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Supplementary text 1
1 Analytical precision and blank control of Nd concentrations and isotopes
1.1 Nd concentrations
Blank contributions for all REE (except Ce) were <0.5% of a typical sample. This is based on the results from repeated analyses of the same in-house seawater standard over a period of 3+ years. Each of seawater standard was individually treated like unknown samples through the whole co-precipitation process. The reproducibility of Nd concentrations based upon repeats of our in-house seawater standard ([Nd] ~12.5pmol/kg) over that period is +/-2% (2σ, n=15). The resulting reproducibility should incorporate uncertainties associated with every step of our sample processing and analysis, including uncertainties in spike concentrations, so it is a more robust estimate on the long-term analytical uncertainty of our method.
1.2 Nd Isotopes
[bookmark: _Hlk33800762][bookmark: OLE_LINK5]In order to maximise the sensitivity, we used an Aridus II introduction system coupled with Ni Jet and X cones. The whole system was conditioned for 8 hours prior to running low concentration samples, alongside several hours of tuning to maximise the stability and sensitivity of the beam. Oxide production throughout analytical sessions was monitored and minimized to below 0.3%. The samples were tested for concentration first and measured in different sequences according to their concentrations: 20 ppb (sample size > 8 ng), 10 ppb (sample size 4 - 8 ng), and 5 ppb (sample size < 4 ng). All samples were measured in 400 μl with concentration match to the bracketing JNdi-1 standard, except for the samples lower than 4 ng size which were bracketed with 5 ppb JNdi-1. The internal error (2SE) ranged from 0.10 to 0.49 epsilon units with sample size from typical (8 ng) down to the smallest one (0.9 ng), while the external error (2SD) ranges from 0.15 to 0.43 epsilon unit with JNdi-1 concentration from 20 ppb to 5 ppb. The internal error is generally smaller than the external error except for a few samples (refer to research data list). The error which is bigger is quoted as the reported analytical uncertainty. Typical internal and external errors achieved on the Neptune Plus MC-ICPMS with number of JNdi standard in a run are listed in Table S1. Several full procedural blanks and column chemistry blanks were determined by isotope dilution using a 150Nd spike on a Neptune Plus MC-ICP-MS at the University of Cambridge, and ranged from 1.6-8.7 pg, always representing <1% of the final sample size, and usually <0.5% of a typical sample. A sample from the Bermuda Atlantic Time Series Station BATS (15 m depth) was used as an intercalibration standard and measured on a 10 ppb and 5 ppb sequence separately, matched in concentration to the JNdi-1 standard. Results agreed within error with the international GEOTRACES intercalibration exercise obtained by 13 different laboratories (Table S2 and Fig. S1).


Table S1. Typical internal and external errors achieved on the Neptune Plus MC-ICPMS in the Department of Earth Sciences, University of Cambridge
	Size of sample analysed
	JNdi-1 concentration used
	Number of JNdi std. in a run
	Internal Error (2SE)
	External Error (2SD)
	Reported Error (2SD)

	8 ng
4 ng
2 ng
1.4 ng
0.9 ng (smallest)
	20 ppb
10 ppb
5 ppb
5 ppb
5 ppb
	n = 18
n = 15
n = 14
n = 27
n = 27
	0.14 ƐNd
0.19 ƐNd
0.30 ƐNd
0.40 ƐNd
0.49 ƐNd
	0.23 ƐNd
0.31 ƐNd
0.35 ƐNd
0.43 ƐNd
0.43 ƐNd
	0.23 ƐNd
0.31 ƐNd

	
	
	
	
	
	0.35 ƐNd
0.43 ƐNd

	
	
	
	
	
	0.49 ƐNd



Table S2. Neodymium isotopic composition for GEOTRACES intercalibration standard from the Bermuda Atlantic Time-Series Study (BATS) seawater 15m
	　
	Analysis date
	143Nd/144Nd
	εNd
	2SE
	2SD
	Size of sample analysed
	JNdi-1 concentration used

	BATS 15m
	26/06/2019
	0.512173 
	-9.08 
	0.17 
	0.28 
	4 ng
	10 ppb

	
	24/07/2019
	0.512164 
	-9.25 
	0.30 
	0.43 
	2 ng
	5 ppb

	
	
	
	
	
	
	
	

	Reference
	　
	　
	-9.19
	　
	0.57
	　
	　






Figure S1. Comparison of measured GEOTRACES intercalibration standard and referenced value (van de Flierdt et al., 2012).
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Supplementary text 2
1. Data choice of endmember water masses
[bookmark: _Hlk76647408]A water mass mixing model was utilised in this study and the averaged values (together with uncertainty and number of data used) for each endmember is shown in Table 1. The model was separately applied for the intermediate (600-2500 m) and the deep ocean (> 2500 m). For the intermediate ocean, the two endmembers were Antarctic AAIW (a-AAIW) and upper NADW (u-NADW). Indian AAIW (i-AAIW) was not defined as an endmember in the model due to the lack of data and its small distribution region in our study area. There is also a lack of Nd isotope values for a-AAIW in the literature (Tachikawa et al., 2017). However, consider that the formation area (~45 ⁰S) of a-AAIW is very close to our study area, we chose to use the values from this study. The data was selected between 700-1000 m (core of a-AAIW) from station 22 to 7. Averaged [Nd] and ƐNd value of u-NADW was reported by Lambelet et al. (2016). Salinity, temperature, and depth values are averaged from the database. For the deep ocean, the two endmembers were lower NADW (l-NADW) and AABW. The values of l-NADW was calculated with the same method as u-NADW. AABW was defined as the mixture of LCDW and WSDW. Therefore, the data was selected > 3200 m and within 49-70 ⁰S and 20-60 ⁰W. All the data was selected from stations away from the continental margin and any salinity or temperature outliers were excluded. The uncertainty of each parameter was defined as the standard deviation (1 SD). The propagated uncertainty (1 SD) of the conservative mixing is shown as the pink mixing envelope in Fig. 7, together with the conservative mixing curved calculated by the average values.


Table S3. Water mass endmembers of the Pacific Ocean
	Water mass
	Salinity
	1SD
	T (℃)
	1SD
	Depth (m)
	1SD
	n
	Reference

	Pacific-AABW
	34.701
	0.013
	0.36
	0.51
	3773
	720
	21
	Tachikawa et al. (2017)

	NPDW
	34.600
	0.026
	1.85
	0.22
	2957
	571
	27
	

	
	
	
	
	
	
	
	
	

	Water mass
	[Nd] (pmol/kg)
	1SD
	n
	εNd
	1SD
	n
	Reference
	

	Pacific-AABW
	27.1
	4.2
	21
	-7.63
	0.98
	21
	Tachikawa et al. (2017)
	

	NPDW
	35.1
	9.5
	27
	-3.39
	1.07
	27
	
	



Figure S2. REE pattern (normalized to PAAS, Taylor and McLennan, 1985) of stations. REEs data from The GEOTRACES Intermediate Data Product 2017 (Schlitzer et al., 2017) [image: 地图上有字

描述已自动生成]
Figure S3. Profiles of Ce/Ce* ratio of stations on (a) west and (b) east side of the Mid-Atlantic Ridge. Ce/Ce* = 2*CeN/(LaN+PrN) where subscript N denotes all elements are normalized to PAAS (Taylor and McLennan, 1985). Symbols are the same as that in Fig. 3. Blue lines accord to the depth boundaries of four trajectories in Fig. 5. REEs data from The GEOTRACES Intermediate Data Product 2017 (Schlitzer et al., 2017)
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Figure S4. Transmissometer Beam Attenuation data profile of GA10 section. More attenuation indicates more particle mass per unit of seawater. Data from IDP 2017 (Schlitzer et al., 2017).
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