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Introduction

32

The overall composition of magmatic silicate rocks primary constitutive of the continental and 33 oceanic crusts and of the underlying upper mantle involves some ten, so-called major 34 elements (Si, Al, Na, K, Ca, Mg, Fe, Ti, Mn), whose relative proportions span a relatively narrow 35 range reflecting the rather limited fractionation of these elements during igneous processes.

In contrast with these lithologies formed at high temperatures, some sedimentary rocks offer The results of multiple replicate analyses of Nd separated from the two Fe-rich SRMs are listed 157 in Table S1, together with measurements of the Nd isotope standard JNdi-1. [START_REF] Tanaka | and 14 others[END_REF] The raw measurements of accessory minerals (e.g., [START_REF] Mcfarlane | [END_REF][17] ) and by analyses of bulk LREE fractions 184 separated from matrix elements (e.g., 18 ).The accuracy of our data can be assessed by the good the chemical yield of Nd and its purity with regard to this element. However, the Fig. 1 show 197 that about 80-90% of Nd can be recovered in a fraction containing <15 % of Pr and <1% Ce.

198

Although an overwhelming proportion of the REE were extracted by the DGA column under 199 these conditions, the data of Table S3 show that minor amounts (in the 2-10% range) were the sequential elution of the LREE to be achieved, [23][24][25] as depicted in Fig. 1. The lanthanides 289 heavier than Nd are still retained on the column, and need more and more dilute HCl to be 290 stripped from the DGA resin. This can be made by using 0.7M HCl for Sm, and then 0.05M HCl 291 in order to elute as a group the M-and HREE. Finally, washing the column with a dilute HCl-HF 292 mixture strips the rest of the few elements still present on the column, mainly Th. The 293 comparison of the elution profiles (Fig. 1) obtained for the two studied international SRMs, 294 and an additional BIF sample from the Eastern Indian Craton, even richer in iron (BIF-2, 59.3 295 wt% Fe 2 O 3 ), shows that the position of the elution peaks of the individual LREE is quite stable, 296 thereby demonstrating the robustness of the method in the 20-60 wt% range of total iron as 297 Fe 2 O 3 . It is further noticed that, in all cases, the Nd peak is well resolved from those of Sm and 298 Ce, while the overlap by the tail of the Pr peak can be reduced to < 10% without important 299 loss of Nd. This is a noteworthy achievement for a single column chromatographic separation.

300 Using a single column of DGA resin for separating Nd is not new [23][24][25] 

  37 much more extreme compositions, characterized by the overwhelming proportion of a few 38 elements only. 39 This is the case of two peculiar classes of sedimentary rocks that are highly enriched in iron, 40 namely banded iron ores, formed via selective chemical precipitation of silica and iron 41 hydroxides in the oceans, on the one hand, and laterites, left as residues of severe continental 42 alteration processes, on the other. 43 (i) Banded iron ores, or banded iron formations (BIF), are chemical deposits generally 114 transferred to a steel jacketed, Teflon high pressure vessel for being decomposed with HF at 115 elevated temperature, and the resulting liquid added to the main sample solution. DGA resin is first preconditionned with one column reservoir (ca. 6 ml) of 4M 119 HCl. Then, the centrifuged HF-HCl sample solution, roughly 4M in HCl, is loaded onto the resin, 120 which takes a brown colour and is rather soon saturated in Fe(III), as indicated by the bright 121 yellow colour of the effluent. The REE are extracted at that stage. Following loading, the 122 column is rinsed with 2 x 1 ml of 4M HCl to get rid of the interstitial sample solution. Then, the 123 eluant is switched to nitric acid in order to strip iron while leaving the REE strongly held by the 124 column. The decrease of Fe (III) to a negligible level is verified using an ammonium thiocyanate 125 colorimetric test carried out on a few µl of each successive fraction, until the dark red colour 126 gives way to a very pale pink. Four fractions of 1 ml of 3M HNO 3 are usually sufficient to get 127 rid of iron, but a twice larger volume can be passed through the column without causing any 128 breakthrough of the light lanthanides. Then, the eluant is switched back to the hydrochloric 129 medium to start the sequential elution of the REE. After 1 ml of 3M HCl to effect the acid 130 transition, a pre-Nd fraction containing essentially all La and Ce, and a large part of Pr is eluted 131 with 5 ml of 2M HCl.

158143

  Nd/144 Nd and145 Nd/ 144 Nd ratios were corrected for the isobaric interference of144 Sm on 159144 Nd and also for instrumental mass bias by normalization to146 Nd/ 144 Nd = 0.7219 by using 160 an exponential function. It can be seen that the within-run (or internal) precisions of the 161143 Nd/ 144 Nd ratios measured for the two rock samples (6 × 10 -6 < 2SE < 10 -5 for IF-G ; 4 × 10 -6 < 162 2SE < 7 × 10 -6 for BX-N) do not differ significantly from those achieved for the chemically pure 163 JNdi-1 standard (5 × 10 -6 < 2SE < 10 -5 ), thereby demonstrating the efficiency of our single 164 column separation procedure. Likewise, the uncertainty of the grand mean of the replicate 165 analyses is only marginally larger than those of individual measurements, and not much 166 different from that obtained on the pure Nd standard. The efficiency of the separation 167 protocol and the robustness of the correction for the effect of the 144 Sm interference were 168 further checked by preparing several aliquots of the JNdi-1 isotopic standard spiked with 169 variable amounts of Sm in order to encompass the range of Sm/Nd ratio found in natural 170 samples. Half of these aliquots were processed through the DGA column in order to separate 171 Nd from Sm prior to MC-ICP-MS measurements, while the rest of the Sm-Nd mixtures were 172 analysed without further treatment. The 143 Nd/ 144 Nd were compared with repeat analyses of 173 the Sm-free JNdi-1 solution as reference. The results listed in tableS2and depicted in Fig.S1174 show that, whatever the Sm/Nd ratios of the mixtures, the Sm abundance in the Nd separate 175 is reduced by at least a factor of 10 3 . Also, it can be seen that, within analytical precision, the differ from those measured on the pure JNdi-1 solution (0.512087, 2SD = 7 × 10 -6 , N=6) thereby 178 demonstrating the overall adequacy of the interference correction procedure. Finally, the 179 results obtained on mixed Sm-Nd solutions analysed without any mutual separation show that 180 accurate 143 Nd/ 144 Nd data still can be obtained (0.512091, 2SD = 9 × 10 -6 , N=4). This further 181 demonstrates that the interference correction of 144 Sm during MC-ICP-MS analyses is 182 extremely robust, a feature already well established, both by in situ laser ablation 183

  185agreement of the values of145 Nd/ 144 Nd (constant) measured on the two SRMs and JNdi-1 and, 186 for the radiogenic 143 Nd/ 144 Nd ratios, by a comparison with published values on IFG (Fig.2). As 187 far as we know, there is no Nd isotope data available for BX-N. Overall, these results highlight 188 the good external reproducibility and accuracy of the method, thereby demonstrating its 189 capacity to provide, in a very straightforward way, Nd fractions suitable for MC-ICPsmall difference of their distribution ratios, the short column used in this work does 195 not allow to resolve the elution peaks of Pr and Nd, thus requiring making a trade-off between 196

  200 found in the loading fractions. It is not clear at present whether these determinations are 201 significant or have been biased to spuriously high values due to polyatomic interferences 202 based on the relatively heavy elements Fe and Cl present in large amounts in these fractions. 203 However, the data probably document a real leak of REE during the loading steps. In this case, 204 the lost fraction would reflect the presence of non extractable species, likely fluorides. Further 205 work showed that reducing the amount of HF by a factor of two while leaving the sample 206 weight unchanged (100 mg) allows reducing the early loss of REE to less than 10% bringing a 207 positive consequence on the Nd recovery (i.e. 90 -95 %). 208 Procedural blanks 209 Nd concentrations measured in the three acids used in the sample dissolution and Nd 210 separation step are given in Table 4, along with column and total procedural blanks. It can be 211 concluded that the contamination associated to the method is negligible with respect to the 212 amount of Nd (typically in the 0.2 -15 µg range) processed. point of view, a critical feature of the iron-rich, silicate sediments object of 217 this study is the near absence of alkali earths from their bulk composition. For this reason, a 218 major problem inherent in any dissolution with hydrofluoric acid is avoided, namely the 219 formation of poorly soluble fluorides of Ca and Mg, and more complex species based on these 220 elements.

Fig. 1 :Fig. 2 :
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	143	Results
	144	Two international SRMs, representative of the iron-rich matrices for which the separation
	145	procedure was developed, have been used to demonstrate its applicability, namely, IF-G, an
	146	Archaean (ca. 3.8 Ga) banded iron from Isua (Greenland), and BX-N, a Cretaceous (ca. 100 Ma)
	147	bauxite (Al-rich laterite) from Brignoles (France). Both geostandards were prepared by, and
	148	are available from SARM-CRPG (Nancy, France). Their recommended major element
	149	composition and Nd concentration are given in Table 3, along with abundances measured in
	150	this work. Interestingly, these two SRMs have highly contrasting REE abundances, with Nd
	151	contents differing by two orders of magnitude, viz. 1.7 µg g -1 in the chemical precipitate IF-G
	152	against 163 µg g -1 in the Al-rich laterite (leaching residue) BX-N. This contrast provides a good
	153	means to assess the potential of our separation method on a wide range of Nd/matrix ratios.
	154	
	155	
	137	hours.
	138	
	139	Mass spectrometry
	140	After evaporation to dryness to get rid of HCl, the Nd fraction was dissolved in an appropriate
	141	volume of 0.05M HNO 3 prior to isotope ratios analysis by MC-ICP-MS. The operating
	142	parameters of the Neptune Plus instrument are detailed in Table 2.

Then, a Nd cut suitable for MC-ICP-MS isotope ratio analyses is obtained 132 with 4 ml of 1.25M HCl. If required, Sm can be recovered in a further fraction of 5 ml of 0.70 133 M HCl. Next, the heavier lanthanides (from Eu to Lu) are stripped as a group with one column 134 reservoir ( ~6 ml) of very dilute, 0.05M HCl. Finally, the column is washed with one reservoir of 135 0.1M HCl-0.29M HF followed by one further reservoir of 0.05M HCl. This protocol is outlined 136 in Table

1

and displayed in Figure

1

. The total duration of the separation process is about 5

  but, as far as we are aware, 301 our protocol is the first to load the sample onto the column in hydrochloric acid medium, an 302 approach particularly well suited for high-Fe samples. Moreover, in so far as the samples are 303 sufficiently poor in alkaline earth elements, such as the rocks targeted by this study, the HF-

	320	or lateritic samples, and to isolate in a single step a Nd fraction suitable for isotope ratio
	321	measurements by MC-ICP-MS. The method is extremely rapid, by virtue of two major
	322	features : (i) the solution obtained after sample dissolution with an HF-HCl mixture is directed
	323	to the DGA EXC column for separation without any intervening step, thereby circumventing
	324	the time-consuming evaporation and conversion steps inherent in conventional methods; and
	325	(ii) the separation is performed by using a single, relatively short column allowing fast, gravity
	326	driven flow rates. Besides its obvious interest in terms of analyst labor, the method is very
	327	simple, as it involves only three most common minerals acids and does not require a fume
	328	hood or any sophisticated piece of equipment. In addition, it is believed that it might be
	329	extended rather easily to other radiogenic isotopic systems involving lanthanide elements.
	304	HCl solution resulting from the sample decomposition can be directly loaded onto the column,
	305	without any further treatment. This feature of our protocol alleviates the need for time-
	306	consuming evaporation to dryness of the dissolved sample and repeated treatments of the
	307	residue with nitric acid, thereby making the whole procedure extremely straightforward.
	308	Indeed, following sample weighing and the addition of HCl and HF acids (taking a few minutes
	309	per sample), dissolution is made overnight. After centrifugation of the resulting solution (some
	310	10 minutes), the column separation procedures takes less than 5 hours only. Thus, starting
	311	from the sample powder, 6 to 12 neodymium fractions ready for MC-ICP-MS can be obtained
	312	in less than 24 hours with relatively little analyst time and effort.
	313	
	314	Conclusion
	315	The aim of this work was to develop a new procedure based on the unique properties of the
	316	diglycolamide-based EXC resin (DGA) in hydrochloric acid medium containing large amounts
	317	of ferric ion 7 and evaluate its potential for geochemical applications, specifically, 143 Nd/ 144 Nd
	318	isotope ratio analyses. The resulting protocol enables the analyst to separate in a very
	319	straightforward way the lanthanides from iron-rich silicate materials such as Banded Iron ores

330

Indeed, La and Ce might be recovered ahead of Nd and further purified from each other by 331 using conventional HDEHP or DGA resins, or a combination thereof. Likewise, after 332 evaporation to dryness to remove silicon, the loading + rinse fraction containing Fe (III) and 333 most of the accompanying elements might be used to separate other elements of radiogenic 334 isotope interest by EXC, as described elsewhere.

26 

Finally, it is suggested that the procedure 335 outlined in this paper might deserve further work to evaluate its potential for processing iron-336 rich meteorites (siderites, pallasites).

Table 3

 3 Major and some REE trace element abundances in the standard reference materials investigated during this 465 study (IF-G and BX-N) by ICP-AES and ICP-QMS, respectively

		IF-G (Iron Formation)			BX-N (Bauxite)			
	(Wt.%)	This study	Number	Ref. 8	Number	This study	Number	Ref. 9	Number
	SiO2	40.15 ± 0.05	3	41.20 ± 0.67	81	7.11 ± 0.06	3	7.40 ± 0.46	37
	Al2O3	0.34 ± 0.03	3	0.15 ± 0.09	76	53.38 ± 0.02	3	54.21 ± 1.16	34
	Fe2O3T	54.98 ± 0.17	3	55.85 ± 0.99	79	23.22 ± 0.08	3	23.2 ± 1.0	11
	MgO	2.23 ± 0.02	3	1.89 ± 0.16	84	0.28 ± 0.01	3	0.11 ± 0.08	29
	CaO	1.47 ± 0.03	3	1.55 ± 0.15	83	0.04 ± 0.02	3	0.17 ± 0.14	34
	(ppm)								
	La	2.66 ± 0.86	5	2.8 ± 0.6	24	353 ± 2	5	355 ± 76	12
	Ce	3.9 ± 1.1	5	4.0 ± 0.8	16	544 ± 12	5	520 ± 43	13
	Nd	1.7 ± 0.2	5	1.8 ± 0.2	15	163 ± 2	5	163 ± 31	7
	Sm	0.38 ± 0.01	5	0.4 ± 0.1	19	22.1 ± 0.2	5	22.0 ± 3.4	8
	Yb	0.58 ± 0.01	5	0.6 ± 0.3	22	11.0 ± 0.1	5	11.6 ± 2.1	8
	466								
	467								

Nd/

Nd ratios measured on the separated mixtures (0.512089, 2SD = 5 × 10 -6 , N=5) do not
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