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Abstract: In this study we present luminescence investigations of four samples of loess bracketing 
the Campanian Ignimbrite/Y5 tephra at the Rasova–Valea cu Pietre site, on the eastern bank of the 
Danube River, southeastern Romania. Investigations involved SAR-OSL dating on aliquots of fine 
(4–11 μm) and medium-grained (63–90 μm) quartz, as well as single grain analyses on 125–180 μm 
quartz. Luminescence dating results coupled with glass-shard chemical fingerprinting assign the dep-
ositional age and origin of the ash layer to that of the Campanian Ignimbrite/Y5 tephra, dated else-
where using 40Ar/39Ar to 39.28 ± 0.11 ka. Fine-grained (4–11 μm) quartz SAR-OSL analyses yielded 
ages of 44.4 ± 4.5 ka below the ash, and 41.4 ± 4.2 ka above the ash layer. Single grain analysis on 
coarse-grained quartz, however, demonstrates that coarse material from these samples exhibits low 
sensitivity and responds poorly to internal checks of the SAR protocol in comparison with the finer 
sediment. This observation highlights the need for more extensive investigations into the lumines-
cence properties of quartz as well as into the origin of quartz contributions from different primary 
sources in the Lower Danube loess steppe. 
 
Keywords: quartz, SAR-OSL, single grain OSL, loess, Campanian Ignimbrite/Y5. 

 
 
 
1. INTRODUCTION 

A number of volcanic ash occurrences within Pleisto-
cene loess and fluvial deposits in the Lower Danube 
region of Romania have recently been assigned to the 
Campanian Ignimbrite/Y5 (hereafter CI) tephra by glass 

chemical fingerprinting and OSL dating of adjacent mate-
rial (Constantin et al., 2012; Veres et al., 2013; Fitzsim-
mons et al., 2013). The CI tephra, originating in the 
Phlegrean fields of southern Italy and dated by 40Ar/39Ar 
to 39.28 ± 0.11 ka (De Vivo et al., 2001) has been widely 
identified in lacustrine, marine, loess and cave sediments, 
extending across the eastern Mediterranean and eastern 
Europe to north Africa and the Russian Plain (Thunnel et 
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al., 1978; Ton-That et al., 2001; Pyle et al., 2006; Aniko-
vich et al., 2007). The CI eruption occurred during a 
significant time period coinciding with the extremely cold 
climate phase Heinrich Event 4, the arrival of anatomical-
ly modern humans into Europe and the disappearance of 
the Neanderthals from the continent (Lowe et al., 2012; 
Fitzsimmons et al., 2013, Fedele et al., 2003). Conse-
quently, new CI occurrences in the poorly studied loess 
steppe of Eastern Europe could strengthen its impact as 
an important marker horizon at sub-continental scale 
(Veres et al., 2013). 

Despite the fact that loess is generally believed to be 
an ideal material for luminescence dating, from our pre-
vious studies on Mircea Vodă (Timar-Gabor et al., 2011), 
Mostiștea (Timar-Gabor et al., 2012) and Costinești 
(Constantin et al., in press) loess-paleosol sections, the 
fine grain (4–11 μm) quartz OSL chronology yielded 
ages significantly younger than the coarser grains  
(63–90 μm). The offsets between the two datasets range 
from 15 to 35% for samples collected from the loess 
interval L1 (ie., post-Eemian), while the differences in L2 
(pre-Eemian) amount to as much as 52%. It appears that 
the age discrepancy resides in the different equivalent 
doses, the fine-grained equivalent doses being in all cases 
much lower than the medium-grained quartz equivalent 
doses, which is in contradiction with the expectations 
inferred from annual dose considerations. Along with the 
observed difference in the equivalent doses, the study of 
Timar-Gabor et al. (2012) has also drawn attention to the 
different laboratory dose response growth pattern of sand-
sized (63–90 μm) and fine-silt quartz grains (4–11 μm). 
The latter also exhibits much higher saturation character-
istics.  

Recently, Timar-Gabor and Wintle (2013) presented 
empirical evidence that for at least high doses the SAR 

dose response curves obtained in the laboratory do not 
reflect the growth of the signals in nature, both for fine 
(4–11 μm) and medium (63–90 μm) grained quartz ex-
tracted from Costineşti loess section. This finding casts 
doubt on the validity of the higher equivalent doses ob-
tained by applying the SAR protocol, such as  
>200–300 Gy for fine grains and 100–200 Gy in the case 
of medium-grained quartz. 

Here we present luminescence chronological investi-
gations on four samples of loess bracketing a recently 
identified CI tephra exposure on the eastern bank of the 
Danube River at Rasova–Valea cu Pietre, southeastern 
Romania (Fig. 1). We undertook SAR-OSL dating on 
aliquots of fine (4–11 μm) and medium (63–90 μm) 
quartz grains, as well as single grain SAR-OSL analyses 
on 125–180 μm quartz with a two-fold aim. On the one 
hand it was intended to chronologically constrain the 
deposition time of the ash layer at Valea cu Pietre, in 
combination with the glass chemical data that suggested a 
genetic link between this ash layer and the CI tephra. On 
the other hand, we aimed to use the CI as an independent-
ly dated marker horizon with an age of 39.28 ± 0.11 ka 
(De Vivo et al., 2001) to gain insights into the cause of 
the severe age discrepancy between the fine and the me-
dium-grained quartz fractions previously reported at 
several representative loess-paleosol sections in southern 
Romania in which the CI tephra has not yet been identi-
fied (Fig. 1). The present paper focuses on testing the 
OSL techniques on loess samples bracketing a well-dated 
marker horizon in order to further investigate the lumi-
nescence properties of Romanian loess at various loca-
tions and sedimentary settings. 

2. STUDY SITE 

The stratigraphic profile at Valea cu Pietre 
(44°15.255’ N; 27°57.088’ E; 28 m a.s.l; Fig. 1), is locat-
ed near the village of Rasova in southern Dobrogea, in a 
region known for thick alluvial-aeolian Quaternary de-
posits (Munteanu et al., 2008). It consists of 7–8 m of 
loess overlying Lower Cretaceous carbonates (Pop et al., 
1991). No soil development has been identified in the 
sequence apart from the top 0.5 m of Holocene soil. The 
sharp lower contact with the underlying carbonate rocks 
points to a geological unconformity, a common feature in 
Dobrogea, reflecting the tectonic activity and long-term 
geomorphological evolution of the area (see review in 
Hippolyte, 2002).  

A beige-greyish, structureless bed of volcanic ash up 
to 30 cm in thickness can be traced laterally along the 
wall at depths between 5.90 and 6.20 m from the top of 
the profile (Fig. 2). Its contact with the underlying loess 
is very sharp, indicating rapid deposition comparable 
with that observed at the Urluia sequence nearby (Fitz-
simmons et al., 2013). The upper boundary is more grad-
ual, suggesting some degree of mixing between loess and 
pyroclastic material.  

 
Fig. 1. Map of Romania with the location of the Rasova–Valea cu 
Pietre site indicated by a star. The profiles previously investigated by 
luminescence dating are depicted as triangles. Locations where tephra 
occurrences have been identified and assigned to the Campanian 
Ignimbrite/Y-5 tephra by geochemical analyses are represented by 
squares. Locations investigated using both luminescence dating and 
geochemistry are represented by circles. 
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3. GLASS GEOCHEMISTRY 

The chemical composition of glass shards (n = 21) 
was determined on epoxy-mounted stubs on a Jeol 
JXA8200 microprobe using single-grain, wavelength-
dispersive electron microprobe analysis (WDS-EPMA) at 
the Bayerisches GeoInstitut, University of Bayreuth. An 
accelerating voltage of 15 keV was used with a 6 nA 
beam current. Peak counting times were 10 s for Na, 30 s 
for Si, Al, K, Ca, Fe and Mg, 40 s for Ti and Mn, and 
60 s for P. Precision is estimated at <1–6% (2σ) and 10–
25% (2σ) for major and minor element concentrations 
respectively. Results of glass shard analyses are summa-
rized in Table 1. Fig. 3 shows a comparison of the geo-
chemical profile of the Rasova–Valea cu Pietre tephra 
layer with CI ash geochemistry from other proximal and 
distal deposits.  

The provenance of the Valea cu Pietre tephra was fin-
gerprinted based on major oxide concentrations of glass 
shards that show average (n = 21) SiO2 contents of 
60.2 wt%, associated with 7.31 wt% K2O, 5.96 wt% 
Na2O, 18.46 wt% Al2O3, 0.39 wt% MgO, 1.82 wt% CaO 
and 2.91 wt% FeO, respectively (Table 1). The silica-
total alkali diagram (Fig. 3) indicates a phonolite/trachyte 
composition and confirms the close chemical affinity 
between Valea cu Pietre tephra and other Campanian 
Ignimbrite/Y-5 (CI) occurrences in the Lower Danube 
(Fitzsimmons et al., 2013; Veres et al., 2013), vent prox-
imal deposits (Civetta et al., 1997; Signorelli et al., 1999) 
or even more distal tephra locations (Pyle et al., 2006).  

 
Fig. 3. a) Silica-total alkali diagram showing the composition of Rasova–Valea cu Pietre volcanic glass-shards as compared with proximal Campa-
nian Ignimbrite deposits in Italy (Civetta et al., 1997; Signorelli et al., 1999), distal tephra occurrences within Russian loess (Pyle et al., 2006), the 
fluvial/loess sequence at Caciulatesti in southern Romania (Veres et al., 2013), and the nearby Urluia sequence (Fitzsimmons et al., 2013); b) Scan-
ning electron microscope (SEM) image of the Rasova–Valea cu Pietre tephra. 

 

 
Fig. 2. Photograph and schematic stratigraphic section of the sedimen-
tary profile at Rasova–Valea cu Pietre, including the Campanian Ig-
nimbrite/Y-5 ash occurrence. The stratigraphic position of the lumines-
cence samples is indicated by circles. 

 

a) b) 
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4. OPTICAL DATING 

Single aliquot measurements 

Samples and analytical facilities 
The extraction of medium (63–90 μm) and fine  

(4–11 μm) quartz grains was performed under low inten-
sity red light. Samples were treated to isolate pure quartz 
of different size fractions (4–11 μm, 63–90 μm, and  
125–180 μm) by digestion in dilute hydrochloric acid 
(HCl; concentration of 10%) to remove calcium car-
bonate, and hydrogen peroxide (H2O2; concentration of 
10% followed by 30%) to remove organic matter. Fine 
(4–11 μm) grains were extracted using conventional pro-
cedures for sample preparation (Lang et al., 1996; Fre-
chen et al., 1996). To isolate the quartz grains from the 
polymineral fine fraction, samples were digested in 
H2SiF6 for 10 days. Separation of medium-grained quartz 
consisted of sieving, density separation using heavy liq-
uids, and etching with concentrated HF (concentration of 
40%) for 40 min. The purity of the quartz extracts was 
certified by the absence of a significant infrared stimulat-
ed luminescence (IRSL) response at 60°C to a large re-
generative β-dose. An IR depletion test (Duller, 2003) 
was further employed at the end of each SAR sequence to 
assess the sensitivity to IR stimulation of each analysed 
aliquot. 

Luminescence investigations were performed using 
Risø TL/OSL-DA-20 readers equipped with blue 

(470 ± 30 nm) and infrared (875 ± 80 nm) light-emitting 
diodes. Luminescence signals were detected by EMI 
9235QA photomultiplier tubes with coated Hoya U-340 
filters. Further details regarding the equipment can be 
found in Thomsen et al., 2006. Irradiation was carried out 
using a 90Sr-90Y beta source, calibrated using gamma 
irradiated calibration quartz produced by the Risø Na-
tional Laboratory. Dose rates of 0.152 Gy/s, 0.123 Gy/s 
and 0.261 Gy/s were obtained for 63–90 μm quartz grains 
deposited on stainless steel, 4–11 μm grains mounted on 
aluminium discs, and 125–180 μm single grains mounted 
on single grain discs, respectively.  

Luminescence characteristics 
- Performance of the SAR protocol 

The luminescence investigations of the Valea cu Pie-
tre loess samples were performed using the single-aliquot 
regenerative dose (SAR) protocol (Murray and Wintle, 
2000, 2003). Luminescence signals were stimulated with 
blue diodes for 40 s at 125°C. In order to isolate the fast 
component of the luminescence signal, the net continuous 
wave OSL (CW-OSL) was evaluated from the initial 
0.308 s of the decay curve, minus a background assessed 
from the 1.69–2.30 s interval. Unless otherwise men-
tioned a preheat temperature of 220°C for 10 s and a cut-
heat to 180°C were applied, based on parameters identi-
fied as optimal from previous studies on Romanian loess 
(Timar et al., 2010; Timar-Gabor et al., 2011, 2012; 
Vasiliniuc et al., 2011; Constantin et al., in press). The 

Table 1. Chemical results from the WDS-EPMA analyses of glass shards from the Campanian Ignimbrite/Y-5 tephra occurrence at Rasova–Valea cu 
Pietre. Data are presented as wt% raw values. 

Sample SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 Cl- Total 
RAS-T-2.1 60.39 0.358 18.59 3.01 0.245 0.339 1.7 6.47 6.72 0.054 0.790 98.6 

 60.85 0.458 18.85 2.95 0.237 0.310 1.64 6.4 7.15 0.044 0.702 99.5 
 60.87 0.359 18.59 2.83 0.236 0.325 1.77 6.47 6.99 0.083 0.781 99.3 
 59.78 0.442 18.59 2.86 0.237 0.345 1.79 6.33 7.24 0.022 0.770 98.4 
 61.25 0.354 18.54 3.22 0.094 0.717 2.48 5.06 7.14 0.091 0.320 99.2 
 60.31 0.431 18.62 2.96 0.217 0.299 1.68 6.29 7.89 0.049 0.721 99.4 
 59.29 0.414 18.26 2.9 0.212 0.315 1.74 6.12 6.83 0.056 0.764 96.9 
 60.38 0.437 18.6 2.82 0.243 0.365 1.67 6.12 7.83 0.017 0.731 99.2 
 61 0.376 18.32 2.78 0.110 0.520 2.15 4.97 7.7 0.057 0.374 98.3 
 58.45 0.406 18.21 2.87 0.211 0.368 1.84 5.77 6.95 0.035 0.680 95.7 
 60.15 0.389 18.8 2.93 0.190 0.324 1.8 6.51 6.93 0.061 0.717 98.8 
 61.6 0.377 18.44 2.8 0.168 0.473 1.89 5.24 7.96 0.094 0.421 99.4 
 60.75 0.416 18.86 2.94 0.262 0.368 1.69 6.58 6.97 0.077 0.757 99.6 
 59.23 0.424 18.26 2.86 0.218 0.353 1.71 5.82 7.5 0.019 0.697 97.0 
 58.99 0.401 18.46 2.87 0.241 0.316 1.73 6.35 6.85 0.044 0.711 96.9 
 58.61 0.422 18.26 2.81 0.193 0.340 1.63 5.91 6.7 0.059 0.715 95.6 
 60.12 0.443 18.46 2.91 0.214 0.319 1.78 6.41 7.14 0.031 0.722 98.5 
 59.39 0.380 18.3 2.9 0.25 0.292 1.69 6.45 7.37 0.027 0.739 97.7 
 58.09 0.344 17.93 2.93 0.196 0.415 1.73 5.82 6.87 0.031 0.687 95.0 
 60.3 0.401 18.17 3.33 0.126 0.760 2.53 3.42 9.71 0.216 0.305 99.2 
 60.64 0.410 18.69 2.82 0.233 0.326 1.69 6.77 7.07 0.049 0.764 99.4 

Average 60.02 0.40 18.59 2.91 0.206 0.390 1.82 5.96 7.31 0.058 0.660 98.2 
St. deviation 0.96 0.032 0.24 0.13 0.046 0.128 0.25 0.76 0.66 0.042 0.155 1.43 
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OSL response to a constant test dose of 16 Gy was used 
throughout all measurements to correct for sensitivity 
change. Subsequent to the test dose response measure-
ment, a high-temperature bleach for 40 s at 280°C was 
performed by stimulation with the blue diodes (Murray 
and Wintle, 2003).  

The OSL signals exhibited a rapid decay during opti-
cal stimulation for both fine (4–11 μm) and medium  
(63–90 μm) quartz grains. Recycling, IR depletion and 
recuperation tests were used as indicators of the perfor-
mance of the SAR protocol applied for the studied sam-
ples. Only those aliquots with recycling ratios and IR 
depletion ratios that did not deviate more than 10% from 
unity were accepted for equivalent dose determination. 
None of the investigated aliquots displayed recuperation 
values larger than 0.2% of the natural signal, indicating 
that the growth curves pass very close to the origin and 
exhibit negligible thermal transfer of charge during the 
SAR protocol.  

For equivalent dose determination in case of both the 
fine and medium quartz fractions, sensitivity-corrected 
growth curves extending up to ~300 Gy were constructed 
using 6 regeneration points. The growth of the signal with 
dose is best described by a sum of two saturating expo-
nential functions. Fig. 4 shows a representative growth 
curve for an aliquot of medium-grained quartz extracted 
from sample RAS 1. The inset presents a typical OSL 
decay curve for the same quartz fraction of sample RAS 1. 

The reliability of quartz equivalent dose (De) estima-
tion through the SAR protocol employed in this study 
was investigated using a dose recovery test. The test 
involved a double bleach for 250 s at room temperature 

using blue light emitting diodes, with a 10 ks pause be-
tween the stimulations (Murray and Wintle, 2003). 
Known laboratory doses chosen to be equal to the esti-
mated equivalent doses were then applied to the aliquots 
which were measured using the SAR protocol. The test 
was carried out on both the fine (4–11 μm) and medium 
(63–90 μm) quartz grains of the investigated samples, 
using a preheat of 10 s at 220°C in combination with a 
test dose cut-heat of 180°C. Unfortunately, due to insuffi-
cient material, we were not able to perform the dose re-
covery test on the medium fraction of sample RAS 4. The 
dose recovery data for the preheat at 220°C and cut-heat 
at 180°C are displayed in Fig. 5. A deviation of about 
10% above unity of measured to given dose was obtained 
in all cases, except for the fine fraction (4–11 μm) of 
sample RAS 2 where a very good recovered dose to given 
dose ratio was observed. The dose recovery test was 
further applied using a preheat of 260°C and cut-heat at 
220°C, in order to investigate the influence of the thermal 
treatment on the dose recovery ratio. For this thermal 
treatment, the dose recovery test yielded similar results to 
the ones previously obtained using lower preheat and cut-
heat temperatures. 

The thermal stability of the signals used for De deter-
mination was further tested through the preheat plateau 
test for samples RAS 2 and RAS 3 on both 4–11 μm and 
63–90 μm quartz grains. The SAR protocol was applied 
using thermal treatments consisting of a 10 s preheat at 
temperatures ranging from 200°C to 280°C in combina-
tion with a test dose cut-heat of 180°C. No systematic 
variation in De with preheat temperature was observed 
over this temperature interval. The associated recycling 

 
Fig. 4. Representative sensitivity-corrected growth curve from an 
aliquot of 63–90 μm quartz extracted from sample RAS 1. Open 
squares illustrate the regenerated doses. The sensitivity-corrected 
natural signal is shown as a star. The arrows indicate the equivalent 
dose. Recycling and IR depletion points are represented as an open 
circle and open triangle, respectively.  

 

 
Fig. 5. Dose recovery test results for the 4–11 μm (open circle) and 
the 63–90 μm (open square) quartz fractions from sample RAS 1. The 
given doses were chosen to estimate the equivalent doses of the 
investigated samples. The solid and dashed lines are meant as eye 
guides and highlight a measured to given dose ratio equal to unity and 
a 10% deviation of this ratio from unity, respectively. 
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ratios lie close to unity and recuperation does not exceed 
0.3% of the corrected natural OSL signal. Fig. 6 shows 
the preheat plateau for sample RAS 2. The lack of de-
pendence of De on preheat temperature was also observed 
for sample RAS 3. These data give us confidence that the 
OSL signal is not contaminated by thermally unstable 
components.  

 
- Dose response for very high doses 

Dose-response curves up to ~2 kGy were investigated 
for the fine (4–11 μm) and the medium (63–90 μm) 
grained quartz extracted from the sample RAS 4. The 
sensitivity-corrected growth curves were constructed 
using 9 regeneration points and a test dose of 16 Gy. 
Based on the values for the reduced chi square, as well as 
for the residual sum of the squares (Timar-Gabor et al., 
2012), the growth patterns were best fitted by a sum of 
two saturating exponential functions according to:  
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where I — intensity of the OSL signal corresponds to a 
dose, D; I0 — intercept; A, B — saturation characteristics 
of the two exponential components; D01, D02 — doses 
representing the onset of saturation of each exponential 
function. 

As previously reported in other studies on loess and 
loess-derived sediments in southern Romania (Timar-
Gabor et al., 2011, 2012; Constantin et al., 2012), a very 
different pattern of growth was observed for the two 
quartz grain fractions investigated, with much higher 

saturation doses in the case of the fine quartz (Fig. 7). 
For doses exceeding 1 kGy, the medium-sized quartz 

grains reach saturation with an insignificant level of 
growth, compared to the continuing growth shown by the 
fine quartz. The values for the characteristic doses D01 
and D02 are 135 ± 26 Gy and 1119 ± 311 Gy, respective-
ly, for the fine quartz, while for the medium fraction the 
values are 34 ± 5 Gy and 690 ± 45 Gy, respectively. 

 
- Equivalent doses 

The average De values (± 1 standard error) are pre-
sented in Table 2. For both grain-size fractions extracted 
from every investigated sample,  between 6 and 19 repli-
cate measurements of the De were performed. Except for 
sample RAS 4, higher equivalent doses were obtained 
using the fine (4–11 μm) fraction in comparison to the 
equivalent doses from the medium (63–90 μm) quartz 
grains. Greater De values for the fine quartz grains than 
for coarser fractions were expected since the dose rate 
should be higher, due to lack of beta attenuation and 
contribution of the alpha dose in the former. This behav-
iour is similar to that reported for a sedimentary section 
embedding the CI ash layer at the site of Caciulatesti 
(Constantin et al., 2012) but is in contrast to the previous 
findings for quartz extracted from loess deposits in south-
ern Romania (Timar-Gabor et al., 2012).  

It should be noted however that the samples are rela-
tively young: the values for the equivalent doses range 
between 136–286 Gy for the fine grains, and 118–175 Gy 
for the medium grains, respectively (Table 2). Recent 
investigations at Costinesti (Timar-Gabor and Wintle, 
2013) revealed that the laboratory and natural dose re-

 
Fig. 6. Dependence of De on preheat temperature for sample RAS 2 on 
both 4–11 μm (open circles) and 63–90 μm (open squares) quartz 
grains. Each data point represents the average value (±1 standard 
error) of at least three repeated measurements. 

 

 
Fig. 7. Comparison between extended dose-response curves con-
structed for sample RAS 4 using fine (4–11 μm) (open squares) and 
medium-sized (63–90 μm) (open circles) quartz grains. Both growth 
patterns were best described by a double saturating exponential (DSE) 
function. A test dose of 16 Gy was used throughout the measure-
ments. 
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sponses do not overlap with each other for doses higher 
than 200 Gy in the case of fine grains. In the case of me-
dium grains, deviations start to occur at doses as low as 
50 Gy, although the precision of the latter value remains 
under question due to the larger scatter of data (see figure 
6 in Timar-Gabor and Wintle, 2013). In the above-
mentioned study the authors have shown that while the 
dose response to regenerated signals can be described by 
a sum of exponentials, the growth of the natural signal is 
best described by a single saturation exponential model. 
These findings raise serious doubts as to the reliability of 
SAR-OSL equivalent doses above certain values obtained 
for samples where the laboratory dose response cannot be 
fitted by a single saturation exponential model. In the 
case of Romanian loess we consider that SAR-OSL 
equivalent doses higher than 200 Gy obtained on fine 
grains are questionable, while in the case of medium-
grained quartz doubts could be raised at even lower values. 

Dose rate determination 
Radionuclide specific activities were measured by 

high-resolution gamma spectrometry and converted to 
dose rates using the conversion factors tabulated by 
Adamiec and Aitken (1998). A factor of 0.94 (± 5% rela-
tive uncertainty) was used to correct the external beta 
dose for the effects of attenuation and etching (Mejdahl, 
1979). To allow for the lower efficiency of alpha radia-
tion in inducing luminescence, a value of 0.04 ± 0.02 was 
adopted. A time-averaged water content of 5% with a 
relative error of 25% was considered to account for the 
effect of moisture. An internal dose rate of 
0.010 ± 0.002 Gy/ka was used for the coarser fraction 
(Vandenberghe et al., 2008). The cosmic ray component 

of the dose rate was calculated based on equations pub-
lished in Prescott and Hutton (1994).  

Optical ages 
A summary of all the information relevant to the opti-

cal age and uncertainty calculation is given in Table 2. 
Generally, the systematic uncertainty amounts from 7 to 
9% (at 1σ). Our estimates of the uncertainties associated 
with the time-averaged water content, the α-value and 
beta attenuation factors represent the most considerable 
sources for the systematic uncertainty. The overall con-
tribution from random sources of uncertainty ranges 
between 2% and ~9% and represents a measure of the 
internal consistency of the optical ages.  

Given the relatively high specific activities for the ra-
dionuclides found in sample RAS 3 (see Table 2), we 
presume that this sample may reflect a mixture of loess 
and grains/minerals originating from the tephra layer. 
This could also potentially contaminate the luminescence 
signal since the high pressure and temperature conditions 
instrumental in forming the ash raises concerns about the 
nature of the defects in the crystal lattice. Consequently 
this may have influenced the intrinsic luminescence prop-
erties of the quartz grains originating from the tephra (see 
review in Preusser et al., 2009). It should be noted that 
the specific activities measured for 238U (226Ra) and 232Th 
for all loess samples analyzed in our previous works are 
very homogenous, while in the case of sample RAS 3, the 
obtained values are more than 50% higher than the aver-
age values in the case of both radionuclides. Enrichment 
in Th concentrations was also observed in samples col-
lected around the ash layer at nearby Urluia sequence 
(Fitzsimmons et al., 2013; Fitzsimmons and Hambach, in 

Table 2. Summary of the luminescence age results. The uncertainties indicated along with the luminescence and dosimetry data are random; the 
uncertainties mentioned with the optical ages are the overall uncertainties. All uncertainties represent 1σ. 

Sample 
code  

Depth 
(cm) 

Grain size 
(μm) n1 Water 

content 
De 

(Gy) 
238U-226Ra 
(Bq/kg) 

232Th 
(Bq/kg) 

40K 
(Bq/kg) 

Total 
random 
error (%) 

Total 
systematic 
error (%) 

Total dose 
rate (Gy/ka) 

Age 
(ka) 

RAS 4 550 4–11 8 

5% 

150 ± 6 40.5 ± 0.8 43.3 ± 0.1 443 ± 6 3.91 9.32 3.62 ± 0.04 41.4 ± 4.2 
63–90 7 163 ± 8 4.96 6.70 2.99 ± 0.02 54.5 ± 4.5 

RAS 3 590 4–11 11 200 ± 4 59.9 ± 0.5 67.1 ± 0.1 689 ± 9 2.31 9.38 5.50 ± 0.06 36.5 ± 3.5 
63–90 6 175 ± 15 5.27 6.70 4.59 ± 0.03 38.1 ± 4.1 

RAS 2 620 4–11 19 286 ± 9 39.6 ± 0.3 39.1 ± 0.3 457 ± 6 3.36 9.16 3.53 ± 0.04 81.0 ± 7.9 
63–90 12 167 ± 7 4.24 6.75 2.93 ± 0.02 57.0 ± 4.5 

RAS 1 670 4–11 10 136 ± 6 32.1 ± 0.5 34.0 ± 0.1 410 ± 6 4.57 8.98 3.06 ± 0.04 44.4 ± 4.5 
63–90 10 118 ± 5 8.59 6.73 2.55 ± 0.02 46.2 ± 3.7 

 

1n denotes the number of accepted aliquots. 
Beta attenuation and etching factor for 63–90 μm assumed to be 0.94 ± 0.050; 
Alpha efficiency factor considered was 0.04 ± 0.02; 
Radionuclide specific activities have been determined through high resolution gamma ray spectrometry. 
Cosmic-ray dose rate: RAS 1 = 0.095 ± 0.014 Gy/ka, RAS 2 = 0.097 ± 0.015 Gy/ka, RAS 3 = 0.110 ± 0.016, RAS 4 = 0.113 ± 0.017. 
Water content estimation was based on the difference between the natural “as found” and the oven-dried weight of material from the ends of the 
tubes, with a relative error of 25%. 
The total dose rate consists of the contribution from the alpha, beta and gamma radiations, the contribution from the cosmic rays as well as an inter-
nal contribution for the coarse fraction assumed to be 0.01 Gy/ka. 
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press); this is summarised in Table 3. Radionuclide en-
richment is further confirmed by unpublished gamma 
spectrometric analysis (226Ra = 81 ± 2 Bq/kg, 
232Th = 122 ± 1 Bq/kg, 40K = 665 ± 18 Bq/kg) of a sam-
ples from within the ash layer at Caciulatesti previously 
investigated by Constantin et al. (2012). Such high con-
tents of 238U, 232Th, and 40K have also been reported for 
pyroclastic materials originating from other Southern 
Italian volcanoes (Civetta et al., 1970; Civetta and Gaspa-
rini, 1973; Brai et al., 1995; Bellia et al., 1997, Brai et 
al., 2002) and are supposed to be directly related to the 
magmatic mineral assemblages forming these tephra 
layers. 

There is an obvious contrast between the radionuclide 
activity concentrations in samples RAS 2 and RAS 3, 
however the equivalent doses have comparable values. 
The high concentration of radionuclides accounts for the 
comparably high equivalent doses obtained for sample 
RAS 3, but this situation does not apply to sample RAS 
2. Therefore, the high overestimation of the equivalent 
doses obtained for sample RAS 2 is counter-intuitive. We 
interpret these results to reflect intrinsic luminescence 
properties, however further investigations are necessary. 
Based on these data, and the relatively large equivalent 
doses obtained for samples RAS 2 and RAS 3 which 
suggest that they are unreliable (cf. Timar-Gabor and 
Wintle, 2013), the optical ages obtained for these two 
samples will not be considered in further discussions.  

Within uncertainties, a very good agreement was 
found between the optical ages obtained on both quartz 
grain sizes from RAS 1, whilst for sample RAS 4 an 
overestimated OSL age was obtained for the medium-
grained (63–90 μm) quartz fraction. Optical ages of 
44.4 ± 4.5 ka (4–11 μm quartz) and 46.2 ± 3.7 ka  
(63–90 μm quartz) were calculated for the underlying 
loess layer. For the uppermost loess horizon, 41.4 ± 4.2 ka 
(4–11 μm) and 54.5 ± 4.5 ka (63–90 μm) values were 
derived. Only the OSL ages obtained using fine  
(4–11 μm) quartz are consistent with the expected age of 

39.28 ± 0.11 ka (De Vivo et al., 2001) for the samples 
associated with CI ash deposition at Valea cu Pietre. 

LM-OSL measurements 
Rapid OSL decay was observed in both the natural 

and regenerated signals of the samples from Rasova–
Valea cu Pietre. Despite this, closer examination (see the 
inset in Fig. 4) reveals that the OSL decay of the natural 
and regenerated signals is slightly slower compared to the 
signal decay of the calibration quartz, which is generally 
considered as dominated by the fast component. There-
fore, linearly-modulated (LM-OSL) measurements were 
performed to investigate the dominance of the OSL signal 
by the fast component.  

LM-OSL signals were measured at 125°C by linearly 
increasing the stimulation power from 0 to 100% over 
3000 s after a preheat of the aliquots at 220°C for 10 s. 
These measurements were undertaken for each quartz 
fraction extracted from the investigated samples. 

As displayed in Fig. 8, the LM-OSL signals obtained 
for the fine fraction of sample RAS 1 show a clear de-
pendency of the relative intensity of the slow component 
as a function of given dose. Its intensity relative to that of 
the fast component is higher at lower doses. The same 
behaviour was exhibited by all grain sizes analysed in all 
investigated samples. A change in the relative contribu-
tion of the fast and the slow components could be due to 
the saturation of the fast component, the different compo-
nents having different saturation characteristics. In ac-
cordance with previous studies (Bailey, 2000) that suggest-
ed that the slow component is described by higher satura-
tion characteristics, the present results are counter-intuitive, 
as the relative contribution of the slow component to the 
signal is more important in the case of the low doses com-
pared with higher doses. Further investigation is required 
to fully understand this behaviour. Our preliminary obser-
vations raise questions as to the reliability of using quartz 
from this particular location for SAR-OSL dating. 

Sample code Depth  
(m) 

K  
(%) 

Th 
(ppm) 

U 
(ppm) 

Total dose rate  
(Gy/ka) 

EVA1018 0.72 ± 0.02 1.45 ± 0.07 9.9 ± 0.5 3.19 ± 0.16 2.89 ± 0.28 
EVA1019 1.75 ± 0.02 1.46 ± 0.07 9.7 ± 0.5 2.78 ± 0.14 2.86 ± 0.27 
EVA1020 2.83 ± 0.02 1.62 ± 0.08 11.3 ± 0.6 3.12 ± 0.16 3.19 ± 0.31 
EVA1021 2.73 ± 0.02 1.47 ± 0.07 10.5 ± 0.5 3.02 ± 0.15 3.08 ± 0.30 
EVA1022 3.70 ± 0.02 1.65 ± 0.08 10.2 ± 0.5 3.60 ± 0.18 3.04 ± 0.30 
EVA1023 4.58 ± 0.02 1.70 ± 0.09 11.6 ± 0.6 3.57 ± 0.18 3.32 ± 0.33 
EVA1024 5.42 ± 0.02 1.78 ± 0.09 11.1 ± 0.6 3.46 ± 0.17 3.54 ± 0.35 
EVA1025 6.92 ± 0.02 1.75 ± 0.09 11.8 ± 0.6 3.33 ± 0.17 3.50 ± 0.36 
EVA1026 7.71 ± 0.02 1.85 ± 0.09 12.9 ± 0.7 3.61 ± 0.18 3.96 ± 0.39 
EVA1091 9.5 ± 0.1 1.91 ± 0.10 20.0 ± 1.0 2.10 ± 0.11 4.77 ± 0.37 
EVA1089 9.5 ± 0.1 1.85 ± 0.07 19.1 ± 1.0 2.10 ± 0.11 4.12 ± 0.35 

CI TEPHRA 
EVA1028 9.6 ± 0.1 1.98 ± 0.10 13.6 ± 0.7 2.10 ± 0.11 4.31 ± 0.33 
EVA1029 10.2 ± 0.1 2.00 ± 0.10 13.5 ± 0.7 3.66 ± 0.18 4.70 ± 0.38 
EVA1090 9.5 ± 0.1 1.91 ± 0.10 14.8 ± 0.7 2.10 ± 0.11 4.08 ± 0.31 
 

Table 3. Radionuclide concen-
trations for luminescence sam-
ples surrounding the CI tephra 
layer at Urluia loess locality, near 
Rasova–Valea cu Pietre site, 
southeastern Romania (Fitzsim-
mons et al. 2013; Fitzsimmons 
and Hambach, in press). 
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Single grain measurement 

De measurement conditions  
Single grain equivalent dose (De) measurements were 

undertaken for the 125–180 μm quartz fraction of the 
samples RAS 2 and RAS 4 using an automated Risø TL-
DA-20 reader in the Luminescence Dating Laboratory of 
the Max Planck Institute for Evolutionary Anthropology 
in Leipzig. The reader is equipped with a single grain 
attachment and green laser emitting at 532 nm, for light 
stimulation of single grains. Irradiation was provided by 

calibrated 90Sr/90Y beta sources (Bøtter-Jensen et al., 
2000). Luminescence signal detection was performed 
under the same conditions as for the single aliquot 
measurements. Quartz extraction followed the 
conventional procedures for luminescence sample 
preparation described in Samples and analytical facilities 
section. The number of discs was determined by the 
amount of sand-sized material extracted; for RAS 2, three 
discs (300 grains) were measured, while six discs (600 
grains) were measured for RAS 4. Single grains were 
loaded by sweeping grains over the 100 individual holes 
of single grain discs with a small brush. Since the grains 
represent fine-grained sand (125–180 µm) and the size of 
the disc holes is somewhat larger, the discs were checked 
under an optical microscope with filtered red illumination 
to ensure that only one grain occupied each hole. 

The De was measured using the single-aliquot regen-
erative-dose (SAR) protocol of Murray and Wintle (2000; 
2003). For consistency between the single aliquot and 
single grain measurements, preheat and cut-heat tempera-
tures of 220°C and 180°C respectively were used for the 
single grain analyses. The OSL signal was measured as 
the integral of the first 1 s, with an early background 
subtraction determined by the integral of the subsequent 
2 s to reduce the possibility of signal contamination by 
non-fast components, and by any feldspars which may 
have remained after processing (Cunningham and 
Wallinga, 2010). Since the number of grains available for 
analysis was limited, an extended recycling test similar in 
form to a dose recovery test was included at the end of 
each protocol in order to assess the characteristics of each 
grain. Although this test cannot replace a full dose recov-
ery test on unaltered grains (sensu Murray and Wintle, 
2003), due to likely sensitivity changes experienced as a 
result of heating and irradiation (Wintle and Murray, 
1999; 2000), it was hoped that further characterisation of 
the intrinsic luminescence properties of the quartz could 
be made by this additional test, given the small quantities 
of grains available for analysis. These “extended recy-
cling/substitute dose recovery” tests were undertaken 
only for those grains which passed the selection criteria 
as discussed below. 

Since not all grains yield useful OSL signals for da-
ting (Jacobs and Roberts, 2007), individual grains were 
analysed for their suitability using a set of selection crite-
ria based on fundamental characteristics. These criteria 
were defined as grains which emit an OSL signal greater 
than three times the background level; produce a dose-
response curve which can be fitted to a simple exponen-
tial or exponential-plus-linear function (as observed pre-
viously in Romanian loess quartz); result in sensitivity-
corrected recycling values within 25% of unity and yield 
IR depletion ratios within 20% of unity. The threshold for 
recycling and IR depletion ratios is somewhat higher than 
in previous studies (e.g. Duller, 2003) due to the inherent-
ly low sensitivity of these loess samples, which results in 
large uncertainties. 

 

 
Fig. 8. a) LM-OSL of natural and regenerated signals of fine (4–11 μm) 
quartz extracted from sample RAS 1 in comparison to calibration 
quartz. b) Same data for the corresponding test dose signals. One data 
channel represents 6 s of stimulation. For a better visual comparison, 
each curve was normalized to its maximum value. 

 

a) 

b) 
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Luminescence sensitivity 
The number of luminescent grains identified by single 

grain analyses for samples RAS 2 and RAS 4 totalled 45 
and 85 grains respectively (see Table 4). This corre-
sponds to 15% and 14% of the total measured grains. 
This proportion is consistent with observations from 
other single grain studies from a range of contexts, from 
aeolian to fluvial and cave deposits (Jacobs et al., 2006; 
Fitzsimmons, 2011). However, the majority of sand-sized 
grains measured from Valea cu Pietre were categorised as 
dim (yielding <20 counts in the initial channel of the 
natural signal). Aeolian sediments in general have been 
thought to yield relatively high sensitivities (Fitzsimmons 
et al., 2010; Fitzsimmons, 2011; Li and Wintle, 1992), as 
have sediments which have undergone long-distance 
transport within rivers (Pietsch et al., 2008). Therefore 
the Romanian loess-forming, sand-sized grains, which are 
not only assumed to be aeolian but have undergone long-
distance fluvial transport (Smalley and Leach, 1978), may 
reasonably have been assumed to exhibit a high efficien-
cy of charge transfer between traps and luminescence 
centres. However, loess of glacial origin, transported 
within a fluvial system involving a high proportion of 
suspended load (the Danube), may also have prevented 
substantial light infiltration and therefore extensive 
bleaching of the luminescence signal to those fluvial 
sediments during transport, may have sustained low sen-
sitivities in the quartz (e.g. Preusser et al., 2006). Con-
versely, it is also possible that the different size fractions 
measured in this study — fine (4–11 μm), medium (63–

90 μm) and sand-sized (125–180 μm) — are derived from 
different sources, experienced different sedimentation 
histories, and consequently developed different lumines-
cence properties, of which only the characteristics of 
sand-sized grains can be investigated at individual grain 
level. Source rock lithology has been proposed to influ-
ence luminescence sensitivity (Li et al., 2007; Westaway, 
2009). Given that sand-sized material is generally not 
present in Danubian loess (e.g. Marković et al., 2004), it 
is entirely possible that the sand-sized grains isolated at 
Valea cu Pietre originated from local protoliths and there-
fore inherited different luminescence characteristics to 
the finer grains, which are derived from glacial grinding 
and long-distance fluvial transport from much further 
upstream. Irrespective of these considerations, low lumi-
nescence sensitivity results in very high uncertainties in 
both the natural and regenerated dose signals, which is 
particularly problematic when measuring single grains. 
Consequently, these dim grains cannot be used to recon-
struct dose response, and therefore to determine age.  

De measurement results 
Sand-sized grains yielding initial natural signals ex-

ceeding 20 counts in the first channel (0.2 s; “sufficiently 
bright grains”) constituted 7% and 6% of the RAS 2 and 
RAS 4 samples respectively (Table 4). Fig. 9 shows the 
luminescence characteristics of a single sufficiently 
bright grain from sample RAS 2. This sample exhibits a 
moderately dim signal and simple exponential dose re-
sponse, and is one of the better-behaved grains analysed 
from the suite of grains from both samples. 

The sufficiently luminescent grains were then as-
sessed for their behaviour according to the internal 
checks of the SAR protocol (Murray and Wintle, 2000; 
2003). Table 5 provides a summary of the initial assess-
ments of those luminescent grains. The results indicate 
that the presence of sufficiently bright luminescence 
signals provides no guarantee of satisfactory performance 
using the SAR protocol. Only half (3.5%) of these suffi-
ciently bright grains yielded dose response curves which 
increased with regenerative dose and could be fitted to a 
simple exponential or exponential-plus-linear function. A 
similar proportion yielded recycling and IR depletion 
ratios within 25% and 20% of unity, respectively, despite 
the relatively high thresholds for acceptance adopted in 
this study. This proportion is at the lower range of typical 
single grain analyses for sediments from a range of con-
texts (e.g. Jacobs et al., 2006), but drops substantially 
when the results of extended recycling (substitute dose 
recovery tests) are taken into account. 

In this study, the extended recycling test was included 
at the end of the main SAR protocol for each individual 
grain, following double-bleaching of each grain using the 
green single grain laser, and administration of a dose of 
approximately 200 Gy (believed to be comparable to the 
dose accumulated during burial). Only the resulting ex-
tended recycling ratios of those grains which passed SAR 

Table 4. Summary of initial assessments of luminescent grains for 
samples RAS 2 and RAS 4. Signal brightness is assessed using a 
scale based on initial counts. Dose response curves were assessed 
based on whether they yielded an unambiguous increase in signal with 
administered dose, and could be fitted using a single exponential or 
exponential + linear function. Those grains not fitting these criteria did 
not pass. The recycling and IR depletion cut-offs of 25% and 20% 
departure from unity include grains for which the error range also lies 
within those cut-offs, in order to facilitate further analyses. 

Sample RAS 2 RAS 4 
Number of discs (grains) analysed 3 (300) 6 (600) 
Luminescence signal 
Grains yielding clearly decaying signal 45 85 
Dim grains (<20 counts) 23 48 
Dim-moderate (21–60 counts) 9 20 
Medium-bright (61–150 counts) 7 11 
Bright (>151 counts) 6 6 
Of bright grains, “supergrains” (>1000 counts) 1 2 
Dose response 
Consistently increasing response with dose 11 22 
Exponential fit 9 20 
Exponential + linear fit 2 2 
Recycling ±25% of unity 14 25 
IR depletion ration ±20% of unity  12 18 
Dose recovery ±25% of unity 3 0 
Grains passing criteria for analysis 3 0 
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selection criteria were analysed, in order to ensure the 
strictest quality control for dating. The extended recy-
cling tests cannot fully replace dose recovery tests on 
previously unmeasured grains (sensu Murray and Wintle, 
2003), however in the case of very low single grain yield 
such as for the Valea cu Pietre samples, the findings 
provide valuable information on the intrinsic properties of 
these grains. The results indicate surprising inconsistency 
between grains accepted for equivalent dose analyses, i.e. 
passing basic SAR-protocol checks, and those passing the 

extended recycling test. Of the analyses, only three grains 
from RAS 2 (1% of the total number of grains analysed) 
and none from RAS 4 (0%) passed the extended recycling 
test, which was assessed in the same way as a dose re-
covery test. Three of the RAS 4 grains yielded an extend-
ed recycling signal which was saturated with respect to 
dose, despite providing much larger equivalent dose es-
timates. This inconsistent luminescence behaviour strong-
ly indicates that these samples are unsuitable for dating, 
despite passing internal SAR protocols. It also highlights 

 
Fig. 9. OSL characteristics of 125–180 µm quartz from Valea cu Pietre sample RAS 2 (disc 9, grain 64). a) Rapidly decaying OSL signal indicating 
dominance of the fast component; the channels used for integration of the OSL signal and for background subtraction are shown in dark and light 
grey, respectively. b) Dose response curve, showing test-dose-corrected natural signal, for the same grain. 

 

Table 5. Luminescence characteristics for those single grains from samples RAS 2 and RAS 4 which passed initial selection criteria. The final as-
sessment regarding analysis for age calculation, determined by equivalent dose error, recycling, IR depletion ratios, and dose recovery tests, is also 
listed. The grains accepted for final age calculation are highlighted by italics. Y = Yes; N = No. 

Disc Grain De (Gy) Recycling  
ratio Dose response fit IR depletion  

ratio 
Dose recovery  

ratio 
Accept for age 

calculation 
RAS 2 

9 32 177 ± 29 1.71 ± 0.44 Exp+lin 0.73 ± 0.18 1.04 Y 
9 43 142 ± 46 1.12 ± 0.48 Exp 0.91 ± 0.41 No fit N 
9 49 57.7 ± 20 0.86 ± 0.37 Exp 0.85 ± 0.32 0.81 Y 
9 64 71.6 ± 25.2 0.83 ± 0.33 Exp 0.64 ± 0.27 0.96 Y 
9 78 106 ± 24 1.25 ± 0.32 Exp 0.88 ± 0.23 0.22 N 
13 59 174 ± 50 1.06 ± 0.26 Exp 1.43 ± 0.36 1.72 N 
13 71 249 ± 302 1.04 ± 0.30 Exp+lin 1.02 ± 0.29 0.44 N 
13 75 54.2 ± 20.7 1.76 ± 1.06 Exp 0.72 ± 0.46 No fit N 
13 86 172 ± 38 1.32 ± 0.24 Exp 1.02 ± 0.19 1.29 N 
15 69 248 ± 83 1.03 ± 0.28 Exp+lin 0.87 ± 0.23 0.43 N 
15 78 61.4 ± 14.8 1.15 ± 0.22 Exp 1.05 ± 0.21 1.35 N 

RAS 4 
3 39 340 ± 76 0.92 ± 0.21 Exp 1.51 ± 0.34 Saturated N 
5 49 215 ± 205 0.91 ± 0.13 Exp+lin 0.86 ± 0.12 0.49 N 
7 37 313 ± 256 0.86 ± 0.55 Exp 1.09 ± 0.67 1.40 N 
7 90 549 ± 42 1.06 ± 0.06 Exp+lin 0.91 ± 0.05 Saturated (supergrain) N 
9 34 876 ± 447 0.78 ± 0.26 Exp 1.19 ± 0.39 No fit N 
9 96 552 ± 163 2.34 ± 1.12 Exp 1.09 ± 0.57 0.25 N 
13 34 86.1 ± 16.4 1.11 ± 0.13 Exp 0.78 ± 0.10 0.70 N 
13 50 597 ± 190 1.38 ± 0.28 Exp 0.76 ± 0.13 0.58 N 
13 71 181 ± 62 0.99 ± 0.49 Exp 1.06 ± 0.49 Saturated N 
13 90 396 ± 185 0.73 ± 0.22 Exp 0.83 ± 0.25 0.31 N 
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the utility of undertaking these sorts of tests for individu-
al grains as part of the measurement protocol. Perhaps 
most significantly, however, the inconsistency between 
grains passing basic SAR-protocol checks and the ex-
tended recycling test suggests that there remain character-
istics of the inherent properties of individual grains that 
have not previously been identified. 

Table 5 summarises the results of those grains which 
passed internal SAR checks, combined with the dose 
recovery ratios and corresponding assessment as to 
whether each grain is acceptable for age calculation. The 
number of accepted grains from the sample set analysed 
in this study — 3 for RAS 2 and 0 for RAS 4 — is clearly 
insufficient for statistically robust determination of the 
age, proposed to be at least 50 grains (Rodnight, 2008). 
The accepted grains for RAS 2 range between approxi-
mately 58–180 Gy, and clearly do not correspond to a 
single age. The single grain investigations yield insuffi-
cient grains passing selection criteria to adequately de-
termine age or to directly compare with the finer-grained 
measurements. 

5. DISCUSSIONS AND CONCLUSIONS 

The 40Ar/39Ar composite age of 39.28 ± 0.11 ka ob-
tained from proximal pyroclastic deposits in the Campi 
Flegrei Volcanic Field (De Vivo et al., 2001) is widely 
considered to be the most reliable age of the CI eruption. 
This age is consistent, within error, with the initial con-
straint on the depositional age of the Y-5 tephra to 
38 ± 2.5 ka based on marine core oxygen-isotope stratig-
raphy (Thunnel et al., 1978), as well as with the 40Ar/39Ar 
age of 41.1 ± 2.1 ka on marine CI tephra material from 
the Tyrrhenian Sea (Ton-That et al., 2001). 

Luminescence investigations carried out on an ar-
chaeological profile from Kostenki-Borshchevo in Russia 
yielded OSL ages ranging between 52.4 ± 3.8 ka and 
45.2 ± 3.2 ka for samples below the CI ash layer, and 
younger than 30.3 ± 2.21 ka on samples collected above 
the ash layer. Moreover, OSL ages of 47.7 ± 3.4 and 
32.2 ± 2.3 ka, respectively, were obtained for samples 
bracketing the same ash layer in another profile at 
Kostenki-Borshchevo (Anikovich et al., 2007). More 
recent luminescence investigations on Romanian loess 
sections containing the CI ash layer also provide strong 
support for our luminescence results. At the site of Caciu-
latesti in the Jiu valley, quartz OSL dating of four differ-
ent grain sizes yields average ages of 40.4 ± 1.3 ka and 
40.7 ± 1.2 ka for the sediment below and above the level 
of the ash layer, respectively (Constantin et al., 2012). 
Apart from Caciulatesti, luminescence investigations of 
the CI tephra layer at Lunca in the Olt valley yielded an 
age of 40.3 ± 3.5 ka (Veres et al., 2013). The nearby 
exceptionally thick CI occurrence at Urluia quarry was 
constrained to between 48.8 ± 3.9 ka, 41.1 ± 3.4 ka and 
38.7 ± 3.3 ka on samples below, and 36.2 ± 3.5 ka on one 
sample above the ash layer (Fitzsimmons et al., 2013).  

Considering the age of the CI eruption and of its dis-
tally deposited ash, the luminescence ages obtained in 
this study on fine quartz grains (4–11 μm) confirm the 
expected depositional age of the CI tephra layer identified 
at Rasova–Valea Cu Pietre. 

The SAR-OSL age obtained for the medium  
(63–90 μm) fraction of sample RAS 4 appears to overes-
timate the age of the CI tephra layer. The difference be-
tween the medium and fine-grained quartz ages can be 
correlated to the size-related age offsets previously re-
ported for loess deposits in south-eastern Romania 
(Timar-Gabor et al., 2011; Constantin et al., in press). It 
is also interesting to note that the discrepancy in different 
grain-size ages observed in the case of sample RAS 4 is 
in contrast to the consistency between ages obtained for 
RAS 1. These findings raise concern not only for the 
luminescence properties of the quartz from the investigat-
ed samples, but also for the reliability of the SAR proto-
col in this particular case. Overall, the reported ages con-
firm the correlation established based on glass chemical 
fingerprinting data and the previous age discrepancy 
reported for the loess sections from southern Romania is 
not observed up to the same degree, at this particular 
location. Most probably, this particularity is a result of 
the relative youth of the samples from Valea cu Pietre.  

The single grain analyses, performed for the first time 
on loessic quartz to our knowledge, demonstrate that 
sand-sized Romanian loessic quartz exhibits low sensitiv-
ity at single-grain level and responds poorly to the inter-
nal checks of the SAR protocol. In particular, single grain 
measurements show very poor post-SAR dose recovery 
response, and suggest that there remain some intrinsic 
luminescence properties of individual grains of quartz 
which are poorly known and need to be more rigorously 
investigated. This most likely resides in a combination 
between geological processes, the relative immaturity of 
the Valea cu Pietre sediments, and consequently the lu-
minescence characteristics inherited from the source 
rocks. The results do, however, provide an insight into 
the luminescence characteristics of Romanian loess, 
which has up until now not been possible due to the lack 
of sand-sized grains within previously investigated loess 
sequences. The proximity of the Valea cu Pietre site to 
the Danube River, however, most likely facilitated the 
accumulation of a small proportion of coarser-grained 
material which cannot be found elsewhere in the Eastern 
European loess steppe (e.g. Jipa, in press), through short-
er-distance aeolian transport from the small component of 
sandy bedload within the Danube. This situation is unu-
sual for Danubian loess and therefore the results exam-
ined here may not be representative of the whole basin. 
The hypothesized origins of the sand-sized quartz stand 
in contrast to those of the longer-travelled silt-sized mate-
rial, and may have resulted in different grain-sizes with 
different sedimentary histories and therefore different 
inherited luminescence characteristics. At present, with-
out investigating the luminescence properties of the finer-
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grained quartz at single grain level, the prospect of two 
separate sediment populations with different origins can-
not be confirmed. However, if this is the case, then it may 
well explain why the fine-grained (4–11 μm) material 
yields better results for dating than the single, sand-sized 
grains. 

Our observations, including the issue of the relative 
contributions of the fast and the slow components of the 
LM-OSL signals as function of magnitude of the given 
dose, highlight the need for further detailed investigations 
into the luminescence properties of different quartz grain 
size fractions. In addition, our results suggest the need to 
further investigate the origin of quartz contributions from 
different primary sources in the Lower Danube loess 
fields.  
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