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Introduction: Compositional differences in the 

platinum group element (PGE) chemistry of chondrites 

and iron meteorites allow identification of projectile 

types based on PGE traces in impact melt samples or 

fallback sediments from large impact craters.  

Cretaceous-Paleogene sediments: The impact 

structure(s) whose impactor led to the PGE abundance 

patterns in European Cretaceous-Paleogene sediments, 

or to the global enrichment of Ir (and PGE) at the Cre-

taceous-Paleogene boundary, has yet to be discovered. 

An extraterrestrial impact component has been evi-

denced by the presence of PGE, a fossil meteorite and a 

carbonaceous chondrite-like (CM2) Cr isotope anomaly 

(ε
54

Cr) at the Cretaceous-Paleogene boundary sedi-

ments by [1-4].  

Chicxulub bolide: The non-chondritic PGE ratios 

in sediments from the Chicxulub crater are evidence 

that the globally distributed iridium (and PGE) layer is 

not preserved in the Chicxulub impact structure, as 

suggested by [5]. The Chicxulub bolide almost surely 

cannot be the origin of the global deposition of near-

chondritic PGE [e.g., 6] at the Cretaceous-Paleogene 

boundary. The Chicxulub impact structure on the Yu-

catán Peninsula in the Gulf of Mexico is most likely 

formed by an iron asteroid. Based on PGE concentra-

tions in sediment samples from the Chicxulub crater 

would imply a meteoritic contribution equivalent to 

~0.1% Mundrabilla-like iron (Figs. 1,2). 

IVB iron meteorites: Near-chondritic PGE pattern 

are also known from IVB iron meteorites. The Pt/Ir 

and Ru/Ir ratios from Ternera [7] are similar to those of 

CI chondrites (Fig. 1). Compared with other iron mete-

orite groups, the IVB group is compositionally unusual 

with high concentrations of Ni (~16–18 wt %) and re-

fractory elements, such as Ir [8].   

Clearwater East crater: Impact melts from Clear-

water East crater (diameter of ~22 km) have the high-

est fraction of an extraterrestrial component of any 

terrestrial impact structure. From previous investiga-

tions (see [9,10 and references therein]) it is concluded 

that the crater was probably formed by a chondrite or a 

member of a still unknown chondrite group. 

However, iron meteoritc normalized PGE, Ni and 

Au pattern of Clearwater East impact melt samples 

would imply a meteoritic contribution equivalent to 

~0.6 to 1.2% IVA Gibeon-like iron (Figs. 3,4) [11].  

Figure 1. CI chondrite normalized element pattern 

from Cretaceous-Paleogene boundary sediments [3], 

Chicxulub crater sediments [5], iron meteorites [7,12, 

13,14], Earth’s upper crust [15,16], and upper mantle 

[17]. The Pt/Ir and Ru/Ir ratios of IVB iron Ternera [7] 

are similar to those of CI chondrites and plot more or 

less on a horizontal line. IVA iron Charlotte and upper 

mantle rocks have similar PGE pattern. CI data for 

normalization were reviewed by [18]. Brenham, Grant, 

Mundrabilla, Charlotte, and Ternera concentrations 

were devided by factors of 3000, 1500, 1000, 700, and 

400, respectively.  

Diagnostic Ir/Rh and Ru/Ir element ratios: 

The Ir/Rh element ratio permit the best discrimination 

between the different chondrite groups due to the large 

difference in the condensation temperature of about 

200 K [19]. The Ru/Rh versus Ir/Rh diagram in figure 

3 illustrates that a combination of these elements does 

permit a discrimination between the different chondrite 

groups and allows the identification of projectiles from 

impact craters except carbonaceous chondrites and the 

IVA iron meteorites La Grange, Yanhuitlan and 

Maria Elena (1935), since these cannot be 

distinguished by Ir/Rh, Ru/Rh and Ru/Ir element 

ratios (see data in [13]). 

Conclusion: Ir/Rh and Ru/Rh ratios in melt 

and sediment samples from impact craters allows the 

differ-entiation of projectile types, except 

carbonaceous chondrites and some IVA iron 

meteorites which have similar Ir/Rh, Ru/Rh, and 

Ru/Ir mass ratios (Fig. 3). Similar to the 

diagnostic Ru/Ir and Ir/Rh ratios, nucleosynthetic 

isotope anomalies could still be used 
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Figure 2. Iron Mundrabilla [12] normalized element 

pattern from Chicxulub crater sediments [5]. Sediment 

samples from the Chicxulub crater would imply a mete-

oritic contribution equivalent to ~0.1% Mundrabilla-

like iron. 

Figure 3. Ruthenium/Rh vs Ir/Rh from carbonaceous 

chondrites (black symbols), non carbonaceous 

chondrites (green), iron meteorites (yellow), primitive 

achondrite Divnoe [12, 13], Earth’s upper mantle [17], 

continental crust [16,20], and Clearwater East melt 

samples (blue and orange dots) [21,22]. The reason for 

the different mass ratios of Ru/Rh and Ir/Rh for the 

IVA iron Gibeon is unclear. 

for more precise identification of projectile types of 

large impact craters [e.g., 23, 24]. About 11 irons were 

identified from Ir/Rh and Ru/Rh ratios in melt and sed-

iment samples as projectiles of large impact craters with 

diameters ranging from 4 to 200 km. Except the 

Morokweng impact structure, South Africa [25,26] all 

of these large craters were formed by iron projectiles. 

Figure 4. Iron IVA Gibeon [12] normalized element 

pattern from Clearwater East melt samples. PGE data 

from [21], Ni and Au data from [27]. Clearwater East 

impact melt samples would imply a meteoritic contribu-

tion equivalent to ~0.6 to 1.2% IVA Gibeon-like iron. 
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