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Abstract Alonga climate gradient in the Chilean coastal mountains, we investigated denudation rates using
the meteoric cosmogenic nuclide '°Be and its ratio to stable °Be, and chemical depletion fractions (CDFs) in
bulk soil samples. We find that the fraction of *Be released from bedrock is a sensitive indicator of weathering,
similar to CDF. Meteoric '°Be decreases exponentially with depth, reflecting the reactive nature of this tracer.
We also measured denudation rates by the well-understood in situ cosmogenic '°Be system on quartz. Assuming
that both systems record the same denudation rate we calculated the depositional flux of meteoric '°Be for each
study site. The flux agrees to that derived from atmospheric models in the mediterranean and humid areas. In
contrast, in the arid and semi-arid areas, the calculated flux agrees with a precipitation-derived flux, indicating
delivery of '°Be to be affected by small-scale climatic variations not reflected by current atmospheric models.

Plain Language Summary To identify how geologic and climatic conditions control how fast soil is
removed from the Earth's surface (denudation), we need to measure these rates over long periods, like thousands
of years. A common method makes use of a rare radioactive nuclide, cosmogenic °Be, formed by cosmic rays
in quartz. However, if rocks do not contain quartz, an alternative system is provided by meteoric cosmogenic
19Be precipitated from the atmosphere and stable *Be that is released during rock weathering. From the ratio
'9Be to °Be we can estimate denudation rates if we know the fraction of *Be released by weathering and how
much meteoric '°Be is deposited from the atmosphere per unit time and area. In a comparison with the quartz-
based method we explored these two unknowns on soil samples from four locations in Chile with different
climates, all from granitic rock. We discovered two key points: (a) The amount of stable *Be indicates soil
alteration, which depends on water infiltration. (b) In arid climate, the deposition of meteoric '°Be is limited by
rainfall, whereas in areas of sufficient yearly rainfall the '°Be deposition reflects large-scale atmospheric
distribution and is predicted by combined global cosmogenic nuclide production and climate models.

1. Introduction

The depth of the weathering zone, fluid flow through this zone, and removal of primary and secondary minerals
by erosion all represent interdependent controls over rock weathering and soil formation. The '°Be(meteoric)/’Be
cosmogenic isotope system is an underexplored proxy in depth profiles capable to track all of these controls (von
Blanckenburg et al., 2012). Application of this proxy to determine basin-wide denudation rates in river samples
yielded denudation rates (D,,.,) that are in good agreement with rates determined by the well-studied in situ
cosmogenic '°Be system (D;,,,; €.g. Portenga et al., 2019; Wittmann et al., 2015). Here, we apply meteoric
'9Be/’Be to depth profiles in soil to evaluate the method's suitability for determining D, from single soil
samples in the Chilean Coastal Cordillera. We further estimate the meteoric '°Be depositional flux, an essential
prerequisite for the application of meteoric '°Be, by assuming that both systems record the same denudation rate
such that the “unknown” meteoric '°Be depositional flux can be calculated.

Meteoric '°Be ("°Be,,.,), with a half-life of 1.39 Myr (Chmeleff et al., 2010), is produced in the atmosphere
predominantly by cosmic ray-induced spallation, attaches to atmospheric aerosols and is delivered to Earth's
surface by wet and dry deposition (Lal & Peters, 1967; Willenbring & von Blanckenburg, 2010). After deposition,
it is incorporated into amorphous and weakly crystalline (Mn-Fe-Al)-oxides, -hydroxides, -oxyhydroxides, clay
or organic phases (Barg et al., 1997; Willenbring & von Blanckenburg, 2010). Such so-called reactive (reac)
phases can be extracted from soils or sediments via sequential extraction. The '°Be fraction retained in the solid
depends on pH and grain size. Normalization of the '°Be concentration in the reactive phase to stable “Be
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concentration resulting from the release from rock during weathering (reactive *Be,.,. and dissolved °Beg;,,)
largely removes this dependence (Wittmann et al., 2012). The resulting isotope ratio of meteoric '°Be to “Be
(‘°Be, . /’Be
IOBeinsitu’

spallation (Lal, 1991), '°Be,,, is present in higher concentrations, can be applied to quartz-free lithologies like

) is a proxy for weathering and denudation (von Blanckenburg et al., 2012). Compared to

met’ reac

which is produced in the mineral lattice of for example, quartz predominantly by cosmic-ray induced

mafic rock (Dannhaus et al., 2018) or slate (Deng, Yang, et al., 2020), and requires much smaller sample amounts.

To apply '“Be,,./"Be ..., three parameters need to be known: The first is the concentration of stable *Be in
unweathered bedrock (denoted as [QBe]pa,em)‘ The second is the fraction of “Be released from weathering
f 9Bercac +f 9Bediss). This fraction quantifies the mobilization of *Be from primary minerals, comprising *Be
precipitated or adsorbed onto reactive mineral surfaces (f°Be,.,.) or lost into the dissolved phase (f°Beg;.,).
These fractions can be determined from the ratio of the concentration of °Be in reactive phases ([’Be],,.) such as
(Mn-Fe-Al)-oxides, clay or organic phases to the concentration of °Be in the mineral-bound phase ([’Be],,;,; von
Blanckenburg et al., 2012), provided that dissolved loss of *Be is negligible which is the case if pH is high or
runoff is low. The third is the depositional flux (Fnllgfe) of ""Be
atmosphere depends on air pressure, and varies with geomagnetic field intensity and solar activity (Masarik &

met to Earth's surface. The production of '°Be in the
Beer, 1999, 2009). °Be,,, is well-mixed in the stratosphere and therefore latitudinal production variations are
averaged out (Heikkili et al., 2013). Within a residence time of ~1 year, '°Be,,., attaches to atmospheric aerosol
particles and is delivered to Earth's surface (McHargue & Damon, 1991). F,,ﬁ23= constitutes three distinct pathways
that depend on atmospheric properties: '°Be by precipitation as wet delivery, by dry delivery on aerosol particles,
and by dust which is, however, recycled '’Be (Deng, Wittmann, et al., 2020). Some studies suggest that the
depositional flux correlates with precipitation (Field et al., 2006; Graly et al., 2011; Heikkild & Smith, 2013;
Heikkili et al., 2013). Other studies noted dilution of '°Be,., with higher precipitation (e.g., Yiou et al., 1997).
These two effects, the “additive” and the “dilution” effect, are explored in detail in Willenbring and von
Blanckenburg, (2010) and Deng, Wittmann, et al. (2020). Mostly, these effects operate in combination, where
their relative weight depends on the ratio of the area of vapor condensation to the area of precipitation (Deng,
Wittmann, et al., 2020).

A variety of approaches is used to estimate F,,llg{“: (a) general circulation models (GCM) combined with '°Be
production functions and aerosol dynamics; (b) '°Be in precipitation collections; (c) '°Be inventories in dated soil
profiles; (d) riverine 19Be exported by solids and in the dissolved form (summarized in Deng, Wittmann,
et al., 2020). GCMs provide F,&,gfe on a large spatial scale (Heikkild & von Blanckenburg, 2015) while precipi-

tation collection provides local short-term fluxes influenced by seasonal variations and stratosphere-troposphere
exchange of air masses (Graly et al., 2011). Deng, Wittmann, et al. (2020) found that precipitation-derived F,,‘ch
mostly exceed GCM-derived fluxes. Therefore, F,,l,(e)fs estimated with the empirical equation by Graly et al. (2011)

based on precipitation-collections might overestimate long-term deposition where precipitation is high. Fnl,gf"'
from soil profile measurements and GCMs are generally lower than those from precipitation collections which
can be attributed to potential incomplete sampling of rainfall samples or loss by erosion in soils. However, all flux
agree within a factor of 2 (Deng, Wittmann, et al., 2020).

Here we explored the precipitation dependence of '°Be
'%Be,./"Be
viously employed only once (Clow et al., 2020). The principle is based on assuming that D;, g, = Dme: SO that

deposition and identified possible limitations of the

met

denudation rate meter by comparing D; and D, on eroding soil profiles, an approach pre-

reac nsitu

105 10 . 10 9
Fet® can be calculated from known D; g, To do so we measured "Bejygiq, the inventory of “Bee, Beparents
°Be and °Be,;, concentrations in soil and drill core samples, and calculated denudation, erosion, and

weathering rates, as well as Fnllg{“. By employing this method along a climate gradient in the Chilean Coastal

reac’ ‘min

Cordillera we show that weathering intensity depends on precipitation, and therefore on the accumulation and
mobilization of Be in depth profiles. We also show that in arid areas Fnllgfe depends on local precipitation, while in

humid areas F,,i‘e’;* is reflected by atmospheric models.

2. Study Sites and Previous Work

The study sites Pan de Azicar (PdA), Santa Gracia (SG), La Campana (LC), and Nahuelbuta (NA) are located
along a climate gradient between 26°S and 38°S in the Chilean Coastal Cordillera that was studied by the research
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Figure 1. Sampling locations in Chile. (a) Mean annual precipitation averaged from 1970 to 2000 (Fick & Hijmans, 2017:
worldclim.org). (b) Meteoric '°Be depositional flux map from production functions implemented in the ECHAMS5-HAM
general circulation models model (Heikkild, 2007; Heikkild & von Blanckenburg, 2015) which also shows the cell size of
model values of 200 X 200 km.

program “Earthshape” (Figure 1). This gradient covers arid (PdA, 10 mm yr~" average precipitation rate), semi-
arid (SG, 90 mm yr_l), mediterranean (LC, 440 mm yr_l), and humid (NA, 1,100 mm yr_l) climate with
vegetation cover ranging from <5% in arid to 100% in humid climate (Oeser et al., 2018a). The lithology consists
of granodiorites, tonalites and quartz diorites (Oeser et al., 2018a; SERNAGEOMIN, 2003). Hydrothermal
alteration of the granite is strong at the arid study site, and weak at the semi-arid site as apparent by a high degree
of Fe-oxidation and fracture fillings by both carbonates and amorphous Fe-oxides (Hampl et al., 2022; Krone
et al., 2021a). A detailed geologic description is available in Oeser et al. (2018a) and Krone et al. (2021a).
Previous studies also report on soil-pit-derived (Schaller et al., 2018) and river-sediment-derived (van Dongen
et al,, 2019) D, The soil-pit derived D, were on average 9.6 = 1.4, 192 + 3.1, 61 = 8, and
33 + 15 t km™ yr~' from arid to humid climate.

3. Materials and Methods

We sampled the upper 2—-6 m of soil profiles at all sites and used visually unweathered parent rock from bedrock
drill core samples from >10 m below the weathering front recovered during wireline diamond drilling campaigns
(March 2019—March 2020; Krone et al., 2021a). The depth profiles are located on topographic ridges (semi-arid,
mediterranean, humid-NA1) and at the foot of a slope (arid, humid-NA2).

The detailed procedure for in situ and meteoric '’Be analyses is provided in Krone et al. (2024). To determine
denudation rates D;,,, We used the CRONUS online exposure age calculator (Balco et al., 2008) using the time-
dependent scaling scheme of Lal/Stone (St) (Lal, 1991; Stone, 2000) and a sea-level high latitude neutron
spallation '°Be production rate of 4.01 at g~' yr™" (Borchers et al., 2016). D, ., (€ cm™2 yr™") can be calculated
using Equation 1 shown in a simplified form (Lal, 1991):

P
Dipsin = | m———=— 4% A 1

insitu ([loBeinsitu] ) ( )
where ['°Be;,.,] is the '°Be nuclide concentration (atoms gqtzfl), P the scaled 'Be production rate (atoms
gq‘[l yr~"), and 1 the '°Be decay constant (5 x 1077 yr™"). A includes the e-folding absorption length for neutrons
and muons, respectively.

Denudation rates D, ., (g em ™ yr') were calculated using equation 12 from von Blanckenburg et al. (2012)
solved for D, with an additional term to account for decay of meteoric reactive '°Be (hereafter '°Be,., ) that
may reduce the soil inventory if the infiltration depth is deep and denudation rate is slow:
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J ol )
Dot = e * (2)

10g, 9 5
(“Be )reac * [ Be]parenl * (ngereaC +f Bediss)

with Fnllgfe as meteoric '°Be depositional flux (atoms cm™> yr~ "), °Be concentrations ([°Be], atoms g~ ') for the
reac and min fractions, and parent bedrock, respectively, I as the '°Be,.,. inventory of the soil profile (atoms
cm~?) and 1 as decay constant of '°Be (yr!). We calculated Fnig‘* by solving Equation 2 for Fnigf“ assuming that
D Dot BEreac + 1 Begsss is calculated from [*Be]
dissolved loss of °Be:

insitu = reac and [°Be], i, assuming negligible or minor (humid)

9
[ Be]reac (3)

ngereac +f9Bediss = 9 9
<[ Be]min + [ Be]reac)

To derive the weathering rate W from a denudation rate D, we use the chemical depletion fraction (CDF):

CDF=1- [[;]]b# “

weathered
with [X]pedrock a0 [Xi]weatered @S the concentration of an immobile element (PdA, LC, NA: Nb; SG: Zr) in
bedrock and weathered material. The weathering rate W, ¢ or insiu 15 calculated using the mean CDF (Table 1;
Krone et al., 2021b) from surface samples according to Equation 4.

Wmet or insitu — Dmet or insitu ¥ CDF (5)
The erosion rate E;,,, can be calculated from D;, g, and Wipgiu-
Einsitu = Dinsitu - ‘/Vinsitu‘ (6)

4. Results

We provide all results in a data publication (Tables S1-S5, Krone et al., 2024); main results are listed in Table 1.
Blank '°Be/’Be ratios are 3.4 + 0.8 x 107'% and 6.5 + 5.7 x 10" for in situ and meteoric '°Be, respectively.
Denudation rates from '°Be;, g, are 7.1 + 0.5 t km™> yr~" at the arid (uncertainty is the standard deviation of 3
measured D), 29.6 = 4.0 t km™? yr~" at the semi-arid (Krone et al., 2021a), 126 + 32 t km™> yr~" at the
mediterranean, and 38 + 10 t km™2 yr~' at the humid site. The new D, from our soil samples are in good

agreement with published in situ denudation rates (Schaller et al., 2018; van Dongen et al., 2019).

[gBe]pmm is 1.9+ 0.5 pg g ' atthe arid, 1.2 + 0.1 pg g~ at the semi-arid, 1.0 + 0.1 pg g~ at the mediterranean,
and 1.4 + 0.4 t0 2.1 + 0.1 pg g~ at the humid site (relative uncertainty 5%). These concentrations are at the lower
end of 3.1 + 1.5 pg g™ [9Be]Parcnt compiled for granitoid lithology (von Blanckenburg et al., 2012).
FPBe,eae + fBegs, is highest with 0.46 at the arid site and lowest at the semi-arid and mediterranean sites with
0.11 and 0.12, respectively, and 0.26 at the humid site (Figure 2b). [*Be],.,. shows no gradient with depth.
['Be],,,., in topsoil samples correlates with precipitation by showing an increasing concentration from the arid
(1.2 £ 0.21 x 107 atoms g_]) to the humid (4.5 + 0.15 x 10® atoms g_l) site (Figure 2¢). In the depth profiles,
reactive ['°Be],.,. decreases exponentially from surface to depth at all study sites (Figure 2c).

For the calculation of D, we used the GCM model-derived F,},Sfc by Heikkild and von Blanckenburg (2015) for
the respective sites (Table 1). At the mediterranean and humid sites, D, are 169 + 39 and 30 + 8 t km™2 yr™",
respectively. D, for the arid site is 1,235 + 460 and for the semi-arid site 210 + 22 t km™2 yr™'. These latter two
rates disagree strongly with D;

met

nsite- We discuss the reasons below and do not consider these two D, . as

meaningful estimates any further.
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Figure 2. (a) Chemical depletion fraction (CDF), black line indicates zero depletion, positive values indicate depletion. Used
immobile element: Nb for arid, mediterranean, humid, Zr for semi-arid. Uncertainties are calculated from bedrock variability
of Zr or Nb. Data for semi-arid site from Krone et al. (2021b). (b) f*Be,.,. + f Beys, as indicator for the degree of *Be
mobilization from primary mineral and retention in the reactive phase with depth (zero values denote no mobilization, unity
denotes quantitative transfer from primary to reactive phases). (c) meteoric [IOBe]reac with depth (dashed line indicates
detection limit of 9.3 x 10° atoms g™, solid lines show exponential fits used to calculate '’Be inventories). Symbol sizes
exceed the size of most uncertainty bars. These are provided in Table 1.

By inserting D;,, in Equation 2 and solving for F“llgfe, we obtain F,,l,gfe values covering three orders of magnitude

of (6.3 + 2.0) x 10% at the arid, (1.6 + 0.3) x 10° at the semi-arid, (1.1 = 0.3) X 10° at the mediterranean, and
(1.1 £ 0.3 t0 3.3 + 0.3) X 10° atoms cm™> yr™" at the humid site.

5. Discussion
5.1. Weathering Proxies From Surface Soil and Soil Profiles

The humid sites reveal highest f°Be,.,. + f°Bey;,, and CDF along the gradient (where the arid site provides an
outlier discussed below; Figure 2a). At the humid site precipitation is highest which leads to highest degree of

reac

bulk element loss (indicated by CDF) and of °Be mobilization from bedrock into the reactive phase
(f*Be e + f Begiss)- At the mediterranean and semi-arid sites f°Be,.,. + f Beg, are similar; yet the CDF in-
dicates higher loss at the semi-arid site. There, the high abundance of soluble plagioclase results in a high
weatherability of bedrock as indicated by CDF and mobilization of *Be even with limited water availability
(Table S3 in Oeser et al., 2018b). Both water flow and mineral assemblage of bedrock are therefore controls over
the degree of weathering, indicated by both CDF and f*Be,,. + f°Bey;,,. Compared to the CDF, Be mobilization
as quantified by f*Be,.,. + f Beg;, offers a practical advantage as it does not require knowing the concentration
of an insoluble index element in both regolith and bedrock. The Be-specific weathering degree f*Be,e,. + ./ Begiss
can be determined on a single soil sample.

The highest f'Be,.,. + f Beg,, Was found at the arid site. This alteration cannot be due to weathering given the
lack of water flow. At this site, chemical mass loss by weathering as quantified by CDF is not detectable, and
geophysical subsurface imaging does not reveal a weathered zone at the top of the profile. However, fractured
bedrock is imaged from the surface to approx. 20 m depth (Trichandi et al., 2024). Along these fractures parent
rock is strongly hydrothermally overprinted. This hydrothermal activity likely mobilized *Be (Barton &
Young, 2002), rendering f°Be,e,c + f Begiss an indicator for hydrothermalism rather than for weathering at this
site. Potentially a mild hydrothermal overprint at the semi-arid site might have also caused °Be mobilization
(Krone et al., 2021a).

reac

For meteoric ['°Be],..,. in soil profiles, “decline-type” profiles emerge if Be movement to depth is retarded (Graly
etal., 2010; Maher & von Blanckenburg, 2016; Willenbring & von Blanckenburg, 2010) and regolith mixing with
depth is absent (McKean et al., 1993). We identified decline-type profiles with exponential decrease of ['’Be]

reac
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Figure 3. Depositional flux for '°Be ., derived from general circulation
models (Heikkild & von Blanckenburg, 2015), precipitation (Graly

et al., 2011), and from combined D;,;, and '°Be,,., in soil surface samples
(this study).

met

dicted by reactive flow models of Maher and von Blanckenburg, (2016): First,
at the humid site fluid flow is highest, second, soil pH is lowest (45 at the
humid site compared to 67 at the mediterranean site and 7-8 at the other
sites), and third, the residence time of a given length interval of regolith (and
thus the time available for depth migration) as calculated from denudation
rates (see below) is about three times as long at the humid site than at the
mediterranean site.

5.2. Denudation Rates and °Be Depositional Flux Estimates

Denudation rates calculated from '°Be

el Béreae and GCM-derived Frig{’c indicate a dependence regarding the

topographic position where the sample was taken from. At the humid site, we observe that the sample from the

ridge position (NA1) yields higher D, (40 t km > yr~") than D,

nsite (24 1 km™> yr~ ') and vice versa at the slope

position (NA2; D, is 25 t km™2 yr~" and D, ;,, is 45 t km™2 yr~'; Table 1). Where runoff is high, downslope
transport of surface-derived fine soil particles rich in '°Be,,., might cause loss of '°Be,,, at the ridge and its
accumulation on the slope (Schoonejans et al., 2017).

The calculated D

met

agree within uncertainty with D,

insita 4t the mediterranean and humid sites (Figure 3, Table S5,

Krone et al., 2024). In contrast, they strongly disagree at the semi-arid and arid sites (Table 1). The disagreement
is most pronounced at the arid site, where the calculated D, exceeds Dj,q., ~170-fold. The cause of this

disagreement is an overestimation of F,:,g? from the atmospheric model at these dry sites. This finding becomes

Opc

apparent when D, is equated with D, to estimate Fnlm (Equation 2, Table 1). At the arid sites, the derived

Fni(e){“ is only 5,700 atoms cm ™2 yr~' which is ~2 orders of magnitude lower than GCM-derived Fnio‘“ (Heikkild &

et

von Blanckenburg, 2015). Using the same principle, the precipitation-derived flux (Graly et al., 2011) closely

10,

matches the F, . estimated from equating denudation rates at the arid and semi-arid sites. At the humid site, the

precipitation-derived flux exceeds the model-derived F, 105 by about 30%. At the mediterranean site, fluxes from
all three methods agree within uncertainty.

met

We consider the lack of precipitation as the main cause for the observed deficit in '°Be,,,., deposition at the dry

sites. A similar observation was made in a previous study from the Atacama Desert, where F, Ose of

met

(3.7 £ 0.6) x 10* atoms cm™2 yr~" was estimated, which is only 6% of the corresponding GCM-model flux for this
region (Wang et al., 2015). Taken together, while these two studies for the first time quantify the low depositional

'%Be fluxes in arid areas, they also offer two consistent explanations for the GCM-derived Fnig{“ overestimating

B¢ . deposition in dry regions. First, although in the model the fraction of dry deposition in total '°Be

deposition is 0.2-0.4 in this region (Heikkild et al., 2013), dry deposition does not appear to be a significant

delivery mechanism. Second, fine-scale spatial variations of aridity in the Atacama Desert are not adequately
represented by the coarse resolution of the GCM-model with a cell size of approx. 200 X 200 km.

The arid and semi-arid sites are subjected to occasional influx of moisture in the form of coastal fog that, however,

10
does not cause ' Be,,

deposition. In this region, the coastal fog is transported from the Pacific Ocean toward the

Coastal Cordillera (Lehnert et al., 2018). If the travel distance is sufficiently long, the additive effect operates on
'°Be, meaning the fog accumulates '°Be scavenged from the atmosphere (Deng, Wittmann, et al., 2020).

KRONE ET AL.

7 of 10



V od |
AGU

ADVANCING EARTH
AND SPACE SCIENCES

Geophysical Research Letters 10.1029/2024GL108825

Acknowledgments

This project is funded by German Science
Foundation (DFG)-Grant BL562-16/2
within the priority program 1803
“EarthShape—Earth surface shaping by
biota.” We are grateful to the
“DeepEarthshape”-team for assistance
during the drilling campaigns. Open
Access funding enabled and organized by
Projekt DEAL.

Deuterium/hydrogen isotope ratios (in 8°H, seawater ratio = 0) measured on the land surface indicate the travel
distance of precipitation as the isotopes fractionate during rainfall (Araguis-Araguas et al., 2000). Near the coast,
a ratio of —34%o¢ + 5%o indicates a proximal moisture source (arid site; Bowen, 2023), while further inland the
8°H ratio decreases to approx. —70%o to —90%o in the Andes as heavy isotopes are preferentially lost during
precipitation (Aragués-Araguas et al., 2000). We can therefore exclude coastal fog as a main supplier of '°Be,,,., in
the arid site. Comparing the arid and semi-arid to the mediterranean and humid sites, convective precipitation
appears to be the relevant deposition mechanism for '°Be,,, at the latter sites. At these sites of convective

precipitation, the atmospheric models appear to provide representative estimates of F,,‘l‘e’;*. In contrast, at the dry
sites a precipitation-driven model appears to approach actual fluxes more accurately than coarse-resolution at-
mospheric models.

6. Implications

Both Be isotopes are sensitive indicators of the controls over weathering in the critical zone, albeit in different
ways: Meteoric '°Be indicates the depth extent of infiltration of particle-reactive elements, as controlled by fluid
flow, reactive surfaces, pH, and soil residence time. The fraction of 9Be released from primary minerals, in
contrast, serves as a sensitive indicator of regolith alteration, either from hydrothermal overprinting as is the case
at our arid site, or from meteoric water-induced weathering, as at the sites exposed to higher rainfall. At these
latter sites, this fraction is a sensitive indicator of the weathering degree.

Our findings suggest that at sites of predominantly convective precipitation GCM-derived estimates of Fnig{*e are
representative. Therefore, in such climate of sufficient precipitation these models are suited as input for denu-
dation rate determination with meteoric '°Be. In aris and semi-arid areas and high variability in precipitation over

short distances, F,rll(e]{“ from coarse-resolution atmospheric transport models fail to resolve these gradients, and also

appear to overestimate dry deposition of '°Be. In these climatic settings, the precipitation-derived Fnlg{“ is better-
suited to derive denudation rates, given its better resolution of spatially variable rainfall. Resolving these de-
pendencies in detail across different methods will be a useful research avenue for future applications of the
19B¢/°Be system. To this end, comparing D;,;,, and D,,,., at a given eroding setting as employed here appears to
hold promise. Moreover, on hillslopes the role of downslope transport affecting ['°Be],,., requires further
investigation for applying the isotope ratio as a denudation rate meter at different topographic positions.

shows that when knowing F, 1% 9Be concentration of local bedrock, and mobilization

Our comparison with D; met >

nsitu
of “Be by weathering, reliable denudation rates result from '°Be,./’Be,coc. In that case a single sample from
surface soil is sufficient to determine a local denudation rate.
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