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ABSTRACT - It is not so frequent that in a scientific investigation using a deductive approach, an unforeseen result leads to a new hypothesis, 
which grows stronger through the same deductive approach of investigation, and eventually becomes a theory leading to a paradigm shift. 
The theory that a catastrophic impact of an extraterrestrial object, a comet or an asteroid, on the Earth caused a global mass extinction at 
the end of the Cretaceous Period strongly challenged the Lyellian paradigm of gradualism/uniformitarianism. In the 1980s, a nonconformist 
theory sprouted from the serendipitous discovery of an iridium anomaly in an inconspicuous clay layer marking the Cretaceous-Palaeogene 
boundary in the pelagic succession of Gubbio and opened the way to forty years of heated debates and thousands of scientific publications 
in the most disparate fields of Earth and planetary sciences. With this paper, our intention is to recount the scientific background, which led 
to the formulation of this theory.

RIASSUNTO - [La fortuita scoperta dell’anomalia dell’iridio al limite Cretaceo-Paleogene presso Gubbio e l’origine di una teoria 
paradigmatica] - Non è frequente che in un’indagine scientifica, condotta con approccio deduttivo, un risultato imprevisto conduca alla 
formulazione di una nuova ipotesi che si rafforza attraverso lo stesso approccio deduttivo dell’indagine originaria fino a divenire una solida 
teoria in grado di generare un cambio di paradigma. La teoria secondo la quale l’impatto catastrofico di un oggetto extraterrestre - una 
cometa o un asteroide - sulla Terra abbia causato un’estinzione di massa globale alla fine del periodo Cretaceo ha fortemente sfidato il 
paradigma Lyelliano del gradualismo/uniformitarismo. Negli anni ‘80, questa teoria anticonformista scaturì dalla scoperta fortuita di 
un’anomalia dell’iridio in un sottile strato di argilla che segnava il confine tra Cretaceo e Paleogene nella successione pelagica di Gubbio. 
La scoperta aprì la strada a quattro decenni di accesi dibattiti e migliaia di pubblicazioni scientifiche nei più disparati settori delle scienze 
della Terra e planetarie. Con questo articolo intendiamo raccontare il background scientifico che portò alla formulazione di questa teoria.

INTRODUCTION

The theory that the impact on the Earth of a large 
extraterrestrial object, probably a C-chondritic asteroid, 
caused a global mass extinction at the end of the 
Cretaceous Period, is today accepted by a vast majority 
of the scientific community (e.g., Schulte et al., 2010, 
and references therein). Nevertheless a small minority 
of scientists supports the hypothesis that the extinction 
was gradual and caused by a climate change triggered 
by an intense eruptive activity in the igneous province 
of the Deccan Traps (west-central India), which initiated 
several hundreds of thousand years before the impact, and 
apparently increased during the Cretaceous-Palaeogene 
(K/Pg) boundary time interval (e.g., Burgess, 2019, and 
references therein).

The impact theory sprouted from an article by Alvarez 
et al. (1980), which appeared in Science magazine, bluntly 
titled “Extraterrestrial Cause for the Cretaceous-Tertiary 
Extinction”. It is a 14-pages paper including two tables of 
data and 13 figures, mostly graphs illustrating the results 
of neutron activation analyses (NAA) of trace elements 
in marine carbonate rocks, so a rather long technical 
paper for a standard Science magazine’s article. Seen 
in retrospect, this paper is a masterpiece of scientific 
communication for its clarity and simplicity of expression, 
and a great example of deductive scientific method. In a 

very few words, Alvarez and co-workers communicated 
the discovery of an anomalously high concentration of 
the platinum group element iridium in the thin clay layer 
that marks the K/Pg boundary in the pelagic limestone 
section of the Bottaccione Gorge, near Gubbio, as well as 
in other sections around the Umbria-Marche Apennines 
of central Italy, and in the type locality for the Danian 
Stage at Stevns Klint in Denmark. Being an extremely 
rare element in crustal rocks (concentrations in the order 
of 0.02 ppb [parts per billion] or less), and four orders of 
magnitude more abundant in stony meteorites, which are 
made up of undifferentiated solar matter, this Ir anomaly 
was interpreted by Alvarez and co-workers as the signature 
of an en masse accretion of undifferentiated solar matter 
on the surface of the Earth following the impact of a large 
extraterrestrial object, probably a chondritic asteroid. 
Iridium abundances in Italian and Danish sections as 
compared to chondritic meteorites lead Alvarez and co-
workers to estimate the diameter of the impactor to be 
in the order of 10 km. Assuming a velocity of 30 km/sec 
(pretty much an average velocity for objects travelling in 
the inner Solar System), the total energy released by the 
impact would have been equivalent to that of 100 million 
tons of TNT. With these order-of-magnitude estimates, 
Alvarez et al. (1980) predicted that the crater left on the 
surface of the Earth would have had a diameter in the order 
of 200 km. This prediction was fulfilled eleven years later 
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with the discovery of the 180-km-diameter Chicxulub 
crater buried under the northwestern tip of the Yucatán 
Peninsula in Mexico (Hildebrand et al., 1991).

After deducing the size of the bolide, the potential 
energy of the impact explosion, and ultimately the 
predictable size of the crater, Alvarez and co-workers 
went on with their dissertation by causally linking the 
impact event to the terminal Cretaceous mass extinction, 
thus postulating their hypothesis that the mass extinction 
observed in the stratigraphic record at the K/Pg boundary 
was caused by the hypothesised giant impact event. Today 
this is referred to as the Alvarez Hypothesis.

After having estimated the mass of target rock 
material, whether vaporised, molten, or pulverised, 
ejected from the crater into the stratosphere, Alvarez 
and co-workers proceeded with an inductive approach to 
propose a mechanism for the mass extinction. They did 
that by scaling from the famous 1883 Krakatoa volcanic 
eruption(s) in Indonesia, which released a total energy 
equivalent to 200 megatons of TNT (i.e., six orders of 
magnitude less or a million-fold smaller than the K/Pg 
impact explosion), and which produced an ejecta cloud 
that altered the transparency of the atmosphere at a global 
scale causing a drop in temperatures for weeks to come. 
Alvarez and co-workers came up with the scenario that the 
whole planet would have been enveloped by the impact 
ejecta blocking almost completely sunlight for several 
years. Not only this would have driven temperatures 
below freezing even at tropical latitudes, but also it would 
have suppressed photosynthesis with the consequence of 
cutting off the food chains at their origin by eliminating 
plants in terrestrial environments and phytoplankton in 
the marine realm.

PARADIGM SHIFT

After its publication, the Alvarez Hypothesis was 
welcome by an ever-increasing number of Earth scientists 
as an attractive chance for testing the impact hypothesis 
following a deductive approach in the most disparate 
physical science disciplines such as geochemistry, 
mineralogy, petrography, sedimentology, geophysics, 
geochronology, as well as physical oceanography, 
palaeoclimatology, and planetology. On the other hand, 
the impact hypothesis was received with cold criticism 
by most palaeontologists, who had some reluctance 
in accepting a hypothesis that brazenly challenged the 
Lyellian paradigm of gradualism/uniformitarianism, 
seemingly bringing back a by-now lapsed catastrophic 
vision of the evolution of life on this planet. This lead to 
heated debates and controversies in the world’s scientific 
community, still continuing these days despite the 
mounting evidences indicating that the mass extinction at 
the end of the Cretaceous Period coincided exactly with 
the giant, catastrophic impact of an asteroid in Yucatán.

It is because of the thousands of scientific papers 
dealing with every aspect of the K/Pg boundary event 
published since Alvarez et al. (1980) that the impact 
hypothesis gained the rank of theory, which today, in the 
realm of Earth sciences, can be regarded as one of the two 
most significant discontinuities in scientific thinking of 
the 20th century, along with the theory of plate tectonics. 

One thing these theories have in common is the fact that 
they have caused paradigm shifts: plate tectonics with the 
passage from a “fixist” (or “verticalist”) to a “mobilist” 
(or “horizontalist”) vision of global tectonics, and the 
impact theory with the passage from an uniformitarian 
and gradualistic vision of the evolution of life to the vision 
of a single catastrophic, non uniformitarian event that 
caused an instantaneous mass extinction at a global scale, 
therefore an interruption of a gradualistic evolution of life. 
However, while the idea of spreading ocean floors and 
continental drift came from an intuition of Alfred Wegener 
in 1912, and became an universally accepted theory 
fifty years later with the advent of modern geophysical 
investigation techniques such as rock palaeomagnetism, 
seismic imaging of plate margins, and magnetic and 
bathymetric ocean floor surveying, the impact hypothesis, 
as postulated by Alvarez and co-workers in 1980, had all 
the prerequisites to effectively be considered a testable 
theory inevitably leading to a paradigm shift, inasmuch 
it spelled out with precision and clarity the evidence for a 
giant meteorite impact through a deductive approach, and 
proposed the mechanisms that lead to the consequential 
global mass extinction in a more inductive way.

BACKGROUND OF A RESEARCH

Of the five big mass extinctions, which punctuated 
the evolution of life on this planet, 1) at the end of the 
Ordovician; 2) in the Late Devonian; 3) at the Permian-
Triassic boundary; 4) in the Late Triassic; and 5) at the 
Cretaceous-Palaeogene boundary, the latter has always 
ben by far the most popular one. This may be because 
despite it was not the most severe of the five in terms 
of percentage of species getting extinct, it involved the 
sudden and definitive disappearance of iconic animals 
such as the dinosaurs and the ammonoids. It is curious 
the fact that none of the authors in Alvarez et al. (1980) 
is a biologist, an ecologist, or a palaeontologist with, one 
would think, some scholarly background to rightfully 
say something about an important biotic event such as 
the mass extinction at the end of the Cretaceous Period. 
Louis Alvarez (first author) is a physicist, his son Walter 
(second author) an eclectic field geologist, and Frank 
Asaro and Helen Michel are both nuclear chemists, and 
their impact hypothesis soon to become a theory and 
destined to causing a paradigm shift, was solely based 
on the detection of a few parts per billion of iridium in 
a 1-cm-thick clay-rich layer marking the K/Pg boundary 
exposed near Gubbio. So the question many people may 
ask is for what reason the Alvarez team engaged in a quest 
for iridium in a suite of samples across the K/Pg boundary 
near Gubbio? The answer to this question is eminently 
worded by Walter Alvarez in his bestseller titled “T. rex 
and the crater of doom” (Alvarez, 1997). In fact, it was 
Walter Alvarez who in 1976 brought back to Berkeley a 
suite of samples from that K/Pg boundary section, along 
with a hand sample comprising the actual K/Pg boundary 
clay sandwiched between the last white limestone layer 
of the Cretaceous and the first pink limestone of the 
Palaeogene.

Along with these samples, Walter brought back an 
intriguing question in mind, like a mental worm to which 
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until then no one could give a satisfactory answer. How 
much time would that 1-cm-thick clay layer represent? 
The question was justified by the fact that at the time the 
causes for the apparently abrupt change in the fossil record 
across the K/Pg boundary were not known for sure, nor it 
was sure whether the extinctions of terrestrial organisms 
were synchronous with those of marine organisms. The 
drastic change observed in the fossil record, which in fact 
was used to define the K/Pg boundary, used to be attributed 
to a variety of imaginative causes (climatic changes 
leading to gradual or rapid changes in oceanographic 
and atmospheric conditions, the explosion of a nearby 
supernova, a complex interplay of coincidental factors; see 
Alvarez et al., 1980, and references therein), but none ever 
reached a consensus mainly because these hypothetical 
causes were not testable by physical, quantitative means. 
In any case, stratigraphers and palaeontologists alike 
tended to attribute the evident change of fossils across 
the K/Pg boundary not much to a catastrophic event that 
would have caused a mass extinction but rather to an 
interval of time not represented by sediments, in other 
words a hiatus or a stratigraphic gap, which would have 
concealed to the sight those transitional fossil forms (i.e., 

the “missing link”), in a gradualistic evolutionary vision 
of the fossil record.

In the mid of the last century, it was already known 
that the pelagic limestone sequence of the Scaglia Rossa 
Formation in the Umbria-Marche Apennines represented 
a rare case of a complete stratigraphic record across the 
Upper Cretaceous and lower Palaeogene as represented 
by an evolutionary succession of planktonic foraminiferal 
biozones (Renz, 1936). Luterbacher & Premoli Silva 
(1962, 1964), defined, for the first time, a detailed 
planktonic foraminiferal biozonation of the K/Pg interval 
in some 21 sections of Scaglia Rossa determining, in 
a dozen of them, that the lowermost biozone of the 
Palaeogene was characterised by a dwarf globigerinid, 
a new species named by them Globigerina eugubina 
Luterbacher & Premoli Silva, 1964. In all the other studied 
sections the G. eugubina Zone was missing indicating a 
stratigraphical incompleteness, thus a hiatus. The most 
representative section was that of the Bottaccione Gorge 
near the ancient city of Eugubium, todays Gubbio, 
from which the name of the new species was derived. 
In this section (Fig. 1), the foraminiferal record clearly 
showed the drastic contrast between a well-diversified 
association of relatively large Cretaceous foraminifers 
mostly represented by globotruncanids, heterohelicids, 
and rugoglobigerinids with sizes in the range of hundreds 
of microns, and an oligospecific association of dwarf 
“globigerinids” with sizes in the range of less than 100 
microns in the lowermost layers of the Palaeogene (see 
Fig. 1 in Luterbacher & Premoli Silva, 1964).

The dramatic contrast between the microfossil forms 
across the 1-cm-thick boundary clay layer (Fig. 2) was 
difficult to explain with a hiatus that would entail a 
long period of time. The K/Pg boundary, as shown in 
Fig. 2, with its thin clay layer marker, was recognised 
in nine sections throughout the Scaglia Rossa basin by 
Luterbacher & Premoli Silva (1964), and therefore it 
seemed improbable that the gap was due to the removal 
of sediment by seafloor erosion or slumping. On the 
other hand, the scarce geochronologic accuracy of the 

Fig. 1 - Panoramic view of the K/Pg boundary in the Bottaccione 
section at Gubbio (original photograph taken by  A.M. in 1980). The 
arrow indicates the 1-cm-thick clay layer that marks the boundary. 
The stone wall above the outcrop is the medieval aqueduct, which 
runs along the left side of the Bottaccione gorge all the way to 
Gubbio. Scale bar: 1 m.

Fig. 2 - Close-up photograph of the K/Pg boundary from the 
Contessa highway section (original photograph taken by A.M. in the 
early 1980s). The diameter of the 50 Lira coin used for scale is about 
2.5 cm. The thin section microphotographs on the right of the image 
show the drastic faunal change occurring between the uppermost 
white limestone of the Cretaceous and the overlying lowermost 
pink limestone of the Palaeogene. Scale bar on the right: 0.1 mm.
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geologic time scale based on biostratigraphy in the 1960s 
would not permit to resolve geologic time better than one 
million years. So the apparent simultaneous extinction of 
all Cretaceous planktonic foraminiferal species exactly at 
the boundary clay layer remained an unresolved puzzle. 
In retrospect, the puzzle was a matter of time resolution 
in a stratigraphic succession. The geochronologic time 
scale was calibrated with a few, stratigraphically distant 
radioisotopic dates, which would not permit to assign 
precise numerical ages to biostratigraphic zones by simple 
interpolation, and consequently to determine the time 
covered by small stratigraphic intervals. Aware of this, 
Isabella Premoli Silva (a foram micropalaeontologist) 
joined forces with Alfred Fischer (a sedimentologist), and 
Giovanni Napoleone (a palaeomagnetic geophysicist) with 
the aim of resolving the succession of magnetic polarity 
reversal through the Bottaccione section, which could be 
correlated with the marine magnetic anomalies recorded 
in the oceanic crust across the expanding oceans (Premoli 
Silva et al., 1974).

In exactly the same years of the early 1970s, Walter 
Alvarez (a structural and geotectonic geologist) and Bill 
Lowrie (a palaeomagnetic geophysicist), were exploring 
the palaeomagnetic properties of the Scaglia Rossa at 
Gubbio and elsewhere in the Umbria-Marche region, 
and how they could have been utilised to reconstruct the 
tectonic history of the Italian Peninsula (e.g., Alvarez & 
Lowrie, 1974). They also recognised in the Scaglia Rossa 
magnetic polarity reversals, which could be correlated 
with the marine magnetic anomalies and eventually 
utilized to calibrate the magnetic polarity sequence of 
the Bottaccione section, thus dating the evolution of the 
oceans calculating sea floor spreading rates thanks to the 
ages assigned to the biozonal succession of Luterbacher & 
Premoli Silva (1964) and Premoli Silva & Paggi (1977). 
It ended up that these leading researchers joined up forces 
in a collaborative effort to define, with unprecedented 
detail, the lithostratigraphy and sedimentology (Arthur 
& Fischer, 1977), the biostratigraphy (Premoli Silva, 
1977), and the magnetostratigraphy (Lowrie & Alvarez, 
1977; Roggenthen & Napoleone, 1977) of the Scaglia 
Rossa exposed in the Bottaccione Gorge. A fifth paper 
completing the pentalogy published in a Special Issue of 
the Bulletin of the Geological Society of America, was 
a beautiful example of interdisciplinary research work, 
which produced a contribution to the Earth sciences 
community proposing Gubbio as the type section for the 
Late Cretaceous and Palaeocene geomagnetic reversal 
time scale (Alvarez et al., 1977).

QUEST FOR IRIDIUM

Despite all the advancements in refining the 
geologic time scale at Gubbio, the mass extinction 
at the K/Pg boundary remained an open question. 
Micropalaeontologists had no problem now in recognising 
that the end of the Cretaceous was marked, and actually 
defined by the simultaneous last occurrence of Cretaceous 
foraminiferal species, whereas the beginning of the 
Palaeogene was marked by the first occurrence of the 
dwarf planktonic foraminifer Globigerina eugubina. 
So this appeared to be a mass extinction that must have 

occurred in a time span represented by the 1-cm-thick 
clay layer, which, being devoid of original calcium 
carbonate and therefore of calcareous microfossils such 
as the planktonic foraminifera, could not provide a detail 
record of the extinction process. Apart from the many 
imaginative, non testable hypotheses about the causes of 
the mass extinction, the big question was now to define 
how much time the boundary clay would represent, which, 
in any case, could no longer be considered in the order of 
hundreds of thousand years.

Showing the block sample of the K/Pg boundary that 
he brought back to Berkeley in 1976, Walter Alvarez went 
to ask advise to his father, Nobel laureate Louis Alvarez, 
a nuclear physicist working at the Berkeley Lawrence 
Laboratory (LBL). Walter was wondering about a physical, 
quantitative way to estimate the time span represented by 
that 1-cm-thick boundary clay, and therefore how sudden 
the extinction has been. Both the Alvarez’ were aware 
that any scientific question has to be based on some 
objective fact, which would permit to formulate a testable 
hypothesis. In the case of the K/Pg boundary of Gubbio, 
it was a fact that the Scaglia Rossa pelagic limestone 
was made up of 90-95 wt% biogenic calcite represented 
by planktonic foraminiferal tests suspended in a micritic 
matrix, where the matrix was mostly made up of calcite 
fragments of coccolithophorid algae. The rest of the rock 
was made up of very fine terrigenous material (i.e., clay 
and silt), which was dispersed into the Scaglia Rossa 
marine basin by wind or by the runoff from surrounding 
continental areas. Another fact to consider in the light of 
the interdisciplinary study of the Bottaccione section (e.g., 
Alvarez et al., 1977), was that the Scaglia Rossa limestone 
was deposited at a mean sedimentation rate in the order 
of 10 millimeters per thousand years (mm-ky). Therefore, 
the 1-cm-thick boundary clay layer, which is devoid of 
original biogenic calcite, may have been the result of two 
alternative sedimentary processes, leading to two different 
hypotheses. The first hypothesis predicted that the rate of 
terrigenous clay deposition has remained constant while 
the accumulation of biogenic carbonate material has 
suddenly come to a stop because of the extinction of the 
calcareous plankton. In this case, it would have taken a 
few thousand years to deposit the clay layer. The second 
hypothesis envisioned that the deposition of the biogenic 
carbonate would have continued uninterrupted but there 
would have been a brief en mass influx of terrigenous 
material perhaps due to more active river erosion and/
or windstorms.

As Alvarez (1997, p. 64) put it: “The question [about 
the time span represented by the clay layer] was now 
precisely formulated: Did the clay bed represent a few 
years or a few thousand years? It was also formulated in 
a way that would tell us something interesting about the 
extinction event: Were the limestone-producing organisms 
out of action for a few thousand years, or had there been 
a few years of abnormally rapid clay deposition?” At 
that point, it was Louis who came up with the brilliant 
idea to turn the question to the sky rather than expecting 
an answer from the Earth. In brief, Walter learned from 
his father that the Earth is a target of a constant influx of 
extraterrestrial material made up of cosmic dust particles 
and micrometeorites. This cosmic fallout accumulates on 
the surface of the Earth, either on the continents or at the 
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bottom of the oceans, and eventually it gets incorporated 
in the seafloor sediment. This extraterrestrial material 
has a chemical composition different from that of the 
rocks making up the Earth’s crust, including the marine 
sediments. This is because the extraterrestrial material 
is made up of undifferentiated solar matter whereas the 
Earth went trough a differentiation in its earliest stage of 
formation when heavy elements, including iron, nickel, 
and the heavy radioactive elements, condensed in the 
center of the Earth forming the core, living the lighter 
elements in the heavies-depleted outer shells of the planet. 
This differentiation process did not occur in smaller rocky 
objects of the Solar System such as the asteroids or the 
comets, which, in fact, are the source of the interplanetary 
dust particles and micrometeorites constantly falling on 
Earth. The question now is weather or not these elements 
and their ratios, which characterise the extraterrestrial 
material, could be precisely measured being so much 
diluted in marine sediments. Practically they are classified 
as trace elements with concentrations in the order of parts 
per million (ppm), or even parts per billion (ppb).

In order to measure concentrations in the order of 
a fraction of ppb, it is required an extremely sensitive 
machine. In the late 1970s, one such machine was already 
operating at LBL, and used by Frank Asaro and Helen 
Michel to measure trace elements in archaeological 
pottery by applying the technique of neutron activation 
analysis (NAA). A trace element that was relatively easy 
to measure at extremely low concentrations in the order 
of a tenth of ppb, was iridium, a siderophile element 
of the platinum group, which is four to five orders of 
magnitude more abundant in chondritic meteorites (i.e., 
undifferentiated solar matter) than it is in terrestrial crustal 
rocks. So the test of the two working hypotheses consisted 
in measuring Ir via NAA in the nitric acid-insoluble 
residue of the boundary clay, which was supposed to 
represent the terrigenous component of the Scaglia Rossa, 
and verify whether it contained detectable Ir in the order 
of 0.1 ppb (hypothesis n.1), indicating that the clay layer 
was deposited in thousands years during a time of no 
production or preservation of biogenic carbonate, or 
whether (hypothesis n. 2) Ir was not detectable at all (i.e., 
less than 0.02 ppb), in which case the whole mass of clay 
was deposited quickly in just a few years due to a brief 
episode of altered climatic conditions, which lead to more 
active river erosion and/or more frequent windstorms.

It was in June 1978 when Frank Asaro called the 
Alvarez’ announcing that he just obtained an unexpected 
(and inexplicable) result from his neutron activation 
analysis of the boundary clay from Gubbio. The Ir 
abundance in the insoluble residue turned out to be 3 
ppb (later on corrected to 9 ppb due to loss in sample 
preparation), thus one order of magnitude more abundant 
than what it was predicted by working hypothesis n. 1. 
This result made the Berkeley team question hypothesis 
n. 2 but also made them suspect that something may have 
gone wrong with the actual analysis. At that point more 
samples of the boundary clay had to be analysed, not 
only from the Bottaccione section but also from other 
sections throughout the Scaglia Rossa basin. Moreover, 
some ten limestone samples from the upper ~50 m of the 
Cretaceous Scaglia Rossa and 11 samples from the lower 
~50 m of the Palaeogene part of the same formation, four 

of which from the basal 8 cm of the G. eugubina Zone, 
were carefully selected and analysed to determine the 
background concentration of extraterrestrial material in 
these pelagic sediments.

The final results of this quest for iridium were 
first disclosed in a LBL internal report (Alvarez et al., 
1979), which confirmed that there was an anomalous 
concentration of Ir in the boundary clay layer in the order 
of 6 ppb (as mean concentration from four sections), thus 
thirty times more abundant than a background of 0.2 ppb 
measured in Upper Cretaceous and lower Palaeogene 
pelagic limestones of the Scaglia Rossa Formation 
(Fig. 3). The report was actually the draft of a full paper 
submitted to Science, which was published in June of the 
subsequent year (Alvarez et al., 1980). In that paper the 
authors did not limit themselves in giving the geologic 
background of the K/Pg boundary mass extinction, the 
description of the analytical methods and techniques used 
along with the meticulous documentation of the results, 
and the deductive conclusion that there was no K/Pg 
boundary hiatus, but they formulated a new hypothesis that 
the anomalous concentration of iridium serendipitously 
found in the 1-cm-thick boundary clay was the result of 
the impact of a 10-km-diameter asteroid, which would 
caused a global catastrophe by disrupting the world’s 
ecosystems and consequent mass extinction.

CONCLUSIVE CONTEMPLATION

 Serendipity, which is the faculty or phenomenon 
of finding valuable or agreeable things not sought for 
(Merriam-Webster Dictionary, 2019), is what brought 
the Alvarez’team to discover an anomalous concentration 
of iridium in the 1-cm-thick clay layer that marked 
the K/Pg boundary in the stratigraphic section near 
Gubbio. In this pelagic limestone section, the end of the 
Cretaceous Period was palaeontologically defined as 
the last occurrence of almost all Cretaceous planktonic 
foraminiferal species, whereas the first appearance of 
a new dwarf species of planktonic foraminifer in the 
limestone overlaying the boundary clay, the Globigerina 
eugubina, was considered the beginning of the Palaeogene 
Period. The Alvarez’team utilised the concentration of 
the trace element iridium contained in these sediments 
as a proxy for quantifying the rate of the continuous 
cascade on Earth of interplanetary dust particles and 
micrometeorites. Taking into consideration that the 
duration of the boundary clay would have been a few 
years or a few thousand years at most, they predicted 
that it would have contained < 0.02 ppb up to 0.2 ppb 
Ir at most. Yet their analysis resulted in an unexpected 
Ir concentration of 6 ppb, thus 30 times higher than the 
maximum expected concentration of 0.2 ppb. The Ir 
anomaly was investigated by comparing it with other trace 
elements, and the final deductive interpretation was that 
this trace element was derived from a large extraterrestrial 
object, probably an asteroid, which disintegrated upon 
impacting on the Earth’s surface, spreading the Ir-enriched 
ejecta all over the planet. Therefore, the Ir anomaly 
was, in fact, a serendipitous discovery inasmuch the 
Alvarez’ team were not looking for it when they started 
their trace element investigation of the boundary clay. 
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Nevertheless, the impact hypothesis induced to think 
that the mass extinction of Cretaceous species at the K/
Pg boundary was the consequence of a catastrophic event. 
This non-gradualistic, non-uniformitarian theory shook 
the scientific community opening the way to forty years 

of investigations aimed at inquisitively test this impact 
hypothesis, and eventually leading to a paradigm shift. 
In conclusion, we are contemplating that serendipity is 
not part of the scientific method of investigation, which 
is based on analogy, deduction, and induction but, as 

Fig. 3 - The iridium profile across the K/Pg boundary (originally indicated as the T/C boundary, i.e., Tertiary over Cretaceous) from samples 
collected in several Scaglia Rossa sections throughout the Umbria-Marche basin, as reproduced from Fig. 5 in Alvarez et al. (1980). Note 
the linear scale (in cm) in the 15 cm interval bracketing the K/Pg boundary. The highest Ir concentration of 9 ppb was measured in the upper 
red part of the boundary clay from the Contessa section (see Fig. 2).
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the French chemist Louis Pasteur put it “In the fields of 
observation, chance only favors the prepared mind”. So 
we can only thank the Alvarez’ prepared minds for having 
given to all of us a clue for the cause of the mass extinction 
at the K/Pg boundary.
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