dobrogea plateau in southeastern Romania. In this area, up to few tens of m thick loess-
palaeosol sequence covers Cretaceous limestone uplifted in Early to Mid Quaternary*. The
outcrop face at Urluia is ca. 800 m long and strikes NNW-SSE. This study focuses on the
upper part of the loess sequence exposed in an abandoned quarry.

The top of the section is formed by a well-developed ~1 m thick dark greyish-brown steppe
soil followed by a diffuse transition towards loess from ~1.00-1.20 m, characterized by a
transition towards lighter sediment and a decline of crumbling soil structure. From 1.20-1.70
m, yellow to yellow-brownish loess with a homogenous structure is exposed. This layer is
rich in pseudo-mycelia (small sub-mm/dm-scale) carbonate precipitation following mm-sized
biogalleries) and krotovinas (cm to sub-dm sized burrows of steppe mammals) whose
frequencies decreases with depth. Several loess dolls (pedogenetic carbonate concretions) are
observed between 1.45-1.65 m, albeit they are notably present until 2.50 m. From 1.70-2.40
m, the loess becomes less brownish and more yellowish with depth, while below 2.40 m it
becomes yellowish. The upper 2.50 m of the profile are generally strongly bioturbated on a
cm to sub-dm scale. At ~3.55 m, a clear change in color is observed from yellowish to brown-
yellowish. From 3.50-3.70 m loess is notably coarser in gain-size and darker than above. The
loess below is generally homogenous until 5.15 m, and below this layer until 5.45 m loess is
again brownish and the amount of root channels with humic in fillings increases. A diffuse
ochre-colored horizon occurs between 5.45-5.65 m, followed bygreyish-yellow loess with
brownish mme-sized spots spanning the section until 7.40 m depth. From 5.70-5.95 m a dm-
scale horizontal krotovina filled with grey loess and surface soil material (not sampled)
crosses the sampled wall. Along the loess wall at Urluia, in some parts the tephra layer is

preserved in up to one meter thickness on palaeoslopes and a palaeodepression, and it can be
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followed along most of the wall. This tephra is related to the Campanian Ignimbrite tephra
layer!?. The sampled profile was chosen to be at a position which is least influenced by slope
processes. Therefore, on the sampled wall the tephra is not very clearly standing out.
However, based on detailed lithological characteristics and inter-profile correlation along the
outcrop walls, at a depth between 6.15-6.2 m a crypto-tephra layer is suspected. From 7.40-
7.50 m loess is pale reddish-brown, while at ~8.10 m a diffuse and bioturbated but clear
border towards grey underlying loess occurs.
2.2.Vlasca

The Vlasca section (44.39951° N, 27.86409° E, 37 m a.s.l.) is located in the Lower Danube
Basin (Southeastern Romania), and was sampled in a loess cliff at the Danube between the
villages Vlasca and Stelnica. The cliffs are 1.8 km long and are striking from SW to NE. The
studied profile is in total 10.72 m high.

Also at Vlasca, the top of the section is formed by a well-developed 0.8 m thick generally
dark greyish-brown steppe soil; a 0.09 m rather thin middle brown horizon at the top is
followed by a crumbled to subpolyedric textured middle brown horizon until ~0.30 m.
Sediment from ~0.30 m until ~0.50 m has the same features as above, but it is lighter in color
(light grey brown). From 0.50-0.68 m, the crumbled structure decreases. Down to 0.68 m
depth the sediment is strongly rooted. Below 0.68 m and until 0.80 m the rooting intensity
decreases and a gradual change in color towards more brownish shades is observed. From
0.80-1.00 m, a fine powdery and lighter greyish-whitish loess layer is followed by a 0.12 m
horizon with initial forming of loess dolls and decreasing frequency of whitish carbonate
spots complete the base of the modern soil formation. From 1.12-1.39 m depth downward
alight brown greyish powdery loess with subpolyedric crumbly matrix occurs. Ocher (to
ocher-greyish in the lower part) typical loess follows below until 2.43 m depth, with abundant
small krotovinas and a bigger one (ca. 10 cm in diameter) at ~1.60 m. From 2.43-3.40 m

typical homogenous loess is exposed. This interval is followed by loess with a gentle increase
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in more crumbled structure until 7.70 m. From 7.70 m to 9.00 m the sediment is dark-ocher to
brown in color and mm-sized dark organic spots are observed. The upper boundary to a tephra
layer is very diffuse, but the pure tephra layer is exposed from 9.00-9.05 m. Below the tephra,
the loess is generally sandier, and from 9.05-9.25 m it has a yellowish-brown-grey color,
while it becomes greyish and more cemented below. Brownish loess appears from 9.80 to
9.90 m. From 9.90 until the end of the profile loess is again greyish. From 10.10 m

downwards, the sand content and the degree of cementation rapidly increases.

3. Luminescence methodology

3.1.Equivalent dose (De) measurements

Samples for De determination were prepared under subdued red illumination. When opening
the steel cylinders, the first ~2 cm of sediment from both ends were removed. After drying the
samples for 24 h at 50°C the gravimetric water content was calculated after weighing the
samples and hence the loss of water. The dried samples were then treated with 10%
hydrochloric acid, 10% hydrogen peroxide and 0.01 N sodium oxalate to remove carbonates,
organic matter, and to disperse sediment aggregates. The 4-11 um grain size fraction was

isolated using Stokes’ law and by removing the clay fraction (< 4 um) via centrifuging.

Continuous wave optically stimulated luminescence measurements (CW-OSL) were carried
out on a Risg TL/OSL DA 20 reader. The reader is equipped with a %Sr/*®Y B-source and
infrared (IR) LEDs emitting at 870 nm (FWHM = 40 nm). A 410 nm interference filter was
used for signal detection. The pIRsolR290 SAR protocol was used®*. The signal was integrated
using the first 2.4 s of the stimulation curve minus a background derived from the last 25.6 s.
A prior IR stimulation temperature test® was performed on sample C-L3713. Furthermore,
several dose recovery tests (DRTs) with the favorable prior IR stimulation temperature were

performed using bleached samples (24 h solar simulator). Finally, a mean equivalent dose was
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determined using the central age model (CAM) and the common age model (COM)?®. Residual
doses were assessed after bleaching the aliquots for 24 hours in a Honle Sol2 solar simulator.
Fading tests were conducted on sample C-L3711. For these, a laboratory beta dose of 186 Gy
was used and the normalized luminescence signals were measured after different storage

times between 100 and 800 minutes.
3.2.Dose rate measurements

Samples for dose rate determination were oven dried at 50 °C for at least 48 h, homogenized
and packed into plastic cylinders for radionuclide measurements. Radionuclide concentrations
were measured on a high-purity germanium gamma-ray spectrometer after a resting period of
four weeks to compensate for radon emanation during pretreatment. The dose rates and ages
were calculated using DRAC, v.1.25. Conversion factors of Liritzis et al.” and an estimated
water content of 10£5% were included. The internal  dose rate contribution was calculated
by assuming a K content of 12.5+0.5%°2 and a Rb content of 400+100 ppm?®. Attenuation
factors of Bell'® and Guerin et al.'* were used. The cosmic dose rate was calculated following
Prescott and Hutton!? considering the geographical position, altitude, sample depth and
density of the overlying sediments. The a-efficiency was determined for six aliquots of two
samples. Aliquots were thermally annealed (480°C) before administering a-doses up to 200
Gy in a Freiberg Instruments Lexsyg Research device. The laboratory dose of the samples
was determined using B-irradiation in a Rise reader (pIRIR protocol). Finally, the a-efficiency
was calculated as the ratio of the measured B-dose divided by the given a-dose®®. A linear

function was used for fitting. A mean a-value was used for all samples.
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Figure S1. Dose recovery test (top) and prior IR stimulation temperature test (bottom). All
tested samples are within the desired recovered/given dose ratio of 1.0+£0.1. A plateau for

prior IR stimulation temperatures is present between 50 and 170°C.
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Figure S2. Consistency between luminescence ages (red squares and 1-oc uncertainty),
correlative age model (grey line; black dots represent tie points) and the final age model

(black line) of the Urluia section. Orange lines represent the timing and the depth of the

Campanian Ignimbrite tephra layer.



Table S1. Summary of luminescence data for samples from Urluia (URL1). IRSL measurements were done on polymineralic fine grains (4-11 um)
on 9.8 mm aliquots using the pIRIR2g0 protocol®*. An internal K content of 12.5 + 0.5 %8 and Rb content of 400 + 100 ppm® was assumed. The
cosmic dose rates were calculated according to Prescott & Hutton'?, taking into consideration the altitude (125 m), latitude (44.094167°) and
longitude (27.9031°) of the sampling site, as well as the density (1.7 g cm) and thickness of the overlying sediments. Ages are presented with 1-c

uncertainty.

Sample Depth n® U (ppm) Th(ppm) K (%) Whneasured Wused ~ Deosmic  Drotar® DRTYatio Residual De (Gy) OD (%)¢  Age (ka)
(m) (wt. %) (wt. (Gy kal) (Gykal) dose
%)° (Gy)

C-L3716 150 10/10 2.4+0.13 8.83x0.54 1.3x0.01 10+5 0.18+0.02 4.02+0.22 - - 84.27+429  0.0+0.0 21.0+1.6
C-L3715 2.00 24/24 2.86+0.14 9.41+0.49 1.45+0.03 14.4 105 0.14+0.01 4.48+0.24 0.91+0.01 7.1+0.28 111.93+6.05 9.36+1.55 25.0+1.9
C-L3713 3.30 10/10 3.0+0.14 11.24+0.52 1.54%+0.03 11.0 10+5 0.12+0.01 4.73+0.26 0.99+0.04 6.98+0.1 135.9+7.01  0.59%6 28.7+2.2

C-L3712 450 10/10 3.22+0.15 11.35+0.57 1.67+0.03 8.3 10+£5 0.12+0.01 5.11+0.28 0.96+0.02 6.36+0.44 166.27+8.72 2.52+2.21 32.5+2.5
C-L3711 520 20/20 3.43%0.16 11.75x0.59 1.64%0.03 9.0 10+5 0.11+0.01 5.26+0.29 1.02+0.00 6.64+0.29 190.25+9.84 4.15+1.32 36.2+2.8
C-L3709 6.00 10/10 3.24+0.15 10.94+0.55 1.62+0.03 9.6 10+£5 0.11+0.01 5.01+0.28 1.07+0.02 6.18+0.37 221.01+11.67 3.1+2.07 44.1+34
C-L3708 6.90 11/11 3.0+0.14 10.85+0.54 1.51+0.03 - 10+5 0.1+0.01 4.76+0.26 - - 258.24+13.3 1.05+3.41 54.2+4.1

2 a-value measured: 0.136+0.02

® Number of accepted in relation to measured aliquots.
¢ Gravimetric water content.

4 DRT = Dose Recovery Test.

¢ OD = overdisperion, calculated using the Central Age Model®.



4. Chronology and age model

4.1.Tephra chronology

At both sections a tephra layer was observed. At Urluia, this layer is only preserved as the
crypto-tephra in the sampled main profile, albeit it can be clearly observed and followed over
a major part of section wall using lithostratigraphic markers. Overall, the tephra layer is
thicker in depressions and on slopes (up to one meter in some parts of the Urluia section?) of
the primary relief at the time of deposition. Based on microprobe analyses and luminescence
dating, previous investigations have related this layer to the Campanian Ignimbrite/Y-5

tephral-214,

Microprobe analyses of the tephra layer at Vlasca were performed on samples that were taken
~700 m northeast along the Danube bank from the studied section. These investigations were
performed before the sedimentological sampling of the Vlasca section discussed here, in order
to establish a chronology of the Vlasca loess site. Figure S3 shows the scanning electron
microscope images of the glass shards, other magmatic and detrital aeolian grains, and Table
S2 shows the geochemical composition of tephra glass shards. According to the geochemistry
of the glass shards, this layer is unambiguously related to the Campanian Ignimbrite tephra.
Consequently, chronologies of both sections are grounded on the Campanian Ignimbrite/Y-5

tephra, a reliable chronological layer dated to 39.93 + 0.1 ka BP°.
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Figure S3. Scanning electron microscope (SEM) images of the Campanian Ignimbrite glass

shards from the Vlasca site.
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Table S2. Major oxide geochemical results from microprobe analyses of glass shards of the tephra layer (Campanian Ignimbrite/Y-5) at the Vlasca

site. Data are presented as raw values. Analytical settings used for determining the glass-shard major oxides composition is presented at the Table

S3.

Sample SiO2 TiO2 Al203 FeO MnO MgO CaO Na20 K20 P20s Cl- Total
STE1 61.07 0.38 18.17 2.88 0.09 0.55 2.17 4.06 8.04 0.061 0.346 97.81
STE2 60.43 0.40 18.54 2.75 0.18 0.33 1.68 6.3 6.67 0.021 0.729 98.02
STE3 61.01 0.44 18.65 2.84 0.23 0.40 1.62 6.5 7.47 0.010 0.741 99.91
STE4 61.23 0.33 18.11 2.68 0.12 0.47 1.98 441 8.3 0.103 0.409 98.13
STES 61.55 0.37 18.23 2.92 0.11 0.58 2.22 4.54 7.98 0.133 0.367 99.00
STE6 60.49 0.45 18.4 2.76 0.25 0.36 1.67 6.03 7.88 0.024 0.722 99.03
STE7 60.82 0.37 18.67 2.84 0.19 0.32 1.73 6.35 7.43 0.039 0.718 99.48
STE8 60.53 0.43 18.58 2.92 0.20 0.34 1.7 6.27 7.34 0.059 0.711 99.08
STE9 60.77 0.45 18.57 2.8 0.26 0.31 1.64 6.55 7.17 0.044 0.785 99.35
STE10 61.37 0.45 18.8 2.85 0.21 0.34 1.65 6.53 6.8 0.033 0.692 99.73

STE11 61.3 0.44 18.61 2.82 0.25 0.35 1.62 6.69 7.28 0.047 0.748 100.16
STE12 61.19 0.48 18.71 2.86 0.29 0.29 1.62 6.77 6.85 0.025 0.708 99.79

STE13 60.84 0.44 18.48 2.89 0.22 0.35 1.67 5.9 8.12 0.054 0.708 99.66
STE14 60.86 0.43 18.66 2.93 0.22 0.36 1.72 6.65 6.84 0.108 0.726 99.51

STE15 61.18 0.43 18.7 2.91 0.24 0.33 1.79 591 7.67 0.016 0.710 99.88
STE16 60.77 0.37 18.73 2.73 0.23 0.31 1.64 6.61 6.75 0.056 0.739 98.93

STE17 60.42 0.43 18.44 2.89 0.18 0.34 1.62 6.56 6.85 0.066 0.726 98.53
STE18 60.73 0.35 18.2 3.4 0.13 0.71 2.52 3.49 9.2 0.151 0.328 99.21

STE19 60.91 0.40 18.56 2.84 0.17 0.35 1.73 6.28 7.12 0.051 0.727 99.15
STE20 61.25 0.41 18.58 2.87 0.21 0.33 1.7 6.69 7.09 0.046 0.727 99.90

STE21 60.54 0.45 18.57 2.84 0.23 0.37 1.65 6.52 6.96 0.042 0.740 98.92
STE22 59.22 0.38 18 3.45 0.11 0.79 2.67 3.08 9.46 0.110 0.291 97.56
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STE23 59.84 0.38 18.55 2.83 0.24 0.32 1.59 6.65 6.71 0.044 0.743 97.89
STE24 62.09 0.33 18.47 2.69 0.13 0.48 1.94 5.03 7.92 0.078 0.457 99.62
STE25 60.6 0.43 18.39 2.88 0.23 0.35 1.58 6.31 6.69 0.034 0.739 98.24
STE26 61.43 0.36 18.45 3.04 0.11 0.58 2.18 5.12 7.55 0.068 0.339 99.22
STE27 62.22 0.38 18.54 2.94 0.13 0.59 2.16 3.43 7.19 0.110 0.346 98.04
STEZ28 60.36 0.39 18.68 2.8 0.23 0.35 1.66 6.52 6.9 0.069 0.720 98.67
STE29 60.73 0.42 18.55 2.81 0.20 0.31 1.62 6.61 6.95 0.051 0.733 98.98
STE30 61.05 0.40 18.75 2.89 0.24 0.35 1.6 6.8 7.35 0.029 0.742 100.19
STE31 59.84 0.38 18.08 2.62 0.21 0.37 1.66 5.58 7.19 0.093 0.459 96.47
STE32 60.4 0.42 18.46 2.83 0.22 0.32 1.62 6.2 6.82 0.014 0.738 98.05
STE33 60.46 0.45 18.45 2.89 0.18 0.29 1.71 6.63 7.02 0.069 0.695 98.84
STE34 60.45 0.43 18.39 2.79 0.21 0.35 1.8 6.39 6.96 0.091 0.685 98.55
STE35 61.03 0.39 18.31 2.92 0.23 0.36 1.65 6.51 7.09 0.054 0.735 99.28
STE36 60.58 0.45 18.35 291 0.23 0.30 1.72 6.66 6.87 0.046 0.703 98.82
STE37 61.71 0.38 18.53 2.69 0.17 0.39 1.66 5.92 7.53 0.017 0.527 99.53
STE38 61.67 0.38 18.41 2.75 0.15 0.51 2.06 4.53 8.27 0.076 0.378 99.18
STE39 60.79 0.44 18.61 2.8 0.24 0.36 1.72 6.38 7.32 0.017 0.711 99.39
STE40 60.86 0.41 18.44 2.81 0.26 0.30 1.75 6.67 7.25 0.008 0.697 99.46
STE41 61.2 0.39 18.7 2.84 0.21 0.34 1.92 5.85 7.14 0.005 0.751 99.35
STE43 60.9 0.41 18.62 2.8 0.23 0.32 1.68 6.22 7.43 0.064 0.696 99.37
STE44 60.31 0.42 18.44 2.86 0.21 0.29 1.61 6.6 6.8 0.059 0.728 98.33
Average 60.86 0.41 18.49 2.86 0.20 0.39 1.79 5.94 7.35 0.06 0.64 98.98
St. Dev. 0.57 0.04 0.19 0.15 0.05 0.11 0.25 1.00 0.63 0.03 0.15 0.77
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Table S3. Analytical settings used for determining the glass-shard major oxides composition
at Bayerisches Geolnstitut, Bayreuth University. Order of measuring elements (first to last):

Na, Si, K, Ca, Fe, Mg, Al, P, Ti, Mn, CI".

Element Standard Measuring time

(Standard-Block) (peak/bkgr.)

Si /Ka C-Forsterite 30/15
(Cameca Block5)

Mn /Ka C-MnTiO3 40/20
Ti /Ko (Cameca Oxides (2)) 40/20
Al /Ko C-Spinel 30/15

(Cameca Block5)

Fe /Ka Fe-GP40 30/15
(GP40)
Mg /Ko, C-Enstatite 30/15

(Cameca Block5)

Ca /Ka C-Wollastonite 30/15
(Cameca Oxides (2))

K /Ka C-Orthoclase 30/15
(Cameca Oxides (2))

Na /Ka C-Albite 10/5
(Cameca Oxides (2))

P /Ka C-Apatite 60/30
(Cameca Oxides (2))

Cl' /Ka C-Vanadinite 30/15
(Cameca Oxides (2))

13



4.2.Age model

Obtaining a reliable age model can be achieved in several ways. In loess research, the most
common ones are by numerical dating (using luminescence®*® or radio carbon dating'®%°) or
by correlation to isotopic Greenland ice sheet §*20 or speleothem records?>??, Establishing an
age mode relying on luminescence dating has serious limitations in precision. Constructing
such the age model is challenging, especially when using ages with 2-¢ uncertainty. Since
climate proxy parameters of the studied sections show a pacing comparable to millennial scale
oscillation, using a correlative age model can significantly reduce the uncertainties. Such
short scale millennial oscillations are reported in Southeastern European lacustrine
records?®>?4, including the Black Sea®?® (albeit Ménot and Bard?’ reported a lack in D/O
interstadial signatures in the mean annual lake surface temperatures), and also in speleothem
records representing Mediterranean climate?®?°. Accordingly, recording millennial scale
climatic oscillations in loess may be expected??. However, beside the correlative method, it is
still not possible to relate fluctuations of loess proxies to certain interstadial-stadial events due
to low resolution and lack in precision of dating techniques. Up to now, it has never been
dated, and therefore convincingly demonstrated, that abrupt climate changes recorded in loess
match individual D/O events. This problem is not only restricted to loess, but prevalent in
many records®. Since the abrupt changes recorded in loess and D/O events might not coeval,
using a correlative age model might increase bias to non-climatic forcing (instead of
increasing precision). In particular the grain-size can be influenced by many factors beyond a
straightforward relation to climate changes. The grain-size distribution strongly depends on
the proximity to source area, sediment availability, environmental conditions at the source,
during transport and deposition, trapping mechanisms, and even on the basic physical
background of dust particle transport and deposition mechanisms®. Moreover, it has been

demonstrated that grain-size records from adjacent sections (only few tens of meters apart) at

14



the Chinese Loess Plateau show different short term fluctuation, even if the long term patterns
overlap®. Zeeden et al.?? proposed frequency dependence of magnetic susceptibility (ys) as a
sensitive record for changes in sediment humidity and potentially the best proxy for indicating
variations in D/O events scaling. However, here we show that albeit the general trends of the
Urluia, Vlasca and Rasova®® sections are quite similar (Fig. S6), there are also notable
differences in the amplitude of fluctuations and short term patterns. This indicates an
important influence of local conditions to the extent of yt oscillation, and therefore again

might record a bias to changes not directly related to climate change in the wider region.

To obtain the age model in our study, we did not fully rely on the correlative age model or
luminescence dating. Since we cannot certainly claim that D/O events are coeval with
fluctuations in loess records, correlating our records to D/O events might increase a bias
rather than precision of the age model. We compiled an age model that reduces the tie points
to a minimum, and uses only the most certain tie points. In this way, the resolution of the age
model decreases, but also the potential bias to error is minimized. We use the Campanian
Ignimbrite tephra as a robust tie point at both sections, and only the correlations that are
strongly supported by luminescence dating are used as tie points. Since the Vlasca section was
not directly dated so far, this section is correlated to the general trends of proxy parameters at
the Urluia section. We feel certain about this approach because both sections indicate very
similar patterns in grain-size and environmental magnetic data. Details on the age models

from both sections are presented in following chapters.
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4.2.1. Age model based on luminescence dating

In order to obtain an age-depth model for the loess sequence at Urluia, seven luminescence
samples are used in a first step (Fig. S2). The thorough investigation of the luminescence
samples shows no problematic behavior. This demonstrates the general suitability of the
pIRIR200 protocol for these samples. The pIRIR290 signal is argued to be not affected by
fading®*, which was supported by our fading measurements resulting in a negative mean g-
value. Since the measured fading rates are likely to be a laboratory artifact®, equivalent doses
were not corrected for fading. The resulting ages increase constantly with depth. The layer of
the Campanian Ignimbrite tephra dated to 39.93 + 0.1 ka?'43* presents a robust tie point and it
is used as an independent test for the precision of the luminescence ages. The luminescence
sample C-L3709 at 6.0 m, ~10 cm above the tephra layer, indicates an age of 44.1 + 3.4 ka.
Using the lower boundary of 1 ¢ uncertainty (Fig. S2), the time period shows slightly older
age for the sediment deposited after the Campanian Ignimbrite tephra accumulation. The age
is ~2-3 ka older than expected, and even if this does not indicate a perfect match, the ages
might be assumed as reliable indications of the sedimentation timeframe on a more general

scale, especially when considering 2-c uncertainty (under which the ages overlap).
4.2.2. Correlative age model

It is challenging to compile the age model using luminescence ages with 2 ¢ uncertainty,
since the uncertainty is considerably high (up to ~16.2 ka years for the C-L3708 sample and
2-6). To reduce the uncertainty we compile a correlative age model based on the correlation
of proxy data from Urluia to millennial scale palacoclimatic patterns observed in 5'®0 data
from the Greenland ice sheet®® (Fig. S4, Table S4). For the correlation to the Greenland §*%0
record we used the frequency dependent magnetic susceptibility (yf) data as suggested by
Zeeden et al.??, but also paid attention to the patterns in grain-size distribution. Luminescence

ages then cross-checked this model (Fig. S2). Obtaining an age-depth model for Vlasca
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(Fig.S5 and Table S4) was more challenging since the numerical time control of the
luminescence dating is not given. However, the timing of the deposited Campanian Ignimbrite
tephra layer allows a straightforward correlation to the Urluia record. The similar patterns in
the yfa and especially grain-size from Vlasca and Urluia allow a convincing correlation of
these two sections, and thus, an indirect correlation of the Vlasca sequence to the Greenland
5180 record. Furthermore, the Vlasca and Urluia records were compared with the close-by
Rasova section providing an age-depth model??, supporting and additionally verifying the

presented age models (Fig. S6).

The onset of the studied part of the Urluia section is tentatively correlated to Greenland
Stadial (GS) 15 (before 55.4 ka; Fig. S4). Following an increase in yzq, high values at 8.06 m
are corresponding to Greenland Interstadial (GI) 14. The following points of correlation are
associated with increases in ysq at 7.58 m, 7.18 m, and 6.70 m, and are related to Gl 13, Gl 12,
and GI 11 (Fig. S4), respectively. The luminescence sample C-L3708 at 6.90 m indicates a
timing of deposition of this layer is 54.2+/-4.1 with 1-c uncertainty, or 54.2+/-8.0 with 2-c
uncertainty (Fig. S2). The correlative age (~45 ka for 6.90 m) is in the lower range of the 2-c¢
uncertainty. However, as noted above, it is possible that luminescence ages tend to show an

age in a lower range of the 2-c uncertainty.

Establishing the onset of the Vlasca profile is very challenging since the grain-size is heavily
influenced by high sand content that is very likely related to a local flooding event and
therefore regarded as a non-climatic signal. The base of the section is deposited as a sandy
layer. Generally high yt and sand content in these layers (Fig. 2) indicate that such grain-size
distribution is not a climatic signal, but rather related to the increased fluvial dynamics or
flooding of the Danube River that supplied the Danube banks with high amounts of sand and
coarse particles suitable for aeolian transport. We related the onset of the Vlasca section to GS

12, while the increases in yfs at 10.08 m and 9.60 m are related to GI 11 and GI 10 (Fig. S5).
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However, such correlation for the older part of Vlasca section is highly debatable, and should

be treated with special caution.

The preserved tephra layer is a safe chronological marker and it is used as a reliable tie point
at both sections with an age of 39.93 + 0.1 ka®'4*. Above the tephra layer, yt and fine grain-
size fractions at both sections indicate a prominent peak in data, which we relate to Greenland
Interstadial (GI) 8 (Figs. S4 and S5). At Urluia, the luminescence sample is present in this
depth interval (Fig. S2). As mentioned above, it exhibits an age of 44.1 + 3.4 ka (with 1-c
uncertainty), a clearly older age than the deposition of Campanian Ignimbrite tephra.
However, the timing of the GI 8 at 38,300 years ago is in the range of the luminescence age
uncertainty. The enhanced peak in yss and finer grain-size fraction are also observed at Vlasca,

and this layer is related to GI 8 as well.

At Vlasca, three prominent peaks in ysa and finer grain-size fraction stands out at ~8.2 m,
~7.86 m and ~7.52 m (Fig. S5). These layers were correlated to GI 7, Gl 6 and GI 5. At
Urluia, only two clear peaks in the fine fractions can be observed. Two luminescence ages at
5.20 m and 4.50 m support the correlation of sediment interval from 4-6 m to tentatively span
the timeframe of the past 30,000 to 40,000 years (Fig. S2). The luminescence age at 4.5 m
(32.5 £ 2.5 ka; C-L3712) suggests a correlation of the younger peak in grain-size data to the
GI 5. However, the luminescence age of 36.2 £ 2.8 ka (C-L3711) cannot clearly specify the
increase in fine fractions to GI 6 or Gl 7. We argue that this increase in finer fractions
corresponds to GI 6, while GI 7 is recorded at a depth of 5.62 m. Two main criteria for such
correlation are 1) the general tendency of the here presented luminescence ages to indicate
slightly older ages or expected ages to be in the younger uncertainty limit and 2) observed
similarities to the Vlasca section. Regarding the first criterion, the luminescence age that dates
the sediment just below the observed increase in fine particles would support a correlation

with 1-c uncertainty of this layer to both, GI 6 and GI 7. However, considering that the means
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of the older luminescence ages are slightly overestimated, especially indicated by the
Campanian Ignimbrite, it is more likely that the lower limits of the ages uncertaintiesgives a
better assumption of the ‘true’ age. Therefore, we correlated the peak of higher contribution
of fine particles at 5.02 m to GI 6, while the relatively weaker increase at 5.62 m in x4 and
grain-size we relate to GI 7 (Fig. S4). Generally higher ys and slightly finer particles at 5.62

m than at 5.02 m are in better agreement with the values related to GI 7 at Vlasca.

Establishing the following two tie points of the presented age model was generally
straightforward, since the yf indicate a notable increase in the values, while the U-ratio
indicate a decrease. At Urluia, the layers at 3.60 m and 3.32 m are related to Gl 4 and Gl 3,
while at Vlasca these interstadials are related to depths of 6.50 m and 6.22 m (Figs. S4 and
S5). However, although the s indicates a clear increase in humidity, the grain-size
distribution shows a higher contribution of coarser fractions (Figs. S4 and S5). Therefore, it
may be debated if this layer showing a high contribution of coarse particles at both sections
corresponds to Heinrich event (HE) 3. Nonetheless, we argue that only part of the observed
increase in grain-size is related to HE 3, where the coarser particles are a consequence of
increased winter severity as recorded in the Black Sea record® that covers GS 5 and 4 (Fig.
S7). In addition, the luminescence age at 3.3 m (C-L3713) supports the established correlation

(Fig. S2).

An increase in yfq and finer grain-size at 5.16 m at the Vlasca section is correlated to GI 2
(Fig. S5). Although similar increase in yfa cannot be observed at Urluia, but a clearly similar
pattern in grain-size decrease is observed at 2.68 m and correlated to Gl 2 (Fig. S4).
Nevertheless, such correlation is not strongly supported by luminescence age at 2 m (25.0+1.9
ka, C-L3715). The youngest uncertainty of this age is ~23 ka, indicating the timing of the Gl
2 somewhere above 2 m at Urluia. However, a correlation based on this luminescence age

would indicate very low sedimentation rates for last 23 ka, which includes most of the Last
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Glacial Maximum. Although we cannot rule this scenario out, we assume it as unlikely.
Therefore, we correlate the increase in grain-size fractions and slight decrease in yfq at 2.30 m
to GS 3. Based on the relation of yf and grain-size from Urluia and Vlasca, we related the

interval at 4.02 m at Vlasca to GS 3 (Figs. S4 and S5).

The luminescence age suggests for the sediment at 1.5 m depth a lower uncertainty age of
~19.5 ka (Fig. S2). According to that age, the sediment above showinga decrease in the <5
pm fractions and ysq at 1.30 m is related to HE 1. At Vlasca, HE 1 is correlated to the depth of
2.54 m. Such correlation is in good agreement with a correlation obtained at the Rasova
section??, where the HE 1 is recorded shortly after three prominent peaks in y that can be also

observed at the here discussed sections (Fig. S6).

For the timing of the Younger Dryas we related a decrease in yf¢ and an increase in grain-size
fractions after the second prominent peak in those proxies observed in the younger part of
sectionsto the Younger Dryas. We argue that those lower values are generally unlikely to
represent the Holocene climate. A following increase in s and fine grain-size is related to the
onset of the Holocene. The same solution was obtained for the Rasova section?, which makes

a regional correlation more coherent (Fig. S6).
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Table S4. Tuning points of the Urluia and Vlasca sections correlation to §*30 from Greenland

ice sheet %
Profile Tuning point Depth (m) Age (years)
Urluia GS 15 8.48 55,400
Urluia Gl 14 8.06 54,800
Urluia Gl 13 7.58 49,800
Urluia Gl 12 7.18 47,350
Urluia Gl11 6.70 43,400
Urluia Campanian 6.22 39,930
Ignimbrite tephra
Urluia Gl 8 5.90 38,300
Urluia Gl7 5.62 35,300
Urluia Gl 6 5.02 33,500
Urluia Gl5 4.38 32,250
Urluia Gl4 3.60 28,500
Urluia Gl 3 3.32 27.400
Urluia Gl2 2.68 22,700
Urluia GS3 2.30 20,450
Urluia HE 1 1.46 15,450
Urluia Holocene transition 0.88 11,500
Vlasca GS12 10.72 44,000
Vlasca Gl11 10.06 43,400
Vlasca Gl 10 9.60 41,750
Vlasca Campanian 9.12 39,930
Ignimbrite tephra
Vlasca Gl 8 8.58 38,300
Vlasca Gl7 8.20 35,300
Vlasca Gl 6 7.86 33,500
Vlasca Gl5 7.52 32,250
Vlasca Gl4 6.50 28,500
Vlasca Gl 3 6.20 27.400
Vlasca Gl 2 5.16 22,700
Vlasca GS3 4.02 20,450
Vlasca HE 1 2.54 15,450
Vlasca Holocene transition 1.52 11,500
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4.2.3. Final age model

To obtain the final age model we have combined a correlative model and luminescence ages
and used the most certain tie points only. The Campanian Ignimbrite tephra is used as a robust
tie point at both sections. The following two tie points at Urluia are at 4.5 m (32.5 ka) and 3.3
m (28.7 ka), where luminescence samples show very good relation to the correlative age
model (Fig. S2). The next tie point is at 0.9 m (11.5 ka), where an increase in all proxies
indicates the onset of the Holocene. Since the Vlasca section has no further time control, we
relate obvious changes in yf Which can be observed at both sections to obtain the same age.
The low value in ys at 7.38 m at Vlasca is related to the low value at 4.08 m at Urluia and
assumed to have an age of 31,170 years (Figs. 2, S4 and S5). An increase in ys at 6.22 m is
related to an increase at 3.32 m at Urluia, and has an assumed age of ~28,760 years (Figs. 2,
S4 and S5). An increase in yfq at 2.1 m and 1.52 m at Vlasca are related to increases at 1.32 m
(~14,630 years) and 0.88 m (11.500 years) at Urluia (Figs. 2, S4 and S5). Table S5 shows tie

points for both sections.

Finally, it is important to state that no matter which age model is used, the conclusions
presented in this study are valid for all three age models (Fig. S8). The difference to data from
the Middle Danube Basin is also evident when no age model additional to the Campanian

Ignimbrite occurrence is applied.
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Table S5. Tie points of the final age models for the Urluia and Vlasca sections.

Profile Depth [m] Age [years]
Urluia 8.48 55,400
Urluia 6.22 39,930
Urluia 4.50 32,500
Urluia 3.30 28,700
Urluia 0.88 11,500
Vlasca 10.00 43,000
Vlasca 9.12 39,930
Vlasca 7.38 31,170
Vlasca 6.20 28,760
Vlasca 2.10 14,630
Vlasca 1.52 11,500
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