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Abstract. The generation of artifacts during sample preparation must be considered in paleobiological stud-
ies, particularly during the Ediacaran and Cambrian, since such artifacts can assume forms similar to those of
cloudinids and other problematic taxa commonly described in samples from these systems. Chemical reactions
between hydrogen peroxide and sulfides from the samples can lead to the formation of tubular and vase-shaped
structures. The visual description alone does not allow a conclusion about whether their origin is organic or
inorganic. In these cases, chemical composition and ultrastructure analysis are tools that help to distinguish ar-
tifacts from bona fide fossils. Scanning electron microscopy can be successfully employed to characterize and
differentiate fossils from artifacts. The presence or absence of these structures in thin sections is also an essential
piece of information to discuss their biogenicity. Furthermore, not using hydrogen peroxide avoids the risk of
formation of the artifacts described here.

1 Introduction

Hydrogen peroxide is widely used in the preparation of
mineralized microfossils (e.g., Thomas and Murney, 1985;
Denezine et al., 2022), which is mainly due the following
aspects: (I) efficiency – the oxidation of the organic matter
disseminated in the host rock and the heat generated during
this reaction propitiate the disaggregation of the sedimentary
rock; (II) low toxicity – hydrogen peroxide is metastable and,
when it decomposes, does not leave persistent toxic residues;
and (III) low cost and accessibility (Thomas and Murney,
1985). However, the use of this reagent also has a drawback:
it may lead to the formation of artifacts, particularly in sam-
ples with abundant pyrite (Richardson et al., 1973).

Wetzel (1959, 1961, 1967) reported the occurrence of mi-
crofossils with granular walls, a white to brown color, a tubu-
lar shape and annulations in their external wall in rocks from
the Jurassic (Germany) and Cretaceous (Baltic). These tubes
present constant or variable diameters and open terminations

at one or both ends. These structures were described as a tax-
onomic group incertae sedis called Anellotubulata.

McLachlan (1973) described occurrences of Anellotubu-
lata in Permian rocks of South Africa (Karoo basin) in addi-
tion to suggesting its possible occurrence in rocks from the
Permian to Cretaceous of Australia. These tubes were found
in samples of disparate facies, such as organic shales, glau-
conitic and sideritic sediments, sandstones, and limestones
rich in organic matter.

McLachlan (1973) described the anellotubulates found in
the Karoo basin as being composed of a body chamber and
one or more calyces; the body chamber would have an ir-
regular shape and size ranging from 20 and 450 µm, while
the calyx would be tubular or horn-shaped, with an open dis-
tal end and an external diameter ranging from 10 to 150 µm.
McLachlan (1973) also reported that the dimensions of these
anellotubulates are not related to the granulometry of the
sample, with large tubes occurring in both shales and sand-
stones.
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Electron microprobe analyses conducted by McLach-
lan (1973) revealed that the anellotubulates were composed
of iron and phosphorus, and X-ray diffractometry showed
that they do not have a crystalline structure. McLach-
lan (1973), however, did not provide any explanation about
how a fossil with mineralized walls can have neither a crys-
talline structure nor a conventional composition (i.e., calcite,
apatite, opal, etc.).

Richardson et al. (1973) and Pickett and Scheib-
nerová (1974), puzzled by the various inconsistencies involv-
ing the anellotubulates, proposed that these tubes were ac-
tually inorganic in origin, having been formed during sam-
ple preparation. This would explain the enormous strati-
graphic and paleogeographic distribution of these tubular
forms (Wetzel, 1967; McLachlan, 1973), as well as their oc-
currence in the most diverse paleoenvironments and also the
amorphous structure of their walls (McLachlan, 1973).

Richardson et al. (1973) placed shale fragments containing
disseminated pyrite in a watch-glass with hydrogen perox-
ide 100 vol. and observed, under the binocular microscope,
the formation of streams of bubbles on the surface of the
shale. In an interval of a few minutes to a few hours, an
initially transparent to white material was deposited along
the streams of bubbles, and the diameter of these tubes was
proportional to the size of the bubbles. Pickett and Scheib-
nerová (1974) observed the reaction between crushed pyrite
grains of non-sedimentary origin and commercial hydro-
gen peroxide and came to conclusions similar to those of
Richardson et al. (1973).

According to Richardson et al. (1973), the oxidation of
pyrite would release the iron that would be incorporated into
the tubes. The commercial hydrogen peroxide, which con-
tains phosphate in its composition (it acts as a stabilizer),
would be the source of phosphorus, which is also present in
these artifacts, thus explaining the presence of these elements
in the anellotubulates, as detected by McLachlan (1973).

In samples of gray limestones from the Tamengo Forma-
tion and samples of siltstones from the Guaicurus Forma-
tion (Corumbá Group, central-western Brazil), tubular ob-
jects were found after treatment with hydrogen peroxide (this
work). The optical description of the morphology of these
tubes was not conclusive regarding whether they were of bi-
ological origin or not. After finding in the literature that simi-
lar objects could form through the reaction of pyrite with hy-
drogen peroxide (Richardson et al., 1973; Pickett and Scheib-
nerová, 1974), this hypothesis was considered. To confirm
it, the following procedures were adopted: (I) look for these
tubes in thin sections, (II) analyze the composition of the
tubes, and (III) repeat the treatment of the samples without
using hydrogen peroxide. The results obtained are presented
and discussed hereafter, and they attest to the inorganic ori-
gin of these tubular objects.

Figure 1. Location and geologic setting of study area. (a) South
American geographic map. The rectangle indicates the location of
the map in (b). (b) Western portion of Mato Grosso do Sul state
(MS) with square indicating the location of the map in (c). (c) Ge-
ological map of the study area. The geological data were provided
by Lacerda-Filho et al. (2006).

2 Study area

The study area is located in the western part of the state of
Mato Grosso do Sul (Brazil, Fig. 1) and is part of the south-
ern Paraguay Belt, an orogen composed of Neoproterozoic
metasedimentary rocks deformed mainly during the Cam-
brian in the context of collision between the Amazon, São
Francisco, Rio Apa, and Paranapanema cratons (Campanha
et al., 2011).

This region is characterized by rocks of the Corumbá
Group, constituted, from base to top, by the Cadiueus, Cer-
radinho, Bocaina, Tamengo and Guaicurus formations (Bog-
giani et al., 2010). The Cadiueus and Cerradinho formations
correspond mainly to terrigenous sediments, deposited in a
continental context, while the Bocaina Formation is formed
by dolomites, phosphorites and shales (Campanha et al.,
2011; Morais et al., 2021).

The Tamengo Formation is predominantly composed of
dark-gray limestones (grainstones, wackestones and mud-
stones) and reddish to ochre siltstones and shales (Amorim
et al., 2020). This unit contains fossils of Cloudina, Corum-
bella werneri, Paraconularia ediacarensis, macroalgae and
ichnofossils (Gaucher et al., 2003; Adorno et al., 2017; Parry
et al., 2017; Diniz et al., 2021; Leme et al., 2022). The main
exposures of the Tamengo Formation are located on the right
bank of the Paraguai River between Corumbá and Ladário in
the Corcal quarry and in the Laginha quarry (Boggiani et al.,
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2010; Fig. 1c). In the Corcal quarry, volcanic zircons provide
U–Pb ages of 542.27± 0.38 and 541.85± 0.75 Myr (Parry
et al., 2017). In the Laginha quarry, there is contact between
the Tamengo and the Guaicurus formations, with the latter
being characterized by a pack of grayish siltstone with a to-
tal thickness of about 40 m (Amorim et al., 2020) and sparse
occurrences of the macroalga fossil Eoholynia corumbensis
(Gaucher et al., 2003).

3 Methods

A total of 64 samples were collected with stratigraphical po-
sitioning along the geological section of the Laginha quarry,
with 59 having been collected from the Tamengo Formation
and 5 having been collected from the Guaicurus Formation
(Fig. 2). At the level of interbedded wackestones and mud-
stones, between 70 and 82 m, samples were collected at ev-
ery lithofacies change; for this reason, this level was more
densely sampled. Sampling between 130 and 150 m was not
possible due to safety issues. Each sample received a code
consisting of three letters that refer to the locality of collec-
tion and a number with two decimal places that refers to its
stratigraphic position. For example, sample LAG 62.60 was
collected at the level of 62.60 m of the stratigraphic column
of the Laginha quarry.

At the Institute of Geosciences of the University of São
Paulo (USP), 36 of the 64 samples were selected for pet-
rographic analysis in order to detail the description of each
of the lithofacies of both formations. Then, all 64 collected
samples were subjected to disaggregation according to the
following steps:

1. Crush until obtaining fragments of approximately
2× 2× 2 cm.

2. In the fume hood, place 200 g of these fragments in a
beaker and add 100 mL of commercial H2O2 (minimum
concentration of 29 %) diluted in 100 mL of deionized
water. Leave to react for 7 d. This long reaction time
was adopted to optimize the disaggregation of very hard
limestones with practically no porosity.

3. Pour the beaker contents into a set of sieves with meshes
of 4 mm, 600 µm, 250 µm, 100 µm and 53 µm. Sieve
with running water.

4. Collect the material retained in each granulometric frac-
tion and place it in an oven at 60 ◦C until completely
dry.

5. Analyze all the seized material under a stereoscopic mi-
croscope with a reflected light source, identifying and
describing all the structures.

6. Perform digital microphotography of selected objects
using a stereoscopic microscope (Olympus DSX 110)
with a reflected light source.

Figure 2. Columnar section of the Laginha quarry with strati-
graphic position of samples. Modified from Amorim et al. (2020).

Initially, this methodology was adopted with the purpose of
recovering mineral-walled microfossils; however, due to the
extensive formation of artifacts, the remains of the original
samples were submitted to another technique, replacing step
2 with the following:

– Place 200 g of these fragments in a beaker and cover it
with deionized water. Place the beaker on a hot plate at
100 ◦C for 1 h, repeating this process for 1 week. With
this methodological alteration, it would be possible to
assess whether the formation of artifacts was related to
the use of hydrogen peroxide.

After optical description, 10 artifacts were selected for the
following analyses:

7. Raman spectrometry. This was used for identifying the
mineralogical or molecular composition of artifacts.
These analyses were carried out at the Brazilian Re-
search Unit of Astrobiology (NAP/Astrobio) using a
Renishaw inVia micro-Raman, with a laser excitation
wavelength of 785 nm, 1 % power, an acquisition time
of 1 s and 30 accumulations.
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8. Scanning electron microscopy with energy dispersive X-
ray analyzer (SEM/EDX). The artifacts were covered
with carbon and analyzed in order to characterize their
ultrastructure and elemental composition. These analy-
ses were carried out in the Laboratory of Scanning Elec-
tron Microscopy at the Institute of Geosciences of USP
using a LEO 440 scanning electron microscope coupled
with an Oxford energy dispersive X-ray spectrometer.

4 Results

4.1 Optical and electronic microscopy

The samples collected from the Tamengo Formation cor-
respond to the following facies: carbonatic breccias, ooid
grainstones (Fig. 3a), bioclastic wackestones (Fig. 3b) and
carbonaceous mudstones (Fig. 3c). The sampled facies from
the Guaicurus Formation correspond to siltstones and clay-
stones, with lenses of marls. None of the thin section of any
of these facies presents structures similar to those described
here as artifacts.

The artifacts were only formed in samples that reacted
with H2O2, although they did not form in all of them; in
samples without pyrite, no artifacts were formed. Artifacts
were formed in samples containing pyrite from both the car-
bonatic facies from the Tamengo Formation and the terrige-
nous facies from the Guaicurus Formation. In both forma-
tions, pyrite occurs, disseminated with organic matter and as
isolated grains with cubic or framboid habits (Fig. 3d). In
samples of black mudstone (which feature the greater con-
centration of pyrite), the artifacts are common (more than
one artifact per 2 g of sample), and they accumulate in the
granulometric fraction between 100 and 53 µm.

The artifacts show the most varied forms, which can be
grouped into three main types: (I) chambers, from which one
or more tubes – open at their distal end – emerge (Fig. 4a);
(II) cylinders, funnels and cones open at one or both ends
(Fig. 4b–h); and (III) a set of tubes open at one end and ad-
hered by the other to a common irregular surface or crust
(Figs. 4i; 5a). These tubes, whether they are connected to a
chamber (type I), isolated (type II) or connected to a crust
(type III), can be straight or curved; with or without annu-
lations on their outer surface; and with constant or variable
diameters (Fig. 5b–e). Their length varies between 90 and
311 µm, and their external diameter varies between 15 and
202 µm.

The bioclasts found in thin sections from the Tamengo
Formation correspond to tubular forms, mostly identified
as cloudinids. The Cloudina tubes present external diame-
ters ranging from 0.25 to 2.8 mm, wall thicknesses between
14 and 450 µm, and lengths varying from 1.5 to 3.0 mm.
The walls of these tubes are composed of calcite, with mi-
crospatic to micritic textures. In the cross-section, the walls
are composed of more or less concentric circular laminae that
are of varying thickness and that sometimes do not complete

the entire circumference of the tube (Fig. 3b). None of the
tubular bioclasts observed in the thin section were recovered
through the disaggregation techniques of the hand samples,
either with the use of H2O2 or with immersion in water and
heating.

4.2 Energy dispersive X-Ray analysis

Under the SEM, 21 EDX analyses were obtained in 10 ar-
tifacts, and they revealed that the four major elements pre-
sented in the tubes were Fe, O, Ca and P, with mean weight
percentages of 35.63 %, 34.82 %, 11.65 % and 10.28 %, re-
spectively (Table 1). These are the only elements that appear
in percentages above 1 % in all artifacts.

In some artifacts (Fig. 6a), it is possible to notice that the
tube emerges from a cubic chamber that is richer in Fe and
S than the tube, indicating the possibility that this portion of
the artifact was previously occupied by a pyrite grain that was
oxidized by the hydrogen peroxide. In higher magnification,
none of the tubes show crystalline habits, being composed of
an amorphous-looking material (Fig. 6b).

4.3 Raman spectrometry

A total of 6 of the 10 artifacts visualized by SEM were also
subjected to Raman spectrometry (before carbon coating of
samples). By using laser power of 10 %, the area of the arti-
facts hit by the laser beam completely burned, leaving a hole
in the artifacts’ walls (Fig. 7a), and no Raman spectrum was
detected by the equipment. By diminishing the laser power
to 1 %, there was no visual sign of damage to the artifacts
(Fig. 7b–c), so the spectra presented here were obtained in
this way. All the Raman analyses in the artifacts’ walls re-
veal spectra with a fluorescence baseline. The fluorescence
background masks the Raman signal, making unfeasible the
appropriate characterization of the analyzed material.

In some spectra it is possible to notice some discrete peaks,
for example the Raman shifts of 222 and 274 cm−1 detected
in two tubes (Fig. 7c); however, these and other peaks are
not diagnostic of any mineral and are insufficient to charac-
terize the tube material. Furthermore, peaks in these regions
are not characteristic of the minerals identified in thin sec-
tions, which are calcite, quartz and pyrite and, subordinately,
oxides or hydroxides, possibly hematite, magnetite, and/or
goethite.

Ooids that disaggregated from the samples using hydro-
gen peroxide (Fig. 7d) were also subjected to Raman anal-
ysis. The spectra were obtained using the same parameters
as those used in the analysis of the tubes, and they did not
show a fluorescence effect. The acquired spectra allowed us
to identify that the material that constitutes them is calcite
(Fig. 7e). Furthermore, these ooids do not suffer visible dam-
age when exposed to a laser beam at 10 % intensity.
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Figure 3. Microphotographs of thin sections from the Tamengo and Guaicurus formations. (a) Ooid grainstone, sample LAG 68.2. (b) Cloud-
ina tube in cross-section from a bioclastic wackestone, sample LAG 74.25. (c) Carbonaceous mudstone, sample LAG 55.8. (d) Framboid
pyrite grains in a claystone from the Guaicurus Formation, sample LAG 159 with reflected light. (a–c) From the Tamengo Formation with
transmitted light and uncrossed polarizers.

Table 1. The four major elements detected by energy dispersive X-rays in 21 analyses of the artifacts’ walls.

Fe O Ca P

Weight % Atomic % Weight % Atomic % Weight % Atomic % Weight % Atomic %

Maximum value 59.01 32.19 59.01 32.19 19.91 15.08 16.37 13.50
Minimum value 18.37 7.89 18.37 7.89 4.11 3.09 2.70 2.66
Mean value 35.63 18.10 35.63 18.10 11.65 8.13 10.28 9.20
Standard deviation 10.48 6.58 10.48 6.58 4.02 2.97 3.07 2.69

5 Discussion

The tubular and vase-shaped structures described here were
not found in thin sections, which is a strong indication that
they were artifacts produced during sample preparation. In
addition, none of these tubes were recovered when the sam-
ples were subjected to disaggregation without using hydro-
gen peroxide, indicating that this reagent is probably in-
volved in the formation of these artifacts. This is in line with
the observations of Richardson et al. (1973), who found the
anellotubulates only in samples that reacted with hydrogen
peroxide.

According to Pickett and Scheibnerová (1974) one of the
criteria for ruling out the biological origin of anellotubulates
is that their tubes are always empty. In fact, no secondary
mineral is found filling the tubes; however, during laboratory
preparation, they can be filled with the fine material that dis-
integrated from the rock, giving the false impression that it is
a sedimentary filling (Fig. 5b).

The intense fluorescence emission of the material that con-
stitutes the tubes renders Raman spectra of unfeasible in-
terpretation. There is no record in the literature that any of
the minerals commonly found in fossil remains (e.g., calcite,
phosphate, quartz, pyrite, hematite) can be destroyed during
Raman analysis using laser power of 10 %; however, this in-
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Figure 4. Composite-light microphotographs of pseudofossils formed by reaction between hydrogen peroxide and pyrite in samples from
the Tamengo Formation. (a) Small tube connected to an irregularly shaped chamber. (b–h) Tubes varying in format from cylindrical to
funnel-like and conical. (i) Tubes emerging from an irregular surface or crust. Artifacts in (a) are from sample LAG 82.00; artifacts in (b) are
from LAG 74.75; artifacts in (c, h, i) are from LAG 75.05; artifacts in (d) are from LAG 81.10; artifacts in (e) are from LAG 75.50; and
artifacts in (f, g) are from LAG 75.05. All scale bars are equal to 50 µm.

formation alone is not sufficient to state that the artifacts do
not have any mineral component.

SEM/EDX analysis, on the other hand, provided more
conclusive results. Through SEM, it was possible to verify
that the material that makes up the walls of the tubes does
not have a visible crystalline habit. X-ray diffractometry con-
ducted by McLachlan (1973) revealed that the artifacts do
not have a crystalline structure, agreeing with the result pre-
sented here and reinforcing the interpretation that the tubes
are not composed of a geological material. Through EDX,
it was possible to characterize the elemental composition of
these artifacts, which is (in mean weight percentage) iron
(35.63 %), oxygen (34.82 %), calcium (11.65 %) and phos-
phorous (10.28 %).

Chemical analysis from anellotubulates by Pickett and
Scheibnerová (1974) showed that their main components (in

weight percentage) are Fe (23.9 %) and P (12.5 %). Accord-
ingly, qualitative data of electron microprobe analysis con-
ducted by McLachlan (1973) showed that Fe and P are the
main components of anellotubulates. The EDX data reported
here reveal that O and Ca are also important constituents
(mean weight percentage of 34.82 % and 11.65 %, respec-
tively) of the tubes. Oxygen was tested by neither McLach-
lan (1973) nor Pickett and Scheibnerová (1974). This ele-
ment may, theoretically, be present in the tubes in the form
of oxides or hydroxides, phosphate, carbonate, or even water
molecules incorporated into the structure of these tubes.

Calcium was detected with a weight percentage of 0.20 %
in the tubes analyzed by Pickett and Scheibnerová (1974)
and with minor concentrations to trace in the analyses of
McLachlan (1973). A possible explanation for the enormous
difference between the calcium content of the tubes ana-
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Figure 5. Scanning electron microscopy images of pseudofossils formed by reaction between hydrogen peroxide and samples containing
pyrite. (a) Tubes emerging from an irregular surface or crust, sample LAG 76.85. (b) Tube with irregularly shaped cross-section, sample
LAG 158.60. (c) Tube with varying diameter and pronounced annulations, sample LAG 75.05. (d) Tube with conical shape, sample LAG
158.60. (e) Tube with irregularly shaped cross-section and no annulations, sample LAG 159.1. (b–d) Back-scattered electron detector. (a,
e) Secondary electron detector. All scale bars are equal to 50 µm.

lyzed in this work and the tubes analyzed by Pickett and
Scheibnerová (1974) is that the tubes studied by these au-
thors were formed from the reaction of isolated pyrite grains
with commercial H2O2, whereas in this work this reagent
was added to sedimentary rocks containing pyrite grains –
and most of these rocks are carbonates. The small amount
of Ca in McLachlan’s tubes (1973), when compared to the
amount detected in the artifacts described here, can be ex-
plained, similarly, by the fact that this element is not present
in large amounts in the rock samples processed by McLach-
lan (1973), which consisted, for the most part, of siliciclastic
sediments from the Karroo Supergroup (McLachlan, 1973).

The Ca detected in the artifacts described here possibly
originates from calcite grains that disaggregated from the
rock and were incorporated into the tubes during their pre-
cipitation. Calcite was the only mineral containing calcium
identified in the thin sections of the samples, and since this
mineral does not react with H2O2, it is plausible to argue that
Ca is present in the artifacts in the form of CaCO3 and not in
other forms, such as Ca3(PO4)2 or CaO, for example.

According to Pickett and Scheibnerová (1974), the main
component of the tubes is ferric phosphate, possibly in a hy-
drated form. FePO4 precipitation possibly follows the fol-
lowing steps: H2O2 promotes oxidation of pyrite (FeS), re-
leasing ions of Fe2+, which is also oxidized, and becoming
Fe3+, available to bond to PO3−

4 , present in the formulation
of commercial hydrogen peroxide. Thus, iron phosphate pre-
cipitates around the pyrite grains and along the chains of bub-
bles released during the chemical reaction, forming the arti-
facts.

The presence of phosphorus is essential for the formation
of artifacts, given that this element was detected in all tubes –
both those analyzed in this work and those reported in the lit-
erature (McLachlan, 1973; Pickett and Scheibnerová, 1974).
However, in none of the rock samples studied here was ap-
atite or any other mineral containing phosphorus found, so
the only possible source of this element is commercial hy-
drogen peroxide. The reagent used in this study contains, ac-
cording to the manufacturer’s label, 0.05 % PO3−

4 .
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Figure 6. Secondary electron microscopic analyses of an artifact
from the Tamengo Formation. (a) Back-scattered electron image of
a tube with an open end and a nearly cubic termination. Arrows
indicate local of energy dispersive X-ray analyses and correspon-
dent chemical composition. (b) Detail image of rectangle in (b)
with secondary electron detector. Sample LAG 62.60. Scale bars
in (a)= 50 µm and in (b)= 10 µm.

The difficulty in identifying the artifacts is because their
morphology resembles that of some bona fide fossils, such as
cloudinids (Ediacaran) and some small shelly fossils (Cam-
brian). In the case of the artifacts described in the Tamengo
Formation (this work), in which the occurrence of cloudinids
is widely reported (Gaucher et al., 2003; Adorno et al., 2017;
Amorim et al., 2020), special attention is required. This is be-
cause both cloudinid tubes and artifact tubes can share com-
mon characteristics, such as a more or less sinuous shape,
walls formed by multiple layers, and external surfaces with
equally or irregularly spaced annulations. These features can
be observed in the artifacts illustrated here (Figs. 4b–c, 5b–c,
7a–b, 8a–b) and in the cloudinids described and illustrated
by Germs (1972, pl. 1), Hua et al. (2005, fig. 1a–f) and Cai
et al. (2014, fig. 7; 2017, figs. 4, 6).

The difference between artifacts and cloudinids is that the
latter can be found in thin sections, while artifacts never ap-
pear that way, in addition to the different composition and
size range (Table 2). The cloudinid tubes from the Tamengo
Formation are composed of CaCO3 in the form of calcite
(Gaucher et al., 2003), and cloudinids from other geolog-
ical units around the globe may still be preserved through
phosphatization and silicification (Cai et al., 2017). On the
other hand, artifacts are constituted by a non-geological ma-

Figure 7. Raman analyses of artifacts and an ooid from the
Tamengo Formation. Encircled crosses indicate the local hit by the
laser beam during Raman analysis. (a) Artifact damaged by laser
beam intensity of 10 %, sample LAG 75.50. (b) Artifact hit by
laser beam intensity of 1 %, sample LAG 74.75. (c) Raman spec-
trum of point indicated in (b); arrows indicate Raman shifts of 222
and 274 cm−1. (d) Ooid, sample LAG 28.5. (e) Raman spectrum of
point indicated in (d), discriminative of calcite. (a, b) SEM images
acquired with back-scattered electron detector. (d) Microphotogra-
phy under stereoscopic microscopic and reflected light.

terial containing iron and phosphorous. Regarding the size,
the cloudinids found in this work have an external diame-
ter of 0.25 to 2.8 mm and a length of 1.5 to 3.0 mm, while
the cloudinid-like artifacts have an external diameter of 15 to
202 µm and a length varying from 90 to 311 µm. Therefore,
all cloudinids found in the samples studied in this work are
larger than the artifacts formed in these same samples.

Some artifacts (Fig. 8c) can also assume forms similar to
vase-shaped microfossils, which requires attention since this
type of microfossil can also occur in rocks of the same age as
those studied in this work. These vase-shaped artifacts have
the same composition as the tube-shaped artifacts and also do
not occur in the thin section. The total length of these artifacts
varies between 95 and 128 µm. Most vase-shaped microfos-
sils from the late Ediacaran have walls of carbonatic com-
position, although some specimens have also been preserved
through silicification, phosphatization and pyritization (Chai
et al., 2021). They commonly have pyriform to globose tests
with constricted necks, and their total test length ranges from
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Figure 8. Scanning electron microscopic images of artifacts. (a–b) Artifacts that resemble cloudinid tubes, sample LAG 75.05, Tamengo
Formation, back-scattered electron detector. (c) Artifact that resembles a vase-shaped microfossil, sample LAG 158.60, Guaicurus Formation,
secondary electron detector. Scale bars in (a) and (b)= 50 µm and in (c)= 20 µm.

Table 2. Differences between cloudinids and the artifacts found in this work.

Artifacts Cloudinids

Can be found in thin section? No Yes
Length 90–311 µm 1.5–3.0 mm
Diameter 15–202 µm 0.25–2.8 mm
Elemental composition Fe, P, Ca, O Ca, C, P, Si, O
Mineralogy Absent (amorphous material) Calcite, apatite, opal
Morphology Cylinders, funnels and cones, isolated or connected to a crust or to a chamber Nearly cylindric

0.1 to 3.6 mm (Hua et al., 2010; Cortijo et al., 2015; Chai
et al., 2021). Therefore, vase-shaped microfossils are distin-
guished from similarly shaped artifacts by the same criteria
that differentiate tube-shaped artifacts from cloudinids: com-
position, size and occurrence in the thin section.

Notwithstanding the risk of forming artifacts, the use
of hydrogen peroxide in micropaleontological studies does
not have to be abolished. In studies where the objective is
only to analyze a particular taxon (such as Ostracoda and
Foraminifera, for example), the eventual formation of arti-
facts would not be a cause of concern as it would be possible
to identify the fossils of interest and ignore the formation of
pseudofossils. Furthermore, the occurrence of these fossils
can always be verified in the thin section.

Carmo (1998), who studied ostracods from the Lower
Cretaceous (Potiguar Basin, Brazil), also recovered arti-
facts similar to those described here and concluded that
they were formed by pyrite oxidation. However, other au-
thors have recognized this type of material as fossil, indi-
cating that the use of H2O2 in taxonomic studies can in-
deed lead to misinterpretations. In addition to the aforemen-

tioned works of Wetzel (1959, 1961, 1967) and MacLach-
lan (1973), who described the tubular artifacts as Anellotubu-
lata, Perch-Nielsen (1975), who studied core sediments of
Paleocene to Eocene ages, described these tubes as incertae
sedis microfossils and Keupp and Mutterhose (1994), who
studied calcareous microfossils from the Lower Cretaceous
(NW German basin), described these tubes as a new genus
of foraminifer: Choanaella. However, soon after, they recog-
nized them as artifacts (Keupp and Mutterhouse, 1995).

Particularly in the case of Precambrian and Cambrian pale-
obiological surveys – in which artifacts can be confused with
skeletal fossils – it is preferable to avoid the use of hydrogen
peroxide and opt for other rock disaggregation techniques,
such as soaking in heated water, ultrasonic baths, dissolution
in low-concentration acids, etc. (Harris and Sweet, 1989).
Hypothetically, in the case of works that have used hydro-
gen peroxide in sample preparation, if there is doubt about
the biogenicity of the described specimens, it is possible to
re-evaluate this material through non-destructive techniques,
such as SEM/EDX, and thus to identify whether they are ar-
tifacts or not.

https://doi.org/10.5194/jm-42-83-2023 J. Micropalaeontology, 42, 83–93, 2023
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6 Conclusions

Artifacts formed by the reaction between hydrogen peroxide
and samples containing pyrite can strongly resemble incer-
tae sedis tubes (e.g., cloudinids) and vase-shaped microfos-
sils described in the Ediacaran and Cambrian systems. Due
to the stratigraphic and paleobiological importance of these
fossils, special attention is required for differentiating bona
fide fossils from pseudofossils.

In samples treated with hydrogen peroxide, the morpho-
logical description under optical microscopes is not sufficient
to separate tubular and vase-shaped fossils from the pseudo-
fossils formed in the laboratory. Therefore, in these cases,
additional analytical techniques – such as SEM/EDX – are
required to support or refuse the biological origin of the stud-
ied tubes.

The SEM/EDX analyses reveal that the tubes of the pseud-
ofossils are composed of amorphous material containing Fe,
O, Ca and P. This differentiates them from mineral-walled
fossils, which are composed of calcite, apatite, opal, pyrite,
etc. (Table 2).
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