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1. Supplementary Figures
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Figure S-1. Plot of Mo/Ce vs. MgO. As Mo and Ce are similarly compatible during mantle melting (Wang and Becker, 2018), the vague trend with MgO might (oceanic) crustal assimilation. However, low Cl/K and overall homogeneous δ98/95Mo argue against a control on the Mo isotope composition. MORB data is from Bezard et al. (2016). 
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Table S-1. Average and individual Mo isotope data of analyzed Pitcairn Island lavas. Individual measurements are from the same chromatographic aliquot. *Internal precision on a sample run (over 80 cycles) is reported as 2 standard error (2 SE).
	
	Individual measurements
	Mean values
	

	Sample
	δ98/95Mo (‰)
	2 SE* (‰)
	δ98/95Mo (‰)
	2 SD (‰)
	Mo (µg/g)

	Pitcairn island basalts
	 
	 
	 
	 
	 

	pn03-08
	−0.133
	0.013
	−0.119
	0.039
	2.93

	
	−0.097
	0.016
	
	
	

	
	−0.127
	0.014
	
	
	

	pn03-10
	−0.125
	0.015
	−0.115
	0.030
	1.38

	
	−0.104
	0.014
	
	
	

	pn03-01
	−0.082
	0.014
	−0.121
	0.067
	2.47

	
	−0.133
	0.015
	
	
	

	
	−0.146
	0.016
	
	
	

	pn03-02
	−0.119
	0.016
	−0.121
	0.006
	1.26

	
	−0.123
	0.013
	
	
	

	pn03-03
	−0.117
	0.016
	−0.112
	0.009
	2.45

	
	−0.108
	0.015
	
	
	

	
	−0.111
	0.016
	
	
	

	pn03-05
	−0.120
	0.012
	−0.113
	0.026
	2.23

	
	−0.098
	0.017
	
	
	

	
	−0.120
	0.012
	
	
	

	pn03-07
	−0.113
	0.014
	−0.111
	0.007
	1.53

	
	−0.108
	0.017
	
	
	

	pn03-11
	−0.115
	0.016
	−0.111
	0.022
	2.41

	
	−0.119
	0.014
	
	
	

	
	−0.098
	0.014
	
	
	

	pn14-14
	−0.090
	0.018
	−0.093
	0.013
	4.22

	
	−0.101
	0.016
	
	
	

	
	−0.090
	0.019
	
	
	

	pn08-07
	−0.077
	0.017
	−0.097
	0.039
	4.40

	
	−0.117
	0.015
	
	
	

	
	−0.098
	0.018
	
	
	

	Rock reference materials
	 
	 
	 
	 
	 

	BHVO-2
	−0.090
	0.015
	−0.077
	0.025
	3.59

	
	−0.066
	0.014
	
	
	

	
	−0.076
	0.017
	
	
	

	AGV-2
	−0.187
	0.015
	−0.175
	0.037
	2.00

	
	−0.154
	0.016
	
	
	

	
	−0.185
	0.016
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Due to the enriched radiogenic isotope composition of the model 1.5 Ga recycled sediment (Table S-2), different combinations of [Mo] and δ98/95Mo in the model sediment can lead to a best fit (i.e. different mixing lines/hyperbolas). Therefore, we applied a misfit algorithm to model potential sediment end members similar to Ahmad et al. (2022). In the misfit plot (Fig. 4), the best agreement between potential sediment end members and measured samples is given by the least squares error (blue field) of the misfit function. The white dashed line indicates the sample amount multiplied by the external 2 SD reproducibility to obtain a conservative upper limit for model compositions. The white solid line indicates the contour line of the least squares error (see minimum Δ98/95Mo in Fig. 4a, b) with added Δ98/95Mo ≈ 0.1 ‰. Because many hypothetical sediment end members in the blue field can potentially cause the heavy Mo enrichment in the mantle plume, the compositions of OM-rich sediments sorted by age intervals (Ye et al., 2021; Table S-2), UCC (Voegelin et al., 2014; Greber et al., 2014; Rudnick and Gao, 2014; Freymuth et al., 2015; Willbold and Elliott, 2017; Yang et al., 2017; Greaney et al., 2020), MORB (Gale et al., 2013; Bezard et al., 2016; Chen et al., 2022), pelagic Mn-rich and clastic metasediments (Ahmad et al., 2021), and blueschists and MORB-type eclogites (Chen et al., 2019; Ahmad et al., 2021) are plotted for comparison, (Fig. 4). This allows a simpler visualization and differentiation of potential contaminants in the mantle source.
Table S-2. Parameters from the two-component mixing model (Fig. 4) and compositions of marine sediments. The misfit calculation is conducted based on Mo-Sr systematics and a model 1.5 Ga old recycled pelagic sediment.
	 
	δ98/95Mo (‰)
	[Mo] (µg/g)
	87Sr/86Sr
	Sr (µg/g)
	143Nd/144Nd
	Nd (µg/g)

	End members
	
	
	
	
	
	

	Ambient depleted mantleA
	−0.204 ± 0.008
	0.025 ± 0.007
	0.702819
	11.32
	0.51312
	1.118

	1.5 Ga old recycled pelagic sedimentB
	
	
	0.7203
	300 ± 17
	0.5117
	85 ± 5.2

	Upper continental crustC
	0.05 to 0.15
	1.1 ± 0.2
	
	
	
	

	
	
	
	
	
	
	

	Marine sedimentsD
	
	
	
	
	
	

	Archean
	0.218 ± 0.150
	
	
	
	
	

	
	(M = 19, N = 417)
	(M = 19, N = 744)
	
	
	
	

	Proterozoic
	0.244 ± 0.114
	
	
	
	
	

	
	(M = 51, N = 696)
	(M = 53, N = 1262)
	
	
	
	

	Phanerozoic
	0.528 ± 0.132
	
	
	
	
	

	
	(M = 48, N = 882)
	(M = 48, N = 1154)
	 
	 
	 
	 



A Ambient depleted mantle values from Salters and Stracke (2004), Delavault et al. (2016), and McCoy-West et al. (2019)

B 1.5 Ga recycled pelagic sediment values from Ahmad et al. (2022) and references therein.

C Upper continental crust values are from Voegelin et al. (2014), Greber et al. (2014), Rudnick and Gao (2014), Freymuth et al. (2015), Willbold and Elliott (2017), Yang et al. (2017) and Greaney et al. (2020).

D Marine sediment values of different eons are averages of log-normal means of individual sediments sorted by age intervals (>1 Myr) from the literature (see compilation of Ye et al., 2021). M = number of individual sediment formations from one age interval within an eon; N = number of individual sediment samples. 
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