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Introduction:  Since the discovery over 30 years 

ago at Gubbio (Italy) and Caravaca (Spain) of an en-
richment in the concentrations of iridium (Ir) and the 
other platinum group elements (PGE) by up to four 
orders of magnitude (Irmax = 0.10-87 ng/g) compared to 
average continental crustal background levels, PGE 
anomalies have been detected in more than 120 Creta-
ceous-Paleogene (K-Pg) boundary sites worldwide 
[1,2]. Elevated Ir and other siderophile element abun-
dances in roughly chondritic ratios are considered 
strong indicators for the presence of a meteoritic con-
tribution in impact-related lithologies (melt rocks, im-
pact ejecta material, etc.), delivered when an extrater-
restrial object strikes Earth [3,4].  

Possible projectile types? Although chondrite-
normalized PGE patterns of individual K-Pg sites ap-
pear relatively flat (i.e. chondritic), siderophile element 
contents and inter-element ratios vary significantly 
between K-Pg locations, inter-laboratory measure-
ments, and replicate analyses, so far hampering a pre-
cise identification of the projectile using (highly) si-
derophile elements [5,6].   

Chromium isotope ratio measurements of several 
K-Pg boundary clays suggest a meteoritic component 
consistent with a carbonaceous chondritic projectile, 
likely type CM2 [e.g., 7,8]. This interpretation appears 
consistent with the characteristics of a 2.5 mm-
diameter fossil meteorite recovered from K-Pg bound-
ary sediments at Deep Sea Drilling Project Site 576 in 
the western North Pacific [9]. The fossil K-Pg meteor-
ite was classified as a CV, CO, CR or CM carbona-
ceous chondrite based on its geochemical and petro-
graphic characteristics: chondritic element ratios, 4-8% 
metals and sulfides, >200 µm large inclusions of mafic 
minerals that also contain metals, and 30-60% fine-
grained matrix [9].  

Platinum group element ratios: This work adds 
113 unpublished PGE analyses of 38 K-Pg sections 
worldwide to the existing literature. The analytical 
protocol relied on for this purpose consisted of a com-
bination of a nickel-sulfide fire assay pre-concentration 
technique and subsequent trace metal determination 
via inductively coupled plasma – mass spectrometry 

(ICP–MS). Through repeated determination of key 
siderophile elements (e.g., Cr, Co, Ni, and PGE), the 
importance of sampling, nugget effects, and analytical 
methodologies applied becomes more apparent. Even 
more critically, these analytical effects are superim-
posed by the local syn- and post-depositional condi-
tions that have affected the pristine meteoritic signa-
ture of the K-Pg impactor, including potential fraction-
ation during vaporization and condensation, terrestrial 
PGE input, sedimentation rate, reworking, diagenesis, 
bioturbation, and chemical diffusion.  

 
Fig. 1. Linear correlation of the Ru and Ir concentrations in 
the ejecta layer at the K-Pg boundary interval. The projectile 
elemental ratio (1.444 ± 0.045) is calculated from the slope 
of the regression line. Fig. 1B plots the determined Ru/Ir 
ratio against the Ru abundances to illustrate the distribution 
of the individual Ru/Ir ratios around the ratio determined by 
linear regression for the entire set of samples. 

Only when considering improved databases of si-
derophile element concentrations in meteorites [10,11], 
in combination with linear regression analysis to calcu-
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late inter-element ratios from a large suite of ejecta 
deposit sites (Fig. 1) [3,4], the nature of the K-Pg pro-
jectile can be resolved in higher detail (Fig. 2).  

 
Fig. 2. The projectile elemental ratios obtained for the K-Pg 
boundary layer compared to the element ratios in different 
types of chondrites. The ratios for the various chondrites 
used in this plot have been compiled by [10] (uncertainty 
corresponds to 1s). *Only one ratio known. **Metal fraction 
only. 

For projectile identification based on PGE ratios, 
the discrimination between different types of chon-
drites is most effective when combining elements 
characterized by lower condensation temperatures 
(e.g., Rh or Pd) with highly refractory PGE (e.g., Ir) 
[10]. This is a direct result of the fractionation process-
es that took place during chondrite formation. Applica-
tion of this methodology to an extensive data set of 
continental and marine sites, ranging from very proxi-
mal to distal to the Chicxulub impact structure, con-
firms a carbonaceous chondritic impactor (type CM or 
CO).  
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