[image: C:\Users\Elaine.Scott\Documents\LaTex\____TEST____Frontiers_LaTeX_Templates_V2.5\Frontiers LaTeX (Science, Health and Engineering) V2.5 - with Supplementary material (V1.2)\logo1.jpg]		
		Supplementary Material
Supplementary Material
10Be cosmogenic nuclide dating pretreatment and calculation
[bookmark: _Hlk116074483]All samples were crushed into 600-850 μm and carbonate eliminated by HCl (10%) and repeatedly purified by HF: HNO3 solution until the Al concentration was lower than 100ppm. The purified quartz was spiked with a Be carrier and then dissolved with concentrated HF acid. Following anion and cation exchange in a series of column chromatography procedures, the sample solution was neutralized by NH4OH to precipitate Be(OH)2. The precipitations were oxidized to BeO in a furnace, then pressed into Cu target holders after Nb powder was added. The 10Be/9Be measurements were made in the 5MV AMS Lab in SUERC, the value of the 10Be/9Be blank yielded 1.60-2.64×10-14 and is 1-2 magnitude lower than those values of samples. Ratios were normalized to the standard NIST_27900.
Under conditions of constant production rate and constant erosion rate, cosmogenic nuclide concentration of surface that is exposed at time t can be expressed as (Lal, 1991; Balco et al., 2008; Braucher et al., 2009)
[bookmark: _Hlk115985210] 		(1)
[bookmark: _Hlk115985808]where 𝑃𝑛,0, 𝑃𝑚1,0, and 𝑃𝑚2,0 are the surface production rate induced by nucleons, negative muons, and fast muons; 𝛬𝑛, 𝛬𝑚1, 𝑎𝑛𝑑 𝛬𝑚2 are the attenuation lengths of the nucleons and muons (negative and fast), respectively; z is the surface depth; 𝜆 is the decay constant, and r is a constant erosion rate. Based on equation 1, the production of cosmogenic nuclides may be simplified into two major components: the production rate at specific depth (Pz), and the effective exposure age of the site (Te), which is the time that is required to accumulate concentration Nz at production rate Pz without erosion and radioactive decay (Wang and Oskin, 2021):
				           (2a)
[bookmark: _Hlk115965263][bookmark: _Hlk115965274]Where , , i = n, m1, m2 		(2a)
[bookmark: _Hlk115986107][bookmark: _Hlk115986071][bookmark: _Hlk115986136]The 10Be concentration (C) measured from a suite of samples includes the in-situ produced concentration (Nz), and the inherited concentration (𝐶𝑖𝑛ℎ)
[bookmark: _Hlk115986174]					 (3)
[bookmark: _Hlk115965574]In realistic cases, estimate total eroded thickness (D) from field evidence could be more straightforward than to obtain an erosion rate. With eroded thickness, the effective age of each pathway may be rewritten as:
, i = n, m1, m2 			(4)
We rewrite the effective age related to muons (Tem) into a fraction (g) of the effective age related to nucleons (Ten), detailed derivation is referred to Wang and Oskin (2021) The fraction g can be approximated solely from knowledge of the eroded thickness (D):
, i =1, 2		 (5)
Bring gi into equation 3:
[bookmark: _Hlk115968528] 		(6)
 				
[bookmark: _Hlk115968641][bookmark: _Hlk115968607][bookmark: _Hlk115968812]Using equation 6, Ten and Cinh can be found by applying least squares linear regression with known production rates, eroded thickness, and sample concentrations. To estimate the exposure age, we need to find the solution for
 			(7)
t may be found in the derivative of equation 7 iteratively by applying the Newton’s method:
 				(8)
The exposure age can be iterated from
  					(9)
With initial t0 = Ten
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