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Abstract
The treefall pit of a large tree at the base of the middle Eocene Mittelkohle has been studied in the former open-cast mine
Neumark Nord of the Geiseltal Mining District. Above a light clastic soil, the sedimentation in the pit started with backfall and
downwashed material grading upwards into pond deposits that filled the pit. This represents a high-resolution section equivalent
in time to the initial peat-forming environment. Palynology revealed a striking difference between a fern-dominated herbaceous
plant community below the pit and a pulse of washed-in fagaceous pollen (Tricolpopollenites liblarensis) at the base of the pit.
This is overlain by an assemblage of woody taxa typical of a peat swamp forest associated with a number of tropical elements.
Comparison with a nearby but undisturbed transition from underlying sediments to the seam confirms the ecotonal character of
the parent plant of T. liblarensis, and suggests that Cupressaceae s.l., Nyssaceae and Myricaceae especially benefited from
moisture and light in the clearing of the treefall pit. The transition from the underlying sediment to the lignite represents a sharp
break in the sedimentary regime from clastic to purely organic material with a bounding surface colonised by large trees, most of
them preserved as individual stumps, but including some fallen logs.
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Introduction

The valley of the Geisel creek (Geiseltal) is located about
20 km south of the city of Halle an der Saale (Saxony-
Anhalt, Central Germany). Until the 1980s, the Paleogene
lignites of the Geiseltal Mining District, which are limited to
an area of about 5 by 9 km (Fig. 1), were one of Germany’s
most productive coal resources. Locally, they even consisted
of an almost continuous seam of more than 100 m in thick-
ness. In the scientific community the lignites of the Geiseltal
are especially well-known for the wealth of exceptionally
well-preserved plant and vertebrate fossils which were recov-
ered from a number of individual sites (Krumbiegel et al.
1983). After most of the lignites had been removed by surface
mining, the open pits were abandoned in 1993, leaving mar-
ginal exposures and stripped planar surfaces. Prior to flooding

of the area, they offered the last opportunity to document
geological and palaeontological information during several
field campaigns between 2000 and 2006 (Hellmund and
Wilde 2001; Wilde and Hellmund 2006). None of the out-
crops most recently studied occurs in the known distribution
of vertebrate sites as summarised by Krumbiegel (1977).
Thus, it is not surprising that skeletal and other animal remains
have not been recovered, and palaeontological information is
limited to some plant remains and palynomorphs.

Treefall as a result of external (e.g. wind, weight of ice/
snow cover) or internal factors (e.g. infestation of a tree by
fungi or insects), or a combination of both (e.g. Maser et al.
1988; Schaetzl et al. 1989), has a vital influence on forest
structure and succession, especially by causing gaps in the
forest, which permit light to reach the forest floor (e.g.
Čuchta 2020; Gastaldo and Staub 1999; Schupp et al. 1989;
Ulanova 2000). Furthermore, nutrient cycling is influenced by
uprooted soil material and accumulation of plant litter. Pits
and mounds resulting from treefall can result in lasting effects
on microtopography (e.g. Harrison-Day and Kirkpatrick
2019) and microclimate directly influencing the character
and regeneration of the local vegetation (e.g. Khanina et al.
2017; Muscolo et al. 2014; Schaetzl et al. 1989; Schupp et al.
1989; Ulanova 2000). If the groundwater table is near to the
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surface, treefall pits may be temporally or permanently filled
with water (e.g. Bobrovsky and Loyko 2016; Gastaldo and
Staub 1999; Langohr 1993; Verb and Rubino 2012), leading
to a succession of aquatic and wet ground communities (e.g.
Bobrovsky and Loyko 2016; Verb and Rubino 2012).

Mining activities at the southern edge of the former open-
cast mine “Neumark Nord” had removed the lignite down to
the base of the seam or slightly below, irregularly exposing the
surface of the underlying clays and silts with basal cross sec-
tions of stems, stumps and root stocks of trees (combined as

“stumps”). These mark the onset of peat accumulation and
seam formation. In early autumn of 2001, the distribution of
“stumps” was recorded in an area of about 75 × 75 m (Fig. 2).
One of the stumps and the cross section of a fallen tree just at
the transition from the underlying sediments to the coal has
already been figured by Wilde and Hellmund (2006).
Simoneit et al. (2020) document resin that has been recovered
from three of the “stumps”, suggesting an origin from
Cupressaceae s.l. (Taxodium, stump 13), Burseraceae (stump
35) and Dipterocarpaceae (stump 46), respectively. The
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Fig. 1 The Geiseltal Mining District at the time of the field campaigns of 2001 (modified from Wilde and Riegel 2010)
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subject of the present palynological study is the treefall pit of a
fallen tree and its infill (section G VIII, stump 40). Remnants
of the basal part of the seam which were left intact at the
margin of the area occur within a relatively short distance to
the root pit and have been studied for comparison (section G
VII F).

Geology and stratigraphy

The middle to upper Eocene coal-bearing sequence of the
Geiseltal formed in a semi-isolated basin which was largely
caused by subsurface solution of Lower Triassic (Röt) evap-
orites (Küstermann et al. 2008). Based on a continuous record
of vertebrate faunas, the Geiseltal lignites are correlated with
European standard Mammal Paleogene zones (MP zones).
The lower and middle lignites (“Unterkohle” and “Mittel-
kohle”, respectively) are thus regarded as middle Eocene (MP
11 to MP 13) and the upper lignite (“Oberkohle”) as late
Eocene (mainly MP 14) in age (Haubold and Hellmund 1994;
Haubold and Thomae 1990). According to field observation, the
surface with the treefall pit most probably represents the base of
the Mittelkohle, which is placed within the regional pollen zone
15, subzone B (Krutzsch 1976) (Fig. 3), which covers an

approximate age between 43 and 45 million years (Standke
2008). In spite of the fact that the exact correlation of the
Geiseltal faunas to the European mammal chronology has recent-
ly been questioned (Ring et al. 2020), our sections can still be
regarded as middle Eocene in age.

Methods

Two trunks of fallen trees prostrate in different directions have
been encountered between the many “stumps” exposed on the
planar surface at the base of the Mittelkohle (Fig. 2). When
turning over, the largest of them (stump 40) had produced a
more or less circular treefall pit that showed a clayey infill on
the exposed surface. To study the connection between the
fallen tree and the pit, the depth of the pit and its filling in
detail, a trench was dug by hand following the direction of the
fallen tree in the middle. The side wall including a section of
the base of the tree and the pit was cleaned and smoothed with
palette knives and documented by photographs and field
drawing (Fig. 4). Above the underlying soil, three layers have
been distinguished in the centre of the pit, and seven samples
were taken from the whole section for palynological study at
less than 6-cm intervals over a vertical distance of 40 cm. In
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Fig. 2 Sketch of the stripped surface (G VIII) with numerous remnants of tree bases (“stumps”) and the studied fallen tree (stump 40); stumps 13, 35 and
46 have been studied geochemically by Simoneit et al. (2020)
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addition, the undisturbed transition from interbed to seam was
measured, and 11 samples were taken in a short section ca. 50
m away (section G VII F). Both series of samples were num-
bered independently from bottom to top according to individ-
ual layers.

Palynological preparation followed standard procedures
for siliciclastic sediments, i.e. brief boiling with 10% H2O2

for particle disaggregation, several days of treatment with
30% HF for removal of silica and clay minerals, removal of
HF by several steps of decanting and final sieving through a
10-μm mesh screen. Quantitative determination of assem-
blage composition is based on counts between 400 and 600
grains from three slides per sample and represented as percent-
ages of total pollen and spores. In addition, fungal remains and
resin particles were counted and calculated as additional per-
centages based on 100% of total pollen and spores. The use of
additional percentages based on a certain basic pollen sum of
100% as proposed, e.g. by Straka (1975), is common in

Quaternary palynology (e.g. Urban et al. 2011; Van Geel
1978). Because of their great abundance in several samples,
an exponential scale was used for representation in the respec-
tive figures.

Conventional light microscopy (LM) images were ob-
tained by a LEITZ Metallux 3 microscope equipped with
interference contrast and a LEICA DFC490 digital camera.
For scanning electron microscopy (SEM), individual
grains were selected and picked from uncovered spreads
of suspended residue in glycerol under LM control, washed
twice in a drop of distilled water, and transferred to the
emulsion-free side of a piece of developed photographic
film that was mounted on a standard SEM-stub. The stubs
were sputtered with gold and studied in a JEOL FM6490
LV SEM by using a 20 kV beam in secondary electron
mode. Pieces of apparently well-preserved wood were ex-
amined by SEM. They were removed from the middle of
the preserved tree length and broken in the lab by using
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Hellmund 1994; asterisk indicates
position of the studied treefall).
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Thomae (1990) and Standke
(2008)
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tweezers and a scalpel to reveal the three planes needed
(transverse, radial and tangential) for potential systematic
determination. The fragments were mounted on standard
SEM stubs by a commercial carbon adhesive, sputtered
with gold, and also studied in the JEOL FM6490 LV
SEM (20 kV, secondary electron mode).

The material for the present publication is deposited
in the collections of the Palaeobotanical Section of the
Senckenberg Forschungsinstitut und Naturmuseum in
Frankfurt.

Results

Figure 2 shows an area of about 5600 m2 at the base of
the middle Eocene Mittelkohle with basal remnants of
81 trees of various size (“stumps”), including the stud-
ied example of an uprooted tree that left a treefall pit at
its base (stump 40). The exposed surface in the area of
the fallen log represented a level slightly below the very
base of the lignite. This is indicated by the fact that no
lignite remained on the surface, not even in the centre

of the filling of the treefall pit and that only the lower
part of the trunk was preserved. The diameter of the
treefall pit at the exposed surface was abou 4 m, and
the remaining maximum depth in the trench was about
40 cm (Fig. 4). Remnants of the fallen trunk could be
traced from the treefall pit for a length of about 23 m
on the weathered surface, including gaps which were
caused by differential stripping due to mining activities
and subsequent weathering. Therefore the trunk was not
preserved as a singular unit and had mostly fallen apart
into a series of longitudinal sections. No obvious signs
of branching were observed, but branches were likely
stripped and weathered away together with the upper
part of the stem. The remains of the stem body are
preserved as compressed lignitic mummification in the
sense of Mustoe (2018) that does not show much ana-
tomical detail and therefore precludes systematic assign-
ment (Supplementary Material 1). An undisturbed tran-
sition from the underlying sediment to the lignite seam
could be studied for comparison at a nearby short sec-
tion (G VII F, distance about 50 m), where it was not
removed by mining.

a  

b  

 

Basal rooted soil 

Backfall and 

backwash 

w
o
o
d
y
 m
a
te
ria
l 

pond filling 

Fig. 4 Trench face (section G VIII, stump 40) with position of samples indicated by numbers. a Sketch. b Photo
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Lithology

The root pit (Figs. 4 and 5) is underlain by a light grey sandy
clay to clayey sand (sample 1), which is densely rooted (root
diameter < 1 cm) and shows occasional brown patches and
nodules. Interspersed are several thick, mainly flat lying lig-
nitic root branches (diameter up to about 10 cm). The follow-
ing layer (sample 2) represents the base of the pit fill and
consists of brownish sandy material probably mainly washed
down from the underlying sediment which initially remained
between the roots of the fallen tree. The succeeding layer
consists of a light grey silty clay (samples 3 and 4) that grades
into a carbonaceous and darker silty clay (samples 5 and 6).
The top layer (sample 7), which is only preserved in the centre
of the depression, is dark grey to almost black, highly carbo-
naceous and brittle probably due to recent surface weathering.
Higher parts of the filling and the contact to the overlying coal
are missing because it had been removed by mining. In gen-
eral, the filling of the pit becomes more fine grained and
organic-rich to the top, but macroscopic plant material has
not been observed.

The undisturbed nearby section (Fig. 6) does not include
the mottled light grey sandy clay that we observed in the
underlying soil of the treefall pit. Instead, the top of the
rooted underlying sediment up to the very base of the seam
is dominated by coarser grain size including fine gravel,
but appears slightly more transitional with respect to colour
due to an increasing content of organic matter. This sec-
tion further continues into the succeeding lignite for about
40 cm.

Palynology

During the study eight species of spores and 67 species of pollen
were identified in the sections (list of taxa and quantitative data
see Supplementary Material 2-4). The palynological diagram
from the site of the treefall pit (Fig. 5) shows some striking
vertical trends in assemblage composition. Palynomorphs are
rather rare and often poorly preserved in the basal sample (sam-
ple 1), which represents the soil of the initial mire forest (seat
earth). There, monolete fern spores (Laevigatosporites,
Verrucatosporites) are highly dominant, although somewhat
masked by the abundance of resin particles. Laevigatosporites
type spores (Fig. 7d, e) are in most cases rather small with more
than 80% in the range of 25-39 μm (size distribution see
Supplementary Material 5). According to Krutzsch (1967), most
of them can either be assigned to Laevigatosporites gracilis
Webster and Wilson (size below 30 μm; Krutzsch 1967) or to
Laevigatosporites haardtii (R. Potonié and Venitz) Thomson
and Pflug 1953 (size range about 35–40 μm; Krutzsch 1967).
Since the size distribution of 83 individual spores shows a dis-
tinct peak between 25 and 40 μm, which covers both species,
priority should here be given to the older name, L. haardtii. The Fi
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Fig. 6 Nearby section G VII F with palynological diagram
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size distribution in Laevigatosporites in sample 5 (Supple-
mentary Material 5) is more even and extends well into dimen-
sions beyond 60 μm that conforms to the range of L. discordatus
Thomson and Pflug 1953 (Krutzsch 1967). Slightly verrucate
monoletes are also quite common and are identified as
Verrucatosporites microfavus Thiele-Pfeiffer 1988 (Fig. 7f). In
addition to monolete spores, there is a variety of tricolpate and
tricolporate pollen, which have in most cases not been more

closely identified due to poor preservation or insecure taxo-
nomic assignment of rare or single occurrences. Unique for the
section, though rare, is the occurrence in this sample of alete
verrucate spores fitting to the genus Corrusporites Krutzsch,
1967 (Fig. 7a–c) which has been assigned to bryophytes. These
spores appear similar to those of several extant bryophyte taxa
(compare, e.g. Boros and Járai-Komlódi 1975; Zhang et al.
2005).

Fig. 7 Spores and pollen from the treefall pit sectionGVIII, stump 40. a–
c Corrusporites sp. d–e Laevigatosporites haardti. f Verrucatosporites
microfavus. g–i Inaperturate pollen. j–l Punctilongisulcites micro-

echinatus. (a, d, g LM, interference contrast. j LM, interference contrast
multifocus image. b, c, e, f, h, i, k, l SEM, secondary electron mode)
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The abundance of monolete spores drops dramatically in
the bottom layer of the pit fill (sample 2). Most noteworthy is
the singular and isolated sharp peak of Tricolpopollenites
liblarensis reaching 16% against a background of less than
3% in subsequent samples. Many of the more important pol-
len taxa shown in the diagram begin to rise in abundance or
appear here for the first time. A marked increase from 3.7 to
12.5% is shown by inaperturates (“Taxodiaceae”, now with
Cupressaceae s.l.) (Fig. 7g–i) and from 2 to 15.2% by
Tricolporopollenites cingulum (Fagaceae). Both taxa rise in
abundance almost continuously in the succeeding five sam-
ples. Juglandaceous pollen, especiallyMomipites, Platycarya-
pollenites and Plicatopollis plicatus, rises moderately to 5.2%,
roughly maintaining this level throughout the remainder of the
section (maximum 7.9%).

A distinct change occurs in sample 3 with the sudden rise to
dominance of myricaceous pollen totalling 24% of the pollen
assemblage. Although most of the myricaceous type pollen in
our sections can generally be assigned to Triatriopollenites
bituitus, similar triporate taxa (e.g. T. rurensis, Triporo-
pollenites robustus, T. rhenanus) were lumped with the spe-
cies since preservation and variability limited consistent dis-
tinction. The loss of about two-thirds of myricaceous pollen in
the succeeding samples 4 and 5 is largely compensated by
gradual increases of inaperturates, T. cingulum and
Nyssapollenites kruschii.

Sample 6 stands out by the absence of N. kruschii and a
singular show of palm pollen (Monocolpopollenites
tranquillus; 6.3%). Finally, sample 7 from the highly carbo-
naceous top layer is dominated by inaperturates and
T. cingulum, which together make up more than 50% of the
assemblage.

Nyssapollenites kruschii (Fig. 8g–i) seems to parallel the
trends of inaperturates and Tricolporopollenites cingulum ini-
tially reaching nearly 10% in sample 5, but almost disappears
in the top two samples. A number of typically middle Eocene
taxa, e.g. Porocolpopollenites vestibulum (Fig. 8d–f),
Tr i co lporopo l l en i t e s vancampoae (F ig . 9a–c ) ,
Tricolporopollenites marcodurensis and Spinaepollis
spinosus (Fig. 9j–l), are rare, although P. vestibulum and
Tricolp(or)opollenites parmularius are somewhat more com-
mon in the lower and S. spinosus and T. marcodurensis more
common in the upper part. The occurrence of Tricolporo-
pollenites willrathae (Fig. 9 g–i) is typical for pollen zone
15 in the region (Krutzsch, 1970, 1992) and substantiates an
assignment of the treefall pit to this zone. The purported affil-
iation of T. mansfeldensis (Fig. 8a–c) to the mangrove genus
Rhizophora by Krutzsch (1969), however, is in conflict with
all other environmental indices of the site and suggests a dif-
ferent affinity, e.g. Euphorbiaceae (Gruas-Cavagnetto and
Köhler 1992; Thiele-Pfeiffer 1988).

Similar to juglandaceous pollen, no vertical trends can be
observed from samples 2 to 7 for both, the T. retiformis group,

in which various tricolpate reticulate taxa are combined, and
the genus Tetracolporopollenites (mostly Sapotaceae) (Fig.
8j–l, compare Harley 1991), which also includes more than
a single species as well.

Figure 10 illustrates the high proportion of resin particles in
the two basal samples, particularly in sample 2. The resin
particles are deep orange in colour, and mostly rectangular
in shape, and have probably been released from decomposing
roots of the fallen tree. A change in shape and colour of resin
particles occurs in the upper two samples, in which they are
pale, roundish droplike and, in part, vacuolated. In view of the
massive occurrence of resin particles, their quantitative assess-
ment in palynological preparations can only be considered as
an approximation, which, nevertheless, appears highly signif-
icant. In the two lowermost samples, resin particles over-
whelmingly mask the palynological residues. Although they
remain very abundant in succeeding samples, a sharp drop
occurs in sample 3 followed by a gradual decrease to the top
as a normal forest mire appears to become established.

The apparent abundance of fungal remains, mainly spores,
in the underclay (sample 1) may be an artefact rather than
really due to the absolute scarcity and poor preservation of
pollen and spores, on the basis of which their percentage fre-
quency is calculated. But in samples higher in the fill, their
frequency increases almost consistently to the top of the pit
infill.

Discussion

The Geiseltal lignites are punctuated by sinkholes, which de-
veloped concurrently with peat formation due to karstification
in the subsurface (Krumbiegel 1959, 1977). They are com-
monly associated with the formation of small pools in the
order of 10 m in diameter, which are one of the major traps
for the famous Geiseltal fossils (Krumbiegel 1977) and shown
on various reconstructions of a lush tropical vegetation and
highly diverse middle Eocene biota. They are also sufficiently
large to reveal a clear hydrosere from limnic to telmatic envi-
ronments within the original Geiseltal mire (Krumbiegel et al.
1983). Instead, treefall pits differ greatly in dimension, dura-
tion, and ecologic effect and have not been described from the
Geiseltal Eocene, thus far. They nevertheless leave an ecolog-
ic fingerprint in closed forests in consequence of canopy gaps
and depressions on the floor as studies of recent sites (e.g.
Čuchta 2020; Schupp et al. 1989; Ulanova 2000) and rare
fossil examples suggest (Gastaldo and Staub 1999).

Figure 2 shows the studied area of about 5600 m2 at the
base of the middle Eocene Mittelkohle with 81 “stumps” of
various sizes, including two trees that appear to have fallen in
opposite directions. If windthrow was the cause, rather than
the death of an individual tree, it therefore only affected indi-
vidual trees with rather limited damage to the forest, leaving
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an areally restricted clearing and a mound-and-pit structure.
Brown patches and nodules in the underlying clayey sand to
sandy clay of the studied pit indicate a wet soil (gley;
Bobrovsky and Loyko 2016) which may have favoured
uprooting and the succeeding formation of a pond in the pit
(Langohr 1993). Root failure (Gastaldo 1990; Piirto et al.

1984) affected even roots of considerable thickness which
remained in the sediment below the pit. Downwash from sed-
iment captured between the overturned roots may have started
quickly (Gastaldo 1990). But, how small a clearing may be, it
will be the site for secondary recovery within the damaged
forest (e.g. Langohr 1993). Our study attempts to trace such

Fig. 8 Pollen from the treefall pit section G VIII, stump 40. a–c cf. Tricolporopollenites mansfeldensis. d–f Porocolpopollenites vestibulum. g-i:
Nyssapollenites kruschi. j–l Tetracolporopollenites sp. (a, d, g, j LM, interference contrast. b, c, e, f, h, i, k, l SEM, secondary electron mode)
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a recovery in the middle Eocene by means of palynology. The
depth of our pit is well in accordance with the fact that a depth
of 1.5 m is rarely exceeded by uprooting in modern trees (e.g.
Bobrovsky and Loyko 2016; Clinton and Baker 2000; Putz
1983). The filling appears similar to the situation outlined by
Langohr (1993), his fig. 2) with a mixture of uprooted soil

material on one side and a pond fill on the other. Mound-
and-pit structures of fallen trees can last from decades (e.g.
Lutz 1940; Putz 1983) to hundreds or more than thousand
years (e.g. Harrison-Day and Kirkpatrick 2019; Šamonil
et al. 2013; Schaetzl and Follmer 1990); however, a more
exact time frame for the filling of our pit can hardly be inferred

Fig. 9 Pollen from the treefall pit section G VIII, stump 40. a–c
Tricolporopollenites vancampoae. d–f Tricolporopollenites
pseudointergranulatus. g–i Tricolporopollenites willrathae. j–l

Spinaepollis spinosus. (a, d, j LM, interference contrast. g LM,
interference contrast multifocus image. b, c, e, f, h, i, k, l SEM,
secondary electron mode)
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from the data at hand. It is interesting to note that no plant litter
has been observed in the studied part of the fill. This may be
explained either by rapid degradation as observed even under
the tropical climate of Panama (Putz 1983), or accumulation
of litter as discussed by Gastaldo and Staub (1999) for treefall
pits on Borneo started in succeeding layers which had already
been removed by mining and/or erosion.

As indicated in Figs. 4 and 5, the basal sample is taken from
well within the underlying mineral soil, in which the initial
mire forest rooted, at a depth of about 40 cm below seam base.
The great abundance of small smooth monolete spores
(Laevigatosporites hardtii; Fig. 7d,e) and occasional slightly
verrucate monolete spores (Verrucatosporites microfavus;
Fig. 7f) suggests that a low-growing herbaceous vegetation,
in which a variety of polypodiaceous ferns played a dominant
role, preceded the initial forest mire vegetation. The scarcity
and relatively poor preservation of pollen and the occasional
occurrence of moss spores (Corrusporites sp.; Fig. 7a–c) are
signs of fairly deep weathering, respectively, nutrient deple-
tion which could have supported an open herbaceous commu-
nity. Abundant resin particles do not belong to the sediment
but have likely been released from root tissue of the
succeeding vegetation which was included in the sample.

Similarly, decomposition of roots in the uprooted stump
and the side walls of the pit, together with outwash concen-
tration at the base of the pit, may have led to the dominance of
resin particles in sample 2 (Fig. 10). This sample is represen-
tative for the initial phase of deposition within the pit.
Palynologically, this is demonstrated by a sharp decrease of
polypodiaceous fern spores and the onset of pollen of a mire
forest vegetation, which shows a more or less continuous dis-
tribution in overlying samples. The only exception is the
unique abundance of Tricolpopollenites liblarensis, which is
commonly attributed to a more open landscape (Lenz 2005;
Lenz and Riegel 2001; Pflug 1952; Riegel and Wilde 2016),

and the high proportion of this pollen may indicate a stage of
forest development prior to the closure of the peat-forming
mire forest. T. liblarensis is also abundant at the very base
of the seam in nearby localities, thus, apparently representing
an ecotonal element at the mire margin. At the same level, the
typical mire elements of the Paleogene, such as inaperturate
pollen of some Cupressaceae s.l. (formerly Taxodiaceae) (Fig.
7g–i), Tricolporopollenites cingulum (Fagaceae), and, in part,
Nyssapollenites kruschii (Nyssaceae) (Fig. 8g–i), become im-
portant and show a clear trend to dominance towards the top
of the section.

The main phase of pit infill (samples 3 to 6) is characterised
by the dominance of Triatriopollenites bituitus with frequen-
cies up to 40% of the total assemblage (Fig. 6). This may
include a minor proportion of T. rurensis, which is not con-
sistently distinguishable in routine counts (Wilde et al. in
press). Both are generally attributed to the Myricaceae.
Significantly, Lenz (2005) mentions that T. bituitus more
commonly occurs in transitions between lignite seams and
siliciclastic interbeds in the middle Eocene of Helmstedt, sug-
gesting a preference of Myricaceae for marginal or initial eco-
tonal communities of peat-forming environments.

Several rare taxa are restricted to the lower and middle part
of the section and mostly attaining less than 1% in the counts.
Nervertheless, these taxa are important as climatic and envi-
ronmental indicators. The morphologically unique Porocol-
popollenites vestibulum (Fig. 8d–f), f.i., has been attributed
to the mainly tropical family Symplocaceae (Thiele-Pfeiffer
1980; Thomson and Pflug 1953). Although the botanical af-
finity of Tricolporopollenites abbreviatus (Fig. 8a–c) is still
not known, its occurrence in Central Europe is largely restrict-
ed to, and typical for, the middle Eocene, which is considered
to support the most tropical vegetation in this region (e.g.
Krutzsch 1992; Lenz 2005; Pflug 1952; Riegel et al. 2012).
Conspicuous by their decorative sculpture are specimens of
Reticulataepollis intergranulatus with a potential affinity to
Nyctaginaceae (Bougainvillea; Wilde and Schaarschmidt
1993). The similarly ornamented, but distinctly tricolporate,
Tricolporopollenites pseudointergranulatus (Fig. 9d–f) has
been compared to pollen of Menispermaceae (Thiele-Pfeiffer
1980) or Viburnum (Adoxaceae; Hofmann and Gregor 2018).
In addition, the common occurrence of Compositoipollenites
rhizophorus, a putative pollen of Icacinaceae, and the occa-
sional appearance of Matanomadhyasulcites sp., affiliated
with the Annonaceae (Venkatachala et al. 1988), together with
various forms of Tetracolporopollenites (Sapotaceae) (Fig.
8j–l), strongly imply that a (para)tropical forest surrounded
the site.

Rare occurrences of Punctilongisulcites microechinatus
(Fig. 7j–l) may represent pollen of a species of Hydro-
charitaceae as suggested by Thiele-Pfeiffer (1988) and could
be evidence that open water occupied the treefall pit at least
temporarily. However, some palms have similar pollen

Fig. 10 Light microscopical image of resin particles in palynological
residue from section G VIII, stump 40, sample 2
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(Hofmann et al. 2015). Even the most careful search has not
revealed any freshwater plankton such as, e.g. freshwater di-
noflagellates of the genus Geiselodinium, which have been
described as locally frequent in sinkhole fills in the Geiseltal
lignite (Krutzsch 1962). The absence of aquatic elements may
possibly be explained by nutrient depleted acidic water in the
pit between a highly depleted soil and the initial peat swamp.

The complete absence of charcoal particles in combination
with pollen of mostly tropical families, such as Sapotaceae
(Tetracolporopollenites spp.) or Symplocaceae (Porocolpo-
pollenites vestibulum) among others, is in line with the previ-
ously postulated perhumid paratropical climate of the middle
Eocene in Central Europe (Lenz 2005; Riegel et al. 1999;
Riegel et al. 2012).

A soil of the kind with the low-diversity Laevigatosporites-
dominated assemblage underlying the treefall pit is not includ-
ed in the undisturbed neighbouring section G VII F (Fig. 6).
Instead, the rooted clastic sediment beneath the coal is transi-
tional with the base of the seam and dominated by
Tricolpopollenites liblarensis. It is, therefore, conceivable that
the singular peak of this species in sample 2 of the treefall pit
has been sourced by downwash from this layer, which was
merely stripped off by mining at the treefall site together with
the contact to the seam. Since there is no coal preserved on top
of the treefall pit, it is possible that the very top of the under-
lying sediments was stripped away here.

It remains conjectural about what proportion of palyno-
logical assemblages in the higher samples 3 to 7of the treefall
pit have been influenced by downwash from the base of the
seam, but some differences to the undisturbed section are
evident. The treefall pit possibly includes a protracted record
of the onset of the peat swamp when compared to the undis-
turbed nearby site. Inaperturate pollen (former Taxodiaceae,
now included in Cupressaceae s.l.) and Nyssapollenites are
more common in parts of the treefall pit but rare in the undis-
turbed section. This may indicate that Taxodium and Nyssa
may have benefited somewhat from a wetter substrate and
more light around the pit. The same may be true for
Myricaceae because their pollen is common in the treefall
pit but rare in the other locality. These three taxa may be
considered as gap-colonising and temporarily replacing the
surrounding flora after a treefall (Gastaldo and Staub 1999).
On the other hand, palm pollen (Monocolpopollenites
tranquillus) is rare in the pit, but slightly more common in
the other section, especially in its upper part. There is a strik-
ing opposite trend between the two sample sites in different
fagaceous pollen (Tricolpopollenites liblarensis and
Tricolporopollenites cingulum , respectively), with
juglandaceous pollen remaining a common background ele-
ment without notable vertical trends in both sections.
However, it remains unclear if the differences can fully be
explained by a local clearing caused by treefall or simply by
patchiness of the vegetation in general.

Summary and conclusions

Mining in the former open-cast mine Neumark Nord of the
Geiseltal Mining District exposed a planar surface at the imme-
diate base of the middle Eocene Mittelkohle. Among numerous
remnants of tree bases, it revealed a large diameter fallen tree
with a treefall pit measuring about 4 m in diameter at its base.
The filling of the pit represents a high-resolution section equiva-
lent to the initial time of forestation and peat accumulation.
Palynology revealed a striking difference between a fern-
dominated herbaceous plant community in the sediments under-
lying the pit, a pulse of washed-in fagaceous pollen
(Tricolpopollenites liblarensis) at the base of the pit, followed
by an increase of woody taxa pollen typical of a peat swamp
forest including a number of tropical elements. Comparison with
pollen from a nearby undisturbed transition from the underlying
sediment to the seam confirms the ecotonal character of the par-
ent plant of T. liblarensis, and suggests that Cupressaceae s.l.,
Nyssaceae and Myricaceae may have benefited from moisture
and light in the clearing of the treefall pit. It is remarkable that
there is no unequivocal evidence of aquatic elements in the fill.
The transition from the underlying sediment to the lignite repre-
sents a sharp break in the sedimentary regime from clastic to
purely organic material with a bounding surface colonised by
large trees, mostly preserved as individual “stumps”, but includ-
ing several fallen logs just at the transition from the underlying
sediment to the coal.
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