IRIDIUM AND THE CHICXULUB IMPACT DUST
Pavle I. Premović,
Laboratory for Geochemistry, Cosmochemistry&Astrochemistry,
University of Niš, 18000 Niš, Serbia
Summary. The prominent Cretaceous-Paleogene boundary clays of marine origin are characterized by
their 0.2 - 0.4 cm thick basal layer so-called the ejecta layer anomalously enriched with mostly
extraterrestrial iridium. It is now generally agreed that this iridium originated from the globally
dispersed submicron impact dust originated from the carbonaceous chondritic impactor of the
Chicxulub impact (Mexico). This note shows that the previous estimation of the mass (10 13 - 1014g) of
this dust by Pope [1] is probably greatly underestimated. On the other hand, the far higher mass
assessments (ca. 1017 g) by Alvarez et al. [2], Toon et al. [3], and Moore et al. [4] are far more
satisfactory.
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Introduction.The CretaceousPaleogene boundary (KPB), about about 65 millions years ago, marks
one of the most significant impact events in the Phanerozoic. This impact was probably largely
responsible for one of the great extinctions in Earth’s history. Alvarez et al. [2] have recorded the
enhanced iridium (Ir) concentrations in the prominent KPB marine clays of Italy (Gubbio), Denmark
(Stevns Klint) and New Zealand (Woodside Creek), Fig. 1. Around the same time Smit and Hertogen
[5] reported anomalous Ir in the marine boundary clay at Caravaca (Spain), Fig. 1. Both research teams
proposed that these Ir anomalies were originated from an asteroid impactor.
Discussion. In their initial proposal, Alvarez et al. [2] also hypothesized that the Ir-enriched boundary
clays of marine origin are composed of a large quantity of fine dust which was globally distributed in
the atmosphere following the impact. Using the Ir anomaly of these clays, the authors estimated that the
mass of the impacting asteroid equals 3.4 × 1017 g, assuming the asteroid mass fraction injected and
globally dispersed is 0.22 (Krakatau factor). It is now almost generally accepted that the Chicxulub
crater (the Yucatan Peninsula, Mexico, Fig. 1) marks the KPB impact [6].
The chondrite identifications of this impactor is still open for debate and encompasses four types: CI
[2], CI (Orgueil chondrite) or CV (Allende chondrite) [7], CM or CO type [8] and CM [9]. Alvarez et
al. [2], based their identification on the fact that it appears CI chondrites are typical material within
solar system. Shukolyukov and Lugmair [7], Trinquier et al. [9] and Quitte et al. [10], argue that
chromium (Cr) isotopic signature of the ejecta layers at Stevns Klint and Caravaca (and elsewhere) is
consistent with the carbonaceous chondrites but not with mantle derived rocks (and their phases) and
terrestrial rocks. However, recent high precision mass spectrometric analysis of Cr by Qin et al. [11]
shows that there is no systematic difference between these rocks. In addition, according to Wang et al.
[12] oxidative weathering may effect Cr isotopic ratio of the sediments, implying that a similar process
may occur in the ejecta layers. A more extensive discussion of these Cr isotope issues is beyond the
scope of this paper and it will be presented elsewhere.
Kyte [8] based his identification on a 2.5 mm fossil meteorite found in the KPB sediments of the DSDP
site 576 (Shatsky Rise), Fig. 1. As pointed out by Quitte et al. [10], this meteorite fragment may be a
fragment of the impactor, although it is impossible to ascertain if it was originated as a part of the
Chicxulub impactor. Moreover, the fragment contains about 2000 times of gold (Au) than the CM
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carbonaceous chondrite. A study by Goderis et al. [13] infers that the impactor was probably a
carbonaceous chondrite of CM or CO type. Their proposal is based on an extensive set of data of
marine and continental KPB sites related to their siderophile abundances and ratios.

Figure1. Geographic locations of the KPB sites referred in the text.
Most of the prominent boundary clays are of marine provenance and at the paleodistal sites world wide;
a paleodistal site is at a distance of > 7000 km to the proposed Chicxulub impact site. They are
characterized by their 0.2 – 0.4 cm thick basal layer so called the ejecta layer [1, 14, 15]. Early studies
assumed that the primary source of this layer is created by the (stratospheric) submicron dust of the
impact ejecta [1, 2, 3, 16]. It is now generally agreed that this dust originated mainly from condensation
of impact vaporized substances. This vapor condensate was composed of the chondritic impactor and
an insignificant volume of the target rocks (mainly derived from continental crust). The submicron dust
was promptly dispersed after the impact on the Earth’s surface [1, 2, 3, 16].
The average Ir contents in the carbonaceous chondrites vary between 472 ppb (CI) up to 758 ppb (CV)
[17]. The Ir anomaly of the prominent marine and continental KPB clays is largely concentrated in the
ejecta layers. The most recent estimation of global Ir fluences at marine and continental KPB sites vary
by over two orders of magnitude from 8 ng cm-2 to 1087 ng cm-2 corresponding to a geometric mean of
53 ng cm-2 [4]. This value agreed with previous estimate the mean amount of Ir deposited globally of
about 55 ng cm-2 [18] or ~ 2.75 × 1011 g (using the fact that the Earth's total surface area is about 5.1 ×
1018 cm2).
The host of the Ir in the ejecta layers is still not known. Schmitz [19] and Kyte et al. [20] hypothesized
that Ir in these ejecta layers is associated with fine (submicron) dust fraction of ejecta fallout which has
since diagenetically altered to clay. Indeed, most of the impact generated large particles would have a
very short residence time in the atmosphere and only the stratospheric portion of fine (submicron) dust
from the impact could be deposited globally [21]. Indeed, according to Morgan et al. [22] the total
number, maximum and average size of shocked quartz grains in the impact ejecta fallout decrease
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gradually with paleodistance from Chicxulub; their average size is about 60 μm. In addition, Korchagin
and Tsel’movich [23] described a numerous metallic microparticles (about 2 μm - 50 μm) composed of
Fe, Ni, Co and Cr of extraterrestrial origin found in the KPB clay (the Fish Clay) at paleodistal Stevns
Klint. The authors suggest that these microparticles are related to the asteroid fragments or
micrometeorites. Premović et al. (24) reported the occurrence of micrometer-sized particles of pure
silver in the ejecta layer of the Fish Clay. Most of these particles are spherical whose diameter ranges
from approximately 20–200 μm.
Pope [1] argued that the most of ejecta fallout worldwide is derived from vapor condensation droplets
~200 μm in diameter. If this is correct, then all Ir would be associated the coarse (~200 μm) dust
fraction in the global ejecta fallout. However, no submilimeter-size particles containing anomalous Ir
was found any of the ejecta layers in the marine or continental KPB clays. A few large Ir-rich particles
are only, however, found in two oceanic KPB clays at DSDP Site 577 (Shatsky Rise, Fig. 1) [8, 25].
Although these particles have Ir contents that range up to chondritic values, it appears they are not the
principal carrier of Ir at these sites [26]. Moreover, these oceanic boundary clays have no distinctive Irrich ejecta layer. Thus, it seems highly likely that extraterrestrial Ir was initially associated with the
submicron portion of the dust.
For a sake of simplicity, in the following calculations it is reasonable assumed that the global ejecta
layer is ca. 0.3 cm thick and its density is about 2 g cm-3 ; the submicron dust of this layer contains 0.22
[2] and 0.5 [27] of CI asteroid material containing the lowest Ir (472 ppb) of the all carbonaceous
chondrites [17]; and, the Earth's total surface area is about 5.1 ×1018 cm2.
Toon et al. [3] estimate that the Chicxulub impactor generated about 3 × 1017 g of stratospheric
submicronmeter-particles globally dispersed which is sufficient to shut down photosynthesis for several
months immediately after the Chicxulub event. If the entire mass of the global ejecta layer represented
submicrometer-sized dust then it would weight about 0.06 g. This layer would contain 0.01 - 0.03 g of
the impactor material with about 5 - 14 ng of extraterrestrial Ir. In this case the Ir fluency of global
ejecta layer with the volume of 0.6 g would be about 5 - 14 ng cm-2. This Ir abundance is about 4 - 10
times lower than that, 55 ng cm-2, reported by Donaldson and Hildebrand [18].
The above calculations may infer that the mass of submicron dust of the impact vapor plume was
higher than the volume of this dust (~ 3 × 1017 g) proposed by Toon et al. [3]. Another possible
explanation is that the global abundance of Ir (55 ng cm-2) at the KPB is lower than previously
estimated. It is worthy of note that Moore et al. [4] calculated that the global Ir fluency is 28 ng cm -2
and that the mass of the Chicxulub impactor was about 2.4 × 1017 g. Their assessment is based on the
incongruity between the Ir and osmium (Os) fluence estimates at the marine and continental KPB sites.
It is worth of note that simulations of impacts, employing laboratory experiments/numerical models,
indicate that the fate of the impactor is dependent on impactor size, velocity and angle of impact, as
well as the target properties [28, and references therein]. These simulations imply that if the (oblique)
impact angle is ≤ 30° the most of impactor dust would be deposited at paleodistal sites. In contrast,
subvertical impacts lead to less impactor dust at these sites than observed. In addition, the impactor
fraction which escapes Earth (having velocity greater than escape velocity) depends on impact angle
and the impactor velocity. According to this modelling, impact angles of about 45° best fit observed
worldwide Ir mass of 2 - 2.8 × 1011 g.
3

It is also interesting to mention that the experimental data infers that the deposition time of the ejecta
layers of the most prominent marine KPB deposits did not exceed an upper limit of 100 years [15, and
references therein]. If this is correct than the infall rate of the Chicxulub asteroid dust may have been as
much as a factor of about 105 higher in comparison to the flux of cosmic dust on the present day Earth
of 1010 g yr -1 [29, 30].
Conclusions. The estimation of the mass (1013 - 1014 g) of the stratospheric submicron dust originated
from the Chicxulub KPB impact is probably greatly depleted. On the other hand, the much highest
mass estimation (ca. 1017 g) is more plausible.
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