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Abstract
The origin of an array of marble samples found in both the Grenville Province and southwestern 

Sri Lanka remains uncertain, whether magmatic, sedimentary, or mixed, due to their proximity to 
both carbonatite bodies and carbonate-rich metasedimentary rocks. This study reports boron and trace 
element abundances, in addition to carbon, oxygen, boron, and strontium isotopic compositions, to 
determine the petrogenesis of these carbonate-rich samples. Boron abundances for all of the samples are 
relatively high and variable (1.48–71.1 ppm) compared to those for carbonatites worldwide (≤1 ppm), 
and mostly overlap those documented for sedimentary sources (up to 54 ppm). The rare earth element 
(REE) abundances (0.5–1068 ppm) for the marbles studied are similar to those for local sedimentary 
units and thus contain, in general, lower REE contents than both the average worldwide calcio-
carbonatite and respective neighboring carbonatite bodies. The δ13CV-PDB and δ18OV-SMOW compositions 
for all of the samples range between –2.9 to +3.2 ± 0.1‰ and +14.3 to +25.8 ± 0.2‰, respectively, 
and are considerably heavier than those reported for magmatic or metamorphosed carbonatites. The 
87Sr/86Sr ratios reported here range from 0.70417 to 0.70672, which are more radiogenic than the aver-
age 87Sr/86Sr (~0.70345) reported for carbonatites included for comparison in this study. Importantly, 
the boron isotopic compositions (δ11B‰) for samples from the Grenville Province range from +7.5 
to +15.7 ± 0.5‰, which are consistent with those reported for biogenic carbonate (+4.9 to +35.1‰). 
In contrast, δ11B values for the samples of marble from Sri Lanka vary from –9.8 to –14.3 ± 0.5‰ 
overlapping with those estimated for average bulk continental crust (–9.1 ± 2.4‰). Together, the 
boron compositions, chemical data, stable (C, O), and radiogenic Sr isotopic data overwhelmingly 
point to a sedimentary origin for the marble samples examined here. Specifically, the samples from 
the Grenville Province represent marble formed during high-temperature regional metamorphism of 
limestone units. The Sri Lankan samples were formed from carbonate-rich and 11B-poor fluids derived 
from a crustal source. The boron isotopic compositions for the samples studied here are also compared 
to those reported for mantle-derived carbonate (i.e., carbonatites) worldwide, along with their associ-
ated δ13CV-PDB and 87Sr/86Sr values. This comparison results in defining three isotopically distinct fields; 
mantle-derived carbonates, sedimentary carbonates derived from heterogeneous limestone protoliths, 
and carbonates derived from meteoric water interacting with crustal material. This work establishes 
the effective use of boron isotopic compositions in determining the origin of carbonate-rich rocks of 
contentious petrogenesis.
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Introduction
Deciphering the petrogenesis of carbonate-rich rocks in 

crustal regimes, whether igneous (carbonatite), sedimentary 
(limestone), or metamorphic (marble), in some instances can 
be difficult, especially as there are multiple possible modes 
of formation. Because of their similarities in both appearance 
and major-element compositions, several criteria have been 
used to distinguish carbonatites (of igneous affinity) from 
metasedimentary carbonate rocks; these include field relation-
ships (e.g., the occurrence of fenites; Barker 1989), distinctive 
mineral assemblages (e.g., the presence of pyrochlore; Hogarth 

1989; Le Bas et al. 2002), trace and rare earth element (REE) 
concentrations, chondrite-normalized REE patterns (Le Bas 
et al. 2002), and stable isotope compositions (e.g., Gittins et al. 
1970; Deines 1989). These lines of evidence can be combined 
to argue for a sedimentary or igneous origin, but are not without 
exceptions. The debate would benefit from additional geochemi-
cal signatures.

One such example of carbonate-rich rocks with unclear 
origin(s) is found within the Grenville Province in southern 
Ontario and adjacent Québec (Canada), and extending into the 
proximal Adirondack region of New York State (U.S.A.). Com-
monly referred to as marbles (the term adopted here), skarns, 
carbonatites, vein-dikes, or pseudo-carbonatites, these rocks can 
be found scattered throughout the Central Metasedimentary Belt 
(CMB) and its boundary zones (Fig. 1). Previous work on these 
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