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Introduction: Based on Cr isotopes, the Cretaceous–Paleogene (K–Pg) impactor has been linked to a CV chon-

dritic composition [1]. However, this chemical signature has not been verified by other isotope systems. In this study, 

we investigate the isotopic composition of Mg and Ca in pristine glass spherules denoting the K–Pg boundary to search 

for complementary signatures that can further constrain the impactor origin. Moreover, we complement these data 

with mass-dependent isotope compositions of Mg, Ca, and Fe to provide additional constraints on the thermodynamic 

conditions of the Chicxulub impact plume. Previous O isotope analyses have been conducted on the spherules to 

determine their petrological origin [2–3]. The spherules are mm-sized glass melt droplets categorized as microtektites 

and microkrystites [4]. Molten impact-produced spherules form in one of two ways: (1) as metal-silicate splash parti-

cles of ejected impact melt, or (2) as condensation products out of an impact plume once the material cools and reaches 

the liquid-vapor coexistence curve [5]. The overall composition of the impact plume is thought to be a mixture of the 

material beneath the point of impact and the projectile, where the target material should dominate the material in the 

impact plume [6]. To evaluate this hypothesis, preserved Ca and Mg nucleosynthetic and radiogenic isotopic signa-

tures inherited from the projectile can be employed to estimate the Chicxulub impactor's contribution to the overall 

composition of the impact plume. Moreover, searching for mass-dependent Mg and Fe isotope signatures may allow 

us to better understand the thermodynamic conditions of the impact plume, given the relatively refractory nature of 

these elements. 

Methods: We analyzed 18 unaltered spherules ranging in mass from 0.4 to 6.7 mg from Gorgonilla Island, Co-

lombia, and determined their isotopic, major element, and rare earth element (REE) compositions. The chemical sep-

aration procedures for isotopic analysis were conducted via the Thermo Scientific Dionex HPIC system, which allows 

for two-step purification of multiple elements with minimal procedural contamination.  

Results & Discussion: The major element compositions of the spherules vary considerably, indicating complex 

liquid-vapor interactions within the impact plume. In general, the REE patterns of the spherules resemble typical 

granitic upper continental crust-derived tektite and microtektite REE patterns. Unfractionated to slightly heavy δ56/54Fe 

isotopic signatures are present in the spherules, recording evaporative signatures and suggesting iron was not fully 

volatilized. In contrast, the spherules display variably light mass-dependent δ25/24Mg variations that increase with 

higher Mg/Fe ratios, consistent with Mg condensation. However, no correlation exists between mass-dependent 

δ25/24Mg and δ56/54Fe isotopic compositions, possibly reflecting varying condensation temperatures and complex be-

haviors of Mg and Fe within the impact plume. Residual and variable mass-independent µ26Mg*, the deviation from 

the terrestrial 26Mg/24Mg ratio corrected for kinetic mass fractionation in parts per million in the spherules suggests a 

CV chondrite component is present in the impact plume. Critically, µ26Mg* values co-vary with δ25/24Mg, suggesting 

kinetic mass fractionation correction is inappropriately accounting for the natural Mg isotope fractionation recorded 

by the spherules. Instead, µ26Mg* variability between the spherules is removed when correcting the data for non-ideal 

Rayleigh-type fractionation, which is similar to the Mg isotope fractionation determined for that of chondrules formed 

as products of the CB chondrite impact [7]. Additionally, the presence of positive µ48Ca nucleosynthetic anomalies in 

the spherules affirms the CV chondritic contribution to the impact plume. There is no resolved mass-dependent Ca 

isotope variation, consistent with the ultra-refractory nature of Ca. Therefore, temperatures in the Chicxulub impact 

plume were extreme enough to evaporate moderately refractory Mg and Fe but too modest to evaporate highly refrac-

tory Ca. Lastly, assuming a CV chondritic composition for the Chicxulub impactor, the combined nucleosynthetic Ca 

and Mg isotope signatures suggest that the impactor contributed approximately 5–20% to the impact plume from 

which the spherules condensed. This estimation is consistent with theoretical composition considerations [6]. 
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