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Earth is constantly accreting 

extraterrestrial material. 

Total mass of extraterrestrial objects 

that strike the Earth is called 

meteorite flux.  

This flux is at present around 107 to 

109 kg/year. 

Much of this material comprises dust-

sized objects called micrometeorites.

On occasion, there are catastrophic 

accretion events – cratering.
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Later (Early Archean) Impacts:

• Early record of impact on the Earth is 
limited and circumstantial

• First “real” rock record of impact events 
about 400 to 500 million years after end of 
the LHB

• Distal(?) ejecta layers - spherule layers in 
the ~3.4 Ga Barberton Greenstone Belt, 
South Africa

• Interpreted as the result of large asteroid or 
comet impacts onto the early Earth





The oldest we have…
Earliest Impact Craters Preserved on Earth
• Vredefort structure 2023±4 Ma (close to Johannesburg)

The Vredefort Dome is an ~80 km wide relict of the central 

uplift of a complex crater (D=200-300 km); high-graded late 

Archean-Paleoproterozoic gneisses; variety of impact-related 

features (shatter cones, coesite, stishovite, PDFs, impact melt 

breccias)

Absence of a crater and fallback breccias suggest that intensive 

erosion has taken place (5-10m of post-impact deposits were 

removed); no ejecta have been found yet 

• Sudbury structure 1850±3 Ma (close to Ontario)

Only very recently (2005) impact ejecta layers 650-875 km 

from the impact site have been found

A spherule layer in Greenland which has an age similar to of both of these 

craters (2.1 – 1.9 Ga) was found in 2001 and could represent distal ejecta from 

either of two impacts (new Cr isotope data indicate a meteoritic component & 

thus a link to Vredefort. Also at Karelia (Russia)



Impact Craters on Earth



• Today: The importance of impact 
cratering on terrestrial planets is 
obvious from the abundance of 
craters on their surfaces

• In the 1970s: Only about 50 impact 
craters recognized on Earth; studies 
of impact craters and shock 
metamorphism mostly restricted to 
few mineralogists, petrologists and 
cosmochemists who worked on lunar 
rocks; impact cratering not part of 
any geology curriculum 



Luis and Walter Alvarez at 
Gubbio

Torricella KT section, 
1979





There’s nothing like discovering the smoking gun….



Impact evidence

• interelement ratios of the PGEs in K-T 
boundary clay samples very similar to values 
observed in chondritic meteorites

• osmium- and Cr-isotopic studies of the K-T 
boundary provide further evidence of an 
extraterrestrial component

• later Os and Cr-isotope data indicated a 
carbonaceous chondritic composition of the 
impactor

• K-T boundary locations around the world 
show evidence for global wildfires in the form 
of a charcoal and soot layer that coincides 
with the Ir-rich layer



Distinct Os and Cr isotopic 
composition: 

Evidence for extraterrestrial 
components



Shocked feldspar Shocked quartz



Impact evidence (continued):

• shocked minerals (including shocked quatz and 
shocked zircon)

• impact glass (some fresh, some devitrified)

• impact-derived diamonds

• spinel

(spinel at the K-T boundary can be used as an 
event marker, as it shows an abundance peak 
similar to that observed for the PGEs) 







At terrestrial sections (e.g., Western Interior of 
North America) the K-T boundary consists of 
two layers: 

• lower kaolinitic (melt ejecta) layer (altered 
distal impact ejecta deposit)

• upper smectitic (fireball) layer (with shocked 
minerals, high-nickel magnesioferrite crystals, 
and high amount of iridium) --- originated from 
a cloud of vaporized bolide and entrained target 
material

• at some sites, the lower and upper boundary 
layers were deposited in a coal swamp, 
interbedded with or overlain by coal or impure 
coal





Chicxulub Impact 

Structure, Mexico

ca. 200 km diameter, 65 Ma

is the K-T boundary impact crater:

• Largest crater during 
past several 100 Ma 
(similar crater statistics 
on Venus); two craters 
implausible; need two 
ejecta layers

• High-resolution and 
quantitative planktic 
foraminiferal 
biostratigraphy of ejecta

• Distribution of ejecta led to Chicxulub location

• Geochemistry (isotopic composition) of ejecta 
identical to melt rock composition; ejecta 
mineralogy fits with source region

• Zircon isotopics in ejecta and in melt rocks the 
same





Evidence Correlating Chicxulub with K/Pg Boundary

Schulte et al., Science, 2010

•K/Pg boundary sites show a 
distinct ejecta distribution 
pattern related to distance from 
the Chicxulub crater. 

•1 to >80-m-thick ejecta-rich 
deposits are present in the 
surrounding Central American 
region.

•In the NW Gulf of Mexico region 
the boundary is indicative of 
tsunamis and gravity flows.

•1000-5000 km distances the 
layer is 2 to 10-cm-thick with 
spherules and shocked minerals.

•Distal sections 2 to 5-mm-thick 
clay rich in impact ejecta 
material and iridium. 



IODP EXPEDITION 364
Chicxulub K-Pg Impact Crater  - 2016



IODP EXPEDITION 364
Chicxulub K-Pg Impact Crater

Drill site is located at ~30 km off the coast of the Yucatan 
peninsula (Mexico). 

(Hand, Science, 2016)



Coring completed!

Coring was completed on May 26th to a depth of 1334.69 
meters below sea floor. 

Downhole logging at the borehole (with tools used to 
collect data on resistivity, gamma ray, sonic velocity, 
magnetic susceptibility and temperature, as well as 
acoustic and optical images, VSP logging, etc.) was 
achieved on May 28th. 
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IODP EXPEDITION 364
Chicxulub K-Pg Impact Crater
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The offshore phase of Expedition 364 Chicxulub K-Pg 
Impact Crater is complete!

Summary of IODP Expedition 364 Offshore phase:

o Number of holes: 1

o Number of expedition days: 55

o Total depth drilled: 1334.69 m

o Open hole drilled: 0 – 505.7 m

o Length cored: 828.99 m

o Length recovered: 839.55 m

o Recovery: 100%!

o Number of core bits used: 8

o Number of cores: 303

o Number of sections: 830

o Number of samples: 1075

o Total length of open hole downhole logs: 5.8 km

o Number of visitors and media: 46
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A success (so far)!
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IODP 364 
PR (2016)



Soot effects after the impact (Bardeen et al., PNAS, 2017):

• after the impact: ca. 1 Mio tons soot in the atmosphere

• little or no sunlight reaches the surface for over a year

• photosynthesis is impossible and continents and oceans

• cool by as much as 28 °C and 11 °C, respectively. 

• absorption of light by the soot heats the upper atmosphere by 
hundreds of degrees

• these high temperatures, together with a massive injection

• of water, which is a source of odd-hydrogen radicals, destroy the 
stratospheric ozone layer

• thus Earth’s surface receives high doses of UV radiation for about a 
year once the soot clears, five years after the impact

• temperatures remain above freezing in the oceans, coastal areas, 
and parts of the Tropics

• photosynthesis is severely inhibited for the first 1 y to 2 y

• Freezing temperatures persist at middle latitudes for 3 y to 4 y

• Refugia from these effects would have been very limited



Soot effects after the impact (Bardeen et al., PNAS, 2017)



Summary

•The debate that followed the suggestion by Alvarez et al. 
(1980) finally led over the 1990s and the 2000s to a more 
general realization that impact cratering is an important 
process on the Earth as well, and not only on other planetary 
bodies. 

•For the last few decades, planetary scientists, astronomers, 
and meteoriticists, who work with the products of impact 
cratering, have grown to accept impact cratering as a normal 
geological phenomenon, whereas “another group, the 
paleontologists, is confounded by what appears to be an ad 
hoc theory about a non-existent phenomenon” (Raup, in Glen, 
1994, p. 147).

•The evidence for a large-scale impact event exactly coinciding 
with the K-Pg boundary/mass extinction is overwhelming

•Effects of the impact event were „rather nasty“ for quite some 
time....



Thank you for your attention!


