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ARTICLE INFO ABSTRACT

Keywords: The taphonomic analysis on the Neogene ostracods from the Solimoes Formation (core 1AS-5-AM, Atalaia do
OStr?COfls ] Norte, Brazil) reflect conditions predominantly of early (film mineralization and mold formation) and late
F?SSII d{age“es‘s (recrystallization, iron oxidation and secondary gypsum) diagenesis. Fragmentation, disarticulation (from death,
BIOStrat‘momy‘ ecdysis, and transport of ostracods), bioerosion (by the action of chitinolytic bacteria) and transport were
Lacustrine environment . . . . aa . . P

Miocene observed during the biostratinomic process. Fossil-diagenetic analyzes through MEV, EDS, X-ray diffraction in

sediments and ostracods valves and petrographic thin section, point to the non-replacement of the original
chemical constitution of the most carapaces, but mineral filling with pyrite, dissolution, color change and
recrystallization may occur. Based on these analyzes and on the lithological characteristics, the environment was
interpreted as lacustrine, of low to moderate energy. The absence of evaporitic minerals and pyrite dispersed in
the sediments attest to the low salinity of the environment. Three intervals were observed in the core according
to the preservation patterns of the ostracods. In interval I (lake bottom), juvenile allochthonous ostracods suggest
post-mortem transport. In interval II, the predominance of autochthonous fauna shows a low energy environ-
ment. Allochthonous and autochthonous (predominant) ostracods of interval III reflect energy variation in a

scenario close to the coastal zone of lake.

1. Introduction

Among the Western Amazon Neogene invertebrates, ostracods stand
out for their great abundance and diversity (Whatley et al., 1998;
Munoz-Torres et al., 2006). Taxonomic (Gross et al., 2013, 2014; Ramos,
2006; Whatley et al., 1998; Purper and Ornellas, 1991; Purper and Pinto,
1983), paleoenvironmental, biostratigraphic (Gross et al., 2013, 2014;
Munoz-Torres et al., 2006) and geochemicals studies (Gross et al., 2011,
2013, 2015) suggest that the ostracod assemblage of this region estab-
lished itself in a predominantly lacustrine environment during the
Miocene, although sporadic marine incursions have been suggested
(Linhares et al., 2011, 2017, 2019; Leandro et al., 2022). Despite the
great contribution of these studies, this is the first to present
fossil-diagenetic implications of Miocene ostracods in this region to
assist the paleoenvironmental interpretations.

Ostracods have a carapace ultrastructure mainly composed of fine
crystals of primary low-magnesium calcite (Keyser and Walter, 2004)
and trace elements such as magnesium, strontium, and stable-isotope as
carbon, oxygen, and barium (DeDeckker, 2017). The carapace of
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ostracods, since its formation, has the potential to preserve geochemical
information, since these microcrustaceans incorporate these elements
from the host water to synthesize their carapace (Turpen and Angell,
1971). However, during the fossilization process, these carapaces un-
dergo chemical transformation as pyritization (Siveter et al., 2014),
phosphating (Matzke-Karasz et al., 2013), calcite recrystallization
(Bennett et al., 2011), silicification (Wilkinson et al., 2010), iron
oxidation (Williams et al., 2008) and dolomitization (Bertanni and
Carozzi, 1985).

In this article, the role of sedimentary diagenesis in the state of
preservation of Miocene ostracods of the Solimoes Basin, southwestern
Amazon region is investigated. The results show the importance of these
studies as a preliminary tool to geochemistry analysis and to the pale-
oenvironmental interpretation.

2. Materials and methods

The 55 sediment samples analyzed come from the core 1AS-5-AM (S
04° 29/W 70° 17), drilled near the village of Cachoeira, close to Itacuai
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river, Amazonas state, Brazil, a region within the geological context of
the Solimoes Basin (Fig. 1).

The sedimentary samples were characterized by their granulometry,
texture, color, and presence or absence of fossils. Part of the samples
were treated by the usual methods for calcareous microfossils from
which 180 g of dry sediment from each sample were soaked in a glass
beaker with tap water, washed, and sieved in 32, 60, 80, and 115 mesh
sieves. The residual material from each sieve was dried in an oven at
50 °C, for further screening of microfossils. The microstructure of the
ostracod valves and carapaces from the core samples were performed
using a TESCAN Scanning Electron Microscope and the chemical
composition using energy dispersive spectrometry (EDS). Recent valves
were also used for comparative analysis. For these analyses, specimens
of fossil ostracods with valves and carapaces with different colors and
preservation were selected. The specimens examined in this step were
cleaned with deionized water and an ultrasound bath to remove the dirt
and to identify the variations in composition along the structure of the
valves (DeDeckker, 2017).

This step was carried out at the Scanning Electron Microscopy Lab-
oratory of the Museu Emilio Goeldi (MPEG), Belém, Brazil. In addition,
the mineralogical characterization of the sedimentary matrix and
ostracod valves were performed using X-ray diffraction (XRD) at the X-
ray Diffraction Laboratory of the Geoscience Institute of the Federal
University of Pard, in Belém, Brazil. Also, petrographic thin section of
some samples was prepared in the petrography laboratory of the UFPA
Geoscience Institute (Fig. 2).

To the populational structure analysis of the ostracods assemblage
we followed Brouwers (1988) and Boomer et al. (2003) models and
others references herein cited.
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Subsequently, the analysis and quantification of valves and cara-
paces with distinction of color, size (ontogenetic stages) and preserva-
tion (fragments x valves and whole carapaces) were performed using a
stereomicroscope. Data were organized and analyzed using graphics
from the Mischke et al., 2014 program.

3. Geological settings

The Solimoes Basin is a Paleozoic, intracratonic basin, with about
480,000 km? of total sedimentary area in the state of Amazonas, limited
to the north by the Guianas Shield, to the south by the Brazilian Shield,
to the east by the Arc from Purus and west by the Arch of Iquitos (Eiras
et al.,, 1994; WanderleyFilho et al., 2010). The Solimoes Formation
comprises the Neogene portion of the basin and is characterized by
greenish gray to dark gray claystone and siltstone interspersed with
lignite. The fine to medium sandstone are greenish gray, sometimes
yellow and brown. Breaches with carbonate concretions, gypsum, fer-
ruginous, and lignite intercalations also occur. At the top of the section,
the sandstone is white, poorly consolidated, fine to coarse. The sedi-
mentation of these deposits took place in a fluvio-lacustrine environ-
ment, mainly based on outcrops samples (Maia et al., 1977; Caputo,
1984; Latrubesse et al., 2010; Gross et al., 2011; Nogueira et al., 2013).
The thickness of the Solimoes Formation can reach up to a thousand
meters on the border between the states of Amazonas and Acre (Latru-
besse et al., 2010). The deposits of this unit are covered discordantly by
the I¢a Formation (Maia et al., 1977; Nogueira et al., 2013) and have
discordant inferior contact with the Alter do Chao Formation (Eiras
et al., 1994).

Paleontological studies carried out in the Solimoes Formation show a
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Fig. 1. Location of the study area. Source: author.



K. Silva dos Santos and M.I. Feij6 Ramos

Journal of South American Earth Sciences 122 (2023) 104172

— 40

70

80

A O ) N

1]

52 ,51DRX

49DRX
44

43
39 3¢

35 ]{\3

33DRX

29

L 25
25+24DRX 7%

71

150

Interval

284

L CAgSi An

"

31 30 DRX
28 DRX 27 ]*

it 20 ]7k

£ 19DRX ¢

1AS-5-AM

Cachoeira (River Itacuai )
S4°29YW70°17'

altitude: 79 m

@ Limestone
] Shale
Siltstone
Sandstone
. Lignite

El Sample with ostracod
El Sterile sample in ostracod
Lignite

Limestone
hale

Siltstone
Sandstone

LCAgSiAn

Types of sample analysis
@ X-ray diffraction

Petrography

Fig. 2. Stratigraphic section of core 1AS-5AM with indicating of the ostracods samples and types of analysis. Source: author.



K. Silva dos Santos and M.I. Feij6 Ramos

diversified fossiliferous content, consisting of ostracods (Gross et al.,
2014; Linhares et al., 2017), mollusks (Wesselingh et al., 2002; Wesse-
lingh and Ramos, 2010), foraminifera (Linhares et al., 2011), fish, birds,
reptiles (Latrubesse et al., 2010) and wood (Machado et al., 2012),
which were established within a complex fluvio-lacustrine paleoenvir-
onment, with swamps and deltas associated. This large system is
recognized as “Lake Pebas” (Wesselingh et al., 2002) and/or “mega--
wetland” (Hoorn et al., 2010). It is also worth mentioning the hypothesis
of marine incursions in the paleoenvironments of the Solimoées Forma-
tion, which were evidenced mainly based on the micropaleontological
content (Hoorn, 1993; Jaramillo et al., 2017; Linhares et al., 2011, 2017,
2019; Leandro et al., 2022). Evidence of marine influence in the sedi-
mentary record is still scarce, except for the records by Rasanen et al.
(1995) and Nogueira et al. (2003).

The stratigraphic range of the Solimoes Formation was inferred from
biostratigraphic studies with palynomorphs, mollusks and ostracods
(Cruz, 1984; Hoorn, 1994; Wesselingh et al., 2002; Silveira and Souza,
2017; Munoz-Torres et al., 2006; Linhares et al., 2019) which allowed to
propose biozones ranging from the early Miocene to the Pliocene.

4. Results and discussions

The recovered ostracod assemblage corresponds to 998 carapaces,
2.598 valves, 3.193 fragments and 214 carapace molds (Fig. 3). In
addition, during the screening stage, gastropods, bivalves, charophytes,
foraminifera, decapod fragments (Fig. 5B), teeth, vertebrae and fish
scales were recovered.

Among the ostracods, 99% belong to the genus Cyprideis, however
other genera and species, such as Skopaeocythere tetrakanthos (eleven
valves and one juvenile carapace), Perissocytheridea (six valves) and
Pellucistoma (four valves) were also registered; this assemblage is
restricted to sample 28, which presents an expressive abundance of well-
preserved ostracods and with different ontogenetic stages, as well as a
significant number of foraminifera of the genus Ammonia.

4.1. Quantitative and qualitative analysis of the ostracod assemblage

Quantitative and qualitative analysis of the ostracod assemblage as
well as the lithological characteristics allowed the individualization of
three intervals for the analyzed core (Fig. 4).

Interval I (284.50-119.30 m): from the most basal portion of the
core, 22 samples were selected, of which 13 are barren for ostracods.

Recovered ostracofauna

= Valves Molds of carapaces

® Carapaces

Fragments

Fig. 3. Quantitative relationship of recovered ostracod assemblage.
Source: author.
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The gray claystone (Fig. 5G) is locally lignite, while siltstone is greenish
gray (Fig. 5F); there are also massive black claystone, rich in organic
matter and lignite fragments (Fig. 5 E). The massive structure is pre-
dominant in the samples, with small laminations being observed in
sample 1. The most friable claystone corresponds to the samples with the
greatest amount of lignite fragments. In samples with higher organic
matter content, ostracods are rare, as are other bioclasts; when recov-
ered, they are poorly preserved. Compared to the other intervals, this is
the one with the smallest number of ostracods, of which only 62 speci-
mens correspond to entire valves and carapaces, while 67 are fragments,
47 are equivalent to internal molds of pyritized carapaces and 4 valves
show partial dissolution. Most of the pyritized ostracod molds are
concentrated in solid black clay and correspond only to closed cara-
paces. In medium gray clays, the organic matter content is still visibly
significant. Only 11 molds were recovered from this lithology. White
and slightly gray to white valves and carapaces with a milky (whitish)
appearance are common in light greenish gray claystone, except for
sample 19, which showed colors reddish brown, dark gray and some
completely black valves.

Interval II (116.70-107.10 m): between the depths 116.70
m-107.10 m, 9 samples were selected, of which 4 are barren for ostra-
cods. The lithology corresponds only to massive claystone, and locally
light gray green siltstone (Fig. 5D). The packing degree of the bioclasts is
of the loosely packed to dispersed type. The content of organic matter
and lignite fragments in the sediment are much lower than the other
intervals (I and III), given by the lighter tone presented by the samples.
This interval stands out for presenting the greatest abundance of ostra-
cods as well as other bioclasts, with an excellent state of preservation.
The recovered ostracod fauna corresponds to 2595 whole ostracods,
2424 fragments, 103 with signs of partial dissolution and only 4 molds of
pyritized carapaces. Ostracods recovered from this range exhibit light to
dark gray, amber, milky white, hyaline, and golden colors; the latter is
more frequently seen in the internal view of the valves. Only in sample
29 all ostracods show reddish brown color.

Interval I1T (106.90-41.00 m): this range comprises 24 samples, 10 of
which are barren for ostracods. The lithology is characterized by
massive, greenish gray claystone, locally siltstone, with Skolites-type
bioturbations (Fig. 5 A and C). The organic matter content is relatively
lower than in samples from interval I. Once again, lignite fragments give
a friable appearance as their content increases in the samples.

This interval has the second largest number of ostracods when
compared to the others, but their preservation status is lower than those
presented in interval II (116.70 m-107.10 m).

The retrieved ostracod assemblage is equivalent to 1011 whole os-
tracods, 530 fragments, 204 with signs of partial dissolution and 162
molds of pyritized carapaces, constituting the interval with the highest
concentration of molds. The valves and carapaces are, in order of
abundance, light to dark reddish brown, light to dark gray, amber and
white with a milky appearance.

4.2. Biostratinomic analysis

4.2.1. Transport and energy from the depositional environment

The analysis of the population structure through the adult:juvenile
ratio, as well as the valve:carapace, allowed us to verify the degree of
transport suffered by the ostracod assemblage. The results obtained
reveal allochthonous and autochthonous associations in the three
identified intervals. The A/J ratios ranging from 2/1 to 6/1 (Chart. 1)
reveal the predominance of adults, which according to the Brouwers
(1988) model, reflects high-energy environmental conditions. However,
the data obtained in the present study suggest that probably the elimi-
nation of part of the juveniles may have occurred by mechanical
breakage of slightly calcified valves during the removal of the sedi-
mentary matrix and by dissolution, thus implying a greater number of
adults.

Following the proposal by Boomer et al. (2003) associations with
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Fig. 5. Interval III- A) sample 52 (massive, greenish gray claystone, locally siltistone, with Skolites-type bioturbations), B) sample 50 (massive, greenish gray
mudstone with chelas of decapod-white arrows), C) sample 35 (massive, greenish gray mudstone, with Skolites-type bioturbations-red arrows). D: interval II- D)
sample 28 (light gray green claystone, rich in ostracods, gastropods, bivalves, foraminifera). E-G: interval I- E) sample 7 (massive black claystone), F) sample 20
(massive, greenish gray claystone), G) sample 3 (massive gray claystone). Source: Author.

predominance of adults and/or a mixture of adults and juveniles indi-
cate a thanatocenosis. In the analyzed samples, it was possible to iden-
tify low and high energy thanatocenosis, the first being more common in
interval II and the second in interval III (Chart. 1). Sample 28, for
example, has a higher number of adults than juveniles, but the latter are
provided with juvenile stages A-1 onwards, featuring a low-energy
thanatocenosis, which reflects minimal displacement conditions.

In contrast, representative samples of high-energy thanatocenosis,
such as 53, juveniles only correspond to stages lower than A-1, with a
predominance of adults, which indicates relative post-mortem agitation
by currents and/or bioturbation organisms.

Interrupted thanatocenosis configure associations that mostly pre-
sent juvenile carapaces (Boomer et al., 2003). These were identified only
in samples 24 (interval II), and in samples 33 and 49, both from III. The
A/J ratios found respectively correspond to 1/31, 1/8 and 1/27.5,
which suggest fauna deposited in a calm environment, as evidenced by
the predominance of juvenile specimens (Brouwers, 1988). This large
number of juvenile ostracods also suggests high juvenile mortality
(Whatley, 1988), probably caused by environmental stress conditions
such as changes in temperature, dissolved oxygen levels, salinity or may
be related to rapid burial events (DeDeckker, 2002). This last hypothesis
is evidenced in sample 49 by the amount of pyritized ostracod molds,
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since the genesis of the molds required fast burial conditions.

Sample 49 has a significant amount and a high proportion of juvenile
carapaces and valves, characteristics that could lead to the interpreta-
tion of both a taphocenosis and an interrupted thanatocenosis. As the
most likely scenario, it is suggested that some rapid burial event
(Whatley, 1988; Holmes, 1992), promoted by influxes of river terrige-
nous, has buried juvenile ostracods still alive, along with the discarded
valves from the ecdysis, once the ostracods juveniles disarticulate their
carapaces after ecdysis (Whatley, 1988; Holmes, 1997). Death by
asphyxia due to rapid burial is suggested for the high preservation of
juvenile articulated carapaces, which configures an interrupted thana-
tocenosis. Holmes (1992) points out that many carapaces can indicate a
very fast sedimentation rate or reflect low energy conditions.

Taphocenosis configures an allochthonous association and in the
identified intervals, they represent A/J ratios ranging from 1/4 to 1/9.5
in the L. In interval II it is equivalent to 1/12.9; while in III, it ranges from
1/1.4 to 1/9.8 (Table 1). These reasons reveal the predominance of ju-
venile ostracods. Brouwers (1988) infers that the predominance of ju-
venile specimens indicates fauna deposited in a calm environment;
Boomer et al. (2003) infers that a taphocenosis is indicative of post--
mortem transport of juvenile specimens from a higher energy environ-
ment to a lower energy environment. Some of the allochthonous fauna
specimens from interval II (sample 30) correspond to delicate, hyaline
and well-preserved valves, which suggest a short transport distance.

Ideal preservation conditions with a population structure close to a
real association was observed only in sample 33 through the A/J ratio of
1/8 (interval II), where for each adult, there are eight juveniles.

The population structures found show that the energy conditions in
interval III oscillated from high to low, which resulted in associations of
allochthonous (taphocenosis) and autochthonous (thanatocenosis) os-
tracods, respectively. It is suggested as a scenario for energy variation
the shallower parts of a lake, close to the lake’s coastal zone, where the
influence of winds on its surface is greater, generating different hy-
draulic gradients (Namiotko et al., 2015).

In interval II, the predominance of thanatocenosis shows a low en-
ergy environment, the result of which is corroborated by the abundance
and excellent state of preservation of the ostracod assemblage, reflecting
little hydraulic reworking (Namiotko et al., 2015).

In interval I, allochthonous ostracods suggest transport (except
sample 3) under conditions of higher energy, inferred by the incidence
of disarticulated juvenile valves.

Probably, the disarticulation of juvenile carapaces occurred through
transport, which were transported from the shallower parts and with the
cessation of energy, were deposited in the deep part of the lake, where
deposits of disarticulated juvenile valves are common (Danielopol et al.,
2002; Zhai et al., 2015). The lake bottom is corroborated by the sedi-
mentological characteristics and low degree of preservation of the valves

Table 1
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due to inappropriate habitat conditions (anoxia, acidic pH).

4.2.2. Fragmentation

Fragmentation was more evident in the intervals with the greatest
number of recovered ostracods. However, interval I is the most affected,
where fragments correspond to 52% (Fig. 6) of the total number of
specimens.

In interval I (116.70-107.10 m) the sample 28 (110.20 m) presents
the most abundant ostracod assemblage, with a high number of whole
ostracods, which were preserved in situ. However, 49% (2164) of the
assemblage in this sample corresponds to fragments of very thin valves
(little calcified), which mostly have sharp edges (Fig. 7B) in addition to
many bivalves and gastropods. The suggested hypothesis is that the
action of winds on the surface of the water body, where these organisms
lived, may have generated small currents at the bottom of the substrate.
Ostracods with thinner carapaces may have been suspended, which
caused the collision with larger bioclasts (bivalves and gastropods),
resulting in valve breakage. For Kihn et al. (2017) more fragile (thin)
and poorly ornamented valves are more susceptible to fragmentation.
Another condition suggested for fragmentation of interval II may also be
related to the stage of recovery of the ostracods from the sedimentary
matrix (during sieving). According to DeDeckker (2002), ostracods tend
to fragment under light pressure conditions due to thin carapace
thickness. Interval III has the lowest percentage of fragments, and the
suggested causes are the same as for Interval II.

In the analyzed samples, influence of chemical origin (dissolution) in
the fragmentation is suggested for the samples of interval I and III, due to
the occurrence of poorly preserved fragments and with pore-channels
expanded by dissolution. The increase in the pore-channels of the
valves may have generated a network of holes, making the valves more
susceptible to breakage as dissolution progresses in these places (Dan-
ielopol et al., 1986).

For interval II, the dissolution hypothesis is discarded due to the low
number of fragments by dissolution and the good preservation of the
specimens. The influence of biological origin for fragmentation is also
unlikely, since only eight valves with bioerosion were observed in in-
terval II alone.

4.2.3. Bioerosion

During SEM analysis, the presence of bioerosion was observed in
eight valves as in sample 28 (Fig. 7A). This biodegradation is charac-
terized as trails left by chitinolytic bacteria after consumption of the
chitinous coating, which covers the carapace of the ostracods. In envi-
ronments with low sedimentation rates, many valves can present this
type of biodegradation, as chitinolytic bacteria are aerobic and prefer
oxygenated environments at the water-sediment interface. Thus, with
increasing depth, the action of chitinobacteria decreases (Danielopol

Elements and their percentages of occurrence in valves of different colors identified by EDS analysis. Source: Author.

Dark gray valve White valve

Amber valve Brown valve

Elements Reddish

Sample 28 30 28 49

Spectra 1 2 1 3 1 2 1 3
Carbon (C) 23.82 27.18 14.85 15.95 15.80 24.34 0.00 18.26
Oxygen (0) 52.05 52.52 52.58 55.48 52.98 55.18 45.86 59.12
Calcium (Ca) 11.80 18.73 32.26 28.56 29.38 20.01 10.31 21.25
Sodium (Na) 0.34 0.15 0.00 0.00 0.00 0.00 0.00 0.00
Magnesium (Mg) 0.00 0.26 0.31 0.00 0.11 0.00 0.00 0.23
Manganese (Mn) 0.00 0.19 0.00 0.00 0.00 0.00 2.37 0.26
Aluminum (Al) 0.39 0.16 0.00 0.00 0.00 0.00 0.00 0.00
Iron (Fe) 0.00 0.26 0.00 0.00 1.58 0.48 38.58 0.88
Phosphorus (P) 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00
Sulfur (S) 11.03 0.15 0.00 0.00 0.00 0.00 0.22 0.00
Silicon (Si) 0.44 0.40 0.00 0.00 0.15 0.00 1.68 0.00
Potassium (K) 0.12 0.00 0.00 0.00 0.00 0.00 0.33 0.00
Chlorine (Cl) 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00
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FRAGMENTATION

Interval 106,90m-41,00m

I Ostracod fragments
B Whole valves and carapaces

Interval 116,70m-107,10m

00

Interval 284,50m-119,30m

Fig. 6. Percentage graph of fragmentation per interval. Source: Author.

200um

200um 100um
T ——

Fig. 7. A-B: SEM images. A) Sample 28 (bioerosion observed in valves, indi-
cated by white arrows). B) Common shapes of valve fragments. Source: Author.

et al., 1986; Namiotko et al., 2015). The occasional occurrence of bio-
erosion could even be indicative of a high sedimentation rate for the
study area, but the high amount of valves/carapaces covered by mineral
films may have obliterated the visualization of this taphonomic damage,
since bioerosion was only observed in hyaline valves.

4.2.4. Disarticulation

Disarticulation was one of the taphonomic signatures that most
affected the ostracods in the study area. The data obtained suggest that
disarticulation was mainly favored by death, followed by ecdysis and, to

a lesser degree, by transport.

In the comparison between the three intervals, there was a greater
occurrence of disarticulated valves in interval II, which presents a pre-
dominance of adult valves and a significant number of juvenile valves
(Fig. 8). In contrast, in III the juvenile ostracod valves predominate. In
general, the number of disarticulated valves is greater than the number
of articulated carapaces in the three intervals, except for samples 24 and
33. Samples with less than two valves/carapaces were not considered.

As a cause for the disarticulation of interval I, transport to the dis-
articulated valves of juveniles in samples 19 and 13 is suggested, as
evidenced in the analysis of the population structure. For the dis-
articulated adult valves in sample 3, it is inferred that they are due to
natural death (Whatley, 1983), since there is evidence that the ostra-
cods, at this depth, was preserved in situ.

Disarticulation may also be due to the molting process (Danielopol
etal., 1986; Whatley, 1988; Do Carmo et al., 1999) as well as after death
(Whatley, 1983). The predominance of adult valves in interval II may
indicate that disarticulation is due to death and not ecdysis, since the
molting process ceases in ostracods after reaching the adult stage (Smith
and Horne, 2002). Except for sample 30, the in-situ preservation evi-
denced in this interval excludes transport as an agent of carapace
disarticulation.

The predominance of juvenile valves in interval III may suggest that
the underdeveloped hinge and transport, both favored by the small size
of the specimens (Zhai et al., 2015; Park et al., 2003), were the main
factors that favored the disarticulation of the ostracods in this interval.

4.3. Fossil diagenesis

4.3.1. Chemical and mineralogical characterization of ostracod valves and
sediments

An integrated analysis of EDS and XRD in ostracods valves and
sediments was made allowing the follow results. The EDS analyzes in
well-preserved, white-colored fossil ostracod valves present in the core
analyzed here, show that the original chemical composition was main-
tained (Fig. 9A). It could be confirmed through the comparative analysis
of Recent ostracod valves that were also tested (Fig. 9B).

Recrystallization was observed only in some valves in samples 49
and 19. Recrystallized valves have a granular texture and crystals with
euhedral faces 2.5-4 pm in diameter. Both recrystallization textures are
like those described by DeDeckker (2002) and Bennett et al. (2011). EDS
analysis of recrystallized valves confirms that the original chemical
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Fig. 9. SEM images and spectrum generated from EDS. A) Fossil ostracod valve.
B) Recent ostracod valve. 1 A) Chemical composition of well-preserved white
fossil valve from the present study. 1 B) Chemical composition of Recent valve.
Source: Author.

composition was maintained.

Different colors were also observed in some ostracod’s valves during
the fossil-diagenetic process (Fig. 10). In Table 1, the EDS analysis in the
valves discriminates which chemical elements provided by sample

sediments contaminated the valves changing the color of them. Table 2
shows the results of XRD analysis in the sediment samples and some
minerals that participated in the fossil-diagenetic processes of color
change mineralization (pyrite formation).

In the reddish-brown valves (Fig. 11A), in spectrum 1, Fe, P and O
peaks show the presence of iron phosphate (Table 1); it is related to the
abundant mineral giniite present in the sedimentary matrix of this
sample (Fig. 11B). Still in spectrum 1, Si, K, Ca, and Mn peaks suggest
the contribution of siliciclastic sediments and clay minerals. The S peak
may indicate the sulphide mineral phase. The low concentration of Cl
peak suggests an association with sediments. Spectrum 2, coming from
the valve surface without a mineral film, evidenced the presence of
calcite (Ca, O, C) as well as Fe and Mn peaks, which indicate that they
come from the mineral film that covered the valve. Spectrum 3 has the
same composition as 2, however only the Mg peak was detected. Its
occurrence only in the internal part of the lamella, free of adhering
particles and its low intensity peak, suggests that the Mg corresponds to
the original chemical composition of the carapace of the ostracods.

The spectrum generated on the surface of the amber colored valves
(Fig. 12A) shows calcite (Ca, O, C), in addition to Fe, Si, Mg and Au - the
last coming from the metallization process of specimens for SEM and
EDS analysis; while in the inner portion of the lamella, only calcite and
Fe were detected (spectrum 2) (Fig. 12B). Iron is the most common
element and was detected in all amber-colored valves analyzed, which
may indicate that this element, in its oxidized form, is responsible for
this color change, also resulting in the contamination of specimens, as Fe
is not part of the original chemical composition of the ostracods
carapaces.

The gray colored carapaces/valves (Fig. 13A) are usually covered by
thick black films. On the surface of these films, relatively high peaks of C
(Table 1) and more discrete peaks of K, Si, Al, and Na were identified.
Gypsum crystals (Ca, S, O peaks) cover the black film and portions of the
valve (spectrum 1 and 3, Fig. 13B). Spectrum 2, the portion of the os-
tracod’s valve not covered by the film, reveals Ca, O, C peaks and traces
of S and Fe, which suggest iron sulphide (or monosulphide) mineral
phase; Mg, Al, Na, Mn, and Si indicate a thin sediment contamination on
the valve surface. Subsequently, the iron sulphide (or monosulphide)
that covers the valve, when oxidizing, conditioned the formation of
gypsum crystals, which covered the valve and the black film. Despite the
formation of minerals on the surface of the valves, this process did not
imply the replacement or loss of significant skeletal material from the
calcite lamella in any of the specimens analyzed.

The carapace of the ostracods is composed of low magnesian calcite
and in the analyzed valves, it was observed that the magnesium ranged
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Fig. 10. Color variation of the ostracodes of the core 1AS-5-AM, images obtained by electronic magnifying glass. (A) Hyaline valve, without color change, well
preserved. (B) Opaque white valve with a whitish appearance affected by partial dissolution. (C) Amber valve with very fine crystals of secondary gypsum, almost
imperceptible, located in the center-upper portion in the anterior region. (D, E, F) Brown valve reddish covered with iron phosphate. Red arrows highlight the
marginal pore-channels filled with iron phosphate, black arrow indicates the occurrence of overpyrite (D). (G) Black carapace, covered by iron monosulphide, with
oxidized portions (reddish portions). (H-I) Gray valve. (H) Internal view partially covered by a thick black film, which is composed of siliciclastic sediments and iron

monosulphide. (I) External view of the valve light gray.

Table 2
Minerals identified by XRD analyzes. Source: Author.

Sample Identified minerals by XRD analyzes

Sample 19 Quartz, giniite, mica, kaolinite

Sample 22 Quartz, illite, kaolinite

Sample 24 Quartz, mica

Sample 28 Quartz, giniite, illite, birnessite, mica, hydrotalcite
Sample 29 Quartz, giniite, birnessite, mica, hydrotalcite
Sample 30 Quartz, hydrotalcite, montmorillonite, vermiculite
Sample 33 Quartz, giniite, birnessite, carlinite, mica

Sample 39 Quartz, giniite, mica

Sample 41 Quartz, birnessite, mica, montmorillonite

Sample 42 Quartz, giniite, birnessite, mica, hydrotalcite, vermiculite
Sample 49 Quartz, giniite, birnessite, mica, hydrotalcite

from 0 to a maximum of 0.55% in the well-preserved and uncolored
valves. In the best-preserved valves, Mg peaks are very low, sometimes
not even detected. In poorly preserved and/or color altered valves,
magnesium is slightly higher, but does not exceed 0.90% of the total
composition, suggesting the influence of the interaction of adhering
minerals on the surface of the valves.

In general, in the analyzed specimens of ostracods, two samples had
their valves affected by recrystallization; color-altered ostracods, despite
preserving their original chemical composition, are contaminated by
elements from clay minerals, pyrite films, iron mono-sulfate, iron oxide
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and iron phosphate, and thallium sulphide adhered to the surface of
valves/carapaces. These contaminating elements were detected within
the calcite lamellae and not only on the surface of the valves. White
valves exhibit their original chemical composition without any
contaminating element; this result is expected, as usually color-altered
valves present trace elements that are uncommon to their original
chemical composition.

For Tucker (1990), low-magnesium calcite (or calcite with low
magnesium content) is susceptible to the incorporation of smaller
chemical and traces elements to its composition, as it is more stable
against diagenetic changes. During diagenesis, through the percolation
fluids, strontium, magnesium in smaller amounts, in addition to man-
ganese and iron in more expressive amounts correspond to the elements
that can be incorporated into the composition of low-magnesium calcite.
In contrast, aragonite, and calcite with high magnesium content, as they
are less stable, are more susceptible to substitution by calcite with high
magnesium content (Bennett et al., 2011; Holmes and De Deckker,
2012). Thus, the constancy of Fe and Mg, in valves with color change
and/or poorly preserved, observed in the present study, corroborate
these elements as the main contaminants incorporated in the analyzed
valves. The preservation of the original composition of the specimens
also evidences the mineral stability of the carapace.

4.3.2. Early diagenesis mineralization: pyrite formation
Pyrite occurs in three ways: as carapace molds (Fig. 14 A and B),
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Fig. 11. (A) SEM photomicrography and EDS specters (1, 2, 3) in reddish-brown valve. (B) Diffractogram with the mineralogical composition of the sediments from

where the valve came from. Source: Author.

encrusting on the surface of valves and carapaces (Fig. 15B), and filling
the interior of carapaces (Fig. 15A and B). Such forms of occurrence are
common in the three intervals, the most prominent being the presence of
molds, whose formation occurred preferentially in samples where sed-
iments contained the mineral Giniite (iron phosphate), except for sam-
ple 8.

A total of 214 molds were recovered and their distribution along the
core is arranged as follows: in interval I there are 48 molds, in I, only 4,
while in III, the highest occurrence of molds was recorded, corre-
sponding to a total of 162 specimens.

Over-pyrite (Allison, 1990; Raiswell, 1997) corresponds to pyrite
encrusting in pore-channels of the valves and in carapaces (Fig. 15 B),
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being more common in intervals Il and III. Pyrite filling of carapaces was
observed in two specimens from samples 49 and 28, also affecting four
valves from sample 31. Both styles of pyritization occurred punctually
and always associated with molds.

When analyzing the molds via SEM/EDS, it was found that the pyrite
had the framboidal habit, as well as euhedral crystals. Framboidal pyrite
aggregates (Fig. 14A) are restricted to the molds of sample 8 only, while
euhedral crystals (Fig. 14B) are common in the pyritized molds of the
other intervals.

The presence of crust of yellow material covering all molds of sample
8 was also observed. EDS analysis in these specimens confirms the
presence of natrojarosite by sodium (Na), sulfur (S) and iron (Fe) peaks
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Fig. 12. (A) SEM photomicrography and the EDS specters (1, 2) in amber color valves. (B) Diffractogram with the mineralogical composition of the sediments from

where the valve came from. Source: Author.

(Fig. 14B). Natrojarosite corresponds to a secondary sulfate, formed
from the oxidation of pyrite when exposed to moisture (Urbani et al.,
2016). The occurrence of this mineral suggests that the samples were
probably exposed (sub-aerial exposure).

The presence of pyrite in the samples occurred only in the cavity and
surface of the carapaces from the creation of a sulfuric microenviron-
ment inside and around the carapaces (Palacios-Fest et al., 1994; Wang
et al., 2013). Its widespread occurrence in sediments is absent, as
corroborated by XRD analyzes in sediments (Table 2).

For the formation of pyrite associated with the carapaces of ostra-
cods, it is suggested that a rapid burial event buried these micro-
crustaceans alive, leading to their death. After death, the decomposition
of the soft parts by sulfate-reducing bacteria locally saturates the area
around the carapaces in hydrogen sulphide. The latter reacted with the
mineral giniite (iron phosphate), identified by XRD (Table 2), in the
sediment matrix around the carapaces (Fig. 14A), which led to the
mineralization of pyrite crystals.

The occurrence of internal molds and mineral filling only of closed
carapaces indicate rapid burial, since the soft tissues decompose quickly
(DeDeckker, 2002) and concomitantly favor disarticulation, which oc-
curs right after the death (Whatley, 1983) of these microcrustaceans.

Although pyrite formation reflects reducing conditions, its mineral-
ization may be restricted to anoxic sub-environments near the water-
sediment interface, under oxidation conditions (Palacios-Fest et al.,
1994). These conditions seem to be related to the genesis of pyrite in the
ostracod valves in the study area. In interval III, for example, there is a
higher incidence of pyritized molds and pyrite-filled carapaces, bio-
turbation (sample 49) and common presence of oxidation of iron min-
erals, which indicate oxidizing background conditions (Anadon et al.,
1988) and corroborate that the formation of pyrite occurred in anoxic
microenvironments (inside the carapaces) under oxidation conditions.

The formation of framboids and euhedral crystals filling the cara-
paces of ostracods have already been reported by Bennett et al. (2011)
and Wang et al. (2013), who inferred early diagenesis conditions and
shallow burial depths. However, the occurrence of pyrite does not reflect
that the reducing environmental conditions were restricted to micro-
environments only; the limiting factor for pyrite mineralization was the
low concentration of sulfate in the interstitial waters. This condition
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may have prevented the formation of pyrite in larger quantities associ-
ated with bioclasts and disseminated in the sediments, as it is a fresh-
water environment (Marnette et al., 1993). Furthermore, the absence of
minerals from marine diagenesis or related to an evaporitic environment
further reinforces the freshwater environment hypothesis for the study
area.

4.3.3. Late diagenesis mineralization: gypsum formation

Colorless gypsum crystals, with a tabular (Fig. 18B) and acicular
habit were identified in two hundred specimens of ostracods in Sample
28, and, albeit occasionally, in Sample 43. The crystals are placed on
mono-sulphide and pyrite films, which encrust in some valves and/or
carapaces. Gypsum crystals were also observed in iron oxide-altered
color valves.

Gypsum can be formed from the weathering of sulphide minerals
(Latrubesse et al., 2010) which, when exposed to the oxidation process,
has sulfuric acid as one of the by-products of this process. This, in the
presence of calcium carbonate and water, forms carbon dioxide and
gypsum (Czerewko et al., 2003), as the reaction:

The gypsum formed in the specimens from the study area is of sec-
ondary origin and is probably related to the oxidation of pyrite films and
mono-sulphide that added sulfuric acid on the carapaces/valves that
contained them or in the specimens next to them. Ostracods carapaces
and valves served as a nucleation substrate for the formation of this
mineral due to its calcite composition.

As confirmed by the XRD results (Table 2), gypsum is absent in the
sediments of the analyzed samples, which suggests, in addition to its
secondary genesis, low salinity in the deposits in the study area. Gypsum
of primary origin precipitates under hypersaline conditions and occurs
associated with sediments from evaporitic environments (Nichols,
2009), which discards these paleoenvironmental conditions for the
study area.

4.3.4. Dissolution

The dissolution observed in specimens begins in the pore channels
and promotes their expansion, regardless of the ontogenetic stage. The
partial dissolution term was adopted to characterize only the expansion
of the pore-channels (Fig. 18C), while the total dissolution refers to the
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Fig. 13. (A) SEM photomicrography and EDS specters (1, 2, 3) in gray valve. Gray valve with part recovered by a thick black film (red dotted) and by gypsum cristals
which also recovered the film. (B) Diffractogram with the mineralogical composition of the sediments from where the valve came from. Source: Author.

carapace molds.

Quantitative dissolution analysis shows that it varied significantly
between the three intervals (Fig. 16). The results suggest a relationship
of this signature with the content of organic matter and oxidation of
mono-sulphide.

Interval I was the most affected by dissolution, in which 45% cor-
responded to molds. In this one, few specimens of ostracods were
recovered, which may be a result of the higher organic matter content in
samples of locally lignite claystone from this interval. The unsaturation
in calcium carbonate due to the acidic pH, both resulting from the high
organic matter content, may have promoted the dissolution of smaller
juveniles, which justifies the presence of juveniles with sizes close to
adults (stages A-3, A —2). Sample 8, for example, has a high concen-
tration of lignite, absence of minerals with a high concentration of iron;
no carbonate bioclasts, only 35 pyritized carapace molds. The influence
of organic matter content on the dissolution process of ostracods has
been frequently reported in lacustrine environments (Mischke et al.,
2014, Bergue et al., 2015).

The interval II was where ostracods valves were least affected by
dissolution, with a predominance of specimens well preserved,
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reflecting the lower content of organic matter, as shown by the lighter
gray color of the sediments. However, in the valves/carapaces that have
adhering iron mono-sulphide films on their surfaces, it was observed,
occasionally (sample 28), some with normal partially expanded pore-
channels and some carapaces with whitish portions in the surface
(external view). There are also valves with pore-channels filled with
mono-sulphide, whose external view is whitish and with adhered gyp-
sum crystals. In these valves, the sulfuric acid released from the oxida-
tion process of the mono-sulphide films may have promoted the partial
dissolution of the pore-channels.

The cause of dissolution recorded in the samples from the III interval
may be related to bioturbation and oxidation of iron sulphide and mono-
sulphide (Brett, 1990). It was found that at depths where bioturbations
occur, or close to them, the number of valves with partial dissolution is
greater, except in sample 49. This indicates that bioturbations probably
favored the exposure and consequent oxidation of the mono-sulphide,
and sulphide films adhered to the valves/carapaces (sample 52),
resulting in their partial dissolution. Another valid observation is about
the influence of giniite films that occur adhered to the valves/carapaces.
In sample 49, only 12% of the valves recovered is affected by dissolution
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Fig. 14. (A-B): SEM photomicrographies. (A) Pyritized ostracod mold. In detail framboidal habit. (B) Pyritized ostracod mold with detail euhedral crystals,
natrojarosite crust (Nt) indicated in specter 1 (EDS analysis). The natrojarosite was formed through the pyrite crystals oxidation (Py), indicated in specter 2 (EDS

analysis). Source: Author.

Fig. 15. (A) Photomicrography of thin blade (carapace filled by pyrite (Py) and abundance of iron phosphate/giniite (G), reddish-brown color portions, scattered in
the sediments matrix that surround the carapace). (B) Pyrite filling the inner part and the surface of ostracod carapace (over-pyrite). Source: Author.

(between partial and total) and 88% of the valves/carapaces covered by
a thin film of giniite (iron phosphate), showing no evidence of dissolu-
tion (Fig. 17B). The absence of dissolution in specimens covered with
iron phosphate may indicate that this mineral was used during the iron
reduction process; a process that probably caused alkalinity to be added
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to the medium and inhibited the dissolution of the carapaces and valves,
despite the environmental conditions unfavorable to preservation, such
as bioturbation in sediments and the presence of sulphide. In contrast, in
sample 52 (depth 66.12 m) it also presents bioturbation, but the speci-
mens are not covered by giniite. In this sample, 30% of specimens that
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Fig. 17. A) Valves/carapaces affected by partial dissolution (red arrows) with iron sulphide and mono-sulphide films adhered to the surface (sample 52). (B) Aspects
of the valves and carapaces covered by iron phosphate films (red color specimens), in which the majoritary were not affected by dissolution (sample 49).

Source: Author.

have mono-sulphide and sulphide films on their surface were affected by
partial dissolution (Fig. 17A).

4.3.5. Compaction

By examining petrographic thin section, carapaces, and entire
ostracod valves without evidence of deformation were observed
(Fig. 18A), as well as other bioclasts that do not occur deformed or
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reoriented in the matrix. However, fragments of bivalves (Fig. 18D) and
larger gastropods are common. These fragments may have been gener-
ated, in part, during the process of preparing the thin slides, due to the
friable nature of the samples. In general, no evidence of mechanical
(fracturing, flattening) and/or chemical compaction (stylolites) was
observed in the sediments. Such features suggest shallow burial depths
(Boggs Jr, 2006).
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Fig. 18. (A, D) Photomicrography of thin section. (B) SEM photomicrography. (C) Imagem from stereomicroscope. (A) Ostracod carapace. (B) Ostracod valve with
gypsite crystals (tabular habit) in the carapace surface. (C) Ostracod valve fragmented with poro-chanels expanded by dissolution. (D) Fragmented bivalve shell.

Source: Author.

4.4. Paleoenvironmental implications

The predominance of fine sedimentation, as seen in the analyzed
samples, suggests sediment deposition from suspensions, a characteristic
commonly associated with sedimentation in low energy lacustrine en-
vironments. The gray color of the sediments, grading to black, shows
organic matter and, together with lignite fragments, suggest the
contribution of plant material from a nearby marshland environment
(Nichols, 2009) (Fig. 19A). For interval I, the absence of bioturbation,
the increase in the content of organic matter and poorly preserved fauna,
even being absent in some samples, together, suggest reducing and un-
favorable conditions for the housing of ostracods, which also justifies the
occurrence of allochthonous ostracods in this range. All these features
have been recorded in lake bottom deposits (Danielopol et al., 2002;
Blome et al., 2014).

The population structure verified in the three intervals shows that
the energy of the depositional environment ranged under different en-
ergy levels, according to the depth, revealing a control by the wind
dynamics over the lake surface and by the influx of terrigenous from the
rivers that fed this lake.

In the shallower parts of low-energy lake environments, the action of
wind currents on the lake surface can generate weak currents in the
substrate (Blome et al., 2014; Mischke et al., 2014), as well as inflows
from the rivers that feed the lake, generate resuspension of sediments
and in areas close to the discharge, rapid burial events can occur. In this
way energy levels can vary in the shallower parts of the lake. As the most
likely scenario, it is suggested that the ostracod assemblage from in-
tervals II and III were deposited in the shallower parts of the lake, in the
coastal zone, area close to the lake slope (Fig. 19B), as corroborated by
the predominance of in situ preservation of the ostracods, indicated by
thanatocenosis. Despite the thanatocenoses suggesting some displace-
ment, most of the fauna has a high number of adults and juveniles of
various stages, which were not removed from the place where they
lived.

Regarding juvenile ostracods that were transported (allochthonous)
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and with a good preservation (interval II and III), a short displacement
distance is suggested, and within the lake itself. Allochthonous ostracods
were probably removed from the coastal area to the lake slope zone,
excluding transport from sites outside the lake. For the poorly preserved
allochthonous valves from Interval I, it is suggested that it was not the
transport itself, but the deposition in sediments rich in organic matter
that gave them poor preservation, since valves transported over long
distances can remain well preserved (Zhai et al., 2015).

Together, the characteristics mentioned above configure a typical
assemblage of a moderate to low energy lake environment in agree with
Whatley (1988), Mischke et al. (2014) and Zhai et al. (2015). The good
preservation of the valves of the ostracods (mainly of the interval II) may
indicate that the low energy conditions, among other parameters,
favored the establishment of abundant and well-preserved assemblage
in the deposits of the present study, as discussed by Whatley (1988).

Oxidizing conditions are suggested by the occurrence of bio-
turbations (Anadon et al., 1988), which provided oxidation of iron
sulphide/mono-sulphide adhered to the surface of calcite (and arago-
nitic mollusks) carapaces, as seen in interval III. The oxygenated bottom
conditions are also suggested by the establishment of abundant fauna of
gastropods, bivalves, ostracods, in addition to the presence of char-
ophytes and fish remains (range II and III), similarly observed in the
coastal zone of a perennial lake by Blomeier et al. (2003) (Fig. 19B).

The occurrence of pyrite associated with ostracods (and other bio-
clasts) cannot by itself indicate reducing conditions, since the genesis of
pyrite in the present work took place in the microenvironment of the
carapaces, under oxidizing environmental conditions, as observed in
interval III.

The low salinity of the depositional environment is, in turn, evi-
denced by the absence of evaporitic minerals (gypsum, sylvite, anhy-
drite; Nichols, 2009; Boggs Jr, 2006). The absence of pyrite in the
sediments, despite the availability of detrital iron and organic matter
(Wang et al., 2013), indicates that freshwater conditions constituted the
limiting factor for the formation of this mineral in the sediments of the
study area.
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Fig. 19. (A) Blocodiagram with the paleoenvironmental reconstitution of the studied core 1AS-5-AM. (B) Intervals recognized in the studied core and the respectives

sub-environments of the lake. Source: modified by Blomeier et al. (2003).

It is worth mentioning that despite the occurrence of an indicative
rate of brackish/marine water, such as Skopaeocythere tetrakanthos,
Perissocytheridea, and Pellucistoma (Gross et al., 2015), in addition to the
significant number of foraminifera of the genus Ammonia in sample 28,
the results obtained here corroborate freshwater conditions. The low
quantity and the occurrence only of very delicate juvenile valves of these
species may indicate that the weak development and fragility of the
carapaces is due to the environmental stress caused by the freshwater
conditions.

From the X-ray diffraction analysis, it was verified that the
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mineralogical assemblage, as well as the organic matter content exerted
a significant influence on the preservation status of the ostracod’s
assemblage.

The occurrence of specific minerals such as iron phosphate shows
that the understanding of the composition of sediments must be
considered, since fossil-diagenesis processes can be dependent on the
mineralogy of the sediments, as seen in the present study. As the
distinction of mineralogical assemblage, it was also important to
distinguish the presence of minerals that do not reflect the natural
conditions of the depositional environment, as seen by the occurrence of
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Chart 1. Analysis of the population structure in the three intervals of core 1AS-5-AM. Source: Author.

natrojarosite, which indicated oxidizing conditions in a location evi-
denced as a reducer.

5. Conclusions

The taphonomic analysis on Miocene ostracods assemblage from
Solimoes Formation, recovered from the core 1AS-5-AM, allowed us to
verify that, in general, there was no substitution during the fossilization
process, although the following elements were observed: 1) valves and
ostracod carapaces covered with films of mono-sulphide, iron phos-
phate, and iron and thallium sulphide; 2) preserved in iron oxides, 3)
recrystallized; as 4) pyritized carapace molds; and 5) white hyaline
valves. Right after burial, siliciclastic sediments were the main
contaminating source for the carapaces. After the mineralization of
sulphide and mono-sulphide (inside and on the surface of the valves/
carapaces) and their subsequent oxidation, the iron oxides and sulfate
minerals resulting from this process also became part of the group of
minerals carrying contaminating elements in the carapaces. The cara-
paces/valves analyzed, despite the contaminating elements, remained
with the original chemical composition preserved, a fact that reflects the

mineral stability of the low magnesian calcite of the valves and the little
post-mortem transport provided by the stability of a calm environment,
as well as shallow burial depth.

Biostratinomic alterations correspond to fragmentation, transport,
disarticulation, and bioerosion. Fragmentation was not indicated to be
safe as an indication of the natural conditions of the paleoenvironment,
as a good part of it may have been generated during the laboratory stage.
On the other hand, fossil-diagenetic alterations include mineral filling
by pyrite, dissolution, recrystallization, and color change, which only
reflect conditions of early and late diagenesis, in addition to superficial
burial. As an environment, it is suggested a lacustrine of moderate to low
energy and low salinity, corroborating with the paleoenvironmental
interpretations of the Miocene deposits of the Solimoes Formation.

For the taphonomic characterization, specifically of ostracods,
additional techniques such as x-ray diffraction (XRD), scanning electron
microscopy (SEM) combined with energy dispersive spectrometry
(EDS), in addition to the traditional petrographic thin section analysis
were indispensable for accuracy of taphonomic analysis — a fundamental
criterion in the reconstruction of a paleoenvironment.

This study is the first well-documented case about the diagenetic
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history of the ostracods from the Solimoes Formation.
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