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The occurrence of paleo-wildfire events during the Campanian age of the Late
Cretaceous is demonstrated in this study for the first time with deposits from the
King George Island, South Shetland Islands, Antarctic Peninsula. With the aim of providing
information that fills important paleoenvironmental and paleobiogeographic gaps about
the end of the Cretaceous for the Gondwana, samples of macroscopic charcoal were
collected at two different volcanic levels of the Price Point outcrop, King George Island,
during the expeditions to the Antarctic Peninsula by the Brazilian Antarctic Program
(PROANTAR). The samples of charcoal were treated and later analyzed under a
stereomicroscope and scanning electron microscope. The analysis allowed the
identification of morphoanatomical structures with potential taxonomic affinity with
Podocarpaceae. These conifers were important in temperate forests of high-latitude
environments during the Late Cretaceous, and this is in accordance with previous
palaeobotanical records from Price Point. The analysis also showed that southern
paleofloras were subject to the occurrence of paleo-wildfires much more frequently
than previously thought. This indicates that fire and active volcanism were significant
modifiers of the ecological niches of austral floras, because even in distal areas, the
source of ignition for forest fires often came from contact with a hot volcanic ash cloud,
where the vegetation was either totally or partially consumed by fire.

KEYWORDS

Campanian, coniferous wood, King George Island, macroscopic charcoal, pyroclastic
flows

Introduction

Although the occurrence of wildfires has been increasingly haunting contemporary society,
evidence of vegetation fires has been found in the geological record since the Silurian (Rowe and
Jones, 2000; Cressler, 2001; Edwards and Axe, 2004; Glasspool et al., 2004) and even during the
Quaternary, with a notable intensification in the Upper Paleozoic, when swampy forests and
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vegetation appeared (e.g,, Scott, 1989; 2000; 2010; Scott and Glasspool,
2006). Thus, fire has been a present and shaping element of the
landscape in the most distinct terrestrial ecosystems over geological
time (e.g, Scott and Stea, 2002; Glasspool et al, 2004; Scott and
Damblon, 2010), and evidence of the presence of paleo-wildfires can
be identified through fossil charcoal preserved in the geological record
(Gallowy and Hobday, 1983; Kuhlbusch and Crutzen, 1996; Schmidt
and Noack, 2000; Scott and Glasspool (2007); Scott, 2010).

Although many studies have indicated a link between fires and
global warming events (Pyne, 1982; Scott, 1989; Jones and Chaloner,
1991), volcanic activities might exert as another potential driver of
paleo-wildfires (e.g., Swanson et al., 2013; Jiang et al., 2014; Degani-
Schmidt et al., 2015; Kovacs et al.,, 2020). Fires have also been
reported as important conditioning factors of the burning and
preservation of vegetation in fossil assemblies (e.g., Kemp, 1981;
Scott, 2000; Manfroi et al., 2015; Cai et al., 2021).

The Antarctic Peninsula was formed by multiple and complex
tectonic movements of a set of small plates that occurred from the
end of the Paleozoic (Elliot, 1988; Del Valle and Rinaldi, 1993). Both
geological and paleontological evidence have shown the influence of
volcanic processes in fossiliferous preservation and demonstrated a
greater diversity of life between the end of the Mesozoic and Middle
Eocene because of the presence of more favorable climates (Westerhold
etal,, 2008; Zachos et al., 2008; McInherney and Wing, 2011). In addition,
volcanic activities have been pointed out as one of the factors that may
lead to the presence of extremely propitious conditions for the occurrence
of fires (Svensen et al., 2004; Storey et al., 2007; Moore and Kurtz, 2008).

The Cretaceous is considered a special “high-fire” period in Earth’s
history, during which the atmospheric oxygen level was much higher than
16%, thus facilitating combustion (Belcher and McElwain, 2008). This
hypothesis has been supported by several authors based on studies carried
out in North America, Europe, and Asia (Brown et al., 2012; Scott et al,,
2014). Other authors have also sought to find evidence of the occurrence

10.3389/feart.2023.1048754

of paleo-wildfires in southern areas of Gondwana (e.g,, Martill et al., 2012;
Abu Hamad et al.,, 2016; dos Santos et al., 2016; El Atfy et al., 2016; 2019;
Lima et al,, 2019). However, when considering the depositional strata of
the end of the Cretaceous for austral areas, there is a significant lack of
detailed data on the occurrence of paleo-wildfires, an information gap
that has been an impediment to the adequate understanding of the
paleoenvironmental characteristics during that period.

The Late Cretaceous corresponds to an important period in Earth’s
life history, especially for the southern regions, during which the initial
break-up of the Gondwana paleocontinent occurred and propelled the
emergence of the Antarctic Circumpolar Current. This break-up of
Gondwana was not only responsible for significant global climate
changes in those times, but it also still controls the climate in the
Southern Hemisphere (Barker, 2001; Lawver and Gahagan, 2003;
Pfuhl and Mc Cave, 2005). Still, in the Cretaceous, due to the
generation of new environments, the floras underwent a significant
evolution, which gave place to the appearance and diversification of
angiosperms, which later dominated most of the terrestrial niches (Lupia
et al, 1999; Barrett and Willis, 2001; Nagalingum et al., 2002). Studies
focusing on the natural dynamics involved in the environments where
these floras were inserted are of paramount importance, since plants are
excellent environmental markers, just as fire is widely accepted as a
modeler responsible for evolutionary pressures over paleofloras (Bond
and Scott, 2010; Brown et al., 2012; Belcher and Hudspith, 2017; Cai et al,,
2021).

Despite their relevance, studies assessing events of paleo-
wildfires in the Antarctic Peninsula during the Cretaceous are
scarce (Manfroi et al, 2015). These studies are mainly restricted
to only five works: three describing carbonized plant fossils, without
further analysis, on the Santonian levels of the Kenyon Peninsula
(Eklund, 2003; Eklund et al., 2004) and the Coniacian levels of James
Ross Island (Kvacek and Sakala, 2011), and two effectively
describing the charcoal record for the Campanian age of Nelson
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FIGURE 1

Simplified map of the King George Island, one of northern islands of the South Shetlands archipelago in the Antarctic Peninsula. The star highlights

the herein studied Price Point locality.

Frontiers in Earth Science

02

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1048754

Manfroi et al.

Island (Manfroi et al., 2015) and for James Ross Island (Lima et al.,
2021), inferred from the morphology of burnt vegetation.

Based on the above, aiming to fill this important knowledge gap
regarding the occurrence of paleo-wildfires in the Antarctic Peninsula
during the Cretaceous, the present study aimed to reconstruct
paleoenvironmental and paleobiogeographic panoramas and, based
on new records, to confirm and try to understand the paleo-wildfire
events that marked the Campanian times in the Antarctic Peninsula. We
analyzed samples of macroscopic charcoal found in materials collected at
two different volcaniclastic levels at the Price Point outcrop, Fildes
Peninsula (King George Island, South Shetland Islands) (Figure 1).

Geological context and taphoflora

The South Shetland archipelago, which is located in the
northwestern portion of the Antarctic Peninsula, is approximately
500 km long and has a total area of 3,687 km”. It consists of about
eleven islands, including King George Island, which have great
territorial significance. A large part of these islands was originally
connected to the continental portion of the Peninsula or Graham’s
Land, until extension movements that occurred 4 Ma broke these
connections and casted the Bransfield Strait, which currently has an
approximate width of 100 km (Tokarski, 1991; Yi et al., 2005).

Price Point (62° 15’ 41 “S/59° 49’ 59” W) is located to the east of
the Fildes Peninsula and outcrops in an area close to sea level on the
coast of the Drake Strait. The set of lithologies and fossiliferous
content of Price Point has been assigned to the Campanian age, just
as other locations on the Fildes Peninsula Smellie et al. (1984) (Shen,
1994; Dutra, 1997; Dutra et al., 1998; Dutra and Batten, 2000). The
deposition of Price Point has been included in the Peninsula Fildes
Group, which shows volcanic lithologies, predominantly andesitic,
with tufts and shales interspersed and is representative of the oldest
levels in the succession of the South Shetland Islands (Smellie et al.
(1984)). Tuffite levels with lenticular centimetric coal beds of erosive
basal contact are overlaid by debris flows (breccias), which, upwards,
give place to tufted clasts, basalts, and conglomerate deposits with
large clasts (50 cm), including wood fragments (Figure 2).

Epiclastic-to-intermediate volcaniclastic facies may correspond to
floodplains and are associated swamps, similar to what Smith (1991)
called low-relief alluvial plain rings, corresponding to a highstand phase
among eruptions (Dutra et al, 1996; Dutra and Batten, 2000; Dutra,
2004). This proposal is supported by the presence of massive sandstone
layers, of great lateral amplitude and exhibiting load features, seated on
pelites. A posterior hydrothermal action is evidenced by the expressive
presence of calcite in microfractures and fractures, frequent along the
profile. Additionally, post-depositional tectonic movements are
reflected by the 15° S dip of the strata (Dutra and Batten, 2000).

Since the Price Point outcrop has few preserved plant fossils
(Figure 3) and the assembly of megafossils is limited and poorly
preserved. Shen Yanbin (1994) carried a comparison palynological
analysis of the material for Price Point with associated with the
similar levels of other outcrops in King George Island, we sought to
carry out a palynological analysis of the material associated with the levels
of other outcrops in King George Island. Such analysis showed
associations with the Half Three Point, in the south of King George
Island, which allows proposing its inclusion in the Half Three Point
Formation, Fildes Peninsula Group.
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FIGURE 2

Geological section of Price Point and its main volcanic and
volcaniclastic levels characterized by tuff beds and tuffites, from
where the samples of macroscopic charcoal, the object of this study,
were collected (modified from Dutra and Batten, 2000).

Pollen assemblages were found to be not only characterized by the
dominance of Nothofagus affinity, but they were also represented by the
Nothofagidites ancestral pollen type and Podocarpus, accompanied by
pteridophyte spores, which evidenced the presence with forms of
Leiotriletes, Cyathedites (Cyatheaceae/Dicksoniaceae), Osmundacites,
Baculatisporites (Osmundaceae), Kuklisporites, Verrucosisporites, and
Laevigatosporites, the latter being associated with Schizeaceae (Dutra
et al, 1996; Dutra and Batten, 2000; Leppe et al, 2012). The few
macroremains preserved in the outcrop also show the presence of
pteridophytes, conifers, and angiosperms, once again represented by
primitive forms (Czajkowski and Rosler, 1986; Rohn et al., 1990; Leppe
et al, 2012). Despite the poor preservation of plant fossils,
paleobotanical studies carried out by different authors have allowed
to obtain a synopsis of the taphoflora of Price Point, which comprises
leaves of Cladophlebis and Dryopteris (Pteridophyta), foliage of
Cycadaceae, Podocarpus tertiaria, Podozamites sp., and Phyllocladus
sp (Gymnosperms) (Drinnan & Chambers, 1986; Cantrill, 1991). The
leaves of angiosperms are fragmented and represented by Nothofagus
sp. and mainly mesophilic leaves with Lauraceae types.

Material and methods

The plant fossils studied were obtained from samples

collected during Brazilian expeditions to the Antarctic
Peninsula with the support of the Brazilian Antarctic Program

(PROANTAR). Samples were collected from the Price Point
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FIGURE 3
Plant fossils of ferns from Price Point belonging to the Chilean Antarctic Institute (INACH) paleobotany collection studied by Leppe et al., 2012: (A)
incomplete sterile pinnae of Polypodiales; (B) fragment of sterile pinnule of Polypodiales; (C) fragment of sterile pinnae of Polypodiales.

FIGURE 4
Detailed field photographs of part of the Price Point deposition showing the two carbonaceous levels (lenses of charcoal in tuffite) from which the
macroscopic charcoal herein studied was collected. (A) is the level closest to the base, and (B) is the level closest to the top.
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FIGURE 5

SEM images of the charcoalified woods from Price Point outcrop of King George Island exhibiting anatomic features linked to those characterizing

the Podocarpaceae: (A) charred wood in radial longitudinal section, with preserved cross-field pits (arrow); (B) detail of cross-field pits, with one or two
points per cross-field pit (arrow); (C) charred wood in radial longitudinal section, showing uniseriate spaced pits (arrow); (D) charred wood in radial
longitudinal section, with uniseriate, contiguous pits (arrow); (E) charred wood in longitudinal tangential section with uniseriate rays, 8-cells high
(arrow); (F) charred wood in longitudinal tangential section with uniseriate rays, 6-cells high (arrow); (G) fragmented tracheids with homogenized cell
walls (arrow) from the most basal level (H) (A), as shown in Supplementary Figure S4; fragmented tracheids showing the surface of homogenized cell walls
(arrow) often impregnated by minerals from the level closest to the top (B), as shown in Supplementary Figure S4.

outcrop, on King George Island, whose age corresponds to the
Campanian (Wang and Shen,1994). The samples are stored in the
Antarctic Section of the History of Earth and Life Laboratory
(LaViGea) at the University of Vale do Rio dos Sinos, Brazil,
under the acronym Pbac. Moreover, the material analyzed comes
from fifteen samples of charred wood fragments in two
subsequent volcaniclastic levels at the Price Point outcrop.

Frontiers in Earth Science

During the field work, it was possible to observe the presence of
several small overlapping black lenses, inserted in the tufaceous levels of
the outcrop (Figure 2), presenting a shiny and silky appearance, a fact
already mentioned by Dutra and Batten (2000) and in agreement with
the definitions of charcoal, seen with the naked eye, established by Jones
and Chaloner (1991). These lenses, which turned out to be carbonized
fossil wood, were mechanically extracted from the sediment with the aid
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of a geological hammer and spatula from the two fossiliferous levels
(Figure 4) using the methodology as applied by Scott (2000), Uhl and
Kerp (2003), and Uhl et al. (2004).

Subsequently, the collected material was analyzed with a
stereomicroscope (Zeiss Stemi 2000-C) with a magnification
of x10 and x40. Furthermore, the macroscopic charcoal
fragments were mounted on standard stubs with LeitC provided
with double-sided adhesive tape and metallized with gold (Plano
GmbH, www.plano-em.de) for their morphoanatomical analysis
with a scanning electron microscope (SEM - Zeiss EVO LS15),
which was held at the Science and Technology Park of Vale do
Taquari (TECNOVATES), University of Vale do Taquari, Brazil.

After observing and diagnosing the anatomical structures
preserved in the macroscopic charcoal obtained from the two
different levels, the taxonomic affinities of the carbonized
material were determined based on the ITAWA Committee
(2004), and inferences were made about the possible taphonomic
and depositional conditions of the plant fossils and on the
reconstruction of the probable paleoenvironment that gave rise to
the type of taphoflora.

In addition, a verification was carried out of the macrofossils
collected in the same locality by the Chilean Antarctic Institute
(INACH), deposited in the collection of Antarctic and Patagonia
Paleobiology Laboratory for the purpose of taxonomic comparisons.

Results

Our results showed that the charcoalified plant fossil fragments
from the two levels of Price Point are poorly preserved (Figure 5) as a
result of a compaction process. Due to poor preservation, only some
parts of the plant fossils preserved identifiable morphoanatomical
characteristics (Figure 5).

The dimensions of the fragments analyzed varied between
1.0 and 3.0 mm in width and between 1.0 and 5.0 mm in length
for both depositional levels collected. They showed part of the
observable characteristics described as typical of macroscopic
charcoal: >2.0 mm, silky luster, black color and streak, preserved
anatomical details, and homogenized cell walls (Jones and Chaloner,
1991; Scott, 2000; 2010). Regarding the morphoanatomical
structures, such as cross-field pits (Figure 5A), one or two points
per cross-field pit was diagnosed (Figure 5B). The tracheids, which
were 10-26 pm wide and 50-250 pm long, showed abietinoid pitting
with circular areolate pits in their radial walls, which were uniseriate
and spaced (Figure 5C) or contiguous (Figure 5D) when observed in
radial longitudinal sections. Simple transverse bundles of 8-10 pm
in width and 8-16 um in length were detected and the radial
uniseriate system, with low rays of six to eight cells in height
(Figures 5E, F), was observed in longitudinal tangential
sections.

These analyzed characteristics in the wood and consequently
their taxonomic botanical affinities were the same for the two levels
collected and the homogenized cell walls, confirming that the
material we studied was charred (Figure 5G). All the wood
materials shared the same highly fragmented tracheids and
surfaces of the cell walls (Figure 5H) expected by the
taphonomic processes that led to their preservation in distinct
lithologies and events involved.
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Discussion

As widely demonstrated both in the literature and in this work,
plants are excellent paleoenvironmental markers, and when
associated with unexpected and cyclic events such as catastrophic
paleo-wildfires, they reaffirm that fire is an important element as a
modeler of terrestrial systems, because it is closely related to the
dynamics of the subjected biota (e.g., Bond and Scott, 2010; Brown
et al,, 2012; Belcher and Hudspith, 2017; Cai et al., 2021).

The data herein presented represent an important record of the
occurrence of paleo-wildfire events during the end of the Cretaceous
in the Antarctic Peninsula, a fact so far little reported (Manfroi et al.,
2015; Lima et al., 2021). The first record of charcoal in the Antarctic
Peninsula was that found at Rip Point (Manfroi et al,, 2015), an
outcrop located to the north of the neighboring Nelson Island,
whose lithologies (tuff, tuffites, conglomerates, and lava) and
lithological composition are similar to those of Price Point on
King George Island.

The similarity also extends to the taxonomic details of the
charcoalified material, which shows abietinoid tracheids, pitting
with circular areolate uniseriate spaced or contiguous pits in radial
walls, and a similar radial system with homogeneous uniseriate, low
rays of six to eight cells in height (Figures 5E, F) and low rays of seven
to nine cells. However, regarding the morphoanatomical
characteristics of the macroscopic charcoal, the analysis presents
some novelties due to the preserved cross-field pits with one or
two pits per field pit (Figures 5A, B), allowing to confirm the
presence of conifer woods potentially linked with the family
Podocarpaceae (Philippe and Bamford, 2008), namely, Podocarpus
Persoon (leaf imprints) and Podocarpidites Cookson (pollen grains)
identified at Price Point (Leppe et al., 2012). However, due to the
fragmentation of the material, a more detailed taxonomic analysis was
avoided.

The great novelty in the analyzed fossil content of Price Point is
the confirmation of paleo-wildfires, evidenced by the presence of
macroscopic charcoal that, despite its poor preservation, shows the
same structures and aspects as those described (Jones and Chaloner,
1991; Scott 2000; Scott 2010) at two different levels of the same
depositional system (Figure 2).

Recently, El Atfy et al,, 2019 reported the recurrence of paleo-
wildfires in deposits of the Cenomanian age, Late Cretaceous, from
Egypt. Although the Cretaceous is widely considered a “high-fire”
period in Earth’s history (Brown et al, 2012; Scott et al,, 2014), the
repetition records of charcoal at different levels in the same depositional
system are rare. Thus, the data presented in this work, in addition to
collaborating with the understanding of the paleoenvironmental and
paleogeographic panorama of the occurrence of fires in the Late
Cretaceous in the southern areas of Gondwana (e.g, Martill et al,
2012; Manfroi et al., 2015; Muir et al., 2015; dos Santos et al., 2016; El
Atfy et al. 2016; El Atfy et al. 2019), also draw attention to the repetition
records of charcoal at two different levels in the same depositional
system, which had not yet been reported for the Antarctic Peninsula.

In addition to the data from the analysis of charcoal, the lithologies
of the Price Point profile (Figure 2) are also important, since they
confirm the active volcanism in nearby areas (Dutra and Batten, 2000).
The association between the plant fossils described (e.g., Dutra et al,
1996, 2000; Leppe et al., 2012) and the lithologies associated with the
deposits—in addition to the macroscopic charcoal analysis—allows the
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reconstruction of a reliable and concrete paleoenvironmental scenario,
making it possible to infer the events related to the source of ignition of
the paleo-wildfires. The paleoenvironmental inferences from the data in
this study, combined with the work already cited, are shown in Figure 6.

The environments of Price Point were occupied by a paleoflora
that represented a humid forest of conifers, ferns, and mesophilic
angiosperms linked to bodies of water and high areas in the
surroundings, with a climate ranging from subtropical to
temperate and wet, supported by the near-shore location of the
outcrops. Through the fossiliferous record of pollen grains and leaf
impressions, it was possible to determine that the assemblage of Price
Point was composed of ferns, gymnosperms, and angiosperms (Table 1).
In addition, the diagnosis made from the anatomical structures of the
burned wood (Figure 5) confirmed the record of conifers of the
Podocarpaceae family (Dutra and Batten, 2000; Leppe et al., 2012).

The paleoflora of Price Point was subject to paleo-wildfire
events, whose ignition source was hot volcanic ash, which
reached the vegetation through pyroclastic flows resembling a
cloud of ash. These volcanic events were confirmed by the
lithologies identified (tufts of charcoal), which alert to the
establishment of intense volcanic activity (Smellie et al., 1984;
Shen, 1994), and also by similar records in paleogeographically
related areas (Poole et al., 2001; Manfroi et al., 2015).

Pyroclastic surges, also known as nueé ardent (in French), are
recognized for their perishing power in relation to the biota. Since
these pyroclastic surges have high temperatures (above 700°C) and are
normally favored by the topographic unevenness of the volcano, they
quickly reach a speed of 200 km/h on average and act over broad
regions, driven by the wind (Teixeira et al., 2009; Grotzinger and
Jordan, 2013). This destructive characteristic of pyroclastic
flows may be the reason for the rare and poor fossil

FIGURE 6
Paleoenvironmental reconstruction of austral areas under the influence of paleo-wildfires promoted by the Campanian active volcanism; artistic
reconstruction by J. S. d'Oliveira: (A) original wet environments occupied by a forest of conifers, ferns, and mesophilic angiosperms growing near bodies
of water and in surrounding high areas; (B) pyroclastic flows reaching the vegetation with hot ash, which burnt the vegetation either partially or totally; (C)
the over-time cyclic restoration of the paleofloras and the variable conditions related to intervals between volcanic activities.
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preservation in Price Point when compared with other areas
of the Antarctic Peninsula, which show a better-preserved flora
favored by the fine sediments of the volcanic ashes (Dutra and
Jasper, 2010; Trumper et al., 2021). Additionally, the general
incompleteness of the vegetation and its components in the
assemblages allows to infer that they were consumed by the fire.
In addition, the high temperatures of pyroclastic flows are
associated with the cellular behavior of macroscopic charcoal
(Figure 5), which allows to infer a burning temperature similar
to when the contact of wood with hot volcanic ash at 900°C for
24 h without oxygen was simulated (Scott and Glasspool, 2005;
Glasspool and Scott, 2013).

Regarding the poor preservation of the fossil content and the
macroscopic charcoal, it is worth mentioning that the environment
in which they were deposited suffered multiple forms of disturbance,
such as the association with floodplains and low-relief alluvial plains
(Smith, 1991). The observed 15°S dip of the strata seems to
correspond to a highstand phase between eruptions (Dutra et al.,
1996; Dutra and Batten, 2000) and to a post-depositional tectonism
(Dutra and Batten, 2000), as well as to processes of pressure and
sedimentary compaction, which automatically compacted or
fragmented the burnt wood fragments (Figure 4).

Although ferns were not recorded in the macroscopic
studied here, they were
completely consumed by fire, they were important elements

charcoal probably because
in the original plant communities of Price Point (Dutra and
Batten, 2000; Leppe et al., 2012) (Figure 3) and in other
Cretaceous paleoenvironmental contexts (Alvin, 1974;
Macdonald et al.,, 1991; Brown et al.,, 2012; Sender et al.,
2015; Abu Hamad et al., 2016). Since studies have shown
that ferns are highly flammable and can fuel fires that
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TABLE 1 Taphoflora of Price Point evidencing plant fossils preserved through
leaf imprints and palynomorphs (modified from Leppe et al., 2012).

Tafoflora of the Price Point

LEAFT IMPRINTS | Blechnum sp. Linneo

Cladophlebis sp. Brongniart

Dicksonia sp. L’Héritier

Dryopteris sp. Adanson

Gleichenia sp. Smith

Nothofagus cretacea Zastawniak

Nothofagus sp. Tshudy and Van Loenen

Podocarpus sp. Persoon

Phyllocladus sp. Mirbel

PALINOMORPHS = Araucariacites sp. Courtinat and Jenny

Baculatisporites sp. Pfl ug and Thomson

Clavatipollenites sp. Gonzalez-Guzman

Cyatheacidites sp. L. C. Cookson ex R. Potonié
Cyathidites sp. R. A. Couper

Cycadopites sp. Wodehouse

Deltoidospora sp. Danzé-Corsin and Laveine
Dacrydiumites sp. Hekel
Inaperturopollenites sp. Pfl ug and Thomson

Klukisporites sp. Couper

Laevigatosporites sp. Tschudy and Van Lonen

Leiotriletes sp. (Naumova) Potonié and Kremp

Liliacidites sp. cf. regularis

Lycopodiumsporites sp. Danzé-Corsin y Laveine

Malvacipollis sp. Harris

Microcachryidites sp. Cookson

Myrtaceidites sp. Cookson and Pike

Multicellaesporites sp. (Elsik) Sheffy and Dilcher

Nothofagidites brassi Archangelsky

Nothofagidites endurus Stover and Evans

Nothofagidites falcatus (Cookson) Hekel
Nothofagidites fuegiensis Menéndez and Caccavari de Filice

Nothofagidites fusca Cranwell Hekel

Nothofagidites rocaensis Romero
Nothofagidites senectus Dettmann and Playford
Nothofagidites sp. Pocknall

Nothofagidites visserensis Romero

Osmundacidites sp. Couper

Phyllites sp. Brongniart

(Continued in next column)
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TABLE 1 (Continued) Taphoflora of Price Point evidencing plant fossils
preserved through leaf imprints and palynomorphs (modified from Leppe
et al., 2012).

Tafoflora of the Price Point

Phyllocladidites mawsonii Cookson ex Couper
Phyllocladidites sp.Cookson

Podocarpidites sp. Cookson

Podozamites pinnatus Cantrill

Propylipollis sp. Martin and Harris

Proteacidites sp. Cookson

Sapotacoidaepollenites sp. Stover

Schizocolpus sp. Stover

Stereisporites sp. Norris

Tricolpites sp. T. van der Hammen

Tricolporites lilliei (Couper) Stover and Evans

Triorites sp. Erdtman

Verrucosisporites sp. Dybové and Jachowicz

spread quickly, they may have been potential sources of fuel for
the fires during the Cretaceous (Belcher and Hudspith, 2017),
mainly in the Late Cretaceous, when the potential for
inflammation/fire would have been greater than today due to
the high levels of atmospheric oxygen (Belcher and McElwain,
2008; Belcher et al., 2010).

Besides the paleo-wildfire events that disturbed the deposits
studied here, there is also the recomposition of the paleofloras
over time, sometimes giving place to the vegetation that recovers
and later resurges, even with the same groups or taxa, as shown
by the paleoenvironmental reconstructions (Figure 6) and
evidenced by the geological session (Figure 2). Based on the
interpretations of the data obtained and the related literature, it
is also possible to infer that fire was an important element in the
dynamics of the paleofloras of the Antarctic Peninsula during
the Campanian, as were the fire events that were associated with
pyroclastic flows, which determined that much of the vegetation
either perished or developed.

This information corroborates and contributes to that
proposed by Bond and Scott (2010), Brown et al. (2012),
Carpenter et al. (2016), and Belcher and Hudspith (2017),
who have suggested that the occurrence of frequent and
intense wildfires during the Cretaceous probably played an
important role in the evolution of angiosperms and other
paleofloras in which they were present, including creating
evolutionary strategies to adapt to these events (Shi et al,
2022).

Conclusion

Based on the data presented here, it is possible to draw the
following conclusions.
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1) The occurrence of paleo-wildfires is reported here for the first time
for King George Island, South Shetland Islands, in the northwest of
the Antarctic Peninsula, through the macroscopic charcoal record.

2) The potential taxonomic affinity with Podocarpaceae was
confirmed by charcoalified conifer woods.

3) Pyroclastic flows were diagnosed as a probable source of
ignition for the Campanian wildfire in Price Point, King
George Island.

4) The fire events, preserved in the same geological section, are an
important record for the Late Cretaceous of Antarctica, which
helps to fill the existing gap on the subject for the lands belonging
to Gondwana.

5) Fire was an important element in the dynamics of the paleofloras
of the Antarctic Peninsula during the Campanian age, as its
presence probably controlled the life and survival of the
vegetation.

6) The austral paleofloras of the Late Cretaceous were affected by
wildfires, which have been shown be more frequent than thought
at first.
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