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Amber is a fossilised resin from ancient trees (coniferous
and deciduous), which underwent the process of fossili-
sation in various epochs and depositional environments.
Until the past decade, it was thought to be very rare, but
new discoveries have shown that it is more abundant in
terms of both geographical coverage and presence through
time than was previously thought. (Seyfullah and Schmidt,
2015). For a long time, amber has been used as a source of
paleobiological information as it frequently contains well
preserved elements of past ecosystems (Antoine et al.,
2006; Schmidt et al., 2006, 2010; Girard et al., 2009). Fos-
sil inclusions in amber receive a great deal of attention in
the study of paleoecosystems and evolutionary history (e.g.
Briggs, 2018; Ross, 2021; Sadowski et al., 2021) and rep-
resent a critical window to the evolution of terrestrial envi-
ronments across the Mesozoic—Cenozoic transition (e.g.
Martinez-Delclos et al., 2004; Penney, 2010; Sadowski et al.,
2021). Fossils (also known as inclusions) in amber often
have exquisite, three-dimensional preservation, retaining
fine surface and structural details, and are frequently pre-
served at least roughly in a position that they would have
had in life, and before much decay has set in (Seyfullah and
Schmidt, 2015). ‘Exceptionally preserved’ fossils in amber
may owe their high quality to the biocidal properties of resin
as well as its role as a ‘conservation trap’ (Briggs, 2003).
Resin can protect its inclusions from the physical and bio-
logical processes that ordinarily destroy non-biomineral-
ized tissues in terrestrial environments (Jiang et al., 2022).
Amber has also been a source for investigations into the
potential preservation of ancient DNA (Cano et al., 1994;
Greenblatt et al., 1999), with controversial results. Resin
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does not just trap organisms but amber can also preserve
vapour phases of various compositions and attempts have
been made to analyse air and water bubbles contained in
amber (Berner and Landis, 1988; Cerling, 1989) but the
preservation of an original signal is still debated. They
may represent ancient air trapped at the time the original
resin was exuded from its host tree but may also contain
modern air (Berner and Landis, 1987). Roedder (1984) also
suggested that the trapped air might be mixed with volatile
components of the amber.

In this study, we investigate inclusions in Baltic amber,
Eocene in age. Numerous samples of raw (not processed)
and non-raw (processed) material are used with the aim
of investigating, through a multidisciplinary approach, the
nature of the inclusions and determining their origin. The
samples vary in size and weight (from 0.3 to 5 grams) and
have all been selected according to their inclusion’s appear-
ance (Fig.1). The inclusions consist of air bubbles, liquid
and solid phases (e.g. marcasite) as well as spores. Previ-
ous studies (Jiang et al., 2022) demonstrate that resin and
amber are not always closed systems. Fluids (e.g. sediment
pore water, diagenetic fluid and ground water) at different
burial stages have chances to interact with amber through-
out its geological history and affect the preservation quality
and morphological fidelity of its organic inclusions. There
are indeed numerous problems with the preservation of
original compositions in the amber matrix and therefore
experiments related to man-made inclusions are also car-
ried out. The processes used to prepare the samples, such
as grinding and polishing, may force the entrapment of
inclusions that have nothing in common to the original
entrapment, therefore, post-processing water, impurities
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or alteration materials need to be described and differen-
tiated from the naturally entrapped inclusions. Data from
light microscopy, scanning electron microscopy (SEM),
energy-dispersive and wavelength-dispersive X-ray spec-
troscopy (EDX and WDX), X-ray micro-computed tomogra-
phy (Micro-CT) and Raman spectroscopy will be presented.

Figure 1: Baltic amber (succinite) mined in South-East Poland
(Lubartow region). (a,b,c) Polished pieces with visible two-
phase liquid-gas inclusions and (d) rough amber piece darker in
appearance but with obvious inclusions. Samples size: a) 0.31g;
14x9x9mm; b) 0.63g; 19x10x3mm; c) 0.70g; 15x11x7mm; d)
1.90g; 18x18x13mm.
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