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Bullet-Points Abstract
• Different bone types are recognized based on color, hardness, petrography and
REE content.
• Fossil bones from the same Lagerstätte have undergone different fossilization
paths.
• The permeability of the sediment affected the bone preservation.

Introduction
Fossil bone, together with teeth, is the most
common remain of vertebrates that could preserve
over geological times. Bones consist of an organic and
inorganic composite made by a calcium phosphate
mineral, similar in composition and structure to
hydroxylapatite (Ca10(PO4)6(OH)2), embedded in
collagen and lipid matrix (Keenan, 2016). After
death, the organic fraction of the bone rapidly
decays. In most burial environments, bone mineral is
unstable and rapidly undergoes dissolution, unless the
recrystallization of the bioapatite crystallites and the
authigenic crystallization of new minerals rapidly fills
the pore spaces left by the organic matrix (Trueman,
2013). Because of the porous nature of the bone,
important structural, mineralogical, and chemical
changes occur to bones during diagenesis, from the
early stages to the late phases (from days to million
years), providing information on the depositional and
diagenetic environment (Pfretzschner, 2004). The
paleoenvironment and the diagenetic history can be
investigated also through the chemical element uptake.
Vertebrates do not incorporate significant amounts of
trace elements during their life. Therefore, the trace
element uptake mainly occurs post-mortem, during
the early diagenesis. Depending on the taphonomic
context, the initial uptake can continue up to 103106 years during diagenesis (Trueman, 2013). For its
porous texture and the crystal structure of bioapatite,
the bone mineral is very susceptible to REE (Rare
Earth Elements) uptake and registers the REE signal
of the environment in which bone fossilized, allowing
using this analysis as a proxy of paleoenvironments
(Trueman & Tuross, 2002). The interpretation of
geochemical data is complicated by the fact that, as

remarked by recent works, REE uptake may in some
cases continue along late diagenesis.

Materials and Methods
Several fossil bone samples were collected in one of
the most famous marine vertebrate fossil assemblages,
the Miocene Pisco Fossil-Lagerstätte of the Ica Desert
(Peru). The main remains of this assemblage belong to
cetaceans, both odontocetes and mysticetes, pinnipeds,
crocodiles, sea-birds, sea-turtles, sharks, rays and bony
fish (Bianucci et al., 2016), and several specimens are
exceptionally well preserved (Gioncada et al., 2016).
The exceptional abundance and the extraordinary
state of preservation of the fossils make the Pisco
Fossil-Lagerstätte a perfect case of study.
Bone samples were analyzed at the macroscale both
in the field and the laboratory, and strong variations in
hardness and color were noticed. Petrographic features
(mineral composition and texture) were investigated
through optical and scanning electron microscopy
and microanalysis at the University of Pisa, whereas
inductively coupled plasma mass spectrometry (ICPMS) was applied for the REE composition by a Perkin
Elmer NexION 300x spectrometer at the Università
di Pisa.

Results
Macroscopic observations
In the field, fossil cetaceans of the Miocene Pisco
Formation, dominated by diatomitic sediments, can
be enclosed in dolomite nodules, which preserve the
articulation and completeness of the skeleton. In
addition to the nodule, a sequence of yellow-blackred sediments (YBR sequence) underlies the fossil
remains showing a connection with the reduced

Corresponding autor’s contact: giulia.bosio.giulia@gmail.com
How to cite: Bosio et al. (2020). Petrography and geochemistry of fossil bones from the Pisco Fossil-Lagerstätte (Peru).
Fossilia, Volume 2020: 5-8. https://doi.org/10.32774/FosRepPal.2020.0602
Fossilia - Reports in Palaeontology

6

Bosio et al.

Fig. 1. A. Thin section of compact bone tissue from a fossil cetacean pinkish and fragile rib preserved in a low permeability
sediment (volcanic ash layer), under transmitted and plane-polarized light. B. Thin section of cancellous bone tissue from a
fossil cetacean red and moderately hard rib preserved in a high-permeability sediment (sandstone), under transmitted and planepolarized light. Note the Fe-oxides, ghosts of pyrite framboids.
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and alkaline environmental conditions induced
by carcasses degradation (Gariboldi et al., 2015).
Nevertheless, several findings are not enclosed in
nodules and/or occur in sandstones, but also in these
cases the surrounding sediment displays evidence
of modifications due to the formation of authigenic
minerals induced by the geochemical consequences
of the decay of the bones. At the macroscale, bone
samples can be grouped into different categories on
the basis of the color (dark amber, red, pearly white,
white/pinkish, dark gray, and white/gray-white)
and the hardness degree (low, moderate, and high),
showing a great variability of case studies.
Petrographic results
Microscopically, the original texture of the bone
tissue, both compact and cancellous, is well preserved
in all samples and not noticeably modified by
permineralization (Fig. 1A), i.e. the infilling of vascular
spaces within the bone by authigenic minerals. Bone
tissue preserves the microstructure with the osteocytes
and lamellae in all the bone types, with particularly
well preserved structures in the bones enclosed in
nodules. In some samples, cracks occur in a radial
pattern around the Haversian canal or in a chaotic and
pervasive pattern, showing that the bone undergoes
to stress during compaction. Bone cavities, such as
the Haversian canals and the medullary cavities, can
be empty or cemented by different minerals, such as
dolomite or apatite precipitated in the early stages of
the diagenesis, and a later cementation of carbonates or
gypsum/anhydrite. In some cases, sediment clasts can
be found in the bone cavities, providing evidence that
the bone went broken before diagenesis occurred and
that the bone cavities were filled by seawater, possibly
sucked in by the outgoing gas bubbles originated
by decomposing organic matter (Bodzioch, 2015).
Another evidence of organic decay is the presence
of microborings, due to the microbial activity during
the carcass degradation, along the contact between
the cortical bone and the sediment in some samples.
Oxidized remains of former pyrite framboids are also
found in the medullary cavities, in both the bones with
dolomite infill and the red colored bones (Fig. 1B).
Trace element geochemistry
The REE pattern of the analyzed bones indicate a
low and variable REE uptake. This pattern is similar in
the Lan/Ybn and Lan/Smn ratios to the REE measured
in the Pacific oceanic water and differs from the REE
pattern measured on diatomaceous sediment and
ash layer samples from the Pisco Formation. Among
the analyzed samples, bones in a high permeability
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sediment show fractionated patterns, whereas bones
in dolomite nodules, show a REE pattern distant from
the seawater.

Discussion and Conclusion
The fossil bones from the Pisco Fossil-Lagerstätte
have undergone different fossilization paths, resulting
in different type of fossil bones recognizable for color,
hardness, petrography, microscopic features and REE
content.
Bones inside dolomitic nodules and low permeability
sediments usually exhibit a white-pinkish color, a better
tissue preservation due to a low permineralization, but
also a low hardness that makes them fragile despite the
cementation of the bone cavities. The low permeability
of the nodule preserves bones from exchange with
seawater, limiting the REE fractionation. On the
other hand, bones without concretions show a various
range of colors, from red to dark amber, and different
hardness, from moderate to high, more resistant that
the previous ones. In these bones, permineralization
is usually high and bone cavities can be empty or
filled by secondary minerals. Without a nodule, fossil
bones obtain the REE pattern of the Pacific waters,
indicating a prolonged exchange with seawater.
Finally, in case of recent erosion due to the desert
environment, bones can be bleached by exogenous
agents, losing their original color and hardness,
resulting in pearly white to gray moderately hard
bones.
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