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Abstract: Well constrained numerical ages of alluvial fan sediments are key to understanding the 
chronology of alluvial episodes and tectonic activity at the front of the Andean Precordillera. We test-
ed the application of radiocarbon and optically stimulated luminescence (OSL) dating in the distal 
part of an alluvial fan five kilometers north of Mendoza. For OSL dating a large number of aliquots 
(n > 70) – each composed of ~50 quartz grains – were measured in order to obtain reliable burial ages 
despite scattered dose distributions. Owing to a feldspar contamination in all samples, an infrared 
stimulation was inserted before each OSL measurement, which reduced the feldspar OSL signal suc-
cessfully. By using the minimum age model we obtained stratigraphically consistent burial ages of al-
luvial deposits in a depth profile. The uppermost ~1 m of sediment is composed of debris flow depos-
its buried 770±76 years ago. Three plant remnants used for radiocarbon dating from the same layer, 
however, yielded ages younger than 350 years, which are interpreted to underestimate the deposition-
al age. Underneath the debris flow, a major unconformity cuts a series of distal alluvial fan sediments 
with interstratified floodplain deposits, which are composed of sandy and calcite-rich silt layers, re-
spectively. Three samples from this unit which were distributed over one meter of sediment thickness 
yielded statistically concordant OSL ages of 12.3±1.2 ka, 12.3±1.2 ka, and 11.7±1.1 ka. The deposi-
tion of these sediments during the latest Pleistocene coincides with a phase of cool and humid cli-
mate, which occurred before the alluvial fan propagated farther into the foreland. The overlying de-
bris flow sediments are associated with alluvial fan incision during the arid Late Holocene. 
 
Keywords: OSL dating, alluvial fan sediments, incomplete bleaching, minimum age model, Andean 
Precordillera. 

 
 
 
1. INTRODUCTION 

The mountain front of the Andean Precordillera in 
Argentina (28-33°S, Fig. 1a) is characterized by alluvial 
fans and sequences of well-preserved terraces that were 
formed by fan incision. Detailed mapping and numerical 
age constraints are essential for understanding related 

sedimentary processes and recent tectonic activity, espe-
cially since debris flows and earthquakes are a threat to 
the one million inhabitants of Mendoza. As the city was 
built on top of alluvial fan sediments of unknown age, it 
is essential to establish their chronology to assess future 
hazards. The same accounts for several other landscapes 
and cities, since most mountain ranges feature sedimenta-
tion in alluvial fans over wide areas. 
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Several different dating methods can be applied to date 
alluvial fan sediments, e.g. radiocarbon, 40Ar/39Ar, uranium 
series, surface exposure, and optically stimulated lumines-
cence (OSL) dating (e.g. Walker, 2005; Preusser et al., 
2008). Radiocarbon and 40Ar/39Ar dating are analytically 
the most precise techniques, however, their application 
requires adequate materials (i.e. buried organic matter or 
volcanic material, respectively) that are not always availa-
ble in alluvial sediments. Uranium series approaches re-
quire chemically unaltered carbonate, and analytical limits 
of surface exposure dating appear for young surfaces due 
to lacking accumulation of cosmogenic nuclides. OSL 
dating presumes the complete resetting of the optical signal 
during exposure to sunlight directly before the deposition. 
Although significant progress has been made on each of 
these approaches during the past decades, only six studies 
revealed consistent ages between OSL, 14C, 10Be and ura-
nium series dating on alluvial, fluvial and playa sediments 
(Preusser et al., 2003; Anders et al., 2005; DeLong and 
Arnold, 2007; Magee et al., 2009; Kurth et al., 2011; 
Schmidt et al., 2011a). On the other hand, the alluvial 
sediments studied by Nissen et al. (2009) obtained signifi-
cantly older ages from a 10Be depth profile compared to 
those obtained from OSL techniques, although both meth-
ods revealed internally consistent results. Similar problems 
exist in fluvial and playa sediments dated by Folz et al. 
(2001), Cupper (2006), and Owen et al. (2007) who ob-
tained only partly consistent ages when applying 2-5 dif-

ferent dating methods. This implies that the accuracy of 
these dating methods strongly depends on local circum-
stances, such as available material, age range, and accessi-
bility of sampling locations (e.g. depth profile).  

Discrepancies in age estimates have also been report-
ed when only one dating method is applied. For example, 
several studies obtained outlying OSL ages in profiles 
through alluvial sediments (e.g. Robinson et al., 2005; 
Sohn et al., 2007; Sancho et al., 2008). Other studies 
report OSL ages in alluvial sediments which are entirely 
consistent with the stratigraphic order, indicating that 
inconsistencies are not a general problem of the dating 
technique (e.g. Porat et al., 1996; Toms et al., 2004; Fat-
tahi et al., 2006; Porat et al., 2010). Several authors men-
tioned that an overestimation of OSL ages may be the 
result of incomplete bleaching, i.e. an insufficient expo-
sure to sunlight to reset the OSL signal during sedimen-
tary transport (e.g. Stokes et al., 2001; Wallinga, 2002; 
Jain et al., 2004; Rodnight et al., 2006; Rittenour, 2008; 
Lauer et al., 2010). This problem can be diminished by 
using quartz instead of feldspar (Wallinga, 2002; Porat et 
al., 2009; Reimann et al., 2011), measuring only a few 
grains per aliquot, analyzing even single grains (e.g. 
Olley et al., 1999; Wallinga, 2002; Thomas et al., 2005; 
Rittenour, 2008; Porat et al., 2009), and/or applying an 
adequate model to extract the “true” burial age (Galbraith 
and Green, 1990; Bailey and Arnold, 2006; Arnold et al., 
2007; Arnold and Roberts, 2009). 

 
Fig. 1. (a) Location of Mendoza in South America. Selected earthquake epicenters are from Askew and Algermissen (1985), Kadinsky-Cade et al. 
(1985) and Mingorance (2006). (b) Geological interpretation of the area north of Mendoza and its surroundings (Sepúlveda, 2001 and Folguera et al., 
2003). 
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In this study we dated alluvial sediments using OSL 
and radiocarbon techniques in order to constrain the tim-
ing of alluvial fan development at the front of the Andean 
Precordillera. Owing to the young age of the studied 
deposits and the absence of volcanic ash layers and suita-
ble carbonate coatings, it was not possible to apply expo-
sure dating, 40Ar/39Ar dating, and uranium series dating. 

2. GEOLOGY OF THE STUDY AREA AND SAM-
PLING SITES 

The study area is located directly north of Mendoza 
city, in the vicinity of the suburb Las Heras that was built 
on alluvial dan sediments from the Precordillera 
(Fig. 1b). A large alluvial fan adjacent to the north, 
namely T4, has been incised by ephemeral streams result-
ing in the formation of three lower terrace levels T1 to T3 
(Fig. 2). The terrace deposits consist of alluvial sediments 
with a wide grain size spectrum ranging from silt to large 
cobbles, implying that sediment transport occurred main-
ly by debris flows. The subrounded clasts consist of dif-
ferent lithologies exposed in the Precordillera, including 
greenish Devonian sand- and siltstones, reddish Triassic 
sandstones and conglomerates and Miocene andesite 
(Fig. 1b). The terraces are cut by the Cal thrust fault 
which offsets T1-T4 by 0.8 to 8 m vertically (Schmidt et 
al., 2011b). The active surface T0 is not displaced since it 
postdates the last surface rupturing earthquake which 

occurred in 1861 with a magnitude of MS = 7.0 (Mingo-
rance, 2006) (Fig. 1b). One sample for OSL dating (AL1; 
Fig. 2) was collected in the deepest incised channel of 
this surface where a ~25 cm thick sand lens is intercalat-
ed in clast-supported fluvial sediments.  

Four other OSL samples (AL2 to AL5) were taken 
from a trench section that was excavated on terrace T2 
across the fault scarp generated by the Cal fault (Figs. 2, 
3). The trench exhibits mainly coarse gravel deposits 
referred to as unit 1, but also a sequence of fine-grained 
thin-layered strata named unit 2, which is situated below 
a prominent erosional unconformity (Fig. 3a). Unit 1 
consists of debris flow deposits and fluvial sediments, 
which slightly vary in color, grain size and the amount of 
clasts. The clasts are dominated by subrounded pebbles 
and cobbles, mostly of Devonian siltstones. In the eastern 
part of the trench, one layer shows cross-bedding stratifi-
cation and imbricated clasts indicating an east-directed 
sediment transport (Fig. 3a). OSL sample AL2 and three 
radiocarbon samples were taken from this unit (Fig. 3). 

Unit 2 is composed of slightly consolidated 1-10 cm 
thick layers of fine-grained sand and granule (Fig. 3a). 
The sediment is matrix supported and only ~10% of its 
volume is composed of pebbles. Several pale yellow 
layers are conspicuous due to their higher resistance 
against erosion (layer type 4; Fig. 3). They are composed 
of calcite-rich silt with minor coarse-grained sand and 
rare pebble clasts. OSL samples in unit 2 derive from 
three different layers (Fig. 3). Samples AL3 and AL5 
belong to layer type 2, which is composed of fine-grained 
sand with only a few pebbles. Sample AL4 was taken 
from coarse-grained sand with a large amount of granule 
(layer type 5).  

All layers indicate significant deformation by folds 
and faults, for example unit 1 is deformed by three east-
vergent folds (Fig. 3a). Likewise, the strata of unit 2 have 
experienced east-vergent folding and several small thrust 
faults offset the folded layers with displacements of sev-
eral centimeters up to a few decimeters (Fig. 3a). Four 
colluvial wedges are exposed in the trench section 
(Fig. 3a), which were formed shortly after different 
earthquakes (Salomon, 2010). In the following, this man-
uscript focuses on the methodological aspects of numeri-
cal dating. A detailed description and interpretation of the 
tectonic features in the trench will be presented in a sepa-
rate contribution. 

3. OSL DATING  

Mineral separation for OSL dating was undertaken at 
the Leibniz Institute for Applied Geophysics in Hannover 
(Germany) following the laboratory preparation proce-
dures outlined in Aitken (1985) and Alappat et al. (2010). 
The 100 to 150 µm size fraction was separated by dry 
sieving and treatment with hydrochloric acid, sodium 
oxalate and hydrogen peroxide. A quartz-rich fraction 
was then separated using sodium polytungstate 

 
Fig. 2. Geological interpretation of the study area (satellite image taken 
by GeoEye in 2010, Google Earth). The unmapped area to the east 
and south has been modified by human activity. The OSL sample AL1 
was taken from surface T0, which indicates active erosion and sedi-
mentation. All other OSL and the radiocarbon samples were collected 
in the trench (see Fig. 3). 
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(2.62 < ρ < 2.70). To remove feldspar impurities and the 
alpha-irradiated surface, the quartz-rich fraction was 
etched in concentrated hydrofluoric acid (HF) for one 
hour. However, after HF etching all quartz fractions still 
showed an infrared stimulated luminescence (IRSL) sig-
nal, indicating remaining feldspar grains. Nevertheless, a 
second HF etching step was not performed since the first 
HF leaching dissolved already 80-90% of the fraction. 
Finally, the etched quartz was sieved a second time to the 
target grain size fraction of 100 to 150 µm.  

All samples were mounted on 9.8 mm diameter stain-
less-steel discs using silicone oil. Medium-sized aliquots 
(6 mm) were used for preheat and dose recovery tests, 
while all further measurements were undertaken on small 
aliquots which are composed of approximately 50 grains 
each. OSL measurements were performed on a Risø 
TL/OSL-DA-15 reader equipped with a 90Sr/90Y beta 
source (Bøtter-Jensen et al., 2003). The luminescence 
detection for quartz was filtered with a UV band pass 
HOYA U-340 filter, which has a transmission in the 
range of 270-380 nm.  

Dose rate 
The luminescence signal arises from natural radiation 

induced by the decay of the radioactive isotopes within 

the uranium and thorium decay chains, the decay of po-
tassium, as well as a minor contribution of cosmogenic 
radiation (e.g. Prescott and Hutton, 1988; Olley et al., 
1996). The samples for the dose rate calculation were 
collected in the surroundings of the luminescence sam-
ples up to a distance of 5 cm. For each sample 700 g of 
dried sediment was measured in a Marinelli-beaker by 
high-resolution gamma-ray spectroscopy with a High-
Purity Germanium N-type coaxial detector. The Mari-
nelli-beakers were sealed and stored for a minimum of 
four weeks to enable the attainment of 222Rn equilibrium. 
Because of degassing in nature, the radon loss was as-
sumed to be in the order of 20±10% (1σ uncertainty, 
Olley et al., 1996). The dose rate conversion factors were 
taken from Adamiec and Aitken (1998) and beta attenua-
tion factors from Mejdahl (1979). To account for uncer-
tainties related to beta attenuation, conversion factors, 
calibration of the gamma detector, and effects of past 
disequilibrium, we added a systematic error of ±8% (cf. 
Olley et al., 1996; Murray and Olley, 2002). The results 
are summarized in Table 1.  

The cosmic radiation depends mainly on geomagnetic 
latitude, altitude, and sample depth. Its contribution to the 
dose rate was calculated by the approach of Prescott and 
Stephan (1982) and Prescott and Hutton (1994). As rec-
ommended by Niedermann (2002), geographic coordi-

 
Fig. 3. (a) Geological interpretation of the trench with ages obtained by OSL and radiocarbon dating. The folded fine-grained layers of unit 2 are cut 
by erosion and are unconformably overlain by coarse-grained sediments of unit 1. The four colluvial wedges are probably related to four earthquakes. 
(b) The photograph covers the area marked by the black square in Fig. 3a. The inclined light-colored horizons correspond to layer type 4 in unit 2. 
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nates were used for all samples significantly older than 
1000 years (AL3, AL4, AL5), whereas geomagnetic 
coordinates were used for the younger sediments (AL1 
and AL2). As the overburden sediment thickness has not 
changed significantly for the two latter samples, we at-
tached an error of only ±10% on the cosmic dose rate. 
However, the sediment thickness above the erosional 
unconformity has obviously changed through time, but is 
difficult to quantify. Hence, we enlarged the error of the 
cosmic dose rate to ±30% for the samples underneath the 
unconformity (AL3, AL4, AL5, unit 2).  

Since water attenuates the effect of radiation, a cor-
rection for the water content is necessary to determine a 
realistic dose rate. The correction factor was calculated 
following Aitken (1985). As the sediment was exposed 
for five weeks in the trench before sampling – and in the 
channel for an even longer period of time – the measured 
water contents of 0.7-1.9% of the dry weight presumably 
underestimate the average water content during burial of 
the sediment. Since water contents of up to 3.4% were 
measured in other open outcrops, we assume an average 
moisture of 3.5±1.5% for the younger sediments dated in 
samples AL1 and AL2. Over longer intervals the mois-
ture was probably higher since the precipitation decreased 
throughout the Holocene (Markgraf, 1989; García et al., 
1999). Therefore, we assume a long-term moisture of 
5±2% for the three samples from unit 2 (Table 1). 

Equivalent dose measurements  
Initial tests applying the single aliquot regenerative 

dose (SAR) protocol of Murray and Wintle (2000) 
showed slowly decaying signals, suggesting contamina-
tion of the quartz sand fraction by feldspar (Fig. 4a). Due 
to this contamination, we tried to determine equivalent 
doses (De) on potassium-rich feldspar grains by applying 
the IRSL SAR protocol from Blair et al. (2005) with a 
preheat and cutheat temperature of 250°C, an IR stimula-
tion at 50°C and a hot bleach of 290°C. For sample AL1 
an anomalous fading rate was calculated according to 
Huntley and Lamothe (2001) and revealed a high g-value 
of ~6.5%/decade based on a delay time of 24 hours 
(n = 12). This high fading rate would increase the age of 
the sample by a factor of ~2, thus a correction for anoma-
lous fading would not result in accurate ages (Huntley 

and Lamothe, 2001). Stimulation at elevated temperatures 
by [post-IR] IRSL measurements (Thomsen et al., 2008; 
Buylaert et al., 2009) significantly reduces the laboratory 
fading rate, however, the [post-IR] IRSL signal bleaches 
slowly by sunlight, which increases the probability of 
acquiring overestimates of burial De owing to partial 
bleaching (Reimann et al., 2011). Hence, we used only 
quartz to determine De values, and the measurement se-
quence for quartz aliquots was improved by inserting an 
IR bleach of 200 s at room temperature prior to the detec-
tion of the OSL signal (Table 2) (Banerjee et al., 2001; 
Roberts and Wintle, 2001; Wallinga et al., 2002). The 
[post-IR] OSL signals indicate much faster decay (Fig. 
4c) compared to the one without prior IR stimulation 
(Fig. 4a), which shows that the IR stimulation successful-
ly removed the OSL signal from feldspar. However, some 
aliquots still showed a slower decay indicating the exist-
ence of an attenuated feldspar signal (Fig. 4b). The OSL 
signal of sample AL2 was significantly weaker than the 
signal of the other samples, but it was also dominated by 
the fast component of the OSL signal (Fig. 4d). 

 

Table 1. Natural dose rates of quartz for the five luminescence samples. All errors are 1σ estimates. 

Sample ID Locality Depth Water  Radionuclides  Cosmic dose Total dose rate b 
(m) content a (%) 238U (ppm) 232Th (ppm) 40K (%) Dc (Gy/ka) Dtot (Gy/ka) 

AL1 active channel 0.45 3.5±1.5 2.71±0.05 8.96±0.10 2.15±0.01 0.207±0.021 3.32±0.21 
AL2 unit 1 (T2) 0.17 3.5±1.5 3.08±0.05 10.58±0.10 2.52±0.01 0.215±0.022 3.84±0.22 
AL3 unit 2 1.00 5.0±2.0 2.93±0.06 10.30±0.13 2.42±0.01 0.209±0.063 3.64±0.23 
AL4 unit 2 1.15 5.0±2.0 3.00±0.07 10.35±0.15 2.55±0.01 0.205±0.061 3.77±0.23 
AL5 unit 2 2.60 5.0±2.0 2.69±0.04 9.42±0.09 2.12±0.01 0.169±0.051 3.22±0.22 
 

aThe water content is estimated 
bA systematic error of ±8% is included to the total dose rate (Olley et al., 1996; Murray and Olley, 2002). 

Table 2. The applied [post-IR] OSL protocol of single aliquot regenera-
tion, which is recommended to measure feldspar contaminated sam-
ples (Banerjee et al., 2001; Roberts and Wintle, 2001). In the last 
regeneration cycle the third step is omitted to estimate the IR irradia-
tion. The OSL signal of one regeneration cycle (Ri) derives from divid-
ing the measured signal of a specific given dose (Li) by the signal from 
the test dose (Ti). 

Step Treatment Observed 
signal 

1 Given dose. Di (beta irradiation using a 90Sr/90Y 
source) 

 2 Preheat (180°C) for 10 s 
 3 IR-bleach (LED, 870 nm) @ 0°C for 200 s 
 

4 
Stimulation @ 125°C for 40 s using blue LED 
(470 nm) and parallel detection of the post IR 
quartz signal (Hoya U-340 filter) Li 

5 Given test dose Dt 
 6 Cutheat (160°C) for 10 s  
 7 IR-bleach @ 0°C for 200 s 
 8 Stimulation @ 125°C for 40 s (blue LED) Ti 

9 Return to step 1 
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To generate the dose-response curve using the SAR 
protocol in Table 2, the natural signal of the aliquots (N) 
was measured in the first cycle, followed by six regenera-
tion cycles. The first three regeneration cycles (R1-R3) 
were used to bracket the natural luminescence level; the 
fourth cycle (R4) was measured without given dose to 
monitor the recuperation (i.e. R4/N). In the fifth cycle 
(R5) the reproducibility of the regenerated signal was 
monitored, since the given dose was equal to R2. The 
recycling ratio was calculated by dividing R5 by R2. The 
sixth cycle (R6) was measured without IR stimulation to 
estimate the influence of feldspar contamination (R6/R5) 
(Duller, 2003).  

Prior to the determination of the De values, dose re-
covery tests (Roberts et al., 1999; Murray and Wintle, 
2003) were applied on the samples AL2 and AL5 to test 
different preheat temperatures in combination with a 
cutheat temperature at 160°C. Apart from the variable 
preheat temperature, the sequence was identical to the 
one presented in Table 2. For De value determination a 
saturating exponential function was applied to fit the dose 
response curves. Both tested samples yielded their best 
results on dose recovery and recycling ratio for a preheat 
temperature of 180°C (Fig. 5), and the recuperation was 
below 5% for all tested temperatures. Furthermore, the 
best dose recovery ratio was obtained for a signal inte-
grating over the first 1.6 s of stimulation, combined with 

a subtraction of an early background interval from 
3.2 to 9.6 s. This extracts the signal dominated by the fast 
component (e.g. Cunningham and Wallinga, 2010) and 
these signal and background intervals were consequently 
applied to all samples (Fig. 4).  

The required amount of aliquots to obtain a reliable 
burial De depends largely on the scattering of single De 
measurements. Rodnight (2008) suggested to use a mini-
mum of 50 De values in partially bleached samples. We 
measured until at least 70 aliquots were available (Table 
3) after applying the following rejection criteria: aliquots 
which showed (i) a recuperation of more than 5% of the 
natural signal, (ii) recycling ratios with nominal values of 
more than ±15% (due to the dim signal we did not use 
±10%; Fig. 5), and (iii) aliquots with a slow decay curve 
due to feldspar contamination, or the dominance of slow 
components from quartz (Madsen et al., 2009), were 
rejected. After applying these rejection criteria, the feld-
spar contamination was assessed by analyzing the IR-
OSL depletion ratio (Duller, 2003). In samples AL3 and 
AL4 the ratio is significantly higher than in the other 
samples (Fig. 6). Sample AL3 (Fig. 6c), as well as the 
less contaminated samples AL1, AL2 and AL5 (Fig. 6a, 
b, d), indicate no correlation between De values and IR-
OSL depletion ratios. This suggests that the IR bleach 
prior to the OSL measurement successfully removed the 
feldspar OSL signal and that the aliquots contaminated 

 
Fig. 4. Comparison of different shapes of quartz OSL decay curve signals after HF etching. The dark gray field indicates the signal integration limit, 
whereas the light gray field shows the subtracted background interval of the signal. (a) The quartz signal is affected by feldspar impurities as indicat-
ed by the slowly decreasing decay curve. (b) OSL signal of quartz after IR bleaching for 200 s. Some aliquots still show slow decay, but significantly 
less than without previous IR bleaching. (c) Clean quartz signal after IR bleaching for 200 s. (d) Very weak natural signal of sample AL2. 
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with feldspar did not have any systematic effect on the De 
values. Only sample AL4 shows a weak negative correla-
tion for very high IR-OSL depletion ratio values (Fig. 
6e). All aliquots shown in Fig. 6 were used for statistical 
analyses of the De values to obtain the ages. 

4. ANALYSES OF EQUIVALENT DOSE DISTRI-
BUTIONS AND STATISTICAL TREATMENT 

The De values and OSL ages are summarized in Table 
3 and visualized by probability density curves and radial 
plots in Fig. 7. All dose distributions show a considerable 
scatter (high relative standard deviation, RSD) and have a 
clear asymmetry with significant positive skewness 
(Table 3, Fig. 7). Both high RSD and skewness are clear 
indicators of incomplete bleaching (Wallinga, 2002; 
Bailey and Arnold, 2006) or differences in microdosime-
try due to sediment heterogeneity (Murray and Roberts, 
1997; Vandenberghe et al., 2003). The sample from the 
deepest incised channel in the study area (AL1) indicates 
a broad scatter with a RSD of 28% (Table 3; Fig. 7a). 
The distribution is similar to type 3 of the Colorado ar-
royo samples presented by Arnold et al. (2007) who con-
cluded that probably other sources than heterogeneous 
bleaching are also important, e.g. differences in microdo-
simetry or post-depositional mixing. In sample AL2 from 
unit 1 the measured aliquots show a broad range of De 
values over more than one order of magnitude (1.3 to 55 
Gy; Fig. 7b), which is also indicated by the high RSD 
value of 46% (Table 3). The three samples from unit 2 
(AL3, AL4 and AL5) indicate different De distributions. 
The distribution of sample AL3 is similar to type 1 of 
Arnold et al. (2007). It has a clear peak at ~40 Gy and the 
significant positive skewness of 1.02 is most probably 
related to heterogeneous bleaching. In contrast, samples 
AL4 and AL5 show De distributions with a broader range 
of frequent De values including minor peaks. 

The ages were calculated using the minimum age 
model with three components (MAM3) and the central 
age model (CAM). The CAM determines the weighted 
mean but also accounts for additional dispersion resulting 

 
Fig. 5. Results from the dose recovery and recycling on medium sized 
aliquots for samples AL2 and AL5. The cutheat temperature was set to 
160°C. The preheat temperature of 180°C yielded the best dose 
recovery and recycling ratios in both samples. 

 

Table 3. De values and OSL ages by using different statistical approaches. In all samples the 100 to 150 µm size fraction was measured on aliquots 
composed of ~50 grains. The measurement error is assumed to be 2%. All errors are given as 1σ uncertainties. 

sample No. of  RSD b) skewness De MAM c) De MAM c) De CAM d) age MAM c) age MAM c) age CAM d) 
ID aliqouts a) (%) 

 
σOD=0.1 (Gy) σOD=0.2 (Gy) (Gy) σOD=0.1 (ka) σOD=0.2 (ka) (ka) 

AL1 74 (92) 28 0.51±0.28 43.4±2.1 50.5±3.8 64.1±2.1 13.1±1.0 15.2±1.5 19.3±1.4 
AL2 102 (158) 46 1.14±0.24 2.37±0.18 3.04±0.21 5.92±0.33 0.616±0.059 0.770±0.076 1.54±0.12 
AL3 84 (112) 32 1.02±0.27 36.8±2.0 44.6±3.2 51.8±1.6 10.13±0.85 12.3±1.2 14.2±1.0 
AL4 74 (96) 31 1.29±0.28 39.0±1.9 46.2±3.4 60.0±2.7 10.34±0.81 12.3±1.2 15.9±1.1 
AL5 114 (140) 33 0.65±0.23 30.4±1.5 37.6±2.3 51.9±1.8 9.44±0.80 11.7±1.1 16.1±1.2 

 

aThe number of accepted aliquots is given in front of the brackets, while the total number of aliquots measured in each sample is given in parenthe-
ses. 
bRSD = relative standard deviation 
cMAM = minimum age model; σOD = overdispersion value 
dCAM = central age model 
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from measurement uncertainties (Galbraith et al., 1999). 
The MAM identifies the well-bleached aliquots by fitting 
a truncated normal distribution to the log De values (Gal-
braith and Laslett, 1993; Galbraith et al., 1999). The 
breadth of this minimum De population is derived from 
statistical measurement errors of each De value and the 
overdispersion (σOD) which is a sediment-specific spread 
of the well-bleached population. Published overdisper-
sion values for multi-grain De distributions range from 
0% to 35% with the majority lying between 10% and 

20% (e.g. Galbraith et al., 2005; Jacobs et al., 2006; Ja-
cobs et al., 2008; Arnold and Roberts, 2009). The large 
variation in overdispersion values is caused by differ-
ences in the regional and sedimentary settings, microdo-
simetry variations, and factors related to the measurement 
procedure, e.g. measurement protocol, curve fitting, and 
rejection criteria (Galbraith et al., 2005; Jacobs et al., 
2008). As we do not know the specific overdispersion 
value for our samples, we applied the MAM with two 
different values of 10 and 20%, respectively. 

 
Fig. 6. IR-OSL depletion ratios (R6/R5) plotted against the De values of each aliquot. (a-d) No trend is visible, which suggests that the feldspar has 
no direct influence on the equivalent dose of the quartz aliquots. (e) Only the strongest contaminated sample (AL4) shows a weak negative correla-
tion between feldspar content and equivalent dose for high IR signals. Note the different scale of the axes. 
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Fig. 7. Probability density curves and radial plots of the OSL samples. For better overview five outlying aliquots (De>140 Gy in AL1 and AL5; 
De>20 Gy in AL2) are not shown in the probability density curves although they are included in the statistics. Except of sample AL1, all ages are 
consistent with stratigraphy (compare to Fig. 3a). Note the different interval of equivalent doses for sample AL2. De values obtained from the different 
age models are indicated within their 1σ error in the probability density plots and their 2σ error in the radial plots. MAM 0.1: minimum age model with 
overdispersion of 10%. MAM 0.2: minimum age model with overdispersion of 20%. CAM: central age model. 
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 In all samples the MAM with an overdispersion of 
10% yielded the smallest De value, the CAM the largest 
and the MAM with 20% overdispersion an intermediate 
value (Table 3; Fig. 7). The ages obtained by the MAMs 
using different overdispersion values are statistically 
consistent within 2σ errors and in three samples they also 
agree within 1σ errors. The sample from the deepest 
incised channel (AL1) is apparently the oldest one with a 
minimum age of 13.1±1.0 ka using 10% overdispersion 
and 15.2±1.5 ka using 20% overdispersion (Table 3). The 
age obtained from the CAM is 19.3±1.4 ka. Sample AL2 
from unit 1 has a minimum age of 616±59 years (10% 
overdispersion), and 770±76 years (20% overdispersion), 
whereas the central age is 1.54±0.12 ka. The three sam-
ples from unit 2 yielded ages of 12.3±1.2 ka, 12.3±1.2 ka 
and 11.7±1.1 ka using the MAM with 20% overdisper-
sion. For both other age models – the MAM with 10% 
overdispersion and the CAM – all three ages from unit 2 
appear to be either ~2 ka younger or 2-4 ka older with 
respect to the MAM with 20% overdispersion (Table 3).  

5. RADIOCARBON DATING 

 For radiocarbon dating three plant remnants were 
collected from unit 1 (Fig. 3). They had a significant 
darker brown color than recent plants and did not com-
prise elastic components. Nevertheless it was not possible 
to evaluate whether the plant remnants were transported 
in one of the debris flows related to the deposition of unit 
1, or if they derived from shrubs or cactuses that have 
grown on terrace T2 after its formation. Sample prepara-
tion and accelerator mass spectrometry (AMS) measure-
ments were undertaken at the Center for Applied Isotope 
Studies, University of Georgia (USA). The uncalibrated 
radiocarbon ages range from ~135 to ~200 years BP 
(Table 4) and yield calibrated age ranges of 1655-1951, 
1692-1952 and 1687-1953 AD (2σ errors, Table 4), thus 
all three samples are younger than ~350 years.  

6. DISCUSSION 

In this study we present radiocarbon and OSL ages 
from different units of alluvial deposits at the mountain 
front of the Andean Precordillera near Mendoza. The 
OSL age for the upper unit 1 in the trench is significantly 
older than the respective radiocarbon ages. While all 
radiocarbon ages are very young (i.e. 1655-1953 AD, 

Table 4), even the younger minimum OSL age for this 
unit (AL2) is 616±118 years (2σ error, 10% overdisper-
sion), i.e. 1277-1513 AD. The following arguments sug-
gest that the radiocarbon ages underestimate the deposi-
tional age of unit 1: (i) The moderately developed desert 
pavement that covers terrace T2 suggests an exposure 
history longer than ~350 years, and (ii) terrace T2 has 
been tectonically offset by three earthquakes (Salomon, 
2010), which did not all occur within the past ~350 years 
as indicated by the historical record. The most likely 
explanation for the young radiocarbon ages is that the 
dated samples derive from plants that grew on terrace T2 
after its formation, which fits to the abundant shrubs and 
cactuses that grow nowadays on the terraces and whose 
roots reach depths of at least 2.5 m as observed in the 
trench walls. Hence, we conclude that the radiocarbon 
ages provide only a minimum age constraint.  

Stratigraphically consistent OSL ages from units 1 
and 2 are bracketed between ages derived from the cen-
tral age model (CAM) and the minimum age model 
(MAM) with an assumed overdispersion of 10%. The 
selection criteria of Arnold et al. (2007) suggest that the 
ages from the MAM are more reliable than the ages from 
the CAM due to the significant skewness of the De distri-
bution in all measured samples (Table 3). The MAM 
with a low overdispersion of 10% is quite sensitive to 
outliers with low De values, which may result in an un-
derestimation of the inferred burial age. This accounts 
especially for samples AL2 and AL5 as they only contain 
very few aliquots inside the range of the MAM with 10% 
overdispersion (Fig. 7b, e). Recently, Arnold and Roberts 
(2009) summarized all published overdispersion values 
and obtained a mean value of 20±9% for single grains 
and 14±7% for small aliquots. Studies providing overdis-
persion values from small aliquots of fluvial and alluvial 
sediments yielded a mean overdispersion value of 19±7% 
(Feathers et al., 2006; Arnold et al., 2007). Hence, we 
assume that a value of 20% overdispersion is more ap-
propriate for our samples and we regard the ages from the 
MAM with 20% overdispersion as our best age estimates. 
Thus, unit 1 most likely has a depositional age of 
770±76 years (1σ error, Table 3). Unfortunately, no ac-
curate independent age control is available because the 
radiocarbon samples yielded only minimum ages. Fur-
thermore, the exposed terrace sediments are too young to 
apply exposure dating, as the concentration of cosmogen-
ic nuclides is too low to be measured with high precision. 

Table 4. Results of radiocarbon dating in unit 1 of the trench. All samples were derived from plant remnants. See discussion for age interpretation. 

field ID lab ID #UGAMS depth below surface (cm) δ13C (‰) 14C age (1σ) (BP) cal BP (2σ)a cal AD (2σ) 
AC23 5100 45 -21,6 200±25  -1 – 295 1655–1951 
AC28 5102 60 -20,4 135±25  -2 – 258 1692–1952 
AC32 5104 55 -24,0 145±25  -2 – 263 1687–1953 

 

aCalibrated by using CALIB 6.0 (Stuiver and Reimer, 2011) and the SHCal04 calibration curve (McCormac et al., 2004). 
UGAMS = University of Georgia Accelerated Mass Spectrometry 
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And uranium series dating is not feasible, because the 
carbonate coatings on clasts are scarce and very thin 
where they occur. The samples of unit 2 are distributed 
over a sediment thickness of one meter (Fig. 3) and 
yielded ages of 12.3±1.2 ka, 12.3±1.2 ka and 11.7±1.1 ka 
by applying the MAM with 20% overdispersion. Hence, 
unit 2 was most likely deposited between ~10 and ~14 ka. 
This age interval is similar to the age of 11-13 ka that was 
obtained by 10Be and 14C dating of an alluvial terrace 
30 km north of the study area (Schmidt et al., 2011a). 
Three alluvial surfaces near San Juan (150 km north of 
the study area) yielded also latest Pleistocene and Holo-
cene ages by 10Be dating (Siame et al., 2002). 

In general, the formation of alluvial terraces is caused 
by the incision of rivers – a process that is mainly con-
trolled by variations in climate (e.g. Hancock and Ander-
son, 2002; Hetzel et al., 2006). The sediments from ter-
race T2 (unit 1) and its underlying deposits (unit 2) reveal 
a pronounced change in sedimentary facies and the OSL 
ages for these deposits may reflect changes in climate. 
The carbonate-rich silt layers in unit 2 (Fig. 3) were pre-
sumably deposited in a floodplain environment when the 
margin of the alluvial fan was still located farther west 
than today. This interpretation is supported by the pres-
ence of lacustrine sediments in the Borbollón and 
Capdeville anticlines to the east of the study area, which 
are intercalated with tuff layers that were dated at 
16.6±0.6 ka and 27.9±0.6 ka by 40Ar/39Ar in biotite (Ol-
giati and Ramos, 2003) (Fig. 1b). The sandy layers with 
minor clasts in unit 2 (Fig. 3) are interpreted as distal 
alluvial fan deposits. The frequent alternation between 
calcite-rich silt layers and sandy layers exposed in unit 2 
indicates that alluvial sedimentation gradually propagated 
onto the floodplain ~12 ka ago, which coincides with a 
period of increased humidity and melting glaciers in the 
region (D’Antonio, 1983; Markgraf, 1989; García et al., 
1999). After ~10 ka, when the climate shifted to warmer 
and drier conditions (D’Antonio, 1983; García et al., 
1999), the alluvial fan propagated towards the east and 
the floodplain sedimentation ended at the trench site. If 
this interpretation is correct, the main surface of the pre-
sent-day alluvial fan (T4), which had probably covered 
the whole study area, must be somewhat younger than the 
floodplain sediments of unit 2. Changes in climate, spe-
cifically the increased aridity during the Holocene, led to 
progressive incision of the alluvial fan and the formation 
of lower terrace levels. One of them is the 770±76 years 
old terrace T2, which formed during rapid deposition of 
unit 1 and subsequent incision. As a result, unit 1 overlies 
the older sediments of unit 2 along a prominent uncon-
formity. Both units were affected by three earthquakes on 
the Cal thrust fault as indicated by the three folds in unit 
1 and related colluvial wedges (Fig. 3). The latest of 
these events was presumably the 1861 earthquake (Salo-
mon, 2010). The lower unit 2 has experienced at least two 
older events between ~12 ka and ~0.8 ka, as indicated by 

fold structures in unit 2 and the two colluvial wedges 
underneath the unconformity. 

Terrace T1 is younger than ~800 years since it was 
deposited after the formation of terrace T2. A fault scarp 
on terrace T1 north of the trench indicates that this terrace 
was affected by the earthquake in 1861 (Schmidt et al., 
2011b). Hence, the age of terrace T1 is bracketed between 
~800 and 150 years. The still active surface T0 is inter-
preted to postdate the last earthquake (≤ 150 years) since 
it is not offset by the fault. To the west of the study area, 
a large artificial channel was built in 1969 (Fig. 2) in 
order to protect Mendoza from debris flows and sheet 
floods moving down the alluvial fan. Hence, the sediment 
underneath surface T0 was deposited before 1969, but 
after the last earthquake in 1861. However, the OSL 
sample AL1, which was taken from the deepest incised 
channel, yielded an age of 15.2±1.5 ka (MAM with 20% 
overdispersion; Table 3), i.e. much older than expected. 
In contrast to unit 2, the material of sample AL1 comes 
from an unconsolidated sand lens, arguing against a ~15 
ka old deposit that was exposed during incision of the 
channel. Even the smallest De value obtained from AL1 
has 33 Gy, which is equivalent to ~10 ka of burial. The 
most likely explanation for the old apparent age is a re-
working of relatively old sedimentary deposits upstream 
and a transport without any exposure to sunlight. We 
assume that the transport probably occurred by a debris 
flow during night. The results from sample AL1 illustrate 
that alluvial sediments are not always datable by OSL 
techniques, because the basic assumption of bleaching 
during transport may fail completely.  

7. CONCLUSIONS 

Numerical dating of alluvial deposits provides key to 
understanding sedimentary processes and tectonic activity 
in many areas of the world. The dating methods to be 
applied have to be chosen carefully and the reliability of 
the obtained ages should be critically discussed in the 
context of their respective geological setting (e.g. sample 
AL1). With respect to radiocarbon dating, our results 
show that caution is needed when sampling plant rem-
nants in layers that are penetrated by recent roots. In this 
study we obtained four consistent OSL ages from alluvial 
deposits at the front of the Andean Precordillera by ap-
plying the [post-IR] OSL measurement sequence on 
quartz. The IR-OSL stimulation successfully removed the 
feldspar OSL signal from the quartz aliquots, so that the 
feldspar contamination does not have a systematic effect 
on the dose estimate. Thus, rejection of contaminated 
aliquots based on the IR-depletion ratio was not neces-
sary in our samples.  

In the investigated trench, the two distinct sedimen-
tary units yielded stratigraphically consistent ages, with 
the minimum and central age models representing rea-
sonable lower and upper bounds for the burial ages. The 
MAM with an overdispersion of 20% yields the most 
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likely burial ages. The studied deposits in the trench rec-
ord a change in sedimentary facies from floodplain to 
alluvial sedimentation in the latest Pleistocene. During 
the Holocene the alluvial fan sediments were incised by 
high-energy debris flows, which led to the formation of a 
series of inset terraces. Our study illustrates that OSL 
dating of alluvial fan sediments can be applied success-
fully if appropriate procedures are used. These include 
the preparation of aliquots with only a few light-emitting 
grains, the measurement of a statistical relevant amount 
of aliquots, and the application of an adequate age model.  
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