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DEGRADATION OF PALEONTOLOGICAL SAMPLES WHICH CONTAIN PYRITE
AND/OR MARCASITE — CONSIDERATIONS ON THEIR CONSERVATION

MACOVEI Monica, GRIGORE Dan, SEBE-RADOI Oana Gabriela,
DUMITRAS Delia Georgeta, CRUSOVEANU-RUSU Simona

Abstract. The natural form under which iron disulphide is ordered is isometric (pyrite) or orthorhombic (marcasite). The most
common case is where the form of crystallization is represented by pyrite (cubes or radial and framboidal arrangements). The degree
of alteration of the samples is variable, mainly related to the actual amount of pyrite, as well as relative humidity of the storage
medium. The current situation needs to be carefully analyzed and optimal conservation methods and restoration solutions have to be
provided — in the case of already affected material. Various ways of preserving the degradable material can be proposed: insulation,
coating, immersion, storage in a controlled environment.
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Rezumat. Degradarea materialului paleontologic ce contine piriti sau/si marcasiti — observatii asupra
conservarii. Forma naturala sub care se dispune disulfura de fier este cea izometrica (piritd) sau ortorombica (marcasitd). Cazul cel
mai frecvent este cel in care forma de cristalizare este reprezentatd de piritd (cuburi sau dispuneri radiare si framboidale). Gradul de
alterare al probelor varizd in principal legat de cantitatea existenta de piritd, precum si de umiditatea relativa a mediului de pastrare.
Situatia prezentd trebuie atent analizata si oferite solutii optime de conservare si de restaurare — in cazul materialului deja afectat. Se
pot propune diverse metode de conservare a materialului degradabil: izolare, acoperire, imersie, depozitare in mediu controlat.

Cuvinte cheie: pirita, fosila, microfosila, degradare, conservare.

INTRODUCTION

The National Geology Museum (NGM) is located in the building originally destined in 1906 to the
headquarters of the National Institute of Geology; nowadays, the museum is just a department of the institute. The
exhibitions were set up in 1990, based on the researchers’ collections and donations. Several samples from the
collections of the National Museum of Geology (Bucharest) contain pyrite or marcasite (FeS,) or they are totally
represented by the latter. This paper refers to samples from paleontological collections (from the museum collections or
from researchers’ study collections). We intend to estimate the degree of alteration and the mechanisms involved in it
and to underline the importance of good preservation, or, in some cases, a restauration of the older paleontological
material that has already been damaged. Samples containing pyrite and marcasite require increased attention; simple
control of humidity and aeration is not enough, the alteration still has place, though at a lower rate.

It is known that the pyrite makes pseudo-morphoses from various plants or plants, replacing totally or partially
organic residues. Sedimentary pyrite or marcasite can also be deposited after the fossilization process, in the remaining
voids or can be later created by various dissolutions. Similarly, various pseudo-morphoses (e.g. limonite on pyrite) are
made on the charge of the pyrite. If the alteration did not affect the form of the fossil, from a paleontological point of
view, the sample is still viable, as shown in the case of Goniatite specimen from Alton marine band of Westphalian
Coal Measures, ammonite from HODGKINSON & MARTIN (2004). The problems occur when a paleo-environment
reconstruction is intended; environmental conditions are approximated by making a parallel to the present situation of
the conditions that generate some of the minerals.

There are numerous studies on the alterations made on the pyrite and marcasite in nature, and also in the collections
of the museums all over the world, but no final decision on the best way of preservation. There are two principal methods of
conservation: one of them refers to different coatings (usually acrylic substances) and one is focused on a controlled
environment (exhibits are kept under anaerobic conditions, with strict humidity control). Some studies even suggest that
bacterial activity may be involved in these processes of alteration (TEMPLE & COLMER, 1951; BEIJERINCK, 1904).
These are very rare cases (very high humidity is involved, 95%), therefore it is not the case in a museum environment. Also,
the light may be an aggravating agent, especially in the case of permanently displayed samples.

Sometimes, paleontological samples may lose all their integrity following mineralogical transformations that
occur through the oxidation of the pyrite or marcasite. It is important to preserve the original mineral that may give
indications of the fossilization environment and contribute to the reconstruction of the paleoenvironments.

In paleontology, it is also extremely important to keep the heliotypes, so their preservation is essential. A first
way to prevent pyrite oxidation is to limit the humidity of the storage space to lower than 60%, or in the case of organic
carbon-rich samples less than 30% and a treatment with ammonia vapours to inhibit the reactions that have been already
started (HODGKINSON & MARTIN, 2004), or with ethanolamine thioglycolate treatment (CORNISH & DOYLE,
1984; CORNISH, 1987).

Another way of preventing pyrite degradation is to cover the samples with different resins (COSTAGLIOLA et
al., 1997), but in this case is recommended to use those resins that are long lasting in time without changing their aspect
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(colour, integrity, transparency, elasticity, etc.). Usually the compounds don’t interfere with possible future geochemical
analyses due to their composition that is very different from the paleontological material. The process of coverage
though has to be very thorough, and requires a special laboratory with proper ventilation.

In the case of small samples (micropaleontological samples) their preservation in silicone fluid (HOWIE,
1979) is recommended, which can be suitable even for a display show, under a magnifier in a transparent box. Also, for
such exhibited specimens (Fig. 3e), grains of silica gel can be placed nearby to absorb humidity and to give a water-like
look to the display case. This material is nontoxic and non-flammable and no chemical reaction is involved. Silica gel is
known to be suitable for the control of humidity, especially when dealing with the alternation of humid periods and dry
periods because after having absorbed the humidity the grains have to lose it (this can be obtained with an alternation of
an arid period or by heating). It is advisable to put sachets with silica gel in the drawers with pyrite samples from the
deposit area, being careful in choosing its type (DINIZ, 2006).

The collections in a museum are usually arranged by sampling location (geographical region) so many fossils
from the same formations are stored together and exposed to the same environment conditions, which makes them
decay approximately in the same time. The current norms regarding the storage conditions of geological collections do
not reflect the current knowledge and sometimes are contradictory (BAARS & HORAK, 2018). There should be a
dynamic standard that can be applied in all the repositories.
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Figure 1. The map location of the paleontological sites of origin: A — Lacu Rosu, B — Rucar-Bran, C — Svinita, D — Cernavoda,
E - Morilor Valley — Gorj County (simplified by Gheuca Ion after SANDULESCU et al., 1978, with annotations).

SITES OF ORIGIN

Regarding the geological setting, the samples originate from the Romanian orogenic areas — East and South
Carpathians (Fig. 1 A, B, C, E) and one from the platform area - Dobrogea (Fig. 1, D). The samples were selected from
various formation type and ages as examples in this study.

The first set of samples (Fig. 1A) are provided from Haghimas Mts — Ghilcos (Transylvanides,
SANDULESCU, 1984); the oldest — of the Kimmeridgian -Tithonian age, from the Acanthicum Beds (GRIGORE,
2002; 2011) / Ghilcos Formation (DRAGASTAN, 1997); this kind of strata contains fine fractions in the terrigene
sedimentary series. Lithology is mainly represented by nodular limestones, sandstones, siltstone and marls. The pyrite is
dispersed in the lumachelle beds that consist of ammonites especially, but is found also in the small ammonites from
marls, some of them entirely pyritized and with an oxidation crown. In most of these cases the pyrite takes a framboidal
form, while in some more compact limestones from the basal Kimmeridgian, of dark blue or green color (Platynota
Zone; GRIGORE, 2002), the pyrite is cubic, found as isolated crystals.
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The second and third set of samples belong to the Dambovicioara and Svinita sedimentary basins (Figs. 1B and
1C) that are Lower Cretaceous deposits, more carbonaceous than the first one described above, and belong to Danubian
Autochthon (SANDULESCU, 1984) respectively, to the Getic Nappe (PATRULIUS, 1969; SANDULESCU, 1984).

In Dambovicioara the deposits of marls overlay recifal limestones of Tithonian and are filling a graben
structure. The Dambovicioara Formation (PATRULIUS, 1963; PATRULIUS & AVRAM, 1976) of Hauterivian-Lower
Aptian age is 350 m thick and consists of a carbonatitic series; the following lithotypes are comprised: various
limestones - glauconitic, sublithographic, detritique-oncolithiques or bioclastiques, with cherts, and marls, all in
centimetric and decimetric beds.

In the Svinita area, we find the same carbonaceous (marly) deposits — Murguceva and Svinita formations
(Avram, 1976; 2001), the Upper Tithonian-Lower Aptian age — covering an entire structure of a turbiditic series of
Greben Formation (POP, 1998), of Middle Kimmeridgian-Middle Tithonian age (GRIGORE, 1996). In the lower part
(Murguceva Formation — Upper Tithonian to Middle Hauterivian) limestones with cherts prevail, while in the Svinita
Formation marlous deposits are dominant (marls and clays). In this last Formation, they are described by AVRAM
(1976) two levels with pyritized ammonites (pp. 61 and 62).

The other two examples are of pyritized microfossils from the marl deposits from South Dobrogea and Getic
Depression. The Cernavoda Formation of Lower Cretaceous (Upper Berriasian — Lower Aptian) developed some
detritic and carbonatitic series of deposits, white marl levels and containing foraminifera and ostracods, some pyritized
(CRUSOVEANU-RUSU, 2015). The last example, from the Getic area, is represented by pyritized foraminifera from
the Morilor Valley Formation, of the Badenian age and developed as marls with thin interbedded sands levels.

MATERIAL AND METHODS

In the present paper samples from the National Geological Museum (ammonites from Patrulius and Avram
collections, see Figs. 2 and 3) - which appear as registered in the museum in the year 1976, have been analysed. Also,
the ammonites from the Grigore Collection (Fig. 4) were still under research at the time of the analysis. To complete
our present research some information about pyritization of microfossils (Fig. 5) were taken into account, as examples.

Figure 2. Pyritized Lower Cretaceous ammonites from Avram Collection (NGM)
a)  Melchiorites melchioris, b) Phyllopachyceras eichwaldi occidentale, ¢) Protetragonites crebrisulcatus, d) Phyllopachyceras
eichwaldi occidentale; all from Upper Barremian — Svinita.

The samples have been analysed both macroscopically and under the Carl Zeiss Jena binocular (especially for
the micropaleontological samples) to assess their degree of alteration. The alteration depended largely on the quantity of
pyrite contained initially. For further study and analysis the samples with a higher degree of alteration have been chosen
and, in particular, those who suffered loss of cohesion. The museum entry register stipulates that some of them were
already affected by depreciation by the enter date. The pictures have been taken with a Sony Camera 068, equipped
with a Sony Lens DT 3.5-5.6/18-55 SAM 1I.
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RESULTS

From the analysed material, three groups of degradation have been identified: for the micro-samples the pyrite
quantity didn’t interfere with the specimen integrity, but raised some problems regarding the ornamentation of the tests

Figure 3. Pyritized Lower Cretaceous ammonites from Avram Collection (NGM)
a)  Melchiorites melchioris, b) Costidiscus aff. olcostephanoides, c) Phyllopachyceras eichwaldi occidentale, d) Eulytoceras cf.
platyformis, €) Phyllopachyceras eichwaldi occidentale; all from Upper Barremian — Svinita.

(that sometimes is very important in a specific identification of the genus), the other group was obviously altered by
structural disintegration (that is the case of the ammonites, that are entirely or have a big percent of pyrite) and the last
group is represented by the pieces with small nested pyrite (probably due to a second generation of deposition, after the
fossil is formed, GOLD, 2011). The last group is not as affected regarding integrity, but the esthetical value.

The pyritization is known to be a paleo-environmental indicator that shows an anoxic environment, usually
where there is enough organic matter (linear correlation between the pyritization degree and the concentration in
organic carbon — PETRUS, 1976).

The first observation was on the smell in the storage room that was sulphur-like (LARKIN, 2011 indicates that the
observations made on altered fossils should start with this and that the rest of the observations are very easy to make).

The pyrite alteration affects the labels and the storage boxes (if they are from paper) (LARKIN, 2011). In the
exposed samples textile materials a dark pigmentation has also been observed, like a burned sport.
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We found some examples of pyritized fossils of different species (Figs. 2; 3; 4; 5), from different
environments, of different sizes and from different storage locations. The samples from the collections of
micropaleontology have been stored in an office environment, the rest of them in the National Museum of Geology
repository storage (exception: fig. 3e, which represents a museum piece from the permanent exhibition). From those
characteristics, the most deteriorative is the content amount of H2S, followed by their size.

From the Grigore Collection, pyrite / marcasite areas could be easily identified - they had a shining appearance
at the time of sampling, but now they have only dark-grey material in those spots. In this case, the integrity of the parts
is not jeopardized, especially due to the small quantities of the affected material, but this process should be mentioned
and it should be taken into account when referring to the ammonites conque decoration. The situation is similar for
microfossils showing partial pyritisations. The Patrulius Collection had a lower degree of pyritisation while the Avram
Collection presented the most altered specimens (former entirely pyritized ammonites).

Figure 2 shows examples of the most altered samples, whose integrity has been lost, some of them are very
fragmented (Figs. 2a and 2b, partially 2c — the highly fragmented material is stored into the plastic box). In some cases
(Fig. 2d, partially 2c) the alteration caused cracks into the samples, exposing more surface for further degradation. As it
can be seen, the simple isolation in plastic boxes didn’t stop the degradation.

Figure 3 only shows cracked pyritized ammonites conques, at position 3a we see a specimen of Melchiorites
melchioris (Tietze) that has been previously covered in lacquer and that slowed the process of alteration (the cracks that can be
seen on the specimen are probably prior to the covering (the entry registry mentions that some samples of this collection are in
a poor state prior to the reception). 3b and 3d are examples of pyritized ammonites that hadn’t been taken entirely out from
their substrata. That maintained their integrity to some extent (the negative form is also available for further study).

Some pyritized ammonites are displayed in the permanent exhibition of the museum. For exemplification there
is a specimen of Phyllopachyceras eichwaldi occidentale Weidmann (Fig. 3e) that suffered three deep cracks and a few
superficial ones along time. This fossil has been exposed to neon light, but it does not a higher alteration than the one
stored in closed drawers (with no exposure to light except in rare cases).

The big difference between the Grigore Collection (Fig. 4) and the Avram Collection (Figs. 2 and 3) is that in
the first case fossils are calcified and secondary pyrite deposits are formed in voids, while in the second one the
ammonites are entirely pyritized, both kind of fossils are hosted in marlstone. Size is also a big difference between the
two of them, the ammonite specimens from the Grigore collection present large calcified conques (some of them over
10 cm in diameter), while the ammonites from the Avram collection don’t rise above 5 cm.

Figure 5 depicts a specimen of Siphonaperta cf. S. agglutinans (in SEBE, 2009). This is a foraminiferous
agglutinant with a qvincveloculin test, consisting of five chambers fitted with sharpened needles. The specimen is
entirely pyritized. The microfossils presented in CRUSOVEANU-RUSU (2016) were selected, the pyritized ones being
excluded from that study especially for the reason that their ornamentation wasn’t visible enough.

The oxidation of pyrite (FeS2) under oxygen and water vapours results in sulphuric acid (H2SO4) and various
hydrated iron sulphates (WALLER, 1987):

FeS,+30+H,0 = FeSO, + H,S

Therefore, the reaction results into iron(II) sulphate (light green crystals, which, if dehydrated, become
colourless) and sulphurated hydrogen that evaporates into the air, with a stronger contribution to the physical decay of
the samples (H2S vapours have a high degree of corrosion).

Iron(Il) sulphate can be found in various states of hydration, and several of these forms exist in nature
(JAMBOR et. al., 2000):

- FeSO4-7H20 (mineral: selanterite, colourless to white or green, also greenish-blue to blue with increased Cu
content; colourless to pale green in transmitted light)

- FeSO4-6H20 (mineral: ferrohexahydrite, bluish green, colourless, white, light brownish)

- FeSO4-5H20 (mineral: siderotile, yellowish, white, light green)

- FeSO4-4H20 (mineral: rozenite, colourless to white, pale green, may be the dehydration product of melanterite)

- FeSO4-H20 (mineral: szomolnokite, pale yellow or reddish-brown, may also be light blue, very pale greenish
white to white, rarely pink due to cobalt. Szomolnokite forms as a final member of a series of gradual dehydration products
derived from melanterite and rozenite. The reaction of rozenite to szomolnokite is reversible, though at a slower rate
compared to the alteration of melanterite to rozenite. The presence of szomolnokite indicates that the original melanterite
was free of copper, since siderotile would form from a Cu-bearing melanterite (ONDRUS et. al., 1997)

The resulting compound may vary in colour from white-pale yellow to yellow and orange (see examples in
Figs. 3b, 3c, 4 a-d). The most intense case can be observed on the ammonites that are still preserved in their substrata.
(Figs. 3b, 4d), the newly formed minerals generate a dusty-like aggregate, that easily loses cohesion with the parent
structure. The degree of coloration depends on the humidity and chemical content (the newly formed compounds range
between white — grey — yellow — orange). Studies have identified that they are comprised of rozenite Fe+2S04-4H20,
gypsum CaS04-2H20 and iron hydroxide (goethite a-Fe3+O(OH)) in BECHERINI et al. (2018), beside this BLOUNT
(1993) found kornelite Fe+32(S04)3-7H20, coquimbite Fe+3 2(S04)3-9H20, quenstedtite Fe+32(S04)3 + 10H20,
szomolnokite Fe+2S04H20, melanterite Fe+2S04-7H20, rhomboclase HFe+3(S04)2-4H20, roemerite Fe+2Fe+3,
2(S04)4-14H20, alunogen  Al2(SO4)3+17H20, halotrichite =~ Fe+2A12(S04)4-22H20, hydronium jarosite
(H30)Fe+33(S04)2(OH)6.
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Figure 4. Pyritized Kimmeridgian — Lower Tithonian ammonites from the Grigore Collection (NGM) — a, b and ¢) spots
of framboidal pyrite oxidized on large specimens of Taramelliceras from Upper Kimmeridgian, d) entirely pyritized and oxidized
to a small conque of a small Glochiceras specimen from the Lower Tithonian marls.

Figure 5. Picture under the magnifier that exemplifies the partially content of pyrite in a micropalontological fossil
(the same specimen with three posing positions, from left to the right — aperture view, front view and back view):
Siphonaperta agglutinans (SEBE, 2009).

The conservation conditions of the paleontological material of the National Geological Museum are generally
satisfactory. The samples are kept in metal inserts, in cardboard boxes or, in the case of those known to have a higher
degradation potential, in closed plastic boxes. The surface of the drawers is covered with plastic foil to reduce dust deposition.
A horse pelvis bone was also stored for 15 years in the room and it did not suffer any visible degradation other than a loss of
consistency (collagen lost and maybe some fungus intervention), proving that the humidity does not exceed an average of 45-
50% (HOWIE, 1979; LANDER, 2014). However, there are periods in which there is an area exposed to flooding near the
respective room (the groundwater being at a shallow depth), which can increase the humidity of the deposited air for short
periods of time. Regarding the temperature, it can be correlated with the indoor temperature (the display cases and drawers
don’t preserve temperature, or the percent is very low (BECHERINI et al, 2018).

CONCLUSIONS

The present study started to build an inventory of pyrite-containing samples and their assessment of the current
degradation stage. From the direct observations made on the samples we drew the conclusion that none of the applied
covering is suitable for the protection after the degradation process has started (the Avram collection). The samples
were covered with protective lacquer but the researcher mentioned that the fossils had already started to deteriorate. We
concluded that the covering didn’t stop the alteration process; it has only slowed it down.

The samples that we found without covering and that hadn’t been stored in sealed plastic boxes were the most
affected by the environmental conditions.
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As the environmental conditions are not optimal for preserving samples sensitive to humidity and temperature
variations in open air, it is advisable to keep all the samples in plastic boxes, but only after they have been treated with
ammonia vapours.

For the exposed items we propose to ensure a drier environment and a lower temperature variation. This
involves using silica gel and special machineries designed for exhibit show cases. For the already affected samples we
intend to try a restoration and gas treatments to stop the process.

It is advisable to make 3D copies of the fossils, as today’s technology provides a non-destructive and
accessible way: 3D scanning and printing. These solutions (especially the digitization of the samples) also makes easier
to exchange knowledge. At the same time, the samples will no longer be exposed to free air during their assessment.

The best-preserved samples were those that were stored in technical oil, as the substance prevented the oxygen
from reaching the minerals, so they didn’t alter. We mention that this treatment was applied as soon as possible after
their collection. The study observations could still be carried out on these samples, especially since they were stored in
transparent recipients. If needed, they can be emerged and dried but this is not advisable, any contact with the oxygen
can lead to their degradation.
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