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ABSTRACT. Fire is an important constituent of many modern and fossil ecosystems. During the last decades
a large number of studies have dealt with fires in pre-Cenozoic ecosystems. Evidence for the occurrence of
Palaeogene and Neogene wildfires (e.g. in the form of pyrogenic inertinites in lignite deposits) is geographically
and stratigraphically widespread. However, as compared to earlier periods (i.e. the Permian and Cretaceous),
fewer studies have focussed so far on plants burnt (or charred) in wildfires from these periods, even though
these periods are of considerable interest for our understanding of the evolution of modern ecosystems. Here
we report the occurrence of charred wood remains belonging to different conifer taxa from the base seam of the
former Frielendorf opencast lignite mine in Northern Hesse (Germany). These findings are evidence that these
conifers, and the types of vegetation they were growing in, were affected by wildfires occurring during the Late

Oligocene — Early Miocene in this region.
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INTRODUCTION

Fire is an important source of disturbance
in many modern ecosystems and also were
important in fossil ecosystems (e.g. Potonié
1929, Scott 2000, 2010, Scott et al. 2014).
Charcoal, direct evidence of wildfires, is known
since the Silurian (Glasspool et al. 2004). Vari-
ous authors have recognized ‘high’ fire phases
like the Late Palaeozoic (e.g. Glasspool et al.
2015) and Cretaceous (e.g. Scott et al. 2014), as
well as ‘low’ fire phases such as the early Tri-
assic (e.g. Scott 2000, Abu Hamad et al. 2012,
Scott et al. 2014) and parts of the Cenozoic
(e.g. Scott 2000, Diessel 2010, Bond 2015). In
recent decades there has been increased inter-
est in Quaternary and pre-Cenozoic palaeo-
wildfires (e.g. Scott 2000, 2010, Abu Hamad
et al. 2012, Brown et al. 2012, Scott et al. 2014;
and citations therein). Additionally, a number
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of studies have dealt with evidence for Pala-
eogene and Neogene (Miocene — Pliocene)
wildfires (e.g. Martin 1996, Figueiral et al.
2002, Bond 2015, Robson et al. 2015, Sluiter
et al. 2016, Wedmann et al. 2018; and citations
therein), periods important for our understand-
ing of the evolution of modern ecosystems and
their fire ecology (e.g. Bond 2015).

The present study describes woody char-
coal assignable to taxodioid Cupressaceae and
other, unidentifiable, conifers from a Late
Oligocene — Early Miocene lignite deposit in
Northern Hesse (Germany), adding new evi-
dence for the occurrence of wildfires during
this period in Central Europe. Together with
numerous records from earlier studies of Cen-
tral European lignites from this time period
(e.g. Schuckmann 1925, Bode 1928, Grund
1928, Potonié 1929, Grebe 1953, Figueiral
et al. 2002, Gee 2005; and citations therein),
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these new records indicate that palaeo-wild-
fires were much more frequent than previously
assumed (e.g. Scott 2000, Bond 2015).

GEOLOGY AND STRATIGRAPHY

The charcoal described here comes from the
base of a lignite seam at the former Frielen-
dorf open pit mine in Northern Hesse, Ger-
many (Fig. 1), collected in 1893 (Menzel 1920).
Although Menzel (1920) provided no profile of
the mine, the seam he mentioned can be corre-
lated with the Floz III of Steckhan (1952), who
assigned a latest Oligocene age to this seam
based on palynological data. Menzel (1920) had
assigned a Miocene age to the lignite, based on
its very sparse macroflora consisting of the fol-
lowing taxa: Castanopsis schmidtiana (Gein-
itz) Krausel, Sequoia langsdorfii (Brongniart)
Heer, cf. Pinus saturnii Unger and Quercus
apocynophyllum Ettingshausen. According to
a letter from Blanckenhorn to Menzel (cited in
Menzel 1920), the lignite contained abundant
additional leaf remains but they dried out and
peeled off very quickly, or were too fragmented
to be identified to specific or even generic level.

Later, Kirchheimer (1937) argued for a Late
Oligocene age for Menzel’s material, based
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Fig. 1. Overview map of Palaeogene and Neogene lignite
deposits (grey shading) in Northern Hesse. Redrawn and
modified from Bergbaulicher Verein Kassel (1928)
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Fig. 2. Overview of the regional lithostratigraphical subdivi-
sion of Late Oligocene to Early Miocene deposits in Northern
Hesse. Modified from Ritzkowski et al. (2011)

on the abundant occurrence of Castanopsis
schmidtiana. However, there are a few veri-
fied earliest Miocene occurrences of this taxon
(cf. Mai 1989). Recent work assigns this seam,
under the name Basis-Floz (base-seam), to the
base of the Schorn Member of the Frielendorf
Formation (Fig. 2), for which a Late Oligocene
to Early Miocene age is assumed based on
palynological data (Ritzkowski et al. 2011).

MATERIAL AND METHODS

The piece of lignite from which the charcoal described
here was extracted contains several seeds of Castanop-
sis schmidtiana described by Menzel (1920), as well as
some undescribed charcoal fragments (Fig. 3). Samples
(including small pieces of Castanopsis seed-coats) were
extracted mechanically from the sediment with the aid
of preparation needles and tweezers under a binocular
microscope in the laboratory. Due to the very fragile
nature of the specimens, these could not be cleaned fur-
ther with acids to remove adhering mineral remains,
as even very careful treatment led to their total frag-
mentation. All charcoal specimens analysed for the pre-
sent study are stored in the Geoarchive Marburg, the
former geological-palaeontological collection of Marburg
University, Germany, now curated at the Sencken-
berg Research Institute and Natural History Museum
Frankfurt (Schindler et al. 2014), under accession num-
bers SMB-Mbg 3738A to SMB-Mbg 3738G.

Selected charcoal samples were mounted on stand-
ard stubs with LeitC (Plano, Miinster, Germany) and
subsequently examined with the aid of a JEOL JSM
6490 LV scanning electron microscope (SEM; accelera-
tor current 20 kV) at the Senckenberg Forschungsin-
stitut und Naturmuseum Frankfurt (Germany).

RESULTS

PRESERVATION

The wood specimens analysed for the pres-
ent study can be identified as charcoal due to
the following characteristics (following Scott
2000, 2010): black colour and streak, homoge-
nized cell walls (e.g. Fig. 4F, 5B) and excellent
three-dimensional preservation of anatomical
details (Figs 4, 5). In contrast, the Castanopsis
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Fig. 3. Piece of lignite from Frielendorf. (A) Overview of lignite slab with two specimens of Castanopsis schmidtiana (Geinitz)
Kriusel (originally figured by Menzel 1920; Pl. 15, Fig. 5, 6) as well as the charcoal specimens analysed for the present study
(arrows point to the two largest pieces of charcoal); 1 — Charcoal type-1 (indet. conifer), 2 — Charcoal type-2 (Cupressaceae?-
type), scale bar = 5 cm; (B) close-up of seeds of Castanopsis schmidtiana (Geinitz) Krdusel, together with small pieces of
charcoal (arrows), scale bar = 2 cm; (C), close-up of Cupressaceae?-type charcoal specimen exposed at the side of the lignite
specimen, scale bar = 2 cm

seed coats showed no evidence of charring
(e.g. homogenized cell walls or black streak),
despite exhibiting a slightly silky lustre. The
size of the woody charcoal pieces ranges from
ca2x1x ‘1 mmtocab0 x50 x ‘5>’ mm, and
all specimens are compressed due to compac-
tion of the lignite. In some larger specimens,
however, small fragments still show excellent
three-dimensional preservation of anatomi-
cal features, especially of the thicker-walled
latewood (Figs 4, 5), allowing observation of

some taxonomically useful details. Numerous
studies of the coal petrology of lignites, as well
as higher-rank coals (cf. Potonié 1929, Scott
2000; and citations therein) have noted that
parts of otherwise crushed charcoal specimens
may show excellent three-dimensional preser-
vation of anatomical features. A noteworthy
detail, at least from a taphonomical point of
view, is the preservation of pits in one of the
examined specimens. Here the pits have been
split in radial sections, exhibiting the torus and
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Fig. 4. SEM images of Charcoal type-1 (indet. conifer) charcoal from the Frielendorf Formation in Northern Hesse. (A) Slightly
oblique cross section, showing transition from earlywood to latewood; (B) tangential view exhibiting rays; (C) close-up of B; (D)
radial view of latewood and growth-ring boundary; (E) radial view of cross-field; (F) radial view of uni- and biseriate pitting
on radial walls of tracheids; (G) split of radial walls showing aspirated pits; Inv.-Nr. SMB-Mbg 3738A

the margo of the corresponding pits, and in one
of these pits the torus is obviously fused to the
porus (Fig. 4G). Possibly this happened during
charring, comparable to the homogenization of
different cell-wall layers. It is also possible that
pit aspiration occurred prior to charring. This
observation may explain why some pits appear
closed under SEM in radial view (Fig. 4D, F).

ANATOMY AND TAXONOMY

Two anatomically different ‘types’ of char-
coal were distinguished. Both are conifers (see
description below). A specific or even generic

assignment cannot be made, due to the rela-
tively small size of the three-dimensionally
preserved woody fragments and the limited
number of diagnostic features they show.

Charcoal type-1 (indet. conifer; Fig. 4)

Description. The growth rings are incom-
pletely preserved. The thin-walled earlywood
was compacted during diagenesis of the sur-
rounding lignite (Fig. 4A). Distinct growth ring
boundaries can be observed, marked by a few
rows of radially narrow latewood (Fig. 4A,
D, F). The lumina of tracheids are rectangular
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to polygonal in cross section (Fig. 4A). Bor-
dered pits on the radial tracheid walls occur
in one, occasionally two, vertical rows (Fig.
4D, F). When in two rows, the pits are alter-
nating or oppositely arranged (Fig. 4D, F). The
pits usually are not touching (Fig. 4D, F). No
axial parenchyma could be observed. The rays
are uniseriate and 2-6 cells high (Fig. 4B, C).
The cell walls of ray cells are relatively thick;
no pits were observed (Fig. 4E). The ray cells
are round in tangential view (Fig. 4B, C).
Cross-field pitting was not observed in radial
view (Fig. 4E). In slightly oblique tangential
view a few large pits can be observed (Fig. 4C)
but their characteristics (which are frequently
modified during charring; Gerards et al. 2007)
remain unclear. Occasionally, large idioblasts
of unknown function can be observed in tan-
gential view (Fig. 4B, C).

Remarks. The observable characters are in
agreement with wood of a number of conifer
groups (e.g. Philips 1948, Heinz 2004, JAWA
committee 2004). However, due to the very
fragmentary preservation of the charcoal from
Frielendorf, and the likelihood that some
aspects and especially dimensions of the cells
changed during charring (e.g. Cutter et al.
1980, Osterkamp et al. 2018), this type of
charcoal (observed in 2 specimens from Friel-
endorf) can only be identified as indet. conifer.

Charcoal type-2 (Cupressaceae?-type; Fig. 5)

Description. The growth rings are narrow,
with earlywood usually only 2—4 cells wide
(Fig. 5A) and latewood usually only 1 cell wide,
occasionally 2 cells wide (Fig. 5A, B). The tran-
sition from earlywood to latewood is distinct
(Fig. 5A, B). The lumina of tracheids are rec-
tangular to polygonal in cross section (Fig. 5A).
Intertracheary pits on radial walls occur in one
vertical row, with the pits usually not touch-
ing (Fig. 5G, H). No axial parenchyma were
observed. The rays are uniseriate and usually
1-2 or up to 6 cells high (Fig. 5C, D). The cell
walls of the ray cells are relatively thick (Fig.
5C, D), often with pronounced triangular inter-
cellular spaces between the cells and tracheids
(Fig. 5D). The ray cells in tangential view are
round to ovate (Fig. 5C, D). Cross-field pitting
consists of (3-) 4 pits arranged in two verti-
cal(?) or horizontal(?) rows (Fig. 5E, F), but
the cross-field pit type could not be determined
with certainty.

Remarks. The characteristics detailed above
were observed in four charcoal specimens from
Frielendorf. The appearance of the growth ring
boundaries and intertracheary pits suggests
affinities with the Cupressaceae, and what
appear to be relatively large cross-field pits
suggest the Taxodioideae (e.g. Philips 1948,
Heinz 2004, IAWA committee 2004).

Van der Burgh (1973) suggested that pro-
nounced triangular intercellular spaces in the
rays, as observed in Charcoal type-2, would be
characteristic for Glyptostroboxylon tenerum
(Kraus) Conwentz (the type of wood produced
by modern Cunninghamia; Dolezych & van
der Burgh 2004). However, other authors have
reported such triangular intercellular spaces
in rays of other taxa belonging to taxodioid
Cupressaceae, such as Metasequoia (Visscher
& Jagels 2003). Larson (1994) noted that such
triangular intercellular spaces are a more
general feature that is typical for a number of
(unspecified) species growing in very wet habi-
tats. This supports an interpretation that this
type of wood may have originated from a coni-
fer growing in wet habitats of the peat-forming
source vegetation of the lignite.

Menzel (1920) described and figured a few
fragmentary conifer twig remains from Fri-
elendorf, which he assigned to Sequoia langs-
dorfii (Brongniart) Heer. Glyptostrobus is
another cupressaceous taxon that is a frequent
constituent of Late Oligocene to Early Miocene
peat-forming vegetation of Central Europe but
which has not been reported from Frielendorf
so far. This genus occurs in different Late Oli-
gocene localities in the nearby Westerwald
region, where it probably formed an important
constituent of riparian or even swamp vegeta-
tion (e.g. Uhl et al. 2011, Kriiger et al. 2017).

DISCUSSION

The evidence for wildfires presented here,
together with the abundant literature on Pal-
aeogene and Neogene wildfires (see below),
somewhat contradicts the conclusions of Bond
(2015) that the Cenozoic was a time of rather
low fire activity as compared to older periods.
However, this author’s conclusion apparently
was based on a rather selective and incom-
plete review of studies of charcoal as evi-
dence for Palaeogene and Neogene wildfires,
completely neglecting studies dealing with
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charred mesofossils (e.g. Martin 1996, Figuei-
ral et al. 2002).

The presence of relatively large pieces of
charcoal provides evidence for the occurrence
of wildfire(s) during the deposition of the base
seam of the Schorn Member of the Frielendorf
Formation. These findings supplement earlier
reports of charcoal (fusinite and semi-fusinite)
in numerous Central European lignite depos-
its (e.g. Schuckmann 1925, Bode 1928, Grund
1928, Potonié 1929, Grebe 1953, Figueiral
et al. 2002, Gee 2005, Uhl et al. 2011; and cita-
tions therein). Despite the frequent occurrence

Fig. 5. SEM images of Charcoal type-2 (Cupressaceae?-type) from the Frielendorf Formation in Northern Hesse. (A) Cross
section, exhibiting seven growth rings; (B) detail of A, showing homogenized cell walls; (C) tangential view with numerous
rays; (D) details of rays with intercellular spaces; (E) radial view of cross-field; (F) slightly oblique tangential to radial view
of cross-field and ray; (G) radial view of uniseriate pitting on radial walls of tracheids; (H) radial view of uniseriate pitting on
radial walls of tracheids; Inv.-Nr. SMB-Mbg 3738B

of charcoal in lignites from several Oligocene
and Miocene time slices, only a few of these
occurrences have been studied from a palaeo-
botanical point of view. Examples are occur-
rences of charcoal in Oligocene lignites of the
Westerwald region (Uhl et al. 2011), as well
as Miocene lignites from the Lower Rhine
Embayment in north-western Germany (e.g.
Figueiral et al. 2002) and the Staniantsi Basin
in Bulgaria (e.g. Uhl et al. 2014). In some cases
the charred wood belongs to taxodioid Cupres-
saceae (Uhl et al. 2011, 2014); others have
reported a wide variety of taxa, including not
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only conifers but also numerous angiosperm
taxa (e.g. Figueiral et al. 2002).

More numerous are studies mentioning
charcoal in the form of (pyrogenic) inertinites.
The published total inertinite levels (used by
some authors as a proxy for the occurrence of
pyrogenic inertinites like fusinite, semifusinite
and inertodetrinite; e.g. Diessel 2010, Glasspool
& Scott 2010, Abu Hamad et al. 2012) are gen-
erally low in most coals and lignites from the
Eocene up to the Pliocene (e.g. Diessel 2010).
Although Diessel (2010) listed a large num-
ber of coals/lignites containing inertinites from
the Oligocene and Miocene, all of these coals
contained only very low volume-percentages of
inertinites (between 0.4 and 6.8%), in contrast
to Palaeocene and Eocene deposits (between
0.2 and 57.3%). Potonié (1929), in his pioneer-
ing study of the pyrogenic origin of fossil char-
coal (“Fusit”) in coals and lignites, pointed out
that these low volume-percentages come mostly
from lignites as compared to higher-rank coals
from older periods, and that during compaction
and coalification the chemically inert fusinite
and semifusinite lost less of their initial three-
dimensional structure as compared to other
coal macerals. These macerals lost less volume
and are thus volumetrically overrepresented in
higher-rank coals.

Besides the intertinites from Oligocene
coals/lignites, the occurrence of charcoal in
Oligocene deposits has sometimes been men-
tioned anecdotally in papers on sedimentology
and general geology (e.g. Winkelmolen 1972,
Bestland 1987). An Oligocene — Miocene seam
from the Latrobe valley in the Gippsland Basin
in Australia contains abundant charcoal in
certain lithotypes, and it has been argued that
the source peatlands were subject to repeated
fires during the Late Oligocene up to the Early
Miocene (e.g. Holdgate et al. 2014, 2016, Kora-
sidis et al. 2016, 2017, Sluiter et al. 2016).

The published fossil record of wildfire is
more extensive for the Miocene than for the
Oligocene. Evidence for Miocene wildfires is
known from a number of European regions
(e.g. NW Germany: Grebe 1953, Figueiral et al.
2002, Gee 2005, Holdgate et al. 2016; Bul-
garia: Uhl et al. 2014; central Poland: Kowal-
ski 2017, Kowalski & Fagundez 2017; Austria:
Masselter & Hofmann 2005; Spain: Peiial-
ver & Gaudant 2010), North America (e.g.
Oregon: Retallack 2004; Idaho: Davis & Ellis
2010; Banks Island, Canada: Williams et al.

2008) and South America (e.g. Chile: Schon-
ing & Bandel 2004, Abarzua et al. 2016), Asia
(e.g. Yunnan, China: Li et al. 2017; S-Korea:
Sohn et al. 2013; Indonesia: Smyth et al. 2011,
Turkey: Girdal & Bozcu 2011), India (e.g.
Goswami & Deopa 2018), Africa (e.g. South
Africa: Roberts et al. 2013, Sciscio et al. 2016;
Namibia: Hoetzel et al. 2013), New Zealand
(e.g. Mildenhall 1989, Pole 2003, Mildenhall
et al. 2014), Australia (e.g. Martin 1996, Hold-
gate et al. 2007, 2016) and marine sediments
in the Pacific Ocean (e.g. Herring 1985, Bond
& Scott 2010).

In the last decades some studies have dealt
in more detail with charcoal from Palaeogene
and Neogene lignite deposits (e.g. Martin
1996, Figueiral et al. 2002, Uhl et al. 2011,
2014). Many older studies merely mentioned
the occurrence of fossil charcoal in lignites,
without providing detailed information (e.g.
Schuckmann 1925, Potonié 1929). Our new
data from the Frielendorf Formation, together
with abundant data from the literature, sug-
gest that there is great potential for further
in-depth studies (using modern techniques like
SEM) of the fire ecology of such deposits.
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