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Toward the feldspar alternative for cosmogenic 10Be applications in mafi c 
environment

INTRODUCTION

In situ-produced 10Be is one of the most common-
ly used TCN in quantitative geomorphology due 
to the fact that its production rate is relatively 
well constrained in the ubiquitous quartz mineral 
whose integrity minimizes the possibility of con-
tamination by meteoric 10Be. Easily decontami-
nated from meteoric 10Be, it is in addition reliably 
measured using the Accelerator Mass Spectrome-
try technique for which its detection limit is low-
er than 104 at.g-1. However, volcanic or mafi c ar-
eas are generally quartz free, which hamper the 
routine use of 10Be. In the case of a quartz poor 
lithology, an alternative possibility is to rely on 
10Be - feldspars. Two preliminary studies (Kober 
et al., 2005 and Blard et al., 2013a) already pro-
vided promising results, demonstrating that (1) 
the decontamination protocol classically applied 
to quartz (Brown et al., 1991) effi  ciently removes 
all the meteoric 10Be contamination from the feld-
spar grains and (2) the total production rate of 10Be 
in feldspar is 8 to 10 % lower than that in quartz. 
However, only two samples were analyzed in both 
studies. In order to better constrain the 10Be in si-
tu-production rate within feldspars, the number of 
samples analyzed needs to be increased. In this 
study, we developed a new chemical protocol for 

the 10Be extraction from feldspar matrices, and to 
cross-calibrate the total 10Be in situ-production 
rate in feldspar (P10fsp) against the total 3He pro-
duction rate in pyroxene (P3px). The cosmogenic 
3He and 10Be concentrations were measured, re-
spectively, in pyroxene and feldspar extracted 
from eight samples of ignimbrite boulders from a 
giant landslide located between 800 and 2500 m in 
the high central Andes of Southern Peru. This area 
is ideally located, since two studies have already 
determined the local total 3He production rate in 
pyroxene on the nearby Altiplano (Blard et al., 
2013b; Delunel et al., 2016).

MATERIAL: GEOMORPHOLOGICAL AND 
GEOLOGICAL SETTINGS OF THE SAM-
PLING SITE

The giant Caquilluco landslide is located in south-
ern Peru (Figure 1), in the northern part of the Ata-
cama Desert. The instability has developed along 
the western fl ank of the Peruvian Andes, an area 
characterized by steep slopes and extremely dry 
climate for the last million years (Placzek et al., 
2010). The Caquilluco landslide is a large com-
plex of imbricated paleo deep-seated landslides 
and paleo rock-avalanches (total volume of ~15 
km3 (Crosta et al., 2015)). 
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From the head scarp (~3800 m a.s.l.) to the most 
distal rock-avalanche lobe (600 m a.s.l.), ava-
lanche deposits are covering more than 40 km in 
distance along-strike and about 15 km in width 
(Figure 1B). In the upper part of the landslide area 
(Figure 1C), several rock avalanche lobes are su-
perimposed. 

The Caquilluco landslide mainly remobilized 
Miocene ignimbrites and volcanic tuffs of the 
Huaylillas formatio. These materials, poor in 
quartz, are rich in feldspars and pyroxene, making 
these rocks suitable for cross-calibration between 
3He in pyroxene (3Hepx) and 10Be in feldspar (10Bef-

sp). 

The sampling strategy was to collect samples in 
various landslide lobe deposits in order to cover 
the largest range of potential exposure durations 
and sampling elevations.

METHODS

Sample treatment - pyroxene and feldspar sep-
aration

Thin sections were realized in each rock sample in 
order to ensure that enough pyroxene and feldspars 
were available and also to check the crystal sizes 
(>200 µm). Samples were then crushed, washed 
and sieved to select the 200 – 800 µm fractions. 
Successive magnetic separations were performed 
using a Frantz magnetic separator to separate the 
magnetic from the non-magnetic fraction bearing 
pyroxene and feldspars, respectively. To obtain 
pure pyroxenes, about 300 g of the magnetic frac-
tion was etched in 5 % hydrofluoric acid (HF) for 
24 hours following the procedure of Bromley et 
al. (2014). Then, hand-picking under a binocular 
was used to isolate pure brown orthopyroxenes.

Fig. 1. Sampling site. (A) Location of the studied area. (B) The giant Caquilluco landslide (surrounded 
in yellow) highlighted on a hillshade view from the ASTER DEM. (C) Upper part of the Caquilluco 

landslide. Location of the seven samples “CQ”, lateral levees and frontal boundaries of each lobe are 
highlighted by green and orange lines, respectively.
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Measurement of 4he and cosmogenic 3he in py-
roxenes

All 3He and 4He concentrations (3Hem and 4Hem) 
were measured at the CRPG noble gas lab, using 
a Helix SFT (Delunel et al., 2016).  The magmat-
ic contribution to the 3Hem and 4Hem concen-
trations was first estimated by a 6 min in-vacuo 
crushing of 40 mg of orthopyroxene of an aliquot 
of sample CQ10. As the values represent on aver-
age 1‰ of the 3He concentrations and 0.5% of the 
4He concentrations measured by melting, this cor-
rection was neglected. Between ca. 18 and 50 mg 
of pure pyroxenes of each sample were weighted 
and wrapped in tin foils. The samples were fused 
in-vacuo for 15 min at 1400°C (Zimmermann et 
al., 2012). The extracted gas was purified using 
a succession of activated-charcoal cold traps, Ti-
foam and SAES getters. Cryo-focusing of the gas 
at various temperatures (12 K and 70 K) allowed 
partial separation of helium and neon before he-
lium analysis. The reproducibility at the 1-sigma 
level on the gas standard was 1.5% for 3He and 
0.3% for 4He over the 2-months period overlap-
ping with our analyses (1 week). 6.0 mg aliquot of 
the CRONUS-P pyroxene standard was analyzed 
during the same analytical session and yielded a 
3He concentration of (5.04±0.07)×109 at.g-1, in 
good agreement with the average value reported 
from an inter-laboratory comparison (Blard et al., 
2015). Potential contributions of a nucleogenic 
3He component (3Hen, produced by thermal neu-
tron capture on 6Li) was quantified for each sam-
ple following  Farley et al. (2006) and Amidon et 
al. (2009).

He exposure-age calculations

3He exposure-ages were computed using the 
CREp program (Martin et al., 2017). We applied 
the Lifton-Sato-Dunai (LSD) scaling model (Lif-
ton et al., 2014) with the ERA40 atmosphere mod-
el. Time-dependent corrections were done using 
the Lifton 2016 geomagnetic databases (VDM) 
(Lifton, 2016). Two different total SLHL 3He pro-
duction rates available in CREp were used: (1) the 
worldwide mean (WWM) value equals to 121±12 
at.g-1.yr-1 (Martin et al., 2017) and (2) the re-
gional mean value for the High Tropical Andes 
(HTA) equals to 127.3±4.6 at.g-1.yr-1 (Martin et 
al., 2017; Delunel et al., 2016). Consistently with 
previous work reported in about the denudation 
rate in the hyperarid Atacama Desert (Nishiizu-
mi et al., 2005; Kober et al., 2005; Placzek et al., 

2010; Hall et al., 2012), we applied a denudation 
rate of 0.2 mm.kyr-1. These exposure ages should 
be considered as maximum ages.

Measurement of cosmogenic 10Be in feldspars

Extraction of 10Be from feldspars 

Three sequential HF dissolutions were performed, 
each step dissolving ~10% of feldspars. After the 
addition of 100 ml of a concentrated 9Be carrier 
solution (3.025±0.009x10-3 g 9Be/g (Merchel et 
al., 2008)), about 10 grams of feldspar were total-
ly dissolved. Subsequent precipitation of colloids 
(e.g. AlF3, CaF2, NaF) may formed even at very 
low pH value (<1). 

We highly advise, before evaporation, to remove 
the resulting colloids by centrifugation. Once cen-
trifuged, the supernatant solutions were evaporat-
ed and beryllium extraction was done as for quartz 
using anionic and cationic resins. on the alumi-
num content of each sample, extraction in cationic 
column chromatography had to be repeated (from 
one to 6 times) to remove the major part of Al. 
Finally, beryllium oxy-hydroxides precipitated by 
increasing the pH to 8 using an ammonia solution 
were oxidized at 800 degrees for one hour. The 
obtained BeO was then mixed with niobium pow-
der and measured by AMS. 10Be measurements 
were carried out at the French National AMS fa-
cility ASTER located at the CEREGE laboratory 
(Aix-en-Provence). 

The 10Be/9Be ratios were calibrated against 
NIST Standard Reference Material 4325 with an 
assigned 10Be/9Be ratio of 2.79×10-11 (Nishiizu-
mi et al. 2007), corresponding to a 10Be half-life 
of 1.387±0.012x106 yrs (Korschinek et al., 2010; 
Chmeleff et al., 2010). Analytical uncertainties in-
clude the counting statistics, the machine stability 
(~0.5%) and the blank correction whose 10Be/9Be 
value was 2.93±0.45x10-15 during the concerned 
measurement run. 

RESULTS

He exposure-ages

3He exposure age results are presented in Table 
3. Exposure ages from the Caquilluco landslide 
range from 118±11 to 627±66 ka and from 112±6 
to 590±26 ka (1σ external uncertainty) using 
the WWM producTion rate (121±12 at.g-1.yr-1, 
Borchers et al., 2016) and the HTA production 
rate (127.3±4.6 at.g-1.yr-1, Martin et al., 2015 
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and 2017), respectively. Exposure ages from the 
Tunupa volcano, recalculated from Blard et al. 
(2013b), lead to 17±2 and 182±14 ka, and 16±1 
and 174±7 ka for the WWM and the HTA produc-
tion rates, respectively.

Cosmogenic 10Be concentrations in feldspars

10Be concentrations measured in feldspars are 
ranging from 1.17±0.03×106 to 5.06±0.15×106 
at.g−1 (Table 4). It is important to note that trace 
element measurements performed on pure feld-
spars have revealed a significant content of native 
9Be in our samples (~1.5 ppm, Supplementary 
data). Considering the mass of sample dissolved, 
the native 9Be content represents between 3 to 6 
% of the 9Be carrier added as a spike (Table 4) 
and this correction was taken into account in the 
calculations of 10Be concentrations.

DISCUSSION

Hepx - 10Befsp production ratios

The ten 3Hepx - 10Befsp concentration distribu-
tion in a plot of 3He versus 10Be nuclide concen-
trations are highly linearly correlated (R²=0.99) as 
highlighted on Figure 2A. 

This indicates that, at the first order, the concen-
trations of 3He in pyroxene and 10Be in feldspar 
were accumulated in the same relative proportions 
over the timespan covered by our dataset (ca. 600 
ka) and that the production rate of 10Be in feld-
spar is constant from one sample to another. 

Moreover, this linear correlation also indicates 
that, at the first order, neither potential inheritance, 
nor differential denudation, should be a significant 
source of uncertainties. The ten measured 3Hepx
/10Befsp concentration ratios (R3/10) vary from 
33.7±7.5 to 45.3±2.4 (Table 4). 

In order to convert the measured R3/10 concen-
tration ratios into 3Hepx - 10Befsp production 
ratios (P3/10), a correction taking into account 
the exposure duration is required (Blard et al., 
2013a) and the 10Be radioactive decay (half-life 
of 1.387±0.012×106 yrs; Korschinek et al., 2010; 
Chmeleff et al., 2010) is required:

where f is the geographic and time-dependent 
scaling factor of the total production rate (de-

rived from the CREp outputs), λ10 (yr−1) is the 
10Be radioactive decay constant, P3 is an inde-
pendently constrained total SLHL 3He production 
rate (at.g−1.yr−1) and t is the 3He exposure-age 
calculated using CREp. The so-corrected P3/10 
ratios range from 34.5±4.2 to 45.1±4.7 and from 
34.5±2.7 to 45.4±2.5 for the WWM and the HTA 
total SLHL 3He production rates, respectively. A 
chi-square test considering the 95% level of confi-
dence (χ² (95%)) (Ward and Wilson, 1978) reveals 
that two samples, CQ1 and CQ10, are statistical 
outliers. The same conclusion can be reached 
through the graphical analysis of a probability 
density plot (Figure 2B), also showing that CQ1 
and CQ10 are outliers, while the rest of the dataset 
display a unimodal distribution. Discarding those 
two samples, the obtained weighted-means are 
35.2±1.4 (χ_((95%))^2=1.32/14.07) and 35.6±0.8 
(χ_((95%))^2=3.62/14.07) for the WWM and the 
HTA total SLHL 3He production rates, respec-
tively. The two anomalously high P3/10 values 
obtained for CQ1 and CQ10 can most likely be 
explained by an excess of 3He (stable TCN) in 
those samples, the concentration of which may be 
inherited from a previous exposure history during 
the deposition phase of the ignimbrites about 15 
Ma years ago.

Fig. 2. A) Concentrations of 3He versus 10Be 
measured in co-genetic pyroxene and feldspar, 

respectively. Associated uncertainties are report-
ed even if they may be smaller than the point for 
some samples. B) Probability density plot of the 
3Hepx - 10Befsp production ratios (P3/10) cal-
culated for the HTA total SLHL 3He production 

rate.



Publicación Especial N ° 14 - Resúmenes ampliados del XIX Congreso Peruano de Geología (2018) 757

10Be production rate in feldspar

Final estimates of P10fsp are presented in Table 
1. They were obtained by combining the weight-
ed-average of P3/10 ratios with total SLHL 3He 
pyroxene production rates. These computed rates 
include both the spallation and the muonic pro-
duction pathways. Future 10Be - feldspar users 
will thus be able to load the appropriate SLHL 
P10fsp corresponding to the specific parametriza-
tion of CREp they want to use (see Appendix 2 in 
Martin et al., 2017).

CONCLUSION

In this paper we investigate the suitability of 
feldspar minerals for 10Be dating. The strategy 
was to cross-calibrate the total production rate 
of 10Be in feldspar against the total production 
rate of 3He in pyroxene in the same rock sample. 
This was performed by measuring the concentra-
tion of cosmogenic 3He and 10Be in pyroxenes 
and feldspars respectively, of eight samples of 
ignimbrite boulders from a giant paleo-landslide 
located in the high central Andes of Southern Peru 
(Lat. 18°S). The standard chemical protocol rou-
tinely used while processing quartz minerals was 
revisited to make it efficient for feldspar miner-
als. Considering the HTA 3He production rate 
(CREp), the mean 3Hepx - 10Befsp production 
ratio obtained in this study allows the determi-
nation of a SLHL 10Be total in situ-production 
rate in feldspar of 3.57±0.21 at.g-1.yr-1 (using 
the LSD scaling scheme, the ERA40 atmosphere 
model and the VDM of Lifton et al. 2016). The 
possible constraints provided by the measured 
10Be concentrations in feldspar will open, when 
combined with other TCNs such as 36Cl that has 
a significantly smaller half-life, new perspectives 
to address complex exposure histories in geolog-
ical settings (e.g. mafic environments) where this 
is currently not possible.
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