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CONVENTIONAL ARCHIVES

Surface denudation and soil
erosion rates for source areas
are mostly described by
deciphered records of
transportation and/or
deposition zones.

We aim to quan7fy the
con7nuous in-situ varia7ons
of denuda7on rates at the
source area.
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TEA = Tor Exhuma7on Approach

THE NEED FOR NEW METHODS
There is still a need of adequate methods to
capture soil erosion variations over a
continuous time-frame within the
denudation zone.

The tor exhumation approach (TEA), has
shown early success in determining in-situ
rates at the upland of the Sila Massif (Italy)
(Raab et al., 2018, 2019).
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TH E TO R EX H U M AT IO N
AP P R O A C H
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(Raab et al., 2018, a1er Migoń 2013)

Weathering starts with (a) rock fracturing, followed by (b) the
forma7on of a deep weathering mantel and (c) erosion of the
weathering mantel un7l (d) present-day surface has emerged.

The TEA uses vertical surface exposure dating along
tors, in order to determine their exhumation speed. In
result continuous denudation rates (DSurface) of the
surrounding surface can be modelled.

Tor

Bedrock
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CURRENT CAPABILITY OF THE TEA
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Here an example along an topographic
cross sec7on (Italy; Raab et al., 2019) to
what extent con7nuous surface
denuda7on rates haven been quan7fied
by the TEA.

Not only did the TEA capture the in-situ surface
denuda7on varia7ons over mul7-millennia, but it was
also sensi7ve to unravel topographic dependent
denuda7on differences.
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THE TEA PROCESS
In order to obtain denudation
models (a) corrected 10Be
concentrations are converted to
(b) surface ages. Within the age
variations, (c) various exhumation
trends are modelled using Monte
Carlo simulations. Mathematical
derivations of these functions are
used to model (d) surface
denudation (Raab, 2019)
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The TEA was so far just tested
within a well-defined granitic area.

We challenged the approach now
in an environment of schist-tors.

EGU 2020 ©Raab et al. All rights reserved.



SC H IS T TO R E N V IR O N M E N T
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(a) Location of our study area at the Southern Island of New Zealand and overview of potential erosion
(Basher, 2010). (b) Our detailed study sites are indicated with (d) and (f). (c) Overview of the tor terrain extent.



SC H IS T (NZ) V S GR A N IT E (IT) TO R S
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Schist-tors:
v Up to ~12 m
v Fractured /abraded by wind
v Semi-arid climate stripped of

most vegeta7on;
v ~360–580 m a.s.l.

General comparison of schist tors
at the Otago upland on the
Southern Island of New Zealand
(on the leh) and granite tors at the
Sila upland in Calabria, Italy (right).

Granite-tors:
v Up to ~6 m high
v General polished, no exfoliation
v Temperate climate with denser

vegetation
v ~1,400–1570 m a.s.l.



10BE RESULTS NEW ZEALAND

We have investigated 8 Tors, with a total of 38 successful cosmogenic nuclide measurements. Calculated surface ages span
from as low as 22±2 [ka] to 836±88 [ka] (this includes questionable surface ages at certain positions). At our current status,
we see reasonable exhumation trends to be found within an age span of 28±3 [ka] to 225±25 [ka].
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Here are some examples of our exposure age results.



PR E L IM IN A R Y MO D E L S
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Some example model for the previous presented tors. The black lines indicate the average. Tor 8 and 4 are based on
exhumation, while the Tor 6 model presents an experimental inversion model as result of potential undercutting or
toppling (yet the tor was attached to the bedrock). Tor 8 and 4 have comparable DSurface rates. Tor 8 has very low DSurface
due the relation of low heights above ground and high surface ages.

Tor 8 Tor 4 Tor 6



FALLOUT RADIONUCLIDES (FRNS)
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SA M P L IN G PR O C E D U R E F O R FRNS
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In addition we have investigated
the short term erosion (~60 years)
of the surrounding hill of two tors.
Location 1 is positioned in the
intertrain valley, Location 2 at the
adjacent ridge. At each location a
flat reference site and two slope
positions where investigated. At
each sampling spot 4 samples per
sampling depth where taken out of
2 pits.



239+240PU RESULTS
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The PDM is considered to reflect the local
distribu7on best. Rates at the foot slope (S2, S4)
exceed maximum rats of Tor 8 and 4 by two to
three-folds. Yet S1 and S3 are within the range of
the TEA inves7ga7on.

(c) We have evaluated our FRNs measurements
with three models. The inventory model (Lal et al.,
2013 ), the profile distribution model (Walling &
He, 1999 ) and MODERN (Arata et al., 2016 ).



SUMMARY

v Applying the TEA on schist tors can provide continuous surface 
denudation rates.

v The Otago tors covered usually double the time-span of the Sila tors 
which were half their size.

v Yet, Inversions and outliers due to irregular rock surface erosion 
remain challenging in this schist environment.

v FRNs determined rates partly align with TEA models, and indicate 
slightly higher rates today.

v There are still many new paths to take in regards of modelling an 
dealing with age inversions.
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