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ABSTRACT. The presence of the amino acid α-aminoisobutyric acid (Aib) within Cretaceous/Paleogene (K/Pg) 
boundary clay in the Raton and Powder River basins in Colorado and Wyoming, respectively, has been described 
as compelling evidence that extraterrestrial Aib survived the high-energy Chicxulub impact. Based on con-
temporary experiments and simulations, however, it is highly unlikely that extraterrestrial Aib survived the 
impact, which had peak impact pressures and temperatures in excess of 600 GPa and 10,000 K, respectively. 
In other words, the amino acid signature of the carbonaceous chondritic asteroid that impacted Chicxulub 
was undoubtedly destroyed upon impact during formation of the vapor plume or so-called “fireball.” The only 
organisms known to produce Aib are the suite (more than 30 genera) of cosmopolitan saprotrophic filamentous 
fungi that include Trichoderma Pers., which has recently been hypothesized to have thrived during the K/Pg 
mass-extinction event. Therefore it is proposed that the Aib horizon in the K/Pg boundary clay in the Raton and 
Powder River basins correlates with the K/Pg boundary fungal spike, which thus far has only been observed 
in New Zealand (Southern Hemisphere). This proposition is based upon superimposing the Aib horizon on the 
well-known iridium and fern-spore spikes, as its stratigraphic position precisely matches that predicted by the 
fungal spike. If correct, this hypothesis alters the conventional perspective on the tempo and mode of terrestrial 
ecosystem recovery in western North America, as the heavily sampled K/Pg boundary section in the Raton Basin 
was instrumental in shaping the traditional narrative of the rapid recolonization of a denuded landscape by 
ferns via wind-blown spores in the immediate wake of regional deforestation caused by the K/Pg impact event. 
Perhaps more importantly, it could present an alternative to traditional palynological approaches for locating the 
fungal spike in other terrestrial K/Pg boundary sections and could provide additional support for the generaliza-
tion that global mass-extinction events are frequently accompanied by fungal spikes.
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Organic molecules in asteroids or com-
ets traditionally were thought not to survive 
impacts if the impactor’s diameter and veloc-
ity are greater than about 100 m and 10 km/s, 
respectively (Whittet, 1997). Therefore, the 
detection of the “extraterrestrial” amino acid 
α-aminoisobutyric acid (Aib) near the Creta-
ceous/Paleogene (K/Pg) boundary (Zhao and 
Bada, 1989) presented an obvious conundrum 

if this amino acid was delivered to the Earth’s 
surface by an asteroid or comet impact (Zahnle 
and Grinspoon, 1990; Mita et al., 1996). Zahnle 
and Grinspoon (1990) proposed that Aib had 
been deposited on the Earth’s surface by the 
passage of the Earth through a cometary dust 
cloud – a short-lived perspective, given the 
association of the K/Pg impact with the Chicx-
ulub crater in the following year (Hildebrand 

© 2020 W. Szafer Institute of Botany, Polish Academy of Sciences 
This is an Open Access article, distributed under the terms of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/4.0/), 

which permits unrestricted re-use, distribution, and reproduction in any medium, provided the original work is properly cited



K. Berry / Acta Palaeobotanica 60(1), 134–142, 2020 135

et al., 1991). The Chicxulub asteroid impact 
at the K/Pg boundary generated peak shock 
pressures greater than 600 GPa, coupled with 
plasma-forming temperatures in excess of 
10,000 K, which is hotter than the surface of 
the sun (Kring and Durda, 2002; Ohno et al., 
2014). The consensus among contemporary 
researchers is that the Chicxulub impactor 
was a carbonaceous chondritic asteroid (Kyte, 
1998; Shukolyukov and Lugmair, 1998; Trin-
quier et al., 2006; Quitté et al., 2007; Goderis 
et al., 2013), which should have had a pro-
portionally high composition of extraterres-
trial Aib (Zhao and Bada, 1989; Pierazzo and 
Chyba, 2006). However, even modern simula-
tions and experiments reveal that amino acids 
present within the Chicxulub asteroid, includ-
ing Aib, should have been completely destroyed 
by the high-energy Chicxulub impact (Fig. 1) 
(Pierazzo and Chyba, 2006; Trigo-Rodríguez, 
2006; Bertrand et al., 2009; Cooper et al., 2013; 
Sugahara and Mimura, 2014). This is because 
amino acids within the impactor would have 
been subjected to pyrolysis during formation 
of the rapidly expanding vapor plume or so-
called “fireball” (Pierazzo and Melosh, 2000; 
Sugahara and Mimura, 2014). For this reason, 
contemporary researchers still regard deposi-
tion of extraterrestrial Aib in the K/Pg bound-
ary clay layer as a mere possibility rather than 
a certainty (Kring and Durda, 2002). This per-
spective might be different if the K/Pg impac-
tor was a comet rather than a carbonaceous 
chondritic asteroid (Pierazzo and Chyba, 1999, 
2006; Oró et al., 2006; Martins et al., 2013), 
but, again, this neither appears to be the case 
nor guarantees that amino acids survived the 
K/Pg impact. Pierazzo and Melosh (2000) sim-
ulated the Chicxulub impact under a variety 
of conditions and calculated that the minimum 
shock pressure experienced by both leading 
and trailing particles in the impactor exceeded 
30–35 GPa (Fig. 1), which is the range of shock 
in which Aib is completely destroyed in experi-
ments (Trigo-Rodríguez, 2006; Bertrand et al., 
2009; Sugahara and Mimura, 2014). Likewise, 
Pierazzo and Chyba (1999) concluded that 
amino acids simply could not survive an aster-
oid impact of this magnitude.

At the same time, however, Pierazzo and 
Chyba (1999: 909) confirmed an earlier, unpub-
lished report by Moore (1996) that Aib was pre-
sent within the K/Pg boundary clay within the 
Raton Basin by acknowledging “the discovery 

(T. Bunch, pers. comm.) of α-aminoisobutyric 
acid within the boundary layer at the K/T Sus-
sex and Raton Basin sites.” Theodore Bunch, 
who collected the K/Pg boundary samples, 
gave them to his colleague Arthur Weber for 
ion-exchange chromatography as described by 
Weber (1998) and Becker et al. (2000). Weber’s 
(1998: 2) analyses, which achieved “femto-
mole sensitivity,” detected low concentrations 
of Aib in the Raton (Starkville) and Powder 
River (Sussex) basin localities (Pierazzo and 
Chyba, 1999; Becker et al., 2000). Becker et al. 
(2000: 2982) concluded, “abiotic amino acids, 
α-aminoisobutyric (…) have been reported in 
some (…) continental KTB [Cretaceous/Tertiary 
boundary] deposits (Art Webber [sic], personal 
communication). The survivability of fullerenes 
with trapped noble gases and α-aminoisobutyric 
acid in KTB sediments (…) is indeed unex-
pected and suggests that exogenous delivery 
of ‘intact’ organic material to the surfaces of 
planets may be more favorable then [sic] has 
previously been assumed.” Similarly, Pierazzo 
and Chyba (1999: 909) described the presence 
of Aib in the K/Pg boundary clay at Starkville 
and Sussex as evidence “that delivery of intact 
organics in large impacts might be possible.” In 
fact, according to Pierazzo and Chyba (2006: 
141), the presence of Aib in the K/Pg bound-
ary clay at the Starkville and Sussex locali-
ties led them to question the common assump-
tion that amino acids are destroyed by large 
impacts: “Organic survival in large impacts has 

Fig.1. Experimental data collected by Bertrand et al. (2009), 
Cooper et al. (2013) and Sugahara and Mimura (2014) reveal 
that Aib present in carbonaceous chondritic meteorites 
is completely destroyed at relatively low shock pressures 
(~30–35 GPa). Graph adapted from the data of Bertrand 
et al. (2009). Arrow indicates the shock pressure at which no 
Aib survived according to the experimental work of Sugahara 
and Mimura (2014). These results also agree with the pre-
liminary work of Cooper et al. (2013), who observed that less 
than 1% of Aib survived shocks greater than 18 GPa
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received new life from a combination of theo-
retical and experimental studies. Early incen-
tive was provided by the identification of (…) 
α-aminoisobutyric acid (…) at the Ir-rich Creta-
ceous/Tertiary (K/T) boundary layer at Sussex 
and Raton Basin sites.” During this time, Bris-
man et al. (2001) also investigated the presence 
of Aib in the K/Pg boundary clay at Starkville. 
However, they were only able to detect amino 
acids using gas chromatography if they had 
a concentration of 0.1 nmol/g (100 pmol/g) or 
greater (Brisman et al., 2001), which explains 
why they failed to detect Aib in the K/Pg bound-
ary clay in the Raton Basin, given that the con-
temporary analyses published by Pierazzo and 
Chyba (1999), Becker et al. (2000) and Pierazzo 
and Chyba (2006) were far more sensitive and 
could detect concentrations of Aib lower than 
0.01 nmol/g (Weber, 1998). In any case, the 
presence of Aib in the K/Pg boundary clay in 
the Raton and Powder River basins ultimately 
led Pierazzo and Chyba (2006) to conclude that 
Aib somehow survived the high-energy Chicxu-
lub impact event.

A potentially elegant solution to this conun-
drum has emerged in the last decade. The per-
spective that Aib is rarely found in the Earth’s 
biosphere except when introduced by meteoritic 
sources, such as asteroids or comet impacts, is 
no longer generally accepted (Brückner et al., 
2009; Elsila et al., 2011; Röhrich et al., 2012). 
Within the biosphere, Aib is known to be pro-
duced exclusively by saprotrophic filamentous 
fungi that are both “ubiquitous and cosmo-
politan, even occurring in marine, Arctic and 
Antarctic regions” (Röhrich et al., 2012: 1221). 
More than 30 genera containing a vast num-
ber of species are now known to produce Aib 
(Brückner et al., 2009; Brückner et al., 2019), 
and this number is ever-increasing (Röhrich 
et al., 2012, 2014). Among the most common 
and speciose genera known to produce Aib 
today is the genus Trichoderma Pers. (Hypo-
creaceae Fr.) (Brückner et al., 2009; Röhrich 
et al., 2014). Therefore, techniques for distin-
guishing between biotically and abiotically pro-
duced amino acids have been developed (Elsila 
et al., 2011). This includes determining sta-
ble carbon and nitrogen isotopic composition, 
among other observations such as the presence 
of L-configuration, a specific stereochemical or 
spatial arrangement of atoms around the chiral-
ity center of the molecule that is typical of liv-
ing systems (Elsila et al., 2011). Brisman et al. 

(2001) sought to use these techniques to deter-
mine whether Aib and other amino acids in the 
K/Pg boundary section in the Raton Basin were 
abiotic or biotic in origin; however, their results 
were inconclusive because they were unable to 
isolate or identify Aib in the section (Brisman 
et al., 2001) – a problem described in greater 
detail in the previous paragraph.

Despite arguably having the most complete 
K/Pg boundary sections in the world (Nichols 
and Johnson, 2008; Lyson et al., 2019), west-
ern North America apparently has no record 
of the K/Pg boundary fungal spike like that 
observed in the Southern Hemisphere (Vajda 
and McLoughlin, 2007). The fungal spike is 
interpreted to signal an episode of fungal prolif-
eration during an early post-impact, non-photo-
synthetic phase of terrestrial ecosystem recov-
ery when fungal saprotrophs thrived by feeding 
on decaying organic matter in the immediate 
wake of the K/Pg mass-extinction event (Vajda 
and McLoughlin, 2004). This earliest phase of 
terrestrial ecosystem recovery is inferred to 
have taken place during a global impact win-
ter, when sunlight was blocked by stratospheric 
soot and sulfate aerosols produced by the Chicx-
ulub asteroid impact (Vajda and McLoughlin, 
2004; Vajda et al., 2015; Bercovici and Velle-
koop, 2017). The apparent absence of evidence 
for a fungal spike in the palynological record of 
western North America has been suggested to 
be due to any number of factors, including a lack 
of millimeter-scale microstratigraphic sampling 
(Vajda and McLoughlin, 2007), the possibility 
that plant detritus may have been rapidly bur-
ied by impact ejecta which inhibited fungi from 
thriving (Vajda and McLoughlin, 2007), or that 
earthworms rather than fungi were the pre-
dominant saprotrophs at the K/Pg boundary in 
western North America (Chin et al., 2013; Ber-
covici and Vellekoop, 2017).

In this study I suggest that a western North 
American fungal spike may be recorded in 
the Aib signature of the K/Pg boundary clay, 
such as at Starkville South or Sussex, Wyo-
ming (Fig. 2). Brückner et al. (2009) and Elsila 
et al. (2011) have implored researchers to ques-
tion whether claims of extraterrestrial Aib in 
ancient sediments are instead the result of 
fungal contamination or the presence of dura-
ble Aib-rich peptaibols, which are produced by 
common soil fungi such as Trichoderma (Brück-
ner et al., 2009; Röhrich et al., 2014; Brückner 
et al., 2019). Although Brückner et al. (2009) 
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point out that it may be difficult or impossible 
to differentiate between ancient and modern 
Aib in sediments, the results of recent phy-
logenetic and genomic studies conducted by 
Kubicek et al. (2019) support the contention 
that Aib within the K/Pg boundary clay could 
have been produced by Trichoderma or simi-
lar soil fungi. Based on their studies of Tricho-
derma, Kubicek et al. (2019: 502) recently con-
cluded that “the most likely interpretation of 
these data is therefore that Trichoderma was 
one of the fungal genera that participated in the 
strong burst in fungal populations that fed on 
the decaying biomass of the plants killed by the 
K/Pg.” However, direct evidence for this event 
is limited (Kubicek et al., 2019). Accordingly, it 
is conceivable that this event might be recorded 
in the Aib signature of the K/Pg boundary clay.

METHODS AND MATERIALS

There is compelling evidence that Aib is present in 
the K/Pg boundary clay in the Starkville section of the 
Raton Basin, as first documented in the unpublished 
results of Moore’s (1996) preliminary investigation and 

later confirmed by other researchers, who appear to 
have been unaware of Moore’s study but nonetheless 
detected Aib in an essentially identical concentration 
(pmol/g) within the K/Pg boundary clay (Pierazzo and 
Chyba, 1999; Becker et al., 2000; Pierazzo and Chyba, 
2006). These researchers also documented Aib in the 
K/Pg boundary clay at Sussex, Wyoming, in the Pow-
der River Basin (Pierazzo and Chyba, 1999; Becker 
et al., 2000; Pierazzo and Chyba, 2006). However, 
the “Aib horizon” as it is referred to in this study has 
neither been correlated between these basins using 
a measured section, nor depicted graphically (Pierazzo 
and Chyba, 1999; Becker et al., 2000; Pierazzo and 
Chyba, 2006).

For the purpose of this study, the stratigraphic 
position of the Aib horizon described by Pierazzo and 
Chyba (1999), Becker et al. (2000) and Pierazzo and 
Chyba (2006) is illustrated in relation to the Cyathi-
dites Couper fern-spore spike and maximum iridium 
anomaly (represented as a solid black line in Fig. 2). 
Measured sections for the Starkville and Sussex locali-
ties are drawn from Tschudy et al. (1984) and Nichols 
et al. (1992). These sections were then compared to the 
Moody Creek Mine section, which contains the K/Pg 
boundary fungal spike (Fig. 2) (Vajda and McLoughlin, 
2004). In turn, each of these sections was cross-refer-
enced with detailed descriptions provided in a com-
prehensive review by Nichols and Johnson (2008) to 
confirm the relative stratigraphic positions of the K/Pg 
boundary clay to the fern-spore spike and maximum 

Fig. 2. A. Aib has been detected in the K/Pg boundary clay at Starkville, Colorado, and at Sussex, Wyoming, in the Raton and 
Powder River basins. The presence of Aib in the K/Pg boundary clay at Starkville was first documented by C.B. Moore (1996), who 
never published his results (reproduced here). A subsequent investigation by T. Bunch and A.L. Weber confirmed the presence of 
Aib in the K/Pg boundary clay at Starkville in essentially identical concentrations (Pierazzo and Chyba, 1999, 2006; Becker et al., 
2000). Aib also was detected in the K/Pg boundary clay at Sussex, albeit in higher concentrations than at Starkville (Weber, 1998; 
Pierazzo and Chyba, 1999, 2006; Becker et al., 2000). The presence of Aib in the K/Pg boundary clay at these two localities has led 
numerous researchers to question the common assumption that Aib cannot survive large impact events (Pierazzo and Chyba, 1999, 
2006; Becker et al., 2000). B. However, a fungal spike like that observed by Vajda and McLoughlin (2004) at the Moody Creek Mine 
locality in New Zealand could explain the presence of Aib in the K/Pg boundary clay at the Raton and Powder River basin localities
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iridium anomaly (i.e., iridium spike) as described in 
each of these studies (Tschudy et al., 1984; Nichols 
et al., 1992; Vajda and McLoughlin, 2004). The pur-
pose of this exercise is to determine whether the rela-
tive stratigraphic positions of the fern-spore spike, 
iridium anomaly and Aib horizon can be correlated 
across these regions, in order to determine whether 
the Aib horizon might correspond with the fungal 
spike of Vajda and McLoughlin (2004).

Reviewing these data in the context of measured 
sections is critically important, as extraterrestrial Aib 
that survived and was deposited after the Chicxu-
lub impact should be found in the so-called “fireball 
layer” (Kring and Durda, 2002), which also contains 
the maximum iridium anomaly and other residue from 
the fireball plume (Toon et al., 2016). At both Sussex 
and Starkville, the fireball layer directly overlies the 
K/Pg boundary clay (Nichols and Johnson, 2008). The 
presence of Aib outside of this layer discounts the 
hypothesis that Aib was residue of the K/Pg impact 
event (Kring and Durda, 2002). Moreover, omnipres-
ence of Aib in trace amounts with peaks at specific 
horizons would appear to be more consistent with the 
sedimentary record of Aib-producing fungal blooms 
(Poirier et al., 2007) rather than with a single deliv-
ery resulting from an impact event (Kring and Durda, 
2002). Although Moore (1996) reported trace concen-
trations of Aib at other horizons (Fig. 2A), these are 
not considered in the present analysis, because peer-
reviewed studies confirming the presence of an Aib 
horizon within the K/Pg boundary clay at Starkville 
did not assess whether Aib can be detected throughout 
the section, only whether Aib is present in the K/Pg 
boundary clay (Pierazzo and Chyba, 1999; Becker 
et al., 2000; Pierazzo and Chyba, 2006). Although Bris-
man et al. (2001) tentatively reported relatively high 
concentrations of Aib at other horizons at Starkville, 
these results were ambiguous and therefore are not 
considered in this study.

DATA AND RESULTS

It is well known that at Starkville South, 
the “most heavily sampled site in the Raton 
Basin” (Pillmore et al., 1999: 149), “the bound-
ary claystone layer itself is completely bar-
ren of palynomorphs” (Nichols and Johnson, 
2008: 109). This so-called “barren interval” 
of the K/Pg boundary clay at Starkville could 
be correlated with a similar interval in the 
Moody Creek Mine section, where no plant 
palynomorphs have been collected (Vajda 
and McLoughlin, 2004). This could provide 
a direct analog between the Aib-bearing K/Pg 
boundary clay at Starkville and the fungal 
spore-bearing horizon at Moody Creek Mine. 
However, the K/Pg boundary clay at Sussex is 
not barren and bears both latest Maastrich-
tian and earliest Danian plant palynomorphs 
(Nichols and Johnson, 2008). However, in all 

three sections the maximum iridium anomaly 
(i.e., iridium spike) and maximum fern-spore 
abundance (fern-spore spike) lie immediately 
above either the fungal spike (New Zealand) or 
the Aib horizon within the K/Pg boundary clay 
in the Raton and Powder River basins (Fig. 2). 
Therefore it may be possible to correlate the 
Aib horizon described by Pierazzo and Chyba 
(1999), Becker et al. (2000) and Pierazzo and 
Chyba (2006) in the Raton and Powder River 
basins with the fungal spike in New Zealand.

DISCUSSION

The stratigraphic position of the fungal spike 
described by Vajda and McLoughlin (2004) pre-
cisely matches the position of the Aib horizon 
described by Pierazzo and Chyba (1999), Becker 
et al. (2000) and Pierazzo and Chyba (2006) from 
the Raton and Powder River basins. According 
to these researchers, Aib has been detected 
within the K/Pg boundary clay in the Raton and 
Powder River basins – a determination consist-
ent with an examination of the unpublished 
results of Moore (1996). If these reports are 
correct, then an Aib horizon is directly overlain 
by a fern-spore spike and maximum iridium 
anomaly. Thus the Aib horizon described by 
these authors could be correlated with Vajda 
and McLoughlin’s (2004) fungal spike.

Pierazzo and Chyba (1999), Becker et al. 
(2000) and Pierazzo and Chyba (2006) all attri-
bute the presence of Aib in the K/Pg bound-
ary clay at these localities to the survival of 
organic molecules from the high-energy Chicx-
ulub impact. As shown by the simulations 
of Pierazzo and Melosh (2000), however, the 
minimum shock pressures of the Chicxulub 
impact greatly exceeded the pressures (~30–
35 GPa) known to completely destroy Aib in 
shock experiments (Bertrand et al., 2009; 
Cooper et al., 2013; Sugahara and Mimura, 
2014). Moreover, the Aib horizon described by 
these authors does not correspond with the so-
called “fireball layer”, as would be expected if 
Aib were deposited by the Chicxulub impact 
(Alvarez et al., 1995; Kring and Durda, 2002). 
The thin fireball layer is represented in this 
study by the thin black line marking the K/Pg 
boundary in Figure 2.

Based on contemporary research (Brück-
ner et al., 2009; Elsila et al., 2011), a more 
likely explanation for Aib in these sections is 
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that it was produced by fungi. An Aib hori-
zon within the K/Pg boundary clay is con-
sistent with the interpretation that Aib-pro-
ducing fungi such as Trichoderma thrived in 
the immediate aftermath of the K/Pg impact 
event (Kubicek et al., 2019). In any case, this 
study is important because it is the first to pro-
pose that an Aib marker in the K/Pg bound-
ary clay might be correlated with the fungal 
spike. Although Brückner et al. (2009) appear 
to have considered this possibility, they only 
discussed it in the context of the inconclusive 
study by Brisman et al. (2001), which was too 
poorly resolved to isolate or identify Aib in the 
K/Pg boundary clay at Starkville. If correct, 
this hypothesis would bolster the interpreta-
tion that fungal spikes frequently accompany 
global mass-extinction events such as those 
observed at the Permian/Triassic and K/Pg 

boundaries (Vajda and McLoughlin, 2007), and 
could provide an alternative approach to tradi-
tional palynological investigations for identify-
ing the K/Pg boundary fungal spike. However, 
it is important to point out in this context that 
Trichoderma is known to metabolize low-grade 
coal (Holker et al., 1999; Silva-Stenico et al., 
2007), so production of Aib by modern fungi 
should not be ruled out, particularly if the 
K/Pg boundary is found within coal.

There is, however, additional evidence for 
the proliferation of soil fungi during the K/Pg 
mass-extinction event. Trichoderma and other 
soil fungi also produce gibberellic acid (GA3) 
(Contreras-Cornejo, 2016; Kamalov et al., 2018). 
In earthworm casts, which contain these com-
mon fungi (Parle, 1963; Alauzet et al., 2001), 
the concentration of GA3 has been measured at 
2000–3000 ppm (Tomati et al., 1988). Spores 

Fig. 3. A. Collections of Anemia-like schizaeaceous ferns (a, b, c) from southern Colorado and northeastern New Mexico coincide 
with Lyson et al.’s (2019) Cyathidites phase of the fern-spore spike. Lyson et al. (2019) collected A. elongata (Newberry) Knowlton 
(B) alongside Allantodiopsis erosa (Lesquereux) Knowlton et Maxon, an extinct asplenioid fern (C), from their lowest Danian 
plant assemblage, 2.75 m above the K/Pg boundary (~10 000 years after the K/Pg impact). Both of these ferns also crossed the 
K/Pg boundary in the neighboring Raton Basin (Barclay et al., 2003; Berry, 2019a,b,c, 2020), and Anemia-like ferns were the most 
abundant pteridophyte in the lowest Paleocene section of the neighboring San Juan Basin (Flynn and Peppe, 2019). Therefore 
these are good candidates for Cyathidites-producing ferns and Laevigatosporites-producing ferns, respectively. Illustration of 
A. elongata adapted from Lee and Knowlton (1917: Plate 54, Fig. 2) from K/Pg boundary strata in the Raton Basin; illustrations 
of fertile and sterile foliage of A. erosa adapted from Knowlton (1930: Plate 4, Figs 1, 3) from Paleocene strata in the Denver Basin
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of the fern Anemia Sw. and its closest rela-
tives are known to initiate germination in the 
dark (soils) under far lower concentrations of 
GA3 (Nester and Coolbaugh, 1986; Suo et al., 
2015). However, spores of Laevigatosporites-
producing eupolypod ground ferns typically do 
not germinate in response to exposure to GA3 
(Schneller, 2008; Suo et al., 2015).

In the area of this study, Anemia-like fern 
megafossils (Fig. 3) were among the first to 
recover from the K/Pg impact (Berry, 2019a; 
Flynn and Peppe, 2019; Lyson et al., 2019). 
This is consistent with their production of 
psilate, trilete spores like those observed in 
the first (Cyathidites) phase of the fern-spore 
spike (Chandler, 1955, 1963; Berry, 2019a) and 
their presence in lowest Danian plant assem-
blages concomitant with the Cyathidites fern-
spore spike (Berry, 2019a; Lyson et al., 2019). 
Accordingly, it seems plausible that a spike in 
soil fungi could have been directly responsible 
for the earlier germination and proliferation of 
Anemia-like ferns observed in this study.

Based on study of the K/Pg boundary sec-
tion at Starkville South, Tschudy et al. (1984) 
concluded that ferns were the first organisms 
to recolonize the denuded landscape immedi-
ately after the K/Pg impact event, due to their 
propensity for rapid, long-distance dispersal 
by wind-blown spores. However, the results of 
this study alter this perspective. In accordance 
with the data from New Zealand, Aib-produc-
ing fungal saprotrophs thrived in the imme-
diate wake of the K/Pg mass-extinction event 
prior to the settling of soot and other aerosols 
from the atmosphere. Anemia-like ferns may 
have thrived during the earliest Danian as 
a direct result of this event.

CONCLUSION

As in the Southern Hemisphere, the K/Pg 
boundary sections at Starkville and Sussex in 
the Raton and Powder River basins may record 
evidence for a fungal spike at the K/Pg bound-
ary. As Starkville South was the first K/Pg 
boundary outcrop discovered to have a fern-
spore spike, this locality was instrumental in 
shaping Tschudy et al.’s (1984) interpretation 
of the tempo and mode of the earliest stage 
of terrestrial ecosystem recovery in western 
North America. Reevaluation of this record in 
light of a K/Pg boundary fungal spike changes 

this early perspective and corroborates the 
emerging alternative interpretation that 
a protracted K/Pg impact winter delayed the 
recovery of ferns and other organisms from 
the soils (Berry, 2019b, c, 2020). However, 
future research should investigate whether an 
Aib spike coincides with the fungal spike in 
New Zealand and whether filamentous fungal 
spores can be recovered from the K/Pg bound-
ary clay or other Aib-rich horizons within 
western North America.
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