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Key Points: 12 

1. Felsic rocks from the Slave craton, formed from 3.3 Ga to 2.95 Ga, were sourced from an 13 

Archean depleted mantle that formed between 4.1 and 3.5 Ga.  14 
2. These rocks have W-isotope compositions that are higher than the modern mantle, even in rocks 15 

younger than 3.0 Ga, a signature that is difficult to explain by a lack of late accreted material 16 
3. The Slave craton also lacks significant komatiites, so we propose that Archean komatiites are 17 

ancient analogs to modern ocean island basalts that have core-contributed W isotope 18 

compositions, and addition of such core material throughout Earth history lowered the bulk 19 
silicate Earth W isotope composition.  20 

 21 

 22 
Abstract 23 
The evolution of Earth's major geochemical reservoirs over ~4.5 billion years remains a matter of intense 24 
study. Geochemical tools in the form of short-lived radionuclide isotope ratios (142Nd/144Nd and 25 
182W/184W) have expanded our understanding of the geochemical variability in both the modern and 26 
ancient Earth.  Here, we present 142Nd/144Nd and 182W/184W data from a suite of rocks from the Slave 27 

craton that formed over a 1.1 billion-year time span in the Archean. The rocks have constant, and high, 28 
182W/184W, yet 142Nd/144Nd that is lower than bulk mantle and increased in younger rock units. The 29 

declining variability in 142Nd/144Nd with time likely reflects the homogenization of compositional 30 

heterogeneities in the silicate Earth that were initially created by differentiation events that occurred prior 31 
to 4.2 Ga.  The elevated 182W/184W recorded in the Slave samples help refine models for the broader W-32 

isotope evolution of the silicate Earth.  Globally, the Archean mantle that formed continental crust was 33 

dominated by 182W/184W elevated by some 10-15 ppm compared to the value for the modern upper 34 
mantle.  The Slave craton lacks significant volumes of komatiite yet has elevated 182W/184W until 2.9 Ga.  35 

This observation, combined with the presence of other komatiite suites that have low 182W/184W, suggests 36 

that deep-seated sources contributed low 182W/184W in the Archean Earth. The regional variability in 37 
182W/184W may be explained by invoking chemical and/or isotopic exchange between a well-mixed 38 
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silicate Earth and the core or a portion of the lower mantle whose W-isotope composition has been 39 

influenced by interaction with the core. 40 
 41 

 42 

Introduction 43 
Documentation of W-isotope heterogeneity on the ancient (Willbold et al., 2011) and modern (Mundl et 44 

al., 2017) silicate Earth has led to various theories for the geochemical evolution of the silicate portion of 45 

our planet. Models to explain this W-isotope variability include: a) gradual addition of chondritic material 46 
to siderophile-element-depleted mantle after core formation (Willbold et al., 2011); b) very-early metal-47 

silicate differentiation (Touboul et al., 2012); and c) or core-mantle interaction throughout Earth history 48 

(Mundl-Petermeier et al., 2020; Rizo et al., 2019). 49 
 50 

The radiogenic isotope of interest, 182W, was produced by the decay of 182Hf for the first ~60 Ma of Solar 51 
System history. As Hf is lithophile and W moderately siderophile, the Hf/W of planetary reservoirs is 52 
primarily controlled by core formation, whereby the core has a low Hf/W and silicate reservoirs have high 53 

Hf/W. The predicted and observed variations in 182W/184W are small and expressed relative to the 54 
terrestrial W-isotope standard in parts-per-million using the µ182W notation where: 55 
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 58 
Analyses of W-isotope compositions of ancient samples show many Archean (>2.5 Ga) rocks to have 59 

positive µ182W values of +10 to +15  (Archer et al., 2019; Dale et al., 2017; Liu et al., 2018; Mei et al., 60 

2019; Rizo et al., 2019, 2016; Touboul et al., 2014; Tusch et al., 2019; Willbold et al., 2015, 2011) with 61 
some exceptions (Mei et al., 2019; Rizo et al., 2016). A prominent departure in the Archean are 62 
komatiites, displaying a range of µ182W values from negative (~-10 at 3549 Ma Schapenburg, (Puchtel et 63 

al., 2016a)) to zero (at 3500 Ma Komati, South Africa, Touboul et al., 2012) to positive (~+10 to +15 at 64 
2700 Ma Boston Creek and at 2800 Ma Kostomuksha, (Puchtel et al., 2018; Touboul et al., 2012)) values. 65 
Modern basalts show a range in µ182W from 0 to -20 with certain high 3He/4He ocean island basalts 66 

having the most negative µ182W values (Mundl et al., 2017; Mundl-Petermeier et al., 2020; Rizo et al., 67 

2019) documenting significant W-isotope heterogeneity in the modern silicate Earth.  68 
 69 
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Despite the wide spectrum of models, the database for high-precision W measurements is limited. A 70 

variety of ancient rocks have been measured, but many of these are either high-grade Eoarchean 71 
metamorphic rocks, or komatiites and basalts. The crustal history of the former often is difficult to 72 

remove if seeking the mantle signature of their precursor magmas (Liu et al., 2018), and the latter 73 

potentially sample mantle from deeper sources than that of modern MORB. Komatiites, in particular, 74 
show signs of derivation from either deep (Walter, 1998), or hydrated (Sobolev et al., 2016), mantle 75 

reservoirs that may not represent the dominant mantle source to crust formation (Herzberg et al., 2010). 76 

When considering samples from the early Earth, the W-isotope composition of mafic-ultramafic rocks is 77 
further complicated by their low W concentrations that are easily overprinted. Detailed analysis of the 78 

mobility of W in silicate reservoirs has shown that mafic-ultramafic rocks, with low initial W 79 

concentrations, serve as a sink for fluid-mobile W derived from higher W rocks such as nearby granitoids 80 
(Liu et al., 2018).  A more robust approach for evaluating upper mantle W-isotope compositions would be 81 

to analyze the Archean equivalent of basalts derived by melting of the shallow upper mantle, analogous to 82 
modern mid-ocean ridge basalts (MORB).  Yet, no definitive Archean oceanic crust has been identified, 83 
and many Archean basalt provinces appear to have been erupted through pre-existing continental nuclei 84 

(Bédard, 2013), providing potential for crustal contamination of W-isotope compositions. Here we take a 85 
different approach and instead focus on Archean felsic rocks of the tonalite-trondhjemite-granodiorite 86 

(TTG) suite, rocks that were themselves derived by melting of mantle-derived basalts.  These rocks, 87 

therefore, provide an opportunity to evaluate the W-isotopic composition of Archean crustal and mantle 88 
reservoirs. 89 

 90 
The present work focuses on samples of the Slave craton with felsic compositions for three major reasons: 91 
1) Reimink et al. (2019) showed that this specific suite of Slave craton samples show a transition in 92 
142Nd/144Nd and zircon initial 176Hf/177Hf from an early (>3.6 Ga) group suggestive of formation from, or 93 
interaction with, Hadean LREE enriched crust, to a volumetrically dominant and younger (2.9-3.4 Ga) 94 

group with isotopic compositions similar to an Archean incompatible element depleted MORB source, 2) 95 

the rocks span 1.1 Ga in time and hence provide a picture of the isotopic changes occurring throughout 96 

most of the Archean, which may be a global process (Bauer et al., 2020), and 3) rocks of this TTG suite, 97 

although metamorphosed, have higher W concentrations than primary mafic-ultramafic rocks and are 98 

therefore less likely to have had their W-isotope compositions overprinted by fluid ingress during regional 99 
metamorphism.  100 

 101 

Before fully interpreting the W-isotope composition of Slave craton granitoids, the true nature of their 102 
ultimate mantle sources must first be evaluated.  We do this by examination of the initial isotopic 103 
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composition of other radiogenic systems, e.g., Nd and Hf, more commonly used to classify the nature of 104 

the source materials of crustal rocks.  Of particular interest is whether the source of the ancient Slave 105 
crustal rocks bears Nd and Hf isotopic signatures of incompatible element enriched sources, such as 106 

Hadean crust or Hadean LREE-enriched reservoirs produced by early Earth differentiation.  Alternatively, 107 

these rocks may bear isotopic signatures more similar to modern MORB that document sources 108 
characterized by relative depletion in the more incompatible elements. The true timing of the 109 

incompatible element depletion that characterizes the modern mantle as sampled by MORB is not well 110 

resolved and could occur any time in the Hadean or Archean (e.g., Carlson et al., 2019). Extracting this 111 
information from the initial isotopic compositions of whole rocks using long-lived radiogenic isotope 112 

systems, e.g., 87Rb-87Sr, 147Sm-143Nd, and 176Lu-176Hf, is compromised by the potential for incorrect initial 113 

ratio calculations caused by modification of parent/daughter ratios by metamorphism long after rock 114 
formation.  In addition, the time that the protolith acquired its chemical characteristics cannot be 115 

determined without knowledge of the parent/daughter ratio of the protolith, which is rarely known with 116 
any certainty.  To resolve this issue, we turn to the short-lived 146Sm-142Nd isotope system, which is now 117 
extinct but, with a half-life of ~100 Ma, was recording differentiation events via changes in the 118 
142Nd/144Nd ratio until about 4.2 to 4.0 Ga. Because 146Sm became effectively extinct by this time, 119 
metamorphic events subsequent to that time that may have changed the Sm/Nd of the sample but would 120 

not have resulted in the calculation of erroneous initial 142Nd/144Nd.  Consequently, if the Slave craton 121 

granitoid sources were either enriched or depleted in incompatible elements in the Hadean, we would 122 

expect to see negative or positive µ142Nd anomalies, respectively in these rocks.  123 

 124 

New µ142Nd and µ182W data are interpreted in light of previous zircon eHf and whole-rock petrologic 125 

signatures, and these new data are used to evaluate existing models for the W-isotope evolution of 126 

terrestrial geochemical reservoirs. Although the two radiometric systems involve parent and daughter 127 

elements that are chemically distinct, the paired use of µ142Nd and µ182W is a powerful tracer of early 128 

terrestrial chemical evolution.  The two decay schemes have different half-lives and are sensitive to 129 

different chemical fractionation processes; µ142Nd and µ182W can both record crust-mantle differentiation, 130 

but µ182W can track previous silicate-metal segregation.  At a global scale, µ142Nd and µ182W are not 131 

uniformly correlated (Carlson et al., 2019), but regional investigations using the combination of isotopic 132 

signatures may elucidate the early differentiation history of the Earth.   133 

 134 

Materials and Methods 135 

For this work, we studied two sample suites; the first being the Acasta Gneiss Complex (AGC) on the 136 
western margin of the Slave craton. The AGC is well known for having significant exposures of >3.75 Ga 137 
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crust as well as rocks with ages down to 2.95 Ga. AGC rocks tend to be of high metamorphic grade with 138 

significant thermal and fluid overprinting by the Proterozoic Wopmay orogen (Sano et al., 1999), with 139 
potential implications for their W-isotope compositions. In this work we have analyzed two new samples 140 

from the AGC region, JR16-101 and JR16-102, which are ca. 3.4 Ga, high-Al trondhjemites. The second 141 

sample suite comes from the central portion of the Slave craton, called the Central Slave Basement 142 
Complex (CSBC; Fig. 1A), where the Proterozoic overprinting is much less pronounced or non-existent 143 

(Ketchum et al., 2004). The major- and trace-element composition of the analyzed rock suites varies over 144 

a range of parameters including SiO2 (61–75 wt. %), K2O/Na2O (0.2-0.65), Sr/Y (8.9-147), and La/Yb 145 

(20-110), but still match the compositions of typical Archean TTG suite rocks.  146 

 147 

All AGC zircons measured thus far have negative-to-zero initial eHf values (Fig. 1) reflective of the 148 

involvement of incompatible element enriched sources, presumably Hadean crust, in the genesis of these 149 

rocks.  Zircons from the CSBC, however, have positive eHf values, indicating their ultimate source was a 150 

mantle that had experienced previous incompatible element depletion (Reimink et al., 2019). The data 151 
presented in Reimink et al. (2019) were collected via laser ablation split stream methods, where U-Pb and 152 

Hf-isotope data are collected from the same zircon volume, at the University of Alberta following 153 

methods outlined in (Reimink et al., 2016b). Multiple analyses from individual zircon grains were 154 
collected and all 176Hf/177Hf values were corrected to the best age, derived from the multiple U-Pb 155 

analyses from several zircons. Average initial eHf for each sample was reported in Reimink et al. (2019) 156 

with additional details on methods and standard analyses and full uncertainty propagation.  157 
 158 

Here, we present µ142Nd and µ182W data from the above-described samples. Neodymium was separated 159 

from whole rock samples following dissolution via lithium metaborate flux fusion, following the steps 160 

described in Garçon et al. (2018) and Reimink et al. (2018b). Blanks for this method were typically below 161 

100pg of Nd.  Neodymium-isotope measurements were conducted on the Thermo-Fisher Triton mass 162 
spectrometer at the Department of Terrestrial Magnetism using a double Re filament arrangement. Cup 163 
configurations and run routines followed those of Garçon et al. (2018) which allowed for two independent 164 

measurements of 142Nd/144Nd using a multi-dynamic routine. The two 142Nd/144Nd were averaged together 165 

to calculate the final µ142Nd value. Data were fractionation corrected to 146Nd/144Nd = 0.7219 and the 166 

resulting 142Nd/144Nd values were normalized to JNdi 142Nd/144Nd measured in the same sample barrel 167 
(corrected to an assumed 142Nd/144Nd of 1.141840).  When possible, multiple analyses from each sample 168 

dissolution were made, and the results averaged. As show by previous studies (Garçon et al., 2018; Roth 169 

et al., 2014b; Upadhyay et al., 2008), rapid mass fractionation on the filament can bias resulting 170 
142Nd/144Nd values, so analyses were filtered to remove portions of the ionization history with very rapid 171 
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or reverse fractionation. Eight out of 15 sample analyses were filtered in this manner. Long-term 172 

reproducibility on the JNdi standard µ142Nd was +/- 4 ppm.   173 

 174 

Tungsten was separated from bulk rock samples after dissolution following the methods of Peters et al. 175 
(2019). Total analytical blanks measured by isotope dilution on a Nu Plasma MC-ICP-MS were <5.5 ng 176 

for isotope composition measurements and <1 ng for W concentration analyses, which corresponds to <1 177 

% of the total W in the sample and a negligible blank correction. Tungsten isotope measurements were 178 
made in negative ion mode on a Thermo-Fisher Triton mass spectrometer at the University of Maryland 179 

following the methods outlined in Archer et al. (2017). Tungsten was loaded on a single Re filament with 180 

a La and Gd additive as an electron emitter and measured as WO3-. Oxygen was bled into the source 181 
chamber and 186W16O2

18O and 187Re16O2
18O were measured with every run using 1012Ω resistor amplifiers 182 

to monitor oxide fractionation and perform per-integration oxide interference correction. In brief, the use 183 
of Re ribbon as ionizing substrate for W isotopic measurements can produce isobaric oxide interferences 184 
resulting from the simultaneous ionization of WO3

- and ReO3
-. Different species of ReO3

- form 185 

interferences on primary W signals (e.g., 185Re16O2
17O in 186W16O3).  Accurate mass interference 186 

correction using this method is demonstrated by a lack of correlation in W isotopic composition with Re 187 
signal size (see Archer et al. (2017) for a more detailed description of these methods). All ratios were 188 

corrected for instrumental mass bias by normalizing to 186W/183W = 0.92767 or 186W/184W = 1.9859 using 189 
exponential law. Data for the 183W/184W and 182W/184W, are reported in µ notation, which is the ratio 190 
relative to the average standard ratio ratio of the respective analytical session in parts per million (n ≥ 5). 191 

The long-term reproducibility in the µ182W value, based on measurements of the Alfa Aesar 192 

interlaboratory W standard, is ±4.5 ppm.  193 
 194 

 195 
 196 

Results 197 

All rocks analyzed in the present work, whether from the AGC or the CSBC, show no resolvable 198 

difference from zero in their µ142Nd values. Although the mean values vary across the sample set from -199 

2.8 to +3.0, none are resolved from the standard value outside of analytical uncertainty. Importantly, 200 

across a range of ages and compositions these samples maintain a uniform µ142Nd value. These data can 201 

be compared to zircon eHf values from the same samples (Fig. 2) and used to determine the age of mantle 202 

depletion event.  203 

 204 
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All rocks analyzed here also have relatively uniform µ182W values (Table 1). Importantly, these values are 205 

all resolved from the modern upper mantle value and range from +6.8 to +13.4. These values are similar 206 

within uncertainty to the previously published AGC dataset (Reimink et al., 2018b; Willbold et al., 2015), 207 

apart from two samples with lower µ182W values (Willbold et al., 2015). Although the youngest, ca. 3.0 208 

Ga, samples (JR16-512, 519, 406) have slightly lower µ182W values than older CSBC granitoids, they are 209 

not resolved outside of uncertainty, so we cannot differentiate a trend of decreasing µ182W with time.  210 

 211 

TABLE ONE HERE 212 

Table 1: Summary of radiogenic isotope data presented in this work.  213 
 214 

Discussion 215 

Changing source characteristics from eHf and µ142Nd 216 

As discussed previously (Bauer et al., 2017; Reimink et al., 2018a, 2018b) the zircon initial eHf and 217 

whole-rock 142Nd/144Nd data suggest a different source character for the Acasta gneisses compared to the 218 
CSBC rocks.  Until ~3.6 Ga, the Acasta gneiss data suggest the reworking of a Hadean, ca. 4.2 Ga, mafic 219 

crust as primary source of the Eoarchean TTG (Reimink et al., 2018a, 2018b, 2016a).  After 3.6 Ga, 220 

although there is a shift to higher eHf, the eHf of the Acasta rocks imply the continued involvement of 221 

Hadean isotopic signatures, either from Hadean protocrust or Eoarchean felsic crust, in the genesis of the 222 
younger Acasta granitoids.   223 
 224 

By contrast, the CSBC shows zircon initial eHf from zero to positive values along with uniform whole 225 

rock µ142Nd indistinguishable from the modern mantle.  In this respect, the CSBC rocks represent juvenile 226 

crust with isotopic characteristics similar to that which would have characterized an Archean mantle with 227 

the same incompatible element depleted systematics as the modern MORB-source upper mantle. The new 228 

µ142Nd analyses for the CSBC rocks reported here help to resolve the age of time-integrated mantle 229 

depletion that ultimately formed the depleted source to CSBC granitoids. These samples have zircon eHf 230 

values that range from zero to higher than chondritic, indicative of a mantle source with chondritic to 231 

superchondritic Lu/Hf, with the latter being an expected characteristic of an incompatible element 232 
depleted source. However, the Lu-Hf system alone does not allow for precise determination of the timing 233 
of mantle depletion, particularly because these samples are intermediate rocks.  As such, they are likely 234 

more than one melting step removed from their ultimate mantle source, so their measured Lu/Hf ratios 235 
cannot be easily extrapolated back to the ratios in their original mantle source. Intermediate-to-felsic 236 

rocks, particularly Archean TTGs, may have had some form of a crustal pre-history, meaning they could 237 
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have been formed by melting of pre-existing mafic crust with subchondritic Lu/Hf ratios (Fig. 2).  Such a 238 

scenario is the preferred interpretation for the negative zircon eHf of the Acasta samples. Therefore, the 239 

zircon initial eHf values in the CSBC are minimum estimates and their mantle source depletion could 240 

have occurred in the Hadean or as late as 3.5 Ga, depending on source Lu/Hf.  241 
 242 

The µ142Nd data place stricter constraints on the timing of depletion as the 146Sm-142Nd decay system was 243 

effectively extinct by 4.0 Ga. If the positive initial eHf values in the CSBC rocks were due to Hadean 244 

mantle depletion, these samples should have positive µ142Nd values (Fig. 2), but they do not (Figs. 2-3). 245 

Therefore, we conclude that the mantle depletion recorded in the Slave craton must have occurred after 246 

~4.2 Ga, when the parent 146Sm isotope decreased in abundance such that even modern amounts of 247 

fractionation (147Sm/144Nd = 0.214) would result in increases in 142Nd/144Nd of only ~4 ppm.  248 
 249 

For six samples we also measured their whole rock initial e143Nd values. At first these values, ranging 250 

from -8 to +2.5, appear to contradict the initial eHf values from these samples which are dominantly 251 

positive (Fig. 1). However, this discrepancy can be easily reconciled by the nature of these rocks. The 252 
vast majority of these samples occur as poly-metamorphosed gneisses such that their Sm/Nd ratios may 253 
have been disturbed post emplacement. Notably, the CSBC has experienced very little Proterozoic 254 

overprinting so the metamorphism and deformation must be Archean, and likely prior to 2.8 Ga (Bleeker 255 
et al., 1999). Thus, only a small post-magmatic disturbance of the Sm/Nd ratio, either by mineralogical 256 
changes within the rock unit in the presence of fluid phases, or by interaction with bounding rock units, 257 
may serve to perturb the long-lived Sm-Nd decay system away from its primary magmatic evolution. 258 

Because the 146Sm-142Nd system is a short-lived system that was only extant for the first 500 Ma of Earth 259 

history, the measured whole rock µ142Nd values are immune to significant post-4.1 Ga Sm/Nd disturbance 260 

and can only be changed by mixing between isotopically distinct materials. Therefore, we trust the zircon 261 

eHf values as more reliable indicators of initial isotopic composition than initial whole-rock e143Nd values 262 

yet remain confident in the whole-rock µ142Nd values.  263 

 264 
The ultimate source of Slave W-isotope compositions 265 

Previous µ142Nd and µ182W measurements from the AGC have been published (Reimink et al., 2018b; 266 

Roth et al., 2014a; Willbold et al., 2015), with some disparity in interpretations. Roth et al. (2014a) 267 

showed that many rocks from the AGC have negative µ142Nd values, indicating the presence of Hadean 268 

crust as a part of their source. This interpretation fit well with the extant eHf record showing clear 269 

evidence for Hadean crustal recycling in the Eoarchean AGC. Willbold et al. (2015) analyzed a subset of 270 
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the samples used in Roth et al. (2014a) for µ182W values. Based on these data, they suggested a shift from 271 

positive µ182W to near-zero µ182W values around 3.6 Ga. They attributed this shift to the mixing in of a 272 

late veneer that brought Earth's mantle µ182W down to modern value of zero.  However, later analyses 273 

contradicted this conclusion. Reimink et al. (2018b) showed that many 3.6 Ga, and even younger ca. 3.4 274 

Ga AGC samples retained high µ182W values near +12 ppm, containing no evidence for late-accreted W. 275 

Notably, the µ142Nd data from the samples with high µ182W were shown to be near zero and not 276 

correlated. Thus, Reimink et al. (2018b) concluded that the apparent coupling between µ182W and µ142Nd 277 

seen by Willbold et al. (2015) was not apparent in the majority of AGC samples and was unlikely to have 278 

been caused by variable mixing of Eoarchean geochemical reservoirs. Additionally, the presence of 279 

positive µ182W values in rocks younger than 3.4 Ga in the region indicated that the purported late veneer 280 

component was not added into the AGC mantle source near 3.6 Ga. The low µ182W values measured by 281 

Willbold et al. (2015) were instead suggested to be overprinted by Proterozoic metamorphism during the 282 
1.9 Ga Wopmay orogen, which had a dramatic thermal and metamorphic effect on the AGC in certain 283 
samples (Sano et al., 1999). This inference, and the variable overprinting across the AGC, agrees with the 284 

widely variable metamorphic histories within AGC rock units, where some samples retain near-primary 285 
whole-rock isotopic signatures (Reimink et al., 2018b, 2016b) though other, more migmatitic, units 286 

clearly do not (Mojzsis et al., 2014). Such over-printing is consistent with the finding of high levels of W 287 
hosted in grain boundary assemblages or in new metamorphic minerals by Liu et al. (2018).  288 
 289 

In contrast to the AGC, the CSBC is a major (>10,000 km2) terrane of Archean-aged crust (Fig. 1A), and 290 
is exposed in the center of the craton where very little Proterozoic metamorphic overprinting has occurred 291 

(Ketchum et al., 2004). Nevertheless, as the CSBC samples are not pristine magmatic rocks, the effects of 292 
potential W mobility must be assessed. Tungsten behaves similarly to Th and oxidized U during mantle 293 
melting (König et al., 2011), such that the Th-U-W systematics of felsic rocks are often used to detect W 294 

infiltration and overprinting (Liu et al., 2018; Tusch et al., 2019). By comparing W to Th and U 295 

concentrations we show that the W in the CSBC rocks behaves as expected from magmatic systems, with 296 
minimal evidence for W post-emplacement enrichment/overprinting (see below; Fig. 4).  Notably, the low 297 

W content in Slave granitoid gneisses matches with the W concentrations in other TTGs (Fig. 4), a 298 

signature that is distinct from modern slab-fluid derived arc rocks (König et al., 2011).  This is likely due 299 
to the partial melting control during TTG formation, such that W concentrations are not controlled by 300 

fluid release but partial melting.   301 

 302 
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Though Konig et al. (2011) argue that W/Th and W/U are ambiguous during subduction processes, the 303 

conclude that W/U and W/Th are informative in determining melting vs dehydration in subduction zones, 304 
and so are helpful in determining types of subduction processes generating modern arc magmas.  These 305 

ratios, in conjunction with the concentration of Ta, can help elucidate slab melting vs slab dehydration.  306 

This is further reinforced by comparison to Archean TTGs analyzed by Mohan et al. (2008), rocks which 307 
are typically interpreted to be formed by partial melting.  Note that some Archean TTGs have much 308 

higher W/U and W/Th, up to 24 and 7, respectively, that are almost certainly affected by metamorphic 309 

fluids.  The Slave rocks show no signs of such alteration.  Thus, W is clearly not enriched by a fluid 310 
phase, showing a lack of fluid-controlled processes either during formation (e.g., dehydration of a down-311 

going slab) or later metamorphic overprinting. Additionally, the CSBC rocks come from a ~150 km belt 312 

of exposed gneisses that crop out >100 km to the east of the AGC (Fig. 1). Therefore, if the consistent 313 

µ182W values of the AGC and CSBC were due to overprinting by crustal fluids, the same fluids would 314 

have had to have been involved over essentially the whole area of the craton in spite of the demonstrably 315 
different metamorphic histories shown by the AGC and CSBC rocks, where the AGC was affected by 316 

Proterozoic metamorphism while the CSBC was not. Importantly, the zircon eHf values from the CSBC 317 

show no signs of reworked Acasta-aged crust, which would have very low (less than -10) eHf values by 318 

3.0 Ga. Both lines of evidence suggest that the W-isotope compositions of the CSBC are primary and not 319 
inherited by interactions with substantially older crust. 320 

 321 

The paired Hf-Nd data from the AGC and CSBC show that the AGC is dominated by Hadean crustal 322 
signatures, while the CSBC rocks are dominated by an Archean-aged depleted mantle isotopic signature. 323 
The 500 Ma history of the CSBC thus allows tracking of the W-isotopic composition of the depleted 324 
mantle through a large part of the Archean. As can be seen in Fig. 5, the AGC and CSBC rocks have 325 

similarly positive µ182W values over a time period slightly over 1 Ga.  Furthermore, the µ182W values 326 

displayed by both regions of the Slave overlap values reported for TTG rocks from W. Greenland (Rizo et 327 
al., 2016; Tusch et al., 2019; Willbold et al., 2011), and Saglek, Labrador (North Atlantic Craton, Liu et 328 

al., 2016), Nuvvuagittuq (Superior craton, Touboul et al., 2014) and the Pilbara craton (Archer et al., 329 

2019; Rizo et al., 2019) as well as Neoarchean komatiites from Kostomuksha (Karelian craton, Touboul 330 
et al., 2012) and the Superior craton (Puchtel et al., 2018).   331 

 In the Archean, only komatiites from South Africa (Puchtel et al., 2016a; Touboul et al., 2012), 332 

and TTGs from the same region (Mei et al., 2019), along with <3.3 Ga TTGs from the Anshan Craton of 333 

China (Mei et al., 2019) deviate from positive values to lower, and even negative, µ182W.  The CSBC data 334 

presented here define the W-isotope composition of an important Archean source, one with Hf and 335 
142Nd/144Nd isotope systematics similar to that expected for modern depleted mantle projected back to 336 
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Archean, but not Hadean, times. The CSBC results indicate that this depleted mantle reservoir had a 337 

positive µ182W value until at least ~2.95 Ga. The AGC and CSBC W-isotope data reported here do not 338 

show the µ182W ~0 reported by (Willbold et al., 2015) from two samples from the AGC. Therefore, the 339 

AGC samples with zero µ182W reported by (Willbold et al., 2015) are unlikely to represent addition of 340 

late accreted material at 3.6 Ga and may instead have been lowered by Proterozoic overprinting (Reimink 341 

et al., 2018b). Thus, at least some portions of the Archean crust-forming depleted mantle had positive 342 

µ182W until the Mesoarchean. 343 

 344 

 345 
 346 

Implications of Slave craton W-isotope compositions for global W-isotope evolution 347 

Three main hypotheses have been put forth to explain an apparent decline in the average µ182W 348 

throughout Earth history (see Fig. 5). Below, we discuss these three models and how our new Slave 349 

craton data inform our understanding of these possible processes.  350 
 351 

Early silicate differentiation 352 
Very early silicate-silicate differentiation has been proposed as a mechanism to produce coupled 353 

anomalies in µ182W and µ142Nd (Puchtel et al., 2016a; Touboul et al., 2012) because in both isotopic 354 

systems, the daughter element is more incompatible than the parent in most mantle mineral phases. 355 
However, this clearly could not have been a globally significant process, as the majority of Archean 356 

locations have variable µ142Nd yet uniformly positive µ182W (Carlson et al., 2019; Rizo et al., 2019).  The 357 

lack of correlation between µ142Nd and µ182W shows the two systems are unlikely to be tracking a shared 358 

process, at least one that occurred while 182Hf was still extant.  Given the 8.9 Ma half-life of 182Hf, 359 
however, a silicate differentiation event that occurred after ~4.50 Ga would be recorded in 142Nd, but not 360 
182W.   Slave craton rocks also lack a µ142Nd-µ182W correlation (Fig. 6), so we conclude that pre-4.50 Ga 361 

silicate differentiation is not the process that established the Nd-W systematics of the Slave rocks.  362 

 363 

Mixing of late accreted materials into the mantle 364 
The addition and gradual mixing in of ~0.7% by mass of chondritic material to Earth's mantle after core 365 

formation, through late accretion, has been proposed to explain W-isotope variability through Earth 366 

history (Willbold et al., 2011). As chondrites have a very low µ182W value and moderately high W 367 

concentration (-200 µ182W, 180 ppb; Kleine et al., 2004), addition of 0.7% by weight of chondrite relative 368 

to the mass of the silicate Earth would lower the µ182W of the bulk mantle by ~10 ppm (Willbold et al., 369 
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2011). However, if the +13 µ182W value of the Archean mantle were due to a relative deficiency in this 370 

late accreted material compared to the modern mantle, high µ182W should be accompanied by low 371 

abundances of the highly siderophile elements (HSEs) (see Walker, 2016 for a review), which can be 372 

tested by measuring the HSE abundances in rocks formed by primary mantle melting, such as komatiites.   373 
 374 

Komatiites represent high degrees of mantle partial melting. Such high degrees of melting is thought to 375 

make estimation of the abundances of highly siderophile element (HSE) in their sources easier to 376 
estimate. Thus, komatiites are generally thought to provide more accurate estimates of deep-seated 377 

Archean mantle compositions.  Maier et al. (2009) examined the HSE abundances in komatiites through 378 

time in the Archean and suggested that ca. 3.5 Ga komatiites contained roughly 40% the Pt concentrations 379 
of those erupted at 2.7 Ga.  They interpreted this as evidence for the slow mixing into the mantle of a late 380 

accreted chondritic components.  Later studies of komatiite HSE abundances  (e.g., Archer et al., 2019; 381 
Puchtel et al., 2018, 2016a, 2016b; Touboul et al., 2012) did not find an obvious secular trend with time 382 
in komatiite HSE abundances, nor any obvious correlation between HSE abundance and W isotopic 383 

composition. Various models have attempted to reconcile these discrepancies, and include models for 384 
mixing between an upper mantle that had obtained a late veneer with a lower mantle that had remained 385 

isolated (Willbold et al., 2015), as well as invoking uncertainties in mantle source HSE calculations to 386 
explain the apparent mismatch between source HSE abundances and W-isotope compositions (Archer et 387 
al., 2019).   388 

 389 
Although the CSBC rocks analyzed here are felsic rocks whose HSE abundances do not relate directly to 390 

their mantle source, the new Slave data show no secular trend with time in µ182W that would be consistent 391 

with mantle µ182W changing from ~+15 to zero throughout the Archean.  Note that the petrogenesis of 392 

felsic rocks, including the unknown nature of their source rocks along with the consequences of partial 393 

melting, crystal fractionation, and possibly crustal assimilation, make it extremely hard to relate their 394 
HSE composition to that of the primary mantle that ultimately generated these continental crustal 395 

fragments. Thus, we did not endeavor to determine the HSE-W-isotope relationships in this suite of Slave 396 

craton samples.  In addition, of the samples considered for HSE abundances by Maier et al. (2009), later 397 
W-isotope studies of these, or related samples show the opposite W-HSE correlation than expected for a 398 

gradual mixing in of late-accreted components (Archer et al., 2019). Specifically, the southern African 3.5 399 

Ga komatiites having zero to negative µ182W while the 2.7 Ga komatiites, such as those in Kostomuksha 400 

or the Superior Province have positive µ182W, within the range measured here for the Slave TTGs.  401 

 402 
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As an alternative, Willbold et al. (2015) argued for the existence, until at least 2.8 Ga, of a lower mantle 403 

that had not received its full complement of late accreted components. In this model, mixtures of a late 404 
accretion-enriched upper mantle and a lower mantle domain could produce the variability in W-isotope 405 

compositions seen in various komatiite suites. Analyses of felsic samples from several cratons (Mei et al., 406 

2019) showed that rocks older than ~3.6 Ga contain positive µ182W values while rocks younger than 3.6 407 

Ga from the Anshan and Kaapvaal cratons have µ182W values near zero. Similarly to Willbold et al. 408 

(2015), Mei et al. (2019) ascribed this apparent shift in µ182W value at 3.6 Ga to a global mantle mixing 409 

event, perhaps due to the onset of subduction, in the upper mantle. The model invoking mixing in of late-410 

accreted material at 3.6 Ga still requires the preservation of lower mantle domains with positive µ182W 411 

values to produce komatiites with elevated µ182W values post 3.6 Ga. Thus, gradual and regionally 412 

heterogeneous mixing of a late veneer component remains a viable, but complex, model to explain bulk 413 
Earth W-isotope evolution.  414 

 415 

However, the new data presented here conflict with the 3.6 Ga mixing in of late accreted materials to 416 
explain the W-isotope evolution of the Archean Earth. The CSBC felsic rocks originate from a mantle 417 

domain that had been depleted in incompatible elements in the Archean, have µ142Nd equal to the modern 418 

mantle value, yet are characterized by uniformly positive µ182W values. These data conflict with a lower 419 

mantle source for positive µ182W (Mei et al., 2019; Willbold et al., 2015) in two ways. First, the W-420 

isotope compositions demand that the CSBC rocks would have had to derive from a deep mantle source 421 

that had not received its complement of late accreted material. Yet, their compositions are suggestive of 422 
an origin in a convergent margin setting where, in its modern expression, the initial stages of melting 423 

involve only the shallow, depleted mantle (Reimink et al., 2019).  Second, CSBC rocks with positive 424 

µ182W values vary in age over several hundred million years and come from an extensive region.  More 425 

modern examples of deeply sourced volcanism, such as ocean island basalts, are perhaps equivalent to 426 
anomalously hot Archean magmas like komatiites, but on the modern Earth these do not persist for 427 
several hundred million years, nor do they produce TTGs in the abundance seen in the Slave craton.  428 

 429 

Our analyses of the Slave craton granitoids that have µ182W values ~ +10 conflicts with a model of late 430 

accreted material being globally mixed into the mantle system throughout the Archean. Instead, our data, 431 
together with the literature data, show that the Archean mantle maintained a heterogeneous distribution of 432 

µ182W values throughout much of the Archean, with values ranging from approximately +18 to -10 in 433 

komatiite samples (Fig. 5).  The known range in µ182W in the Archean is only slightly smaller than in 434 

modern mantle-derived rocks, though in modern rocks, the range is shifted to substantially lower values, 435 
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from +5 to -20 (Mundl et al., 2017; Mundl-Petermeier et al., 2020, 2019; Rizo et al., 2019). The timing of 436 

late accretion is relatively early in Solar System history (0 to 20 Ma after the last magma ocean, Walker, 437 
2016) and relatively rapid mantle-mixing timescales on the early Earth are demonstrated by the 438 

diminution of 142Nd/144Nd variability by the end of the Archean.  Thus, the small range and positive 439 

values of µ182W in the Slave rocks over their 1 Ga age span suggests that the late accreted material had 440 

already been effectively mixed into the mantle by the beginning of the Archean (Bennett et al., 2002) 441 

such that the earliest-formed rocks had already acquired a late accretion W-isotope signature.   442 
 443 

 444 

 445 
Core-mantle chemical exchange 446 

New models have emerged that provide a compelling mechanism for changing the W-isotope 447 
composition of Earth’s mantle through time. The modern mantle has been shown to have variability in its 448 
W-isotope composition that correlates with primitive, deep-seated mantle reservoirs (Mundl et al., 2017; 449 

Mundl-Petermeier et al., 2020, 2019; Rizo et al., 2019), providing diagnostic evidence that there are 450 

processes currently contributing negative µ182W to the upper mantle and the crust. Low µ182W values in 451 

certain modern ocean island basalts have recently been explained by some form of core-mantle interaction 452 
(Mundl-Petermeier et al., 2020; Rizo et al., 2019). Tungsten isotope data for Proterozoic rocks are not yet 453 

sufficiently abundant to determine if the transition from generally positive to generally negative µ182W 454 

was gradual or occurred over a short time period at the end of the Archean, as might be suggested by data 455 

(Fig. 5), but gradual exchange between core and mantle could explain the general decline in µ182W values 456 

from the Archean to the present (Rizo et al., 2019). 457 
 458 

Because the core has strongly negative µ182W (~-220; Kleine et al., 2004) and high W and HSE 459 

concentrations, small amounts of core material added to the mantle would have a large effect on its W 460 

isotopic composition, for example, 0.4% addition of core metal to the mantle would decrease mantle 461 

µ182W by nearly 14.  Given the high HSE contents of the core, however, even this small amount of core 462 

added to the mantle would result in mantle Pt abundances over a factor of 3 higher than observed.  463 
Models invoking core-mantle exchange (Mundl-Petermeier et al., 2020; Rizo et al., 2019) thus do not 464 
implicate direct mixing of core metal into the mantle, but isotopic exchange between the base of the 465 

mantle and core where the chemical potential keeps the HSE, and most of the W, in the core, but imparts 466 
the W isotopic signature of the core on the affected mantle materials.  The actual mechanics of this 467 
isotopic exchange are poorly understood, but potential mechanisms include either: 1) diffusive isotope 468 

exchange (Mundl-Petermeier et al., 2020; Rizo et al., 2019), or 2) exsolution of W-rich oxides from the 469 
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core into the mantle (Rizo et al., 2019), followed by incorporation of isotopically-equilibrated ultra-low 470 

velocity zone material into the lower mantle (Mundl-Petermeier et al., 2020).   Regardless of the 471 
mechanism, in a core contribution model, komatiites would be analogous to modern plume-derived OIB, 472 

at least in their source W isotopic compositions, with variable but on average more negative µ182W values 473 

relative to the upper mantle and crust (Fig. 5). Gradual addition of deeply sourced components, which had 474 

acquired negative µ182W values, to the upper mantle and crust over time would have lowered the µ182W to 475 

around zero at the present day starting from the positive values seen in many Archean rocks.  476 
 477 

This model of core-mantle W isotopic exchange may more easily explain the regional variability of W 478 

isotopes from Archean cratons, as the incorporation of negative µ182W material into the crust would be 479 

regionally controlled by proximity of the crust production area to the site of the deep mantle plume, and 480 
not necessarily related to upper mantle mixing timescales or late accreted components. This bottom-up 481 

addition of low µ182W material predicts different crust composition distributions through time than a late 482 

accretion model.  If negative µ182W material is sourced from the deep mantle, the upper mantle, which is 483 

the likely source of more crust through time, would be dominated by positive µ182W values early in Earth 484 

history, followed by a period of heterogeneous µ182W distributions when lower mantle material is mixed 485 

into the crust forming regions.  Thus, heterogeneous distributions in µ182W among Archean rock suites 486 

may be a more likely outcome of this scenario, and it can explain the regional variability in µ182W values 487 

within particular rock suites.  Specifically, different komatiite suites are characterized by varying µ182W 488 

values, which are not correlated with HSE abundances (Archer et al., 2019).  Also, felsic rocks from the 489 

Kaapvaal and North China cratons differ in µ182W from Slave craton rocks of the same ages (Mei et al., 490 

2019; this work). While this outcome is expected when using the modern µ182W record as an analogy, 491 

where only certain OIB lavas carry negative µ182W values, the ancient µ182W record is increasingly 492 

difficult to explain by mixing in of late accreted material.  Mixing of late accreted material should be 493 

marked by a correlation between HSE abundances and the W isotopic composition of komatiites, and a 494 
temporal change in the crustal record of W isotopic composition due to progressive mantle stirring.  495 
Neither are observed in the rock record. 496 

 497 

In fact, Archean W-isotope variability produced by upwards addition of negative-to-zero µ182W material, 498 

ultimately sourced from the core, aligns well with the comparative geological record in cratons with 499 

significant amounts of µ182W data.  Specifically, the Slave craton has a conspicuous lack of preserved 500 

komatiites compared to other Archean cratons (Mei et al., 2019).  Although the Slave province contains 501 
abundant supracrustal packages, they are dominated by sedimentary sequences and basaltic flows 502 
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(Isachsen and Bowring, 1994; Padgham and Fyson, 1992), while komatiites and other ultramafic igneous 503 

rocks are exceptionally rare across the craton.  If komatiitic volcanic rocks are the Archean surface 504 
expression of deeply-sourced melts, a lack of exposed komatiites on the surface of the Slave craton could 505 

indicate less deep-mantle contributions to the craton as a whole.  If komatiites had, on average, lower W-506 

isotope compositions through time (perhaps due to core-mantle chemical exchange (Mundl-Petermeier et 507 

al., 2020; Rizo et al., 2019) it could explain the positive µ182W values in the Slave craton until at least 508 

2.85 Ga.  Other Mesoarchean TTGs that have lower µ182W values (Mei et al., 2019) as in the Kaapvaal 509 

and North China cratons are associated with regions that have clear evidence for older komatiitic 510 

eruptions.  The North China craton contains >3.3 Ga Chentaigou mafic-ultramafic supracrustal rocks (Li 511 

and Chen, 2019) that have not been analyzed for their W-isotope compositions. However, the Kaapvaal 512 
craton contains both the 3.55 Ga Komatii (Touboul et al., 2012) and Schapenburg (Puchtel et al., 2016a) 513 

flows, which have µ182W values near zero and ~-10, respectively.  Notably these two komatiite flow 514 

locations are only ~25 km from one another at present.  Though more work from other cratons is clearly 515 

required to flesh out whether komatiites do contain lower µ182W values than the bulk crust at any given 516 

time, perhaps by evaluating the felsic record of locations where komatiite data already exists, the limited 517 

data available at the moment suggests that bulk crustal µ182W evolution and presence of komatiite flows 518 

may both indicate deeply-source mantle sources that contributed low µ182W material to the crust of any 519 

given craton. 520 
 521 

Though the occurrence of positive µ182W values would gradually decline over time in both models, the 522 

core contribution model predicts that each region's W-isotope composition will depend on the amount of 523 

deep mantle input. This is different from a late accretion model, where material deposited on the surface 524 
or shallow mantle via impacts gradually mixes downward into the mantle and only deeply-sourced 525 

magmas retain a positive µ182W. This may not be the case were the entire mass of late accreted material 526 

delivered by a single, large impactor (Bottke et al., 2010), in which case a large impactors core could 527 

penetrate into the deep mantle. However, such direct core-delivery models, where an impactors core is 528 
directly added to Earth’s mantle, would likely produce other geochemical signatures such as elevated 529 

HSE contents, signatures that are not observed in the modern mantle despite significant W-isotope 530 

heterogeneity (Mundl et al., 2017; Mundl-Petermeier et al., 2020).  Alternatively, in the core-contribution 531 
model, the case of the Slave craton would represent a region that did not have any input from deeper, 532 

core-equilibrated mantle (also indicated by the lack of komatiites); the Kaapvaal, where komatiites are 533 

relatively abundant, and the North China cratons would represent regions that incorporated larger 534 
proportions of core-equilibrated material by ca. 3.3 Ga. The South African Schapenburg komatiites have 535 
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very low µ182W values (Puchtel et al., 2016a) which also appears in S. African diamictites (Mundl et al., 536 

2018), indicating a large reservoir of negative µ182W crust in that region. This South African region could 537 

represent a crustal section that contained an unusually large component of deeply sourced mantle that had 538 

obtained a significant fraction of core-equilibrated W, driving the µ182W values down to ca. -10.  539 

 540 

Ultimately, there may be multiple processes controlling the W-isotope composition of the Earth 541 
throughout its history.  Late accreted material, or lack thereof, almost certainly impacted the chemical 542 

composition of early-formed terrains (Fischer-Gödde et al., 2020) while core interactions are thought to 543 

be controlling the modern distribution of W-isotope heterogeneity (Mundl-Petermeier et al., 2020; Rizo et 544 
al., 2019). Regardless of the ultimate source of W-isotope variability throughout the planet's history, our 545 

µ182W data from the Slave craton shows that high µ182W values persisted in one of the largest tracts of 546 

Mesoarchean basement exposed on Earth, until at least ~2.9 Ga, in line with other komatiite constraints 547 

that extend these positive values down to 2.7 Ga. Additionally, our data show that the µ182W 548 

compositions of various cratons differ; the Slave crust is dominated by elevated µ182W values along with 549 

the oldest parts of the Superior (Touboul et al., 2014), and North Atlantic cratons (Tusch et al., 2019), 550 

while the Kaapvaal craton and Mesoarchean portions of the North China cratons have near-zero µ182W 551 

compositions (Mei et al., 2019).  552 

 553 
Conclusions 554 

We present µ182W and µ142Nd data from a suite of rocks found in the Slave craton. The µ142Nd values 555 

from the post-3.6 Ga Slave craton are uniformly near zero and, when paired with previously published 556 

zircon eHf data, show that rocks in the Central Slave craton were derived from an Archean incompatible 557 

element depleted mantle with Nd and Hf isotopic characteristics similar to those expected for the ancient 558 

equivalent of the modern depleted mantle in contrast to the TTG of the Acasta region that show strong 559 

influence of Hadean incompatible element enriched materials. No correlation between µ182W and µ142Nd 560 

exists within our dataset, yet the majority of the >2.85 Ga Slave craton rocks have positive µ182W values 561 

as do the crustal rocks from a number of other Archean terranes ranging in age from 4.28 Ga through 2.7 562 

Ga.  The results suggest the presence of a long-lived, and widely distributed, upper mantle reservoir 563 

characterized by higher µ182W than the present mantle.  These same rocks display a range in 142Nd/144Nd 564 

indicating that the Nd and W systems likely track different processes, perhaps acting over different 565 
timescales; Nd is tracking mantle-crust differentiation that occurred after the extinction of 182Hf, while W 566 

tracks either the late addition of chondritic material to Earth or exchange between mantle and core.  The 567 

rapid diminution of µ142Nd variability in the Archean yet the persistence of nearly the same range in 568 
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µ182W variability throughout Earth history is difficult to reconcile with inefficient mixing of late accreted 569 

material into the mantle through the Archean, as an inefficiently mixed mantle would likely preserve 570 

early-formed µ142Nd variability.  The persistence of µ182W variability may more easily be explained by 571 

isolation of reservoirs within the Earth’s interior, the most obvious example of which is the core.  Direct 572 
core-mantle mixing is, however, ruled out by the limited range in mantle HSE abundances though time, at 573 

least in comparison to the range in W isotopic variation.  The observation that some particularly high 574 

temperature komatiites in the Archean, and modern OIB with high 3He/4He, show zero to negative µ182W 575 

values could be explained if these magmas derive from sources originating in the deep mantle, within the 576 

region where core-mantle exchange is occurring, or where such material is advected to other parts of the 577 

mantle.  The similar range in µ182W in both Archean and modern rocks is then suggestive that exchange 578 

between lowermost and upper mantle was occurring at roughly similar rates in the Archean as today, 579 
leading to regional heterogeneities in the isotopic composition of the sources of crustal rocks.  The on-580 

average lower µ182W of modern mantle-derived rocks is consistent with the gradual incorporation of this 581 

very small fraction of core-equilibrated component throughout the mantle over Earth history. 582 
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Figure captions: 599 
 600 
Figure 1: A: General map of the Slave craton with stars showing sample localities. B: eHf from 601 
the AGC sample set. Orange squares are samples from the Central Slave Basement Complex and 602 
blue diamonds are from the Acasta area (Amelin et al., 1999; Bauer et al., 2017; Guitreau et al., 603 
2014; Iizuka et al., 2009; Reimink et al., 2016b); Hf-isotope values for Central Slave Basement 604 
Complex samples are from (Reimink et al., 2019).  Colored symbols are samples that have been 605 
analyzed for µ142Nd and µ182W in the present work and �Hf uncertainties are fully propagated 606 
to account for Lu/Hf, Hf-isotopic, and U-Pb age uncertainties. Grey band shows the evolution of 607 
4.2-4.25 Ga mafic crust, bounded by 176Lu/177Hf of 0.022 and 0.015, typical of mafic crust.   608 
 609 
Figure 2: Correlated zircon eHf and whole-rock µ142Nd values from the samples examined here. 610 
Grey diamonds are previously published Acasta Gneiss Complex samples (Guitreau et al., 2014; 611 
Reimink et al., 2018b, 2019; Roth et al., 2014a). Orange squares are samples from the Central 612 
Slave Basement Complex and blue diamonds are from the Acasta area; Hf-isotope values for 613 
these samples are from (Reimink et al., 2019). The arrows show the expected evolution for eHf 614 
and µ142Nd values for various reservoirs. The horizontal grey band shows the typical uncertainty 615 
of µ142Nd analyses based on long-term reproducibility at the 95% confidence level. Note that the 616 
arrows showing the evolution of the Hadean reservoirs are schematic as the actual correlation 617 
between µ142Nd and eHf would depend on the age and degree of parent/daughter fractionation. 618 
 619 
Figure 3. Global compilation of µ142Nd values shown in grey circles (references in supplements). 620 
Orange squares are samples from the Central Slave Basement Gneiss Complex and blue 621 
diamonds are from the Acasta area. The grey box on the right shows the modern distribution of 622 
µ142Nd values from modern basalts (Horan et al., 2018; Peters et al., 2018). Note that AGC mafic 623 
rocks have no firm age constraints and are plotted near ~3.75 Ga as they are associated with 624 
~3.75 Ga tonalites (Reimink et al., 2018a) 625 
 626 
Figure 4. Concentrations and ratios of U, Th, and W in Slave rocks.  Element ratios selected 627 
follow  (König et al., 2011). With the exception of the Acasta samples analyzed by (Willbold et 628 
al., 2015) the elemental systematics show that W is not enriched in the Slave samples relative to 629 
Th and U. In fact, the Slave samples have similar W-Th-U systematics as a compilation of data 630 
from other TTG samples (Mohan et al., 2008), with relatively low W concentrations indicative of 631 
a partial melting control, as opposed to fluid mobility (König et al., 2011). This, combined with 632 
the large geographical distribution of the CSBC rocks, isolated from the Acasta region, as well as 633 
the higher primary W concentrations in felsic rocks, shows that it is unlikely that the W-isotopic 634 
compositions of these TTGs were massively overprinted. All samples analyzed have µ182W values 635 
within analytical uncertainty of one another, so there is no correlation between any of the 636 
parameters plotted here and W-isotopic composition.  637 
 638 
Figure 5: Global compilation of µ182W values shown in grey circles (references in supplements). 639 
Orange squares are samples from the Central Slave Basement Gneiss Complex and blue 640 
diamonds are from the Acasta area. Transparent green diamonds are samples where ages have 641 
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not been reliably determined using U-Pb zircon methods. Note that all negative µ182W values 642 
from the Archean, including diamictite analyses, come from South Africa and may be a locally 643 
derived signal (Mundl et al., 2018). Inset shows the same plot with only felsic rocks and 644 
diamictites.  645 
 646 
Figure 6: Paired µ182W and µ142Nd values from the Slave craton. Orange squares are samples 647 
from the Central Slave Basement Gneiss Complex (this work) and green diamonds are from the 648 
Acasta area (Reimink et al., 2018b; Roth et al., 2014a; Willbold et al., 2015). Transparent green 649 
diamonds are samples where ages have not been reliably determined using U-Pb zircon 650 
methods.  651 
 652 
  653 
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