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Introduction

Cratonic lamproites are rare ultrapotassic rocks that are dispersed across several continents and diverse time
periods (0-2000 Ma) and show some of the most geochemically enriched Sr-Nd-Hf isotope compositions
on Earth. Previous research has led to suggestions that cratonic lamproites may arise from the melting of
hydrous veins, such as MARIDs (mica-amphibole-rutile-ilmenite-diopside), in peridotites or phlogopite-
rich peridotites (e.g. Fraser et al. 1985; Foley 1992; Giuliani et al. 2015). In contrast, olivine compositions
indistinguishable from those of kimberlites (Sarkar et al. 2022) and the occurrence of diamonds containing
inclusions of majorite-bearing garnet in some cratonic lamproites (Stachel et al. 2018), suggest that primary
lamproitic (or proto-lamproitic) melts originate in the convecting mantle. This prompts questions about
whether the genesis of cratonic lamproites requires contributions from the sub-lithospheric (convective)
mantle, as previously proposed for some K-rich ultramafic lamprophyres (e.g., Tappe et al., 2008; Dalton
et al. 2019). Here, we present new major, trace element and Sr-Nd-Hf isotopic compositions for 61 fresh
lamproite samples, to complement existing published data for global cratonic lamproites. Sample selection
criteria were based on addressing the paucity of Hf isotope data in literature, while including as many
lamproite provinces as possible. We then re-evaluate the origin of cratonic lamproites on a global scale.
Specifically, we seek to identify specific source components included in lamproite melts as well as the
mantle processes that might have contributed to the observed isotopic variations in these rocks.

Results and discussion

Initial 8’Sr/%8Sr values for the current samples vary significantly across different lamproite provinces
(0.7037 to 0.7092), although #Sr/®Srg;, values show a more restricted range within individual clusters.
Furthermore, the eNd(;) and €Hf; values of the studied samples range from 1.1 to -23.7 and 2.4 to -34,
respectively. The Nd-Hf isotopic compositions of all the examined samples are similar to other cratonic
lamproites worldwide, but are less radiogenic compared to archetypal kimberlites worldwide (e.g.
Woodhead et al. 2019, Giuliani et al. 2021).
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Figure 1: Bulk Sr-Nd-Hf isotope covariation plots for global cratonic lamproites. Larger data points are from this
study. Kimberlites and PREMA — PREvalent Mantle are from Giuliani et al. (2021). OIBs are from Stracke et al.
(2022). Mantle end-member compositions are from Konter et al. (2008) and Stracke et al. (2022): EM | — Enriched
Mantle I, EM Il — Enriched Mantle 11.



Within the global Sr-Nd-Hf data (Fig. 1), three distinct isotopic end-members are identified. The first end-
member (referred as “end-member 17; Fig. 1) consists of lamproites from Wajrakarur, Bunder, Melville,
Arkhangelsk, Ashmore-Seppelt, which have depleted eSr-eNdg)-¢Hfi compositions, overlapping with
OIB and kimberlite compositions and plot at similar to marginally more geochemically-depleted
compositions than the bulk silicate earth (BSE). The second end-member corresponds to the array defined
by the West Kimberley lamproites, which exhibit elevated €Srg values, but a limited range in eNdg and
eHfjy values, referred to as “end-member 2” (Fig. 1). The third isotopic end-member (referred as “end-
member 3”) is represented by lamproites from Leucite Hills, Smokey Butte and Sisimiut, with values that
extend from BSE to more negative eNd)-eHf(;) values at mildly radiogenic Sr. The remaining lamproites
have ‘intermediate’ isotopic composition between these endmembers.

Major and trace element compositions, along with the results from isotope mixing models, indicate that
global cratonic lamproites require contributions from both lithospheric and asthenospheric components. It
is apparent that the heterogeneity in mixing proportions of each component in various regions plays a crucial
role in generating distinct isotopic compositions. Regardless of the local ‘flavour’ imparted due to regional
heterogeneities, a prevailing asthenospheric contribution, akin to typical kimberlites, coupled with an
enriched phlogopite-bearing lithospheric component and/or input from subduction, appears to be important
in the genesis of cratonic lamproites. This reinforces the idea that primary lamproitic (or proto-lamproitic)
melts might originate in the convective mantle rather than being exclusively generated in the lithospheric
mantle (e.g. Sarkar et al. 2022).
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