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ABSTRACT

This thesis presents a detailed taxonomic study on organic-walled microfossils from the Sete
Lagoas Formation, Ediacaran, Bambui Group, S&o Francisco basin, Brazil. This formation was
described from carbonate expositions in its type locality, Sete Lagoas County, Minas Gerais State.
However, the stratotype section was never described. The present work presents the first
description of the lectostratotype section of the Sete Lagoas Formation and the proposal of two
hypostratotype sections based on the lithological description and fossil record. The studied sections
are located in the Minas Gerais State and the Federal District, southeast Brazil: 1. Lectostratotype
section, Sete Lagoas County; 2. Hypostratotype section from the PRF, Sete Lagoas County; 3.
Hypostratotype section from the Barreiro community, Januaria County; 4. Fercal section, Brasilia.
Nine species of organic-walled microfossils were recovered in the four studied sections from Sete
Lagoas Formation: Germinosphaera bispinosa Mikhailova, 1986, Leiosphaeridia crassa
(Naumova, 1949), Leiosphaeridia jacutica (Timofeev, 1966), Leiosphaeridia minutissima
(Naumova, 1949), Leiosphaeridia tenuissima Eisenack, 1958, Leiosphaeridia ternata (Timofeev,
1966), Bambuites erichsenii Sommer, 1971, Siphonophycus robustum (Schopf, 1968), and
Ghoshia januarensis new species. Additionally, an undetermined stromatolite species is also
reported: Gymnosolen sp. Two biostratigraphic units are currently recognized in the Sete Lagoas
Formation, approaching all four studied sections. Two zones are described: Leiosphaeridia
minutissima Zone, a lowest-occurrence interval zone, lower/mid Ediacaran, and Bambuites
erichsenii Zone, a range zone, upper Ediacaran. Stratigraphic data and organic-walled microfossil
taxonomy indicate that the Sete Lagoas Formation was deposited in a neritic marine environment.
The connection by a neritic zone of Amazonia with other cratons that form the western Gondwana,
including the Sao Francisco craton, in 550 Ma is corroborated based on Bambuites erichsenii and
Ghoshia januarensis occurrences. At the same time, Laurentia, Baltica, and Siberia were
paleocontinents apart.

Keywords: Sete Lagoas Formation; Ediacaran; lectostratotype; biostratigraphy;

paleobiogeography.
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RESUMO

A presente tese apresenta um estudo taxonémico de microfosseis de parede organica da Formacéo
Sete Lagoas, Ediacariano, Grupo Bambui, bacia do S&o Francisco, Brasil. Essa formacgéo foi
descrita a partir de exposi¢cdes de rochas carbonéaticas em sua localidade-tipo, Municipio de Sete
Lagoas, Estado de Minas Gerais. No entanto, a secdo-tipo nunca foi descrita. O presente trabalho
apresenta a primeira descricdo da secédo-tipo da Formacéo Sete Lagoas e a proposta de duas sec¢des-
tipo suplementares, a partir da descric&o litoldgica e registro fossilifero. As se¢des estudadas estéo
localizadas no Estado de Minas Gerais, sudeste do Brasil: 1. Secdo-tipo, Municipio de Sete Lagoas;
2. Secdo-tipo suplementar da PRF, Municipio de Sete Lagoas; 3. Sec¢do-tipo suplementar da
comunidade do Barreiro, Municipio de Januéaria; bem como no Distrito Federal: 4. Se¢do Fercal,
Brasilia. Nove espécies de microfosseis de parede orgénica foram recuperadas nas quatro secdes
estudadas da Formacdo Sete Lagoas: Germinosphaera bispinosa Mikhailova, 1986,
Leiosphaeridia crassa (Naumova, 1949), Leiosphaeridia jacutica (Timofeev, 1966),
Leiosphaeridia minutissima (Naumova, 1949), Leiosphaeridia tenuissima Eisenack, 1958,
Leiosphaeridia ternata (Timofeev, 1966), Bambuites erichsenii Sommer, 1971, Siphonophycus
robustum (Schopf, 1968) e Ghoshia januarensis nova espécie. Adicionalmente, uma espécie
indeterminada de estromatdlito também € relatada: Gymnosolen sp. Duas unidades
bioestratigraficas foram reconhecidas na Formacgdo Sete Lagoas ao abordar as quatro se¢des
estudadas. Duas zonas sdo descritas: Zona Leiosphaeridia minutissima, uma zona diferencial
inferior, Ediacariano inferior/intermediario, e a Zona Bambuites erichsenii, uma zona de
amplitude, Ediacariano superior. Dados estratigraficos e taxonémicos de microfosseis de parede
organica e dos estromatolitos descritos, indicam que a Formagdo Sete Lagoas foi depositada em
ambiente marinho neritico. A conexdo por zona neritica da Amaz6nia com outros cratons que
formam o Gondwana ocidental, incluindo o craton S&o Francisco, em 550 Ma é corroborada com
base nas ocorréncias de Bambuites erichsenii e Ghoshia januarensis, enquanto os paleocontinentes
Laurentia, Béltica e Sibéria estavam separados.

Palavras-chave: Formacdo Sete Lagoas; Ediacariano; lectostratotipo; bioestratigrafia;
paleobiogeografia.



180

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

A~
TABLE OF CONTENTS

ACKNOWLEDGMENTS ... teeiietetee sttt e e m e e me e e e n e e nnn e e nne e 4
AGRADECIMENTOS ...ttt e st e s me e s e e b e e s e e nme e e nn e e beennn e e nne e e 5
LY 2 110 2 G PR U PP PRT PP 6
RESUIMO ...tttk ekttt ekt et e ke et £ R e e e R b e e R e e 2R b e e eh e e e mb e e ke e e mb e e nbeeanbeenbeennneens 7
1. INTRODUCTION ...ttt ettt ettt ettt ettt be e s he e e bt e e hb e e be e eme e e nbeesnbeenbeeenneenneeanes 13
2. GEOLOGICAL SETTING OF THE SETE LAGOAS FORMATION........ciiiiiiiieiie e 15
2.1. Fossil assemblage from the Sete Lagoas Formation...........ccoccciieviieeicciiiiiiec e, 19

3. METHODOLOGY ...ttt ettt ettt ettt s bttt e et e et e e sh e e e b e e e be e e me e e abe e e mbeenbeeenneenneeanes 22
4. STUDIED SECTIONS ..ottt ettt ettt sttt e s e et e s et e bt e s mb e et e e ene e e nneeanneeneas 25
4.1. Lectostratotype section of the Sete Lagoas Formation, Sete Lagoas County ................... 26
4.2. Hypostratotype section of the PRF, Sete Lagoas County ........ccccccovciivieiereeeesiiicinineeeeeenn, 28
4.3. Hypostratotype section of the Barreiro, Januaria County..........ccccoveiiviiieriieniiiiciiiieeeeeenn, 30
A4, FErcal SECHION, Brasiliad.........uuuuueieiiiiiiirieiiieeeetisesesessssessssessssssseseeeseseresererere ... 35
5. TAXONOMY OF ORGANIC-WALLED MICROFOSSILS ......ooiiiiiiiiiiieeiieniee st 37
6. STRATIGRAPHIC DISTRIBUTION OF THE FOSSIL ASSEMBLAGE ........cccoeiiiiiieiiiiieeniee e 79
7. BIOSTRATIGRAPHY ...ttt ettt b ettt sb e e b e s st e et e e esee e nbeesnbeenbeesnneen 84
7.1. BIOStratigraphiC ZONING .......cc.oiiiiiiiiieieie ettt bbb 84
7.2. Other proxies from the Sete Lagoas FOrmation............ccooeverereniiienininseee s 88
7.3. COrrelation and FEMAIKS. .........ooiiiiiieei et 89

8. PALEOENVIRONMENTAL AND PALEOGEOGRAPHIC APPROACH ......cooiiiiieiiiiiieniee e 96
9. CONGCLUSIONS ...ttt ekttt b et e bt e ab e e bt e ab e e ke e e st e e e beeent e e nbeeanneenneas 102
10. REFERENCES ...ttt ekttt h et ekt e it e bt e e st et e e e mb e e nbeesnbeenbeennneens 103
APPENDIX L.ttt ettt bbb R e bRt e et e e ne e b e nreenneaens 119
APPENDIX 2.ttt b et b et be e b e beenane e 133



207

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

LIST OF FIGURES

Figure 1: Geological map of the Sdo Francisco basin (red dashed line) in the Sdo Francisco craton.
Inset map shows major cratons in the western Gondwana in a Neoproterozoic paleogeographic
configuration: A, Amazonian; P, Rio de la Plata; K, Kalahari; WA, West Africa; SFC, Séo
Francisco-Congo. PC: Paramirim Corridor. The AB cross-section refers to the area of the seismic
line displayed in Fig. 2. (after Reis and Suss, 2016).........ccccveiieiiiiiiieiiieiee e 15
Figure 2: Composite seismic section “A-B”, which location is shown in Fig. 1. Tectonic domains
across the Sao Francisco basin, from the start point in west-southwest to the final point in east-
northeast: Brasilia foreland fold-thrust belt, undeformed domain, and Aracguai foreland fold-thrust
belt. Depth in two-way travel time (TWT). Thrust faults: JP e Jodo Pinheiro; RB e Rio Borrachudo;
SD e Sdo Domingos. Bmb: Brasilia metamorphic belt (after Reis and Suss, 2016). ................... 16
Figure 3: Geological map of studied areas in Brazil. (1) Barreiro section, Januéria County, Minas
Gerais State; (2) Fercal section, Brasilia, Federal District; (3) Rei do Mato cave and PRF sections,
Sete Lagoas County, Minas Gerais STate. .........cccueiiuiiiiiiii i 25
Figure 4: Lectostratotype section and field photographs of the Sete Lagoas Formation at the Rei
do Mato cave, Sete Lagoas County, Minas Gerais State, Brazil. Sample horizons are marked with
the sample number prefixes MP. (1) Lower portion of the lectostratotype; (2) Concolute structure;
(3) Hummocky structure; (4) GYMNOSOIEN SP.....veeiviiiiieiiieiiee et 27
Figure 5: Hypostratotype section and field photographs of the Sete Lagoas Formation at the PRF,
Sete Lagoas County, Minas Gerais State, Brazil. (1) Upper Sete Lagoas boundary. (2) Gymnosolen
sp. Sample horizons are marked with the sample number prefixes MP. Sample numbers in bold
MAark fOSSHITErOUS NOTIZONS. ........o it 29
Figure 6: Lithostratigraphic section and field photographs of the Sete Lagoas Formation at the
Barreiro section, Santa Luzia quarry, Januaria Municipality, Minas Gerais State, Brazil. (1) Thin-
bedded limestone; (2) Intraclastic breccia. Sample horizons are marked with the sample number
prefixes MP. The CP numbers refer to the palynological slides of the illustrated specimens. Sample
numbers in bold mark fossiliferous NOMZONS. ..........cooeiieiiiie e 32
Figure 7: Comparison between microbialites and animal burrows. (1-5) Microbialites from the
Sete Lagoas Formation, Bambui Group, Barreiro section, Januaria Municipality, Minas Gerais
State, Brazil (MP3008). (1) Top bedding surface view. (2) Transmitted plane-polarized light
photomontages of three petrographic thin sections cut perpendicularly to the bedding surface along

9



238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268

©

labeled white lines in (1). (3-5) Magnified views of labeled rectangles in (2) show microbial
laminae details. Red arrows and circled dot mark stratigraphic up direction. (6-8) Animal burrows
preserved in limestone of the terminal Ediacaran Dengying Formation at Wuhe, Yangtze Gorges
area, South China (extracted from Xiao et al., 2019). (7-8) Transmitted plane-polarized light of
petrographic thin sections cut perpendicularly to the bedding surface along labeled white lines in
(5 PRSPPSO 33
Figure 8: Comparison between microbialites and animal burrows. (1-3) Transmitted plane-
polarized light photomicrographs of petrographic thin sections cut perpendicularly to the bedding
surface, showing microbial fabrics of microbialites from the Sete Lagoas Formation, Bambui
Group, Barreiro section, Januéria Municipality, Minas Gerais State, Brazil (MP3005). ............. 34
Figure 9: Lithostratigraphic section and field photographs of the Sete Lagoas Formation at the
Fercal section, Federal District, Brazil (Extract from Carvalho (2018) and Carvalho and Alvarenga
(2018)). Sample horizons are marked with the sample number prefixes MP. The CP numbers refer
to the palynological slides of the illustrated specimens. Sample numbers in bold mark fossiliferous
0T0] 170 TSSO 36
Figure 10: Organic-walled microfossils from the Sete Lagoas Formation at the Barreiro section.
Slide number and England Finder coordinates (in parentheses) are given for each illustrated
specimen. (1-3, 7, 10) Leiosphaeridia minutissima, (1) CP962 (S32); (2) CP962 (F48); (3) CP918
(K22); (7) CP964 (P29); (10) CP963 (F33). (4, 8, 11) Germinosphaera bispinosa, all in slide
CP917 (EF coordinates: S26, 143, and 028, respectively). (5) Leiosphaeridia jacutica, CP913
(Y23). (6) Leiosphaeridia crassa, CP964 (H29). (9) Leiosphaeridia tenuissima, CP914 (Q30). (12-
13) Siphonophycus robustum, (12) CP960 (150); (13) CP961 (H24). .....coovviieeiiieeecee e 44
Figure 11: Ghoshia januarensis new species from the Sete Lagoas Formation in the Barreiro
section. Slide number and England Finder coordinates (in parentheses) are given for each
illustrated specimen. (1) Holotype: CP916 (E46). Note dark spots inside cells indicated by white
arrows. Yellow arrows indicate slightly deflated and deformed cells. (2-8) Paratypes; (2—6) CP919
(E18); 3 is a magnified view of the upper right part of 2, showing slightly deflated and deformed
cells; 4 is a magnified view of the lower left part of 2, showing dark spot in terminal cell (arrow);
(5-6) CP919 (J16), 6 is a dark-field view of the central part of 5, showing a polyhedral cell (arrow
in 5). (7) CP919 (J26), note polyhedral cell at a branching point. (8) CP920 (N18/3), showing
pointed terminal cell (arrow). (9) Specimen identified in a thin section of the Sete Lagoas

10



269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298

©

Formation at the Barreiro section in the Januaria area. Reproduced from Perrella Janior et al.
(2017) WD PEIMMISSION. ..eitiiiieiieitiete ettt sttt st e b e e see bt e beenbeaseenbeaneenreenbenneens 47
Figure 12: Raman spectroscopic data of organic-walled microfossils and amorphous organic
matter from the Sete Lagoas Formation at the Barreiro section. (1) Baseline-corrected and fitted
Raman spectra. Different colors mean different species. Each Raman spectra corresponds to the
data of principal component analysis showed in 12.2. Note that Raman spectra of Ghoshia
januarensis (J from holotype and I, K from paratypes) have broader peaks of carbonaceous matter
around 1350 cm and 1600 cm™ relative to other Sete Lagoas organic-walled microfossils. (2)
Principal component analysis of deconvolved Raman data. Samples: A-B and J, CP916; C-D,
CPI17; E, I, K, CP920; F, H, MP3728; G, MP3723. ...ttt 50
Figure 13: Organic-walled microfossils from the Sete Lagoas Formation. (1-11) specimens from
the Rei do Mato section. (12-15) specimens from the Fercal section. Slide number and England
Finder coordinates (in parentheses) are given for each illustrated specimen. (1) Siphonophycus
robustum, CP1019 (R45). (2-3, 12) Bambuites erichsenii, (2) CP1022 (M57); (3) CP1022 (E24);
(12) CP1016 (J50). (4) Leiosphaeridia ternata, CP1020 (N31). (5, 14) Leiosphaeridia
minutissima, (5) CP1021 (S15); (14) CP1017 (L19). (6) Germinosphaera bispinosa, CP1025
(G29). (7-8) Leiosphaeridia crassa, (7) CP1023 (L55); (8) CP1023 (C33). (9B, 11, 13)
Leiosphaeridia tenuissima, (9B) CP1024; (11) CP1026 (G19); (13) CP1015 (J26). (9A)
Leioshpaeridia jacutica, CP1024. (10, 15) Ghoshia januarensis, (10) CP1018 (S27); (15) CP1016
(OB9). ettt b et b et et r s h et et e ae b et ra b et et reereneens 54
Figure 14: Stratigraphic distribution and relative abundance of organic-walled microfossils from
the Sete Lagoas Formation at the studied SECHIONS. ..........cccveviieiie i 81
Figure 15: Lithostratigraphic logs of the lectostratotype section of the Sete Lagoas Formation, Rei
do Mato section, the hypostratotypes sections of the Barreiro and PRF sections, and the Fercal
section with fossiliferous occurrences and biostratigraphic zones. ...........cccccvveviieveieii e, 86
Figure 16: Chronostratigraphic distribution of the organic-walled species recovered from the Sete
Lagoas Formation, Bambui Group, Brazil (Butterfield et al., 1994; Grey, 2005; Sergeev et al.,
2012; Javaux and Knoll, 2017; Miao et al., 2019; Shukla et al., 2020)...........ccecvvereneneiininens 87
Figure 17: Ediacaran acritarch assemblages (data extracted from Knoll and Walter (1992), Grey
(2005), Gaucher and Sprechmann (2009), and Liu and Moczydtowska (2019). All recognized

11



299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320

©

biostratigraphic units by Grey (2005) and Liu and Moczydtowska (2019) are assemblage zones.
Zones abbreviations correspond to the species which characterize each zone............cccccevveenes 90
Figure 18: Abundance and size distribution of Leiosphaeridia species from the studied sections
comprising both biostratigraphic unities: Leiosphaeridia minutissima Zone and Bambuites
BITCNSENIT ZONE. ...ttt ettt h e bbbt b e et b b e s bt et e e Rt st e et e ne e be et 93
Figure 19: Simplified chart of zones identified in the Ediacaran Period. Lm: Leiosphaeridia
minutissima Interval of Lowest Occurrence Zone, Be: Bambuites erichsenii Range Zone (see
figure 14 for other abbreViations). .........coiieiiiic i 94
Figure 20: Stratigraphic sections of the Sete Lagoas Formation coupled with §*3C profiles.
Isotopic values are in %o. Isotopic data extracted from: Barreiro section (Okubo et al., 2022), Fercal
section (Carvalho, 2018), PRF section (Vieira et al., 2007). ......ccccceveriririenininieiene e 95
Figure 21: Paleogeographic reconstructions based on the paleomagnetic data reviewed by Thover
et al. (2006): break-up along the western margin of Laurentia by 600 Ma and construction of West
Gondwana (extracted from Tohver et al., 2006)...........cocuereiiriieiiie e 98
Figure 22: Integrated evolution from Ediacaran to Cambrian orogens and basins in western
Gondwana by Caxito et al. (2021). Obs.: a) early Ediacaran; b) early-mid Ediacaran; c) late
EdIacaran-CambBITan. ..........oooiiiieiieiiee ettt et sb e et et enre et e 99
Figure 23: Different paleogeographic reconstructions of Gondwana ca. 550 Ma highlighting the
Cloudina lucianoi, Cloudina carinata, Cloudina riemkeae, Gordia marina, Corumbella werneri,
Namacalathus hermanastes, Ghoshia januarensis, and Bambuites erichsenii occurrences.
(Modified from Warren et al., 2017 and Adorno, 2019). ........cccoeveieiiieie e 100

12



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

1.INTRODUCTION

The present thesis aims to characterize and assess the stratigraphic significance of the fossil
assemblage from the Sete Lagoas Formation based on taxonomic, lithostratigraphic,
biostratigraphic, and paleobiogeographic studies. In addition, a combined preparation for
micropaleontological and sedimentological studies of samples from the Proterozoic record was
developed (Appendix 1). This lithostratigraphic approach is focused on the lectostratotype section
description of the Sete Lagoas Formation and the proposal of two hypostratotype sections,
including an additional section. Attached to this stratigraphic framework, a taxonomic study of the
fossil assemblage was conducted to evaluate its chronobiostratigraphic positioning. This approach
is presented herein as a contribution to improve an updated stratigraphic framework,
paleoenvironmental setting, and paleobiogeographic context of the Sdo Francisco basin in late
Ediacaran Gondwana.

The main objectives of the thesis include a taxonomy of organic-walled microfossils from
the Sete Lagoas Formation, a description of its lectostratotype, the proposal of two
hypostratotypes, and an additional section; a proposal of a biostratigraphic framework for the
studied sections; paleoenvironmental analysis and paleobiogeographic approach. Five manuscripts
resulted from part of the present thesis: 1. a combined methodological preparation for
micropaleontological and sedimentological studies; 2. biostratigraphy of organic-walled
microfossils from the hypostratotype Barreiro section; 3. description and implications of
microbially induced sedimentary structures on the Sete Lagoas Formation; 4. Description of
lectostratotype and hypostratotype of the Sete Lagoas Formation, Bambui Group; and 5.
Biostratigraphic and paleogeographic analyses of the Sete Lagoas Fm. during the Ediacaran. The

five manuscripts are:
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1. “METHODOLOGICAL DEVELOPMENT OF A COMBINED PREPARATION FOR
MICROPALEONTOLOGICAL AND SEDIMENTOLOGICAL STUDIES OF
SAMPLES FROM THE PROTEROZOIC RECORD” (Denezine et al., 2022, published on
Frontiers in Earth Science — Appendix 1);

2. “ORGANIC-WALLED MICROFOSSILS FROM THE EDIACARAN SETE LAGOAS
FORMATION, BAMBUI GROUP, SOUTHEAST BRAZIL: TAXONOMIC,
STRATIGRAPHIC DISTRIBUTION, AND BIOSTRATIGRAPHIC ANALYSES”
(Denezine et al., accept with revision, Journal of Paleontology);

3. “PALAEOPHYCUS-LIKE MICROBIAL RIDGES FROM CARBONATES OF THE
EDIACARAN SETE LAGOAS FORMATION AND THEIR IMPLICATIONS FOR THE
INTERPRETATION OF PUTATIVE TRACE FOSSILS” (Denezine et al., to be submitted
to Sedimentology);

4. “LECTOSTRATOTYPE AND HYPOSTRATOTYPE SECTIONS OF THE SETE
LAGOAS FORMATION, EDIACARAN, BAMBUI  GROUP, BRAZIL.:
LITHOSTRATIGRAPHIC DESCRIPTION AND PALEONTOLOGICAL APPROACH”
(In preparation);

5. “BIOSTRATIGRAPHY OF THE SETE LAGOAS FORMATION: A
CHRONOSTRATIGRAPHIC AND PALEOGEOGRAPHIC APPROACH” (In

preparation).

The remarkable diversity of organic-walled microfossils, particularly acanthomorphic
acritarchs, in the Ediacaran Period (Huntley et al., 2006; Knoll, 1994; Vidal and Moczydtowska-
Vidal, 1997) is hypothesized to be associated with the ecological rise of animals (Peterson and
Butterfield, 2005). Closer to the end of Ediacaran, the advent of calcareous skeletons is evidenced
by cloudinids and corumbellids (Germs, 1972; Hahn et al., 1982; Hua et al., 2005; Walde et al.,
2015; Adorno et al., 2017). Therefore, a taxonomic study of organic-walled microfossils from the
Sete Lagoas Formation provides a tool for biostratigraphic correlation and offers useful data to

improve the understanding of Ediacaran evolution.
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2. GEOLOGICAL SETTING OF THE SETE LAGOAS FORMATION

The western portion of the S8o Francisco craton comprises a succession of siliciclastic and
carbonate rocks dated between 1.77 Ga and 0.52 Ga (Alvarenga et al., 2012; Moreira et al., 2020;
Pimentel et al., 2011) (Fig. 1). The Brasilia fold belt that bounds the western margin of the Sao
Francisco craton was deformed during the Brasiliano-Pan-African orogeny between 790 Ma and
540 Ma (Pimentel and Fuck, 1992; Pimentel et al., 1999; Caxito et al., 2021). This fold belt borders
to the east with the S&o Francisco craton, which is covered by undeformed Neoproterozoic strata.
It consists of a tectonic domain with thin-skinned tectonic deformation and a domain further west

with thick-skinned deformation (Alvarenga et al., 2014) (Fig. 2).

AMERICA

F 120

' \ Phanerozoic units
iV*‘ Bambui Group and correlatives

. Vazante Group
‘; Espinhago Supergroup

N
L 200 i
|

. Basement (>1.8Ga)
0 200km

— Tectonic transport _/ Structural traces

Figure 1: Geological map of the Sdo Francisco basin (red dashed line) in the Sdo Francisco craton.
Inset map shows major cratons in the western Gondwana in a Neoproterozoic paleogeographic
configuration: A, Amazonian; P, Rio de la Plata; K, Kalahari; WA, West Africa; SFC, Séo
Francisco-Congo. PC: Paramirim Corridor. The AB cross-section refers to the area of the seismic
line displayed in Fig. 2. (after Reis and Suss, 2016).
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The S&o Francisco basin can be subdivided into five main domains regarding its
chronostratigraphy: 1. the Archean/Paleoproterozoic basement, which consists of granite-gneissic
rocks (Reis and Alkmim, 2015), 2. the Paleo/Mesoproterozoic/Early Neoproterozoic
metasedimentary sequence represented by the Espinhaco Supergroup, and the Paranod and
Vazante groups (Guadagnin et al., 2015; Alvarenga et al., 2019), 3. The Neoproterozoic/Cambrian
units are characterized by the Jequitai Formation and Macaubas and Bambui groups (Caxito et al.,
2012; Paula-Santos et al., 2015; Oliveira et al., 2021; Sanchez et al., 2021), 4. the
Permian/Carboniferous Santa Fé Group (Campos and Dardenne, 1994), and 5. the Cretaceous
sedimentary sequence, represented, from base to top, by Areado Group, Lower Cretaceous; and

Mata da Corda and Urucuia groups, Upper Cretaceous (Campos and Do Carmo, 2005; Zalan and

Silva, 2007).
Araguai Foreland
Bmb Brasilia Foreland F-T-belt Undeformed domain F-T-belt

JlAgW : : N ENE WNW ESE WsSw EB?)E

Allochthonous
Macaulbas and

sequences (?) \ 30
. Archean-Paleoproterozoic Espinhago | . Paranoa-Espinhago Il - Macaubas . Bambui Phanerozoic
basement sequence (?) sequence sequence sequence successions

\\ Normal 7 Thrust Y Inverted

Il Upper Cretaceous fault fault fault

intrusion

Figure 2: Composite seismic section “A-B”, which location is shown in Fig. 1. Tectonic domains
across the Sdo Francisco basin, from the start point in west-southwest to the final point in east-
northeast: Brasilia foreland fold-thrust belt, undeformed domain, and Aracguai foreland fold-thrust
belt. Depth in two-way travel time (TWT). Thrust faults: JP e Jodo Pinheiro; RB e Rio Borrachudo;
SD e Sdo Domingos. Bmb: Brasilia metamorphic belt (after Reis and Suss, 2016).
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The Neoproterozoic deposits in the West portion of the Sdo Francisco basin, which was
contiguous with the Congo craton (Fig. 1), are represented by the Jequitai Formation and the
Bambui Group. The Bambui Group, a mixed carbonate-siliciclastic platform, consists of, in
ascending stratigraphic order, the Sete Lagoas Formation (limestones, dolostones, and pelite
intercalations), Serra de Santa Helena Formation (siltstones and marl), Lagoa do Jacaré Formation
(predominantly dark stromatolitic and oolitic limestone and shales), Serra da Saudade Formation
(shales, siltstones, and sandstones), and Trés Marias Formation (sandstones) (Dardenne, 1978).

The Sete Lagoas Formation, which is the main focus of this work, represents the basal unit
of the Bambui Group and consists of a sequence of carbonate-dominated sediments in the S&o
Francisco basin. Those sediments are characterized by a low total organic carbon (TOC) content
of less than 2% (Uhlein et al., 2019; Caetano-Filho et al., 2021) and relatively low thermal maturity
(Reis & Suss, 2016). The Sete Lagoas Formation is interpreted to have been deposited in a shallow
carbonate platform environment, perhaps with a limited connection with the open marine
environment (Paula-Santos et al., 2015; Vieira et al., 2015).

Even though Dardenne (1978) formalized five formations within the Bambui Group, the type
sections of these lithostratigraphic units were never formally described. The International
Stratigraphic Guide (Murphy and Salvador, 1999), which was developed to promote an
international agreement on stratigraphic classification, establishes that a formal lithostratigraphic
unit must have a type locality and a stratotype section with a clear characterization. Additionally,
the designation of a hypostratotype section is a possibility to complement the definition of a
lithostratigraphic unit (Murphy and Salvador, 1999; North American Commission on Stratigraphic

Nomenclature, 2005).
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The depositional age of the Bambui Group has long been a matter of debate. The Bambui
Group was initially considered to be Cretaceous (Liais, 1872 in Couto et al., 1981), but recent
studies show that it is probably Ediacaran—Cambrian (Pimentel et al., 2011; Warren et al., 2014;
Paula-Santos et al., 2015; Moreira et al., 2020a; Sanchez et al., 2021; DaSilva et al., 2022).
Geochronological constraints on the Bambui Group are few and inconclusive. Carbonates of the
lower Sete Lagoas Formation yielded Pb-Pb apparent ages of ~740 Ma (Babinski et al., 2007).

Nevertheless, Caxito et al. (2021) analyzed samples from crystal-fan-bearing limestone
from the base of the Sete Lagoas Formation. The U-Pb ages obtained by Caxito et al. (2021)
yielded lower intercept dates of 615.4 + 5.9 Ma, when both the crystal-fans and matrix were
analyzed together, 608.1 £ 5.1 Ma for crystal-fans, and 607.2 £ 6.2 Ma for the matrix. The youngest
population of detrital zircons from the Sete Lagoas Formation gave U-Pb ages of ~557 Ma (Paula-
Santos et al., 2015), and the youngest population of detrital zircons from the Trés Marias Formation
gave U-Pb ages of ~620 Ma (Pimentel et al., 2011; Rodrigues, 2008), providing maximum age
constraints on the host strata. More recently, a zircon U-Pb age of 520.2 + 5.3 Ma has been
reported from a volcanic ash bed in the Serra da Saudade Formation (Moreira et al., 2020b),
suggesting that the upper Bambui Group may belong to the Stage 2 of the Cambrian System.

The occurrence of Cloudina sp. and Corumbella werneri—tubular fossils typically found in
terminal Ediacaran rocks—in the lower Sete Lagoas Formation (Warren et al., 2014; Perrella
Junior et al., 2017) and the presence of Treptichnus pedum—a trace fossil whose first appearance
is used to define the base of the Cambrian System—in the Trés Marias Formation (Sanchez et al.,
2021) further indicate that perhaps the entire Bambui Group is Ediacaran—Cambrian. Although the
conflict with the ~740 Ma Pb-Pb age from the Sete Lagoas Formation (Babinski et al., 2007)

remains unresolved.
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2.1. Fossil assemblage from the Sete Lagoas Formation

Studies of the fossiliferous assemblage of the Neoproterozoic that address the identification of
fossils of this era are in real progress worldwide. The fossil occurrences comprehend organic-
walled microfossils (Grey, 2005; Gaucher et al., 2008b, 2008a; Tang et al., 2015; Porter and
Riedman, 2016; Denezine et al., 2022), the first skeletal metazoans (Beurlen and Sommer, 1957,
Germs, 1972; Hahn et al., 1982; Adorno et al., 2017, 2019), microbialites (Grotzinger et al., 2000;
Sanchez et al., 2018; Santos et al., 2018), fossil embryos (Xiao and Knoll, 2000) and molecular
fossils, also named biomarkers (Sousa Junior et al., 2016; Bobrovskiy et al., 2018). All the above
categories, except embryo fossils, were reported in lithostratigraphic units of the Neoproterozoic
from Brazil.

The fossil record from the Sete Lagoas Formation consists of stromatolites and microbial
mats occurrences (Fantinel et al., 2015), followed by organic-walled microfossils (Simonetti,
1994; Simonetti and Fairchild, 2000; Perrella Junior et al., 2017; Denezine et al., 2022), also
reported as permineralized specimens (Simonetti and Fairchild, 1989; Fairchild et al., 1996), and
few records of metazoans (Warren et al., 2014). Thus, it comprises an assemblage that could
provide subsidies for biostratigraphic correlation studies. In the Sete Lagoas Formation, there are
records of cyanobacteria, protists, and metazoans (Tab. 1).

The first attempt at the chronostratigraphic positioning of the Sete Lagoas Formation from
fossils was made by Marchese (1974). Marchese described stromatolites that outcrop on the BR-
040 highway near the Municipality of Sete Lagoas, Minas Gerais State, and identified them as cf.
Gymnosolen Steinmann, 1911. Marchese (1974) inferred from these occurrences an age of late
Rifean for the Sete Lagoas Formation, an interval recognized as late Tonian. Furthermore, other

studies analyzed and described several stromatolite microbialites, emphasizing a great diversity of
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morphotypes, columnar, bulbs, and domes (Fairchild and Dardenne, 1978; Fairchild and
Schorscher, 1985; Sanchez, 2014; Fantinel et al., 2015), in addition to microphytolites (Lopes,
1995; Nobre and Coimbra, 2000).

The first reports of organic-walled microfossils from the Sete Lagoas Formation were
spherical vesicles, described by Sommer (1971) as Bambuites erichsenii Sommer, 1971. Sommer
(1971) attributed this species to unicellular algae. Later on, several articles on organic-walled
microfossils from the Sete Lagoas Formation were published (Simonetti and Fairchild, 1989, 2000;
Fairchild et al., 1996, 2012; Sanchez and Fairchild, 2018), describing dozens of species from this
unit (Table 1), although Sanchez and Fairchild (2018) invalidated one species, Bambuites
erichsenii Sommer, 1971.

Simonetti and Fairchild (2000) bring the first systematic study of organic-walled
microfossils from the Precambrian units of Brazil. This study analyzed samples of drill cores
located in Montalvania City, Minas Gerais State, Brazil. This research encompassed fossil
recoveries from the Sete Lagoas Formation, as well as other formations of the Bambui Group,
comprising the Serra de Santa Helena, Lagoa do Jacaré, and Serra da Saudade formations. In
addition to these units, the fossil content of the Conselheiro Mata Group was also analyzed. Nine
species were identified in the Sete Lagoas Formation, comprising filamentous species, coccoidal
colonies, and sphaeromorphs, however poorly preserved. Although the low recovery of specimens
in this unit, it was possible to identify a domain of specimens of Leiosphaeridia spp. Eisenack,

1958.
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Table 1: Fossils from the Sete Lagoas Formation. Articles: 1, Sommer (1971); 2, Marchese (1974);
3, Simonetti and Fairchild (1989); 4, Fairchild et al. (1996); 5, Simonetti & Fairchild (2000); 6,
Fairchild et al. (2012); 7, Warren et al. (2014); 8, Perrella Janior et al. (2017); 9, Sanchez and
Fairchild (2018); 10, Denezine et al. (2022); 11, this study.

Species Articles
1{2|3[4[|[5]6]|7 10 | 11
cf. Archaeotrichion contortum Schopf, 1968 X
cf. Archaeotrichion sp. X
Bambuites erichsenii Sommer, 1971 X X
cf. Biocatenoides X
Cloudina sp. X
Corumbella werneri Hahn et al., 1982 X
cf. Cyanonema inflatum Oehler, 1977 X
cf. Dictyosphaera macroreticulata (Xing and Liu, 1972) X
Eomycetopsis sp. A X
Eomycetopsis sp. B X
cf. Eomycetopsis sp. X
cf. Eomycetopsis X
Eosynechoccus medius (Hofmann, 1976) X
Eosynechococcus moorei Hofmann, 1976 X
Gymnosolen sp. X
Germinosphaera bispinosa Mikhailova, 1986 X | X
Glenobotrydion aenigmatis Schopf, 1968 X
cf. Gloeodiniopsis sp. X
cf. Gloeodiniopsis magna (Nyberg and Schopf., 1984) X
Ghoshia sp. X
Ghoshia januarensis new species X
Leiosphaeridia sp. 1 X
cf. Leiosphaeridia sp. X
Leiosphaeridia crassa (Naumova, 1949) X
Leiosphaeridia jacutica (Timofeev, 1966) X
Leiosphaeridia minutissima (Naumova, 1949) X | X
Leiosphaeridia tenuissima Eisenack, 1958 X | X
Leiosphaeridia ternata X
Melanocyrillium sp. X
Myxococcoides cf. M. cantabrigensis Knoll, 1982 X
Myxococcoides sp. A X
Myxococcoides sp. B X
cf. Myxococcoides reticulata Schopf, 1968 X
cf. Myxococcoides X
cf. Myxococcoides sp. X
cf. Myxococcoides globosa Maithy and Shukla, 1977 X
cf. Oscillatoriopsis sp. X
Palaeophycys sp. X
cf. Rugosoopsis sp. X
Siphonophycus robustum Schopf, 1968 X | X
Siphonophycus sp. X
cf. Siphonophycus beltense Horodyski, 1980 X
cf. Siphonophycus sp. X
cf. Siphonophycus X
Trachyhystrichosphaera aimica Hermann, 1976 X
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Hidalgo (2007) also worked with organic-walled microfossils of the Sete Lagoas Formation,
focusing on the Neoproterozoic glaciations and their influence on the paleobiota. Hidalgo (2007)
corroborates the interpretation that the Sete Lagoas Formation was deposited after a glaciation
event. Different preservation of organic-walled microfossils was also reported, such as
permineralized filamentous organisms and some cocooids (Fairchild and Schorscher, 1985). All
specimens studied by Fairchild and Schorscher (1985) were silicified but poorly preserved. In
addition, Simonetti and Fairchild (1989) describe eleven species with occurrence in this unit,
including coccoids, some solitary, others colonial, and rare eukaryotes or filamentous prokaryotes.

The occurrences of mineralized metazoans in the Sete Lagoas Formation are restricted to the
occurrences reported by Warren et al. (2014) and Perrella-Junior et al. (2017). Warren et al. (2014)
report occurrences of Cloudina sp. and Corumbella werneri in the Sete Lagoas Formation from
expositions in the Januaria Municipality. Perrella-Janior et al. (2017) also report occurrences of
Cloudina sp. recovered from the same region, although the photomicrography of the occurrence is

inconclusive (Perrella-Junior et al., 2017: fig.7G).

3. METHODOLOGY

The study of the Ediacaran portion of the S&o Francisco basin to describe the lectostratotype
section and hypostratotype sections, as well as one additional section of the Sete Lagoas
Formation, started with fieldworks carried out between 2018 and 2021. Lithostratigraphic columns
are presented for each studied section, containing fossiliferous intervals, detailed sampling
information, and the levels where organic-walled microfossils were recovered.

Standard petrographic thin sections were prepared and examined under a Zeiss

Discovery.\VV20 stereomicroscope connected with an AxioCam ICc3 camera and a Zeiss Scope.Al
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microscope connected with an AxioCam ICc1 camera. Organic-walled microfossils were extracted
from thinly laminated mudstones and light to dark grey limestone and dolostones samples using
acid maceration techniques. The samples were dissolved using HCI and HF acids. Residues were
rinsed repeatedly in distilled water, and after the residues were settled following each rinse, the
supernatant was decanted. No centrifugation was used to minimize mechanical damage to organic-
walled microfossils. No oxidative procedure was applied to organic residues (Denezine et al.,
2022) (Appendix 2). Transmitted-light photomicrographs were acquired using an Axio Imager.A2
microscope equipped with an AxioCam MRc digital camera (both Carl Zeiss).

Size analysis of Leiosphaeridia specimens is based on the measurement of their vesicle
diameters. Vesicle diameter and wall thickness were used to identify four morphospecies of
Leiosphaeridia present in the Sete Lagoas Formation: Leiosphaeridia crassa, Leiosphaeridia
jacutica, Leiosphaeridia minutissima, Leiosphaeridia tenuissima. Leiosphaeridia ternata is the
only Leiosphaeridia species that was identified due to its radially oriented acutely angled clefts
along the vesicle. Abundance data were collected in this study. All palynological slides were
examined thoroughly, and complete specimens were counted. Due to their colonial nature or
frequent preservation as fragments, the abundance of Siphonophycus robustum and Ghoshia
januarensis was not quantified.

Selected organic-walled microfossils from the Sete Lagoas Formation were analyzed using
Raman spectroscopy. Specimens were placed on palynological slides and analyzed on a HORIBA
JobinYvon LabRAM HR800 Raman microprobe equipped with a high-resolution 600 mm focal
length spectrometer and a 514 nm argon laser source in the Department of Geosciences at Virginia

Tech. The laser beam was less than 10 pm in diameter with a 40x objective lens. Raman spectra
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were acquired using the software Labspec 5.0 with an acquisition time of less than one minute for
each analysis.

Raman spectroscopy data were processed using Python modules. Baseline correction was
applied to the raw data by adjusting a polynomial (third-order) curve using the Raman data from
200 to 800 and from 1900 to 2100 cm-1 that captures the Raman peaks of carbonaceous material.
After baseline correction, the four Raman peaks of carbonaceous material, as in Kouketsu et al.
(2014), were decomposed with the shape of a convolution between Gaussian and Lorentzian
functions. The expected variations in the peaks are relatively small compared to the other
parameters. Thus, two optimizations are performed. The first one finds amplitude and width
parameters by letting them free and using fixed values for the frequencies. These frequency values
are not the final ones but are close given the small variation expected, and the curve roughly is the
desired shape. After this step, another optimization is performed, two frequencies are held at 1245
and 1510 cm-1 Kouketsu et al. (2014) and the other parameters are calculated more precisely.
Raman data processing followed the procedures described in Kouketsu et al. (2014).

The processed Raman data were subjected to principal component analysis (PCA) in Python.
The peak position, peak height, and full width at half-maximum (FWHM) of the four Raman peaks
of carbonaceous material were used in PCA. The PCA allowed a dimensionality reduction to two
principal components. The Python package for PCA is publicly available (Mazoni, 2021), and
PCA in this study used the Python modules Numpy (Harris et al., 2020), Scipy (Virtanen et al.,
2020), and Rampy (Le Rosq, 2021).

Types, figures, and other specimens examined in this study are deposited in the following

institution: Museum of Geosciences (MGeo-UnB), University of Brasilia, Brasilia, Brazil.
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4. STUDIED SECTIONS

The approached sections of the Sete Lagoas Formation, from the Minas Gerais State, are: 1.
Lectostratotype section of the Sete Lagoas Formation, from the outcrop at the Conservation Unit
Rei do Mato cave, Sete Lagoas County; 2. Hypostratotype section of the Federal Highway Police
(PRF), Sete Lagoas County; 3. Hypostratotype section of the Barreiro, Januaria County. The Fercal

section was the only section studied in the Federal District, Brasilia (Fig. 3).
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Figure 3: Geological map of studied areas in Brazil. (1) Barreiro section, Januaria County, Minas
Gerais State; (2) Fercal section, Brasilia, Federal District; (3) Rei do Mato cave and PRF sections,
Sete Lagoas County, Minas Gerais State.
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The designation of the Rei do Mato cave section as a lectostratotype section complements
the lithostratigraphic and chronostratigraphic definition of the lectostratotype section due to
fossiliferous occurrences and great exposure of the sedimentary sequence of the Sete Lagoas
Formation in the type locality. Additionally, the Rei do Mato cave section is located in an
Environmental Conservation Unit. The Conservation Unit Rei do Mato cave is legally established
by the Minas Gerais State Government to meet the requirements of protection and sustainable

exploitation of bio and geodiversity.

4.1. Lectostratotype section of the Sete Lagoas Formation, Sete Lagoas County

The lectostratotype section of the Rei do Mato cave is located inside the borders of the Gruta Rei
do Mato Conservation Unit, Sete Lagoas County, Minas Gerais State, southeastern Brazil (Fig. 3).
The coordinates of the section (UTM), Datum WGS84 are: 23K, 575103 mE, 7844059 mN. The
formations of the lower part of the Bambui Group, Sete Lagoas and Serra de Santa Helena
formations, outcrop in this locality. The stratigraphic thickness of the Sete Lagoas Formation in
the studied area is about 125 m (Fig. 4). A total of 105 stratigraphic levels were sampled.

Although the basal boundary of the Sete Lagoas Formation with the lithostratigraphic unit
below is not exposed, the carbonate rocks of the Sete Lagoas Formation rest on top of a
Paleoproterozoic gneiss—migmatite basement in the surrounding area (Vieira et al., 2015).

The section studied is predominantly carbonate, with a predominance of limestone rocks
with little or no contribution of siliciclastics. The section comprises metasedimentary rocks,
mainly pure calcarenites of variable grain size and light gray to dark gray color. In the basal and
intermediate portion of the section, there are structures such as hummocky and swaley cross-

bedding, soft-sediment deformation structure comprising synforms, and convoluted bedding (Fig,
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4). This facies association indicates deposition below the fair-weather baseline level in a
transitional environment influenced by storm wave associated with a sloped carbonate ramp with

high accumulation rates.
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Figure 4: Lectostratotype section and field photographs of the Sete Lagoas Formation at the Rei
do Mato cave, Sete Lagoas County, Minas Gerais State, Brazil. Sample horizons are marked with
the sample number prefixes MP. (1) Lower portion of the lectostratotype; (2) Concolute structure;
(3) Hummocky structure; (4) Gymnosolen sp.
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In the upper portion of the section, the lithofacies display a greater amount of low-angle,
tabular cross-bedding, climbing ripples, herringbone cross-stratification, and the occurrence of
bifurcated columnar stromatolites. Such morphotype of microbialites was classified by Marchese
(1974) as possibly belonging to the Genus Gymnosolen Steinmann, 1911. The occurrence of such
stromatolites varies laterally, depending on the paleoecological conditions. From the set of these
structures, it is possible to infer a paleoenvironment of stromatolitic internal carbonate ramp
influenced by wave/tide (Vieira et al., 2007).

The interval above of the stromatolites presents a more significant contribution of
siliciclastic material, represented by marls overlain by massive laminated siltstones, representing
the transition to the Serra de Santa Helena Formation. It represents a short transition interval, of a
few meters, in an internal carbonate ramp that undergoes marine transgression and becomes
influenced by siliciclastic materials from the craton in an offshore environment of a siliciclastic

platform (Vieira et al., 2007).

4.2. Hypostratotype section of the PRF, Sete Lagoas County

The hypostratotype section named PRF is located on the right side of the BR-040 highway, near
the Federal Highway Police station at Sete Lagoas County, Minas Gerais State, southeastern
Brazil, towards Brasilia (Fig. 3). The coordinates of the section (UTM), Datum WGS84, are: 23K,
574314 mE, 7846482 mN. As in the lectostratotype, both the Sete Lagoas and Serra de Santa
Helena formations are exposed in this section. It is important to highlight that the boundary
between those two units also outcrops. Due to the exposure of the upper boundary of the Sete
Lagoas Formation with the Serra de Santa Helena Formation and easy access, a hypostratotype is

proposed for this section (Fig. 5). A total of 11 stratigraphic levels were sampled.
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The Sete Lagoas Formation at the PRF section is represented by a thick interval of
columnar stromatolites identified as Gymnosolen sp. Individual columns vary from < 5 to 52 cm
and can be as large as 15 cm in diameter, with convex internal crescentic lamination. The inter-
column spaces are filled with mudstone limestone or locally brecciated. This carbonate succession
is covered by siltstones of the Serra de Santa Helena Formation, consisting of metric tabular layers
of olive-green massive siltstones, subordinately carbonate lenses, and fine-grained sandstones,

probably deposited in a deep-platform environment (Vieira et al., 2007).
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Figure 5: Hypostratotype section and field photographs of the Sete Lagoas Formation at the PRF,
Sete Lagoas County, Minas Gerais State, Brazil. (1) Upper Sete Lagoas boundary. (2) Gymnosolen
sp. Sample horizons are marked with the sample number prefixes MP. Sample numbers in bold
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4.3. Hypostratotype section of the Barreiro, Janudria County

The hypostratotype section named Barreiro is located in the Santa Luzia quarry near the Barreiro
Community, western Januaria Municipality, Minas Gerais State, Brazil (Fig. 3). The coordinates
of the section (UTM), Datum WGS84, are: 23L, 560875 mE, 8290191 mN. Only the Sete Lagoas
Formation is exposed in this section. The samples were collected from two different mining
benches, as well as exposures on the hills where the Santa Luzia quarry is located. The stratigraphic
thickness of the Sete Lagoas Formation in the studied area is about 70 m (Fig. 6). A total of 79
stratigraphic levels were sampled.

The lower 15 m consists mainly of crystalline laminated dark gray mudstones with a
predominance of parallel plane bedding with microbial mats. However, there are cross-laminations
in layers of fine calcareous grainstones. Microbial mats, silicified ooids, and dolomitic nodules are
common at this level. Intraclastic carbonate breccias, with flat pebbles ranging from <1 to 50 cm
and light gray micritic matrix are present at 16 m of the section and above, intercalated with
limestones. The top of the section, at around 66 m, is composed of light gray crystalline dolomitic
oolitic grainstones, sometimes with intraclasts. Such carbonates are cross-stratified. This
packaging presents incipient flat stratification, about 2 cm thick, defined by the changes in the
amount of sand size constituents (Fig. 6).

Occurrences of pseudo-tubular structures were identified as linear and crescentic
stromatolites (Fig. 7.1-7.5). These microbialites were diagnosed based on macro analyses and thin
sections. The length of the structures ranges from 2 to 10.5 cm, and diameters range from 2 to 6
mm. A single structure is commonly larger at the center than at the ends. They can be straight,
slightly curved, or even tightly curved. Considering only these features, they could be interpreted

as bioturbation, such as Paleophycus tubularis Hall, 1847, characterized by horizontal structures
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with a cylindrical shape, generated by the activities of endobionts. Paleophycus tubularis can be
linear or slightly sinuous without branches and presents full relief representing traces preserved
within a bed (Hall, 1847). A similar structure in the Sete Lagoas Formation at the Barreiro section
was presented by Warren et al. (2014). The tubular-like structure in Warren et al. (2014), which
was tentatively assigned to Paleophycus sp., has the same dimensions and morphology as those
presented herein.

Full reliefs typically represent active fills, which implies active manipulation of material by
an organism (Lindholm, 1987). This sediment manipulation commonly results in textural contrasts
between the trace and the host sediment. This contrast is not present in the structure from the Sete
Lagoas Formation (Fig. 7.1-7.5) as it is present in a bioturbation specimen described by Xiao et
al. (2019) (Fig. 7.6—-7.8). Most commonly, active fill is produced by deposit and detritus feeders
(Buatois and Mangano, 2011). In this case, no organic microlaminae would be preserved within
the structure, which is not the case for the Barreiro section tubular structure (Fig. 7.3-7.4).
Additionally, a full relief is not observed in the Sete Lagoas Formation material. On the other hand,
the tubular-like structures are preserved as positive epirelief, again contrasting with the diagnosis
of Paleophycus spp. At last, a tightly curved structure is unusual for bilaterian burrows (Fig. 7.1).

Therefore, the tubular-like structures presented in this work lack evidence for bioturbation.
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Figure 6: Lithostratigraphic section and field photographs of the Sete Lagoas Formation at the
Barreiro section, Santa Luzia quarry, Januaria Municipality, Minas Gerais State, Brazil. (1) Thin-
bedded limestone; (2) Intraclastic breccia. Sample horizons are marked with the sample number
prefixes MP. The CP numbers refer to the palynological slides of the illustrated specimens. CP
numbers with * refer to thin sections illustrated. Sample numbers in bold mark fossiliferous
horizons.
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696 The thin section analysis conducted on the tubular-like structures showed a continuous
697  accretion of sediments together with thin organic layers, interpreted here as organic microbial mats
698 (Fig. 7.2-7.5).

699

700

701  Figure 7: Comparison between microbialites and animal burrows. (1-5) Microbialites from the
702  Sete Lagoas Formation, Bambui Group, Barreiro section, Januaria Municipality, Minas Gerais
703  State, Brazil (MP3008). (1) Top bedding surface view. (2) Transmitted plane-polarized light
704  photomontages of three petrographic thin sections cut perpendicularly to the bedding surface along
705 labeled white lines in (1). (2A) CP1027; (2B) CP1028; (2C) CP1029.(3-5) Magnified views of
706 labeled rectangles in (2) show microbial laminae details. Red arrows and circled dot mark
707  stratigraphic up direction. (6-8) Animal burrows preserved in limestone of the terminal Ediacaran
708 Dengying Formation at Wuhe, Yangtze Gorges area, South China (extracted from Xiao et al.,
709  2019). (7-8) Transmitted plane-polarized light of petrographic thin sections cut perpendicularly to
710  the bedding surface along labeled white lines in (6).
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The microbial mats also follow the shape of the structure without any evidence of sediment
manipulation made by water flow or even by organisms. When the edges of the structures were
analyzed, remnants of organic layers were identified (Fig 7.2, 7.5). Those microbial remnant
organic layers were comparable to the organic layers of thrombolites preserved at 1.4 meters below

the stratigraphic level of the tubular-like structures (Fig. 8.1-8.3).

Figure 8: Comparison between microbialites and animal burrows. (1-3) Transmitted plane-
polarized light photomicrographs of petrographic thin sections cut perpendicularly to the bedding
surface, showing microbial fabrics of microbialites from the Sete Lagoas Formation, Bambui
Group, Barreiro section, Januaria Municipality, Minas Gerais State, Brazil (CP1030).
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The well-preserved microbialites at 8.1 m of the Barreiro section represent a calm
environment where the microbial mats could easily grow and develop without disturbance. Also,
a continuous micritic deposition without subaerial exposure could preserve the entire accretion
structures (Fig. 8.1-8.3). If they are roll-ups or shrinkage microbial structures, then they were likely
formed subaerially. If the discontinuous microlaminae represents fragments of microbial mats,
then hydrodynamic energy must have been high enough to break up microbial mats. Regardless,
the microbialites likely formed within the photic zone in shallow water and likely above fair
weather wave base. Nevertheless, the poorly preserved and non-continuous organic laminations
on the edge of the tubular-like structures could represent a poor preservation due to possible rework
of the structure prior to the deposition of the overlying bed. The similarity of both organic
lamination occurrences is strong evidence of the nature of the tubular-like structures preserved as

positive epirelief: their genesis is related to microbialites.

4.4. Fercal section, Brasilia

The Fercal section is located in the Federal District, midwestern Brazil (Fig. 3). The coordinates
of the section (UTM), Datum WGS84, are: 23L, 201350 mE, 5284560 mN. This is the only section
studied in this work in which both the lower and upper boundaries of the Sete Lagoas Formation
are exposed. The Sete Lagoas Formation is about 230 meters thick in the Fercal composite section

(Fig. 9). A total of 69 stratigraphic levels were analyzed.
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743  Figure 9: Lithostratigraphic section and field photographs of the Sete Lagoas Formation at the
744 Fercal section, Federal District, Brazil. Extract from Carvalho (2018) and Carvalho and Alvarenga
745  (2018). Sample horizons are marked with the sample number prefixes MP. The CP numbers refer
746  tothe palynological slides of the illustrated specimens. Sample numbers in bold mark fossiliferous
747  horizons.

36



748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

©

Carvalho (2018) studied this section with a chemostratigraphic approach, in which carbon
and oxygen isotopes were analyzed to improve the establishment of chronostratigraphic
correlations of the Sete Lagoas Formation. Carvalho and Alvarenga (2018) provided a detailed
description of the lithofacies present in the Fercal section. A composite section was described,
obtained from a drill core in the lower part, and a drill core and an outcrop at the Contagem quarry,
in the upper part.

The lower part of the Sete Lagoas Formation succession, which overlies with erosional
unconformity dolostone breccias of the Paranoa Group, is about 190 m thick and comprises three
distinct lithostratigraphic units: 1, the lower part comprises a gray dolarenite overlain by a purple
rhythmic succession of calcilutite to calcarenite alternated with claystone beds; 2, the middle part
is dominated by pure calcarenites; 3, the upper part consists of crystalline dolostones with
occurrences of Gymnosolen sp. An erosive surface marks the top of the first succession. The upper
part of the Sete Lagoas succession begins with 1-2 meters of siltstone, followed by calcarenites

with clay layers growing towards the top (Carvalho and Alvarenga, 2018).

5. TAXONOMY OF ORGANIC-WALLED MICROFOSSILS

The suprageneric taxonomy follows the system of modern cyanobacteria and the parataxonomic
classification of acritarchs [e.g., Butterfield et al., (1994); Sergeev and Schopf, (2010)]. Nine
organic-walled microfossils species were recovered: Ghoshia januarensis new species,
Germinosphaera bispinosa Mikhailova, 1986, Leiosphaeridia crassa (Naumova, 1949),
Leiosphaeridia jacutica (Timofeev, 1966), Leiosphaeridia minutissima (Naumova, 1949),
Leiosphaeridia tenuissima Eisenack, 1958, Leiosphaeridia ternata (Timofeev, 1966), Bambuites

erichsenii Sommer, 1971, and Siphonophycus robustum (Schopf, 1968). Two of them,
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Siphonophycus robustum and Ghoshia januarensis, are considered cyanobacteria. Five of them,
Leiosphaeridia crassa, Leiosphaeridia jacutica, Leiosphaeridia minutissima, Leiosphaeridia
tenuissima, and Leiosphaeridia ternata, are sphaeromorphic acritarchs and probably represent
protists. Bambuites erichsenii is an acanthomorph acritarch. The phylogenetic affinity of

Germinosphaera bispinosa is uncertain.

Kingdom Eubacteria Woese and Fox, 1977
Phylum Cyanobacteria Stanier et al., 1978
Class Hormogoneae Thuret, 1875
Order Oscillatoriales Elenkin, 1949
Family Oscillatoriaceae Kirchner, 1900

Genus Siphonophycus Schopf, 1968

Type species.—Siphonophycus kestron Schopf, 1968 (holotype: Paleobot. Coll. Harvard Univ. No.
58469, stage coordinates 33.6 x 101.4) from the black chert facies in the middle third of Late
Precambrian Bitter Springs Formation, exposed on the south slope of a ridge about 1 mile north of
Ross River Tourist Camp (Love's Creek Homestead), 40 miles northeast of Alice Springs,

Northern Territory, Australia, by original designation.
Other species.—Siphonophycus thulenema Butterfield, 1994 in Butterfield et al., 1994;

Siphonophycus septatum (Schopf, 1968); Siphonophycus robustum (Schopf, 1968);

Siphonophycus typicum (Hermann, 1974); Siphonophycus kestron Schopf, 1968; Siphonophycus
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solidum (Golub, 1979); Siphonophycus punctatum Maithy, 1975; and Siphonophycus gigas Tang

etal., 2013.

Original diagnosis by Schopf, 1968.—“Thallus broad, tubular, nonseptate, unbranched, commonly
quite long, finely rugose in surface texture. Thallus cylindrical, somewhat tapered toward apices,
solitary, straight to slightly bent, up to 180 p long (incomplete specimen), occasionally folded and
distorted. Apices apparently capitate, more-or-less constricted adjacent to expanded, broadly
conical, bluntly pointed terminus. Thallus quite broad, 8.3-15.00 p wide, commonly about 12.5 p
wide (based on five specimens), ornamented and ringed by finely punctate surficial ridges

regularly spaced out 2/3 u apart. Reproductive structures unknown.”

Emended diagnosis by Knoll et al., 1991.—“Tubular, filamentous microfossils, nonseptate and
unbranched, with little or no tapering toward filament termini; tubes truncated and open at ends or
with closed, more or less hemispherical terminations; walls typically preserved as chagrenate to

finely reticulate organic matter, but may be preserved as carbonate rinds.”

Remarks.—The genus Siphonophycus is characterized by smooth and thin wall filaments without
ornamentation. The taxon is traditionally interpreted as representing empty sheaths of filamentous
cyanobacteria, but because of simple morphology, it could include a range of bacterial and
eukaryotic organisms (Butterfield et al., 1994). Although it is here placed under cyanobacteria, we
recognize that Siphonophycus is a form taxon, and several other genera of filamentous microfossils
(e.g., Eomycetopsis, Tenuofilum, and Leiotrichoides) are regarded as synonyms of Siphonophycus

(Knoll et al., 1991).
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Siphonophycus robustum (Schopf, 1968) emend. Knoll et al., 1991

Figures 10.12-10.13, 13.1

1968 Eomycetopsis robusta Schopf, p. 685, pl. 82, figs. 2-3; pl. 83, figs. 1-4.

1968 Eomycetopsis filiformis Schopf, p. 685, pl. 82, figs. 1, 4; pl. 83, figs. 5-8.

1979 Eomycetopsis robusta; Knoll and Golubic, p.149, fig. 4a-b.

1982 Eomycetopsis robusta; Mendelson and Schopf, pp. 59-60, 62, pl. 1, figs. 9, 10.

1984 Eomycetopsis robusta; Sergeev, p. 436, fig. 2a—a.

1991 Eomycetopsis robusta; Hofmann and Jackson, pp. 367-368, fig. 5.1-5.3, 5.8.

1991 Siphonophycus robustum (Schopf, 1968); Knoll et al., p. 565, fig. 10.3, 10.5.

1992 Eomycetopsis robusta; Zang and Walter, p. 314, pl. 17, figs. g-i, p. 308, pl. 18, fig. g.
1992 Eomycetopsis robusta; Sergeev, pp. 93-94, pl. 7, figs. 9-10; pl. 16, figs. 3, 6-7, 10; pl. 19,
figs. 1, 5-10; pl. 24, fig. 7.

1993 Eomycetopsis robusta; Golovenok and Belova, pl. 2, fig. a.

1994 Siphonophycus robustum; Butterfield et al., pp. 64, 66, fig. 26a, 269.

1994 Siphonophycus robustum; Hofmann and Jackson, p. 10, fig. 11.5.

1994 Siphonophycus robustum; Sergeev, pp. 250-251, fig. 8f.

1994 Siphonophycus robustum; Sergeev et al., pl. 3, fig. 6.

1995 Siphonophycus robustum; Kumar and Srivastava, p. 114, fig. 14c—e.

1995 Siphonophycus robustum; Zang, p. 172, figs. 26a, 32I-m.

1997 Siphonophycus robustum; Sergeev et al., p. 230, fig. 14a.

1998 Siphonophycus robustum; Kumar and Venkatachala, p. 63, fig. 6c.

2001 Siphonophycus robustum; Sergeev, p. 442, fig. 7.8-7.9.
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2001 Siphonophycus robustum; Sergeev and Lee, p. 6, pl. 1, figs. 1-2, 7, 11-12.

2001 Siphonophycus robustum; Samuelsson and Butterfield, p. 240, figs. 2b, 9h.

2003 Siphonophycus robustum; Gaucher et al., fig. 6¢—d.

2003 Siphonophycus robustum; Gaucher and Germs, fig. 7.12.

2004 Siphonophycus robustum; Sharma and Sergeev, figs. 3c, 4a, 6b, 6e, 7c, 7f, 9e, 11f.
2004 Siphonophycus robustum; Sergeev and Lee, pl. 2, fig. 4.

2004 Siphonophycus robustum; Tiwari and Pant, fig. 3i, 3n.

2005 Siphonophycus robustum; Prasad et al., pl. 1, fig. 7; pl. 5, fig. 12.

2006 Siphonophycus robustum; Sergeev, p. 213, pl. 6, figs. 9-10; pl. 17, fig. 1; pl. 19, figs. 8- 9;
pl. 22, figs. 1-2, 7-8, 11-12; pl. 25, figs. 1, 3; pl. 27, figs. 4-5; pl. 28, fig. 2; pl. 36, fig. 1-2; pl.
44, figs. 1-7, 13; pl. 46, figs. 7-10; pl. 48, fig. 4.

2008 Siphonophycus robustum; Kumar and Pandey, fig. 3a-b.

2008 Siphonophycus robustum; Sergeev et al., pl. 6, figs. 1, 5-6; pl. 9, figs. 1-3, 5-7.
2009 Siphonophycus robustum; Tiwari and Pant, fig. 6a—c.

2009 Siphonophycus robustum; Dong et al., p. 30, fig. 6.12.

2010 Siphonophycus robustum; Sergeev and Schopf, p. 387, fig. 6.4.

2012 Siphonophycus robustum; Sergeev et al., pp. 309-310, pl. 21, figs. 2, 4, 8-10.
2013 Siphonophycus robustum; Pandey and Kumar, p. 504, fig. 4e.

2013 Siphonophycus robustum; Knoll et al., fig. 4c.

2013 Siphonophycus robustum; Tang et al., fig. 13b, 13m.

2014 Siphonophycus robustum; Babu et al., fig. 3q.

2014 Siphonophycus robustum; Liu et al., fig. 110.1.

2015 Siphonophycus robustum; Vorob'eva et al., fig. 9.14.
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2015 Siphonophycus robustum; Tang et al., fig. 18c.

2015 Siphonophycus robustum; Schopf et al., pp. 716, 718, fig. 11.11.
2016 Siphonophycus robustum; Porter and Riedman, p. 837, fig. 16.4.
2016 Siphonophycus robustum; Sergeev et al., fig. 8.4.

2016 Siphonophycus robustum; Baludikay et al., fig. 11n.

2017 Siphonophycus robustum; Tang et al., fig. 8a, 8c—d.

2017a Siphonophycus robustum; Shi et al., fig. 6.3, 6.5.

2017b Siphonophycus robustum; Shi et al., p. 721, fig. 3e-f.

2017 Siphonophycus robustum; Javaux and Knoll, p. 212, fig. 5.11.
2017 Siphonophycus robustum; Beghin et al., pl. 3, fig. i.

2017a Siphonophycus robustum; Sergeev et al., p. 290, fig. 5.10-5.11.
2019 Siphonophycus robustum; Li et al., fig. 15h.

2019 Siphonophycus robustum; Loron et al., fig. 3f.

2019 Siphonophycus robustum; Arrouy et al., fig. 6f.

2020 Siphonophycus robustum; Knoll et al., p. 6, fig. 3n—o.

2020 Siphonophycus robustum; Arvestal and Willman, p. 22, fig. 10f.
2020 Siphonophycus robustum; Shukla et al., pp. 496-497, fig. 5e.
2021 Siphonophycus robustum; Miao et al., p. 17, fig. 9e.

2022 Siphonophycus robustum; Denezine et al., fig. 11.6.

For additional synonyms, see Butterfield et al. (1994).

42



883

884

885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

©

Holotype.—Paleobotanical collections, Harvard University (thin section Bit. Spr. 10-1, number
58491), from Neoproterozoic Bitter Springs Formation, Amadeus Basin, Australia (Schopf, 1968,

pl. 83, fig. 1).

Original diagnosis.—Filaments commonly solitary, occasionally in groups of a few entangled
filaments, rarely showing plectenchymatous organization. Lateral walls approximately1/3-3/4 n
thick, markedly coriaceous, coarsely and irregularly granular in surface texture. Filaments up to
135 p long (incomplete filament), more-or-less regularly cylindrical with a variance in diameter
of less than 0.8 p from the widest to the most narrow portion of the filament; 2.8-4.2 p in diameter
with an average width (20 filaments measured of 3.5 p. Septate portions of filament vary in length,
commonly less than 25 p long, with filaments commonly constricted or overlapping at the septa;
overlapping portions commonly with rounded ends. Reproductive structures unknown.” (Schopf,

1968).

Emended diagnosis by Knoll and Golubic (1979).—Filaments cylindrical; unbranched; tubular
(nonseptate); bent, sinuous and tortuous; partially flattened, circular to elliptical in cross-section;
intertwined to form more or less dense meshworks; long. Surface coarsely to irregularly granular
in texture. Occasional cylindrical and evenly spaced inclusions, homogeneously filled with fine-
grained carbonaceous matter and centrally located in the “bore” of the tube. Filaments tubular with
average diameters expressed as mean * standard deviation 2.95 tum (range 2.0-4.4, n = 60).
Occasional long cylindrical inclusions, 1.09 + 0.36 pum (n = 8) in diameter, 3-4 um long located

centrally within tubular filaments.”
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Figure 10: Organic-walled microfossils from the Sete Lagoas Formation at the Barreiro section.
Slide number and England Finder coordinates (in parentheses) are given for each illustrated
specimen. (1-3, 7, 10) Leiosphaeridia minutissima, (1) CP962 (S32); (2) CP962 (F48); (3) CP918
(K22); (7) CP964 (P29); (10) CP963 (F33). (4, 8, 11) Germinosphaera bispinosa, all in slide
CP917 (EF coordinates: S26, 143, and 028, respectively). (5) Leiosphaeridia jacutica, CP913
(Y23). (6) Leiosphaeridia crassa, CP964 (H29). (9) Leiosphaeridia tenuissima, CP914 (Q30). (12-
13) Siphonophycus robustum, (12) CP960 (150); (13) CP961 (H24).
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914  Emended diagnosis by Knoll et al. (2020).—“A species of Siphonophycus with tubes 2—4 um in
915  cross-sectional diameter.”

916

917  Illustrated materials.—CP960, CP961, and CP1019.

918

919  Occurrence in the studied sections.—Barreiro section: MP2985, MP2995, MP3040, MP3708,
920 MP3709, and MP3710. Fercal section: MP4510, MP4543, and MP4634. Rei do Mato section:
921  MP5159.

922

923

924  Remarks.—Filamentous microfossils from the Sete Lagoas Formation that are 2 to 4 pum in

925  diameter are identified as Siphonophycus robustum (Schopf, 1968).

926

927 Order Stigonematales Geitler, 1925

928 Family Capsosiracea Geitler, 1925

929 Genus Ghoshia Mandal & Maithy, 1984 in Mandal et al., 1984

930

931 Type species.—Ghoshia bifurcata Mandal & Maithy, 1984 in Mandal et al., 1984.
932

933 Original diagnosis presented by Mandal & Maithy in Mandal et al., 1984.—“Thallus
934  heterotrichous, erect filaments arising from basal horizontally creeping thallus, densely packed,

935 truly laterally branched, with cells in one or two series; sheath absent; reproduction not observed.”

936
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Ghoshia januarensis new species

Figures 11.1-11.9, 13.10, 13.15

2017 Fossil filaments consisting of aligned rounded cells, Perrella Janior et al., p. 138. fig. 7h.

2022 Ghoshia sp.; Denezine et al., fig. 11.5.

Holotype.—Ghoshia januarensis (CP916). Paratypes: CP919 and CP920. Specimens are housed

in the Research Collection, Museum of Geosciences, Institute of Geosciences, University of

Brasilia, Federal District, Brazil.

Type locality.—Specimens recovered from the Sete Lagoas Formation, Bambui Group, Santa

Luzia quarry, Municipality of Januaria, Minas Gerais State, Brazil.

Type horizon.—Intraclastic breccia from the Sete Lagoas Formation, Bambui Group. Stratigraphic

level: between 31.5 to 36.4 m.

Diagnosis.—A species of Ghoshia characterized by spherical to dolliform cells that are 3—-10 um

in diameter. Cells are organized to form uniserial chains that branch irregularly.
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Figure 11: Ghoshia januarensis new species from the Sete Lagoas Formation in the Barreiro
section. Slide number and England Finder coordinates (in parentheses) are given for each
illustrated specimen. (1) Holotype: CP916 (E46). Note dark spots inside cells indicated by white
arrows. Yellow arrows indicate slightly deflated and deformed cells. (2—-8) Paratypes; (2—6) CP919
(E18); 3 is a magnified view of the upper right part of 2, showing slightly deflated and deformed
cells; 4 is a magnified view of the lower left part of 2, showing dark spot in terminal cell (arrow);
(5-6) CP919 (J16), 6 is a dark-field view of the central part of 5, showing a polyhedral cell (arrow
in 5). (7) CP919 (J26), note polyhedral cell at a branching point. (8) CP920 (N18/3), showing
pointed terminal cell (arrow). (9) Specimen identified in a thin section of the Sete Lagoas
Formation at the Barreiro section in the Januaria area. Reproduced from Perrella Janior et al.
(2017) with permission.
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Description.—Uniserial cell chains that branch irregularly. Cells are spherical (Fig. 11.1),
dolliform (Fig. 11.3), or polyhedral in shape (Fig. 11.7), with smooth cell walls. Side branches
arise more or less perpendicularly to the rom main branches. Cells at the branch points are often
polyhedral in shape (Fig. 11.7). Cells 3-10 um in diameter. Deformation folds, likely resulting

from compression, are present in some cells (Fig. 11.2, 11.7, 11.8).
Etymology.—In reference to the Municipality of Januaria, Minas Gerais State, Brazil.
Illustrated materials.—CP916, CP919, CP920, CP1016, and CP1018.

Occurrence on the studied sections.—Barreiro section: MP2980, MP3013, MP3015, MP3040,
MP3710, MP3714, MP3718, MP3723, and MP3724. Fercal section: MP4518, MP4529, MP4541,

and MP4605. Rei do Mato section: MP5152, MP5159, MP5196, and MP5234.

Remarks.—The Sete Lagoas specimens are somewhat similar to Arctacellularia German in
Timofeev et al., 1976 in their uniserial filaments consisting of spherical, dolliform, and polyhedral
cells. However, unlike the Sete Lagoas specimens, Arctacellularia does not branch. The Sete
Lagoas specimens are also similar to the Devonian cyanobacteria Langiella Croft and George,
1959, Kidstoniella Croft and George, 1959, and Rhyniella Croft and George, 1959, in having
branching filaments. However, these Devonian genera can be distinguished by the presence of
morphologically differentiated heterocysts and akinetes or by the presence of a sheath (Croft and
George, 1959). The Sete Lagoas specimens are best placed in the Genus Ghoshia, which is

characterized by branching uniserial filaments consisting of largely undifferentiated cells. The new
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species proposed here, Ghoshia januarensis, resembles Ghoshia bifurcata Mandal & Maithy, 1984
in cell size but differs in its more variable cell shape; Ghoshia januarensis has spherical, dolliform,
and polyhedral cells, whereas Ghoshia bifurcata is said to have “drum-shaped to rectangular” cells
(Mandal et al., 1984). In addition, some specimens of Ghoshia bifurcata (including the holotype,
plate 4, fig. 30 of Mandal et al., 1984) seem to have cell aggregates that are not uniserially
organized.

A specimen from the Sete Lagoas Formation in the Januéria area is illustrated as “fossil
filaments consisting of aligned rounded cells” (Perrella Junior et al., 2017, fig. 7H) shares the exact
characteristics of Ghoshia januarensis, including uniserial and branching filamentous consisting
of spherical cells. Thus, this specimen is here identified as Ghoshia januarensis. It is important to
highlight that the specimen illustrated in Perrella Janior et al. (2017) was observed in a
petrographic thin section, ruling out the possibility of modern contamination (Fig. 11.9).

Raman data show that the four analyzed specimens of Ghoshia januarensis, including the
holotype, are distinct from other organic-walled microfossils from the Sete Lagoas Formation (Fig.
12). Relative to other organic-walled microfossils from the Sete Lagoas Formation, Ghoshia
januarensis specimens exhibit broader peaks characteristic of carbonaceous material (Fig. 12.1).
PCA analysis of Raman parameters also shows that Ghoshia januarensis specimens are separated
from other organic-walled microfossils from the Sete Lagoas Formation (Fig. 12.2). Such
differences in Raman characteristics could be taken as evidence for different degrees of thermal
maturation (Kouketsu et al., 2014). However, recent studies show that differences in organic
precursors could also lead to differences in Raman characteristics of carbonaceous material (Qu et

al., 2015; Pang et al., 2020).
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Figure 12: Raman spectroscopic data of organic-walled microfossils and amorphous organic
matter from the Sete Lagoas Formation at the Barreiro section. (1) Baseline-corrected and fitted
Raman spectra. Different colors mean different species. Each Raman spectra corresponds to the
data of principal component analysis showed in 12.2. Note that Raman spectra of Ghoshia
januarensis (J from holotype and I, K from paratypes) have broader peaks of carbonaceous matter
around 1350 cm™ and 1600 cm™ relative to other Sete Lagoas organic-walled microfossils. (2)
Principal component analysis of deconvolved Raman data. Samples: A-B and J, CP916; C-D,
CP917; E, I, K, CP920; F, H, MP3728; G, MP3723.

Indeed, Ghoshia januarensis seems to occupy the end member of a continuum of Raman
characteristics of organic-walled microfossils from the Sete Lagoas Formation (Fig. 12). Thus, we
favor the interpretation that the difference in organic precursors, as opposed to the difference in
organic maturation, underlies the observed difference in Raman spectra. This consideration,
coupled with the previous report of Ghoshia januarensis from a petrographic thin section of the
Sete Lagoas Formation (Perrella Janior et al., 2017), led us to believe that Ghoshia januarensis is

indigenous to the Sete Lagoas Formation, rather than later contamination.
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Group Acritarcha Evitt, 1963
Group Acritarcha Evitt, 1963
Subgroup Acanthomorphitae Downie et al., 1963

Genus Bambuites Sommer, 1971

Type species.—Bambuites erichsenii Sommer, 1971.

Other species.—The Genus Bambuites is monospecific.

Original diagnosis presented by Sommer (1971) in Portuguese.—“Configuracgdes arredondadas,
solitarias, de substancia carbonosa opaca provida de lacunas irregulares, quando observada a
luz transmitida; por vézes ressalta parede de contérno mais denso; diametro de dimensfes

variaveis.”

Original diagnosis presented by Sommer (1971) translated.—“Rounded morphotypes, opaque
carbonaceous composition of irregular gaps, when observed, the transmitted light sometimes pops

up the wall of denser contour; and diameter of dimensions variables.”

Bambuites erichsenii Sommer, 1971

Figures 13.2-13.3, 13.12

1971a Bambuites erichsenii Sommer; Sommer, p.136, pl. 1, figs. 1-15.

1971b Bambuites sp.; Sommer, figs. 1-2.
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2017 Leiosphaeridia jacutica; Sanchez & Fairchild, fig. 8.

2020 Bambuites erichsenii, Baptista, p. 82-83, figs. 4.2.4a-d, 4.2.5.

Holotype.—Micropaleontological Collection, slide number S.70/1, Section of Paleontology and
Stratigraphy, D.G.M - D.N.P.M., Museum of Earth Science, Rio de Janeiro County, Rio de Janeiro
State, Brazil, from upper Ediacaran, Bambui Group, Sete Lagoas Formation, Brazil (Sommer,

1971, pl. 1, fig. 2, and pl. 2, fig. 2).

Original diagnosis by Sommer (1971) in Portuguese.— “Configurag6es arredondadas, entre 70 a
200 p de diametro; dos espécimes encontrados, 10 entre 100 e 140 u de diametro; ha fragmentos
que sugerem diametro hem maior. Parede de contdrno, quando conspicua, cérca de 20 p de
espessura; em geral, o individuo é completamente opaco, raramente inteiro, a margem sempre

provida de ornamento crenulado”.

Original diagnosis by Sommer (1971) translated.— “Rounded morphotypes, between 70 and 200
micrometers in diameter; of the specimens found, 10 are between 100 and 140 micrometers in
diameter; there are fragments that suggest a much larger diameter. Contour wall, when
conspicuous, about 20 micrometers thick; in general, the individual is completely opaque, rarely

whole, the margin always provided with crenulated ornamentation.”

Emended diagnosis by Baptista (2020).—Round microfossils with 10 to 200 micrometers in

diameter, being that described fragments suggest the possibility of larger individuals. There are
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two types of processes: triangular processes with about 1 micrometer of length and triangular

processes at the top and squared at the base, with 3 to 5 micrometers in diameter.
Illustrated materials.—CP1016 and CP1022.

Occurrence in the studied sections.—Fercal section: MP4527, MP4529, and MP4637. Rei do

Mato section: MP5136, MP5192, MP5193, and MP5194.

Remarks.—The main contribution to the original diagnosis of Bambuites erichsenii made by
Baptista (2020) is the characterization of processes along the vesicle. The presence of these
processes excludes the possibility of Bambuites erichsenii being a junior synonym of

Leiosphaeridia jacutica (Timofeev, 1966), as previously proposed by Sanchez & Fairchild (2017).
Genus Germinosphaera Mikhailova, 1986
Type species.—Germinosphaera bispinosa Mikhailova, 1986.

Other species.—Germinosphaera guttaformis Mikhailova in Jankauskas et al., 1989,

Germinosphaera alveolata Miao et al. (2019).

Original diagnosis presented by Mikhailova (1986) in Russian.—“OG60104YKH OKpPYTJIbIE, OKPYTIIO-
OBAJIbHBIC, IINIOTHBIC, TOJICTBIC, TJIAAKHUC HWJIM IIArpCHCBBIC, IMPOPOCIIHC. OTpOCTKI/I, KOTOPBIC

MOTYT BE€TBUTBCA, Ha6J'II-OI[aI-OTC$[ Ha OJHOM HJIA JIBYX ooJrrocax.”
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Figure 13: Organic-walled microfossils from the Sete Lagoas Formation. (1-11) specimens from
the Rei do Mato section. (12-15) specimens from the Fercal section. Slide number and England
Finder coordinates (in parentheses) are given for each illustrated specimen. (1) Siphonophycus
robustum, CP1019 (R45). (2-3, 12) Bambuites erichsenii, (2) CP1022 (M57); (3) CP1022 (E24);
(12) CP1016 (J50). (4) Leiosphaeridia ternata, CP1020 (N31). (5, 14) Leiosphaeridia
minutissima, (5) CP1021 (S15); (14) CP1017 (L19). (6) Germinosphaera bispinosa, CP1025
(G29). (7-8) Leiosphaeridia crassa, (7) CP1023 (L55); (8) CP1023 (C33). (9B, 11, 13)
Leiosphaeridia tenuissima, (9B) CP1024; (11) CP1026 (G19); (13) CP1015 (J26). (9A)
Leioshpaeridia jacutica, CP1024. (10, 15) Ghoshia januarensis, (10) CP1018 (S27); (15) CP1016
(039).
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Original diagnosis presented by Mikhailova (1986) translated.—“The shells are round, round-

oval, dense, thick, smooth or shagreen, sprouted. Processes are observed at one or two poles.”

Emended diagnosis by Butterfield et al. (1994).— Spheroidal vesicles with 1-6 open-ended,
tubular, and occasionally branched processes that communicate freely with the vesicle. Multiple
processes usually restricted to a single 'equatorial’ plane, but otherwise non-uniformly distributed

on the vesicle.”

Emended diagnosis by Miao et al. (2019).—“Vesicle spheroidal, teardrop-shaped to slightly
irregular outline, having psilate or low relief sculptured alveolar wall surface and bearing a single
to multiple processes. Processes are simple tubular or occasionally branching and open-ended.
Processes are distributed [irregularly] on the vesicle wall, if multiple, and may be predominantly,

but not exclusively, distributed in the equatorial plane of the vesicle.”

Germinosphaera bispinosa Mikhailova, 1986

Figures 10.4, 10.8, 10.11, 13.6

1986 Germinosphaera bispinosa Mikhailova, p. 33, fig. 6.

1986 Germinosphaera unispinosa Mikhailova, p.33, fig. 5.

1989 Germinosphaera bispinosa; Jankauskas et al., p. 142, pl. 47, fig. 2.

1989 Germinosphaera tadasii Weis in Jankauskas et al., p. 143, pl. 47, figs. 3-5.
1989 Germinosphaera unispinosa Jankauskas et al., p. 143, pl. 47, fig. 1.

1991 Germinosphaera sp.; Knoll et al., p. 557, fig. 19.6.
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1993 Gemmispora rudis Yan in Yan and Liu, pl. I, figs. 6-7.

1994 Germinosphaera fibrilla (Ouyang et al., 1974); Butterfield et al., p. 38, fig. 17a—h.
1994 Germinosphaera bispinosa; Butterfield et al., p. 38, fig. 16d—e.

1994 Germinosphaera jankauskasii Butterfield in Butterfield et al., pp. 38, 40, fig. 16a—c.
1995 Germinosphaera sp. cf. G. unispinosa; Zang, p. 164, fig. 26k—I.

1999 Germinosphaera unispinosa; Yin and Guan, pp. 128, 130, fig. 5.2, 5.4, 5.6, 5.9.
2005 Germinosphaera bispinosa Prasad et al., pp. 44, 46, pl. 11, fig. 3.

2005 Germinosphaera unispinosa Prasad et al., p. 44, pl. 11, figs. 1-2.

2007 Germinosphaera unispinosa; Yin and Yuan, fig. 2.11.

2009 Germinosphaera sp.; Vorob’eva et al., p. 191, fig. 13.13-13.15, 13.17.

2016 Germinosphaera bispinosa; Baludikay et al., fig. 6a—c.

2017 Germinosphaera bispinosa; Loron and Moczydtowska, pp. 24-25, pl. 1, fig. 3.
2019 Germinosphaera bispinosa; Li et al., fig. 10c—g.

2019 Germinosphaera bispinosa; Loron et al., fig. 8e—f.

2019 Germinosphaera bispinosa; Miao et al., pp. 187-188, fig. 5d-f.

2021 Germinosphaera bispinosa; Miao et al., p. 14, fig. 5d—e.

2022 Germinosphaera bispinosa; Denezine et al., fig. 11.4.

Holotype.—No 882/2 from the Krasnoyarsk region, River Uderei; Upper Riphean, Dashkin

Formation (Mikhailova, 1986, fig. 6).

Diagnosis by Butterfield in Butterfield et al. (1994).—“Spheroidal vesicles with 1-6 open-ended,

tubular, and occasionally branched processes that communicate freely with the vesicle. Multiple
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processes usually restricted to a single 'equatorial’ plane, but otherwise non-uniformly distributed

on the vesicle.”

Emended diagnosis by Miao et al. (2019).—“Spheroidal to slightly elongate or irregular vesicle
with one to multiple tubular processes. Vesicle wall psilate. Processes may [be] arranged

irregularly or equatorially on the vesicle wall when multiple.”

Description.—Vesicles are 23.4-34.8 um in diameter, bearing 1-2 processes. When two processes
are present, they are inserted at two opposing ends of the vesicle (Fig. 3.4). Processes typically
taper slightly toward their distal end (Fig. 3.4, lower process; Fig. 3.8) or are more or less
cylindrical (Fig. 3.11). The upper process in the specimen illustrated in Fig. 3.4 is apparently
constricted at the base. Still, it is uncertain whether this constriction is a taphonomic feature related
to the twisting of the process. Processes are 1-3 pum in maximum diameter and 22.6-123 pum in

preserved length.
Illustrated material.—CP917 and CP1025.

Occurrence in the studied sections.—Barreiro section: MP3036 and MP3714. Rei do Mato

section: MP5207.

Remarks.—Mikhailova (1986) established two species of Germinosphaera, Germinosphaera
unispinosa, and Germinosphaera bispinosa. Two additional species were published in Jankauskas

et al. (1989), Germinosphaera guttaformis Mikhailova in Jankauskas et al. (1989) and

57



1185

1186

1187

1188

1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

©

Germinosphaera tadasii Weiss in Jankauskas et al, 1989. These species were distinguished by the
number of processes and the psilate versus shagrinate nature of vesicle walls. However, Butterfield
et al. (1994) considered the possibility that the processes in Germinosphaera represent growth
structures in vegetative stages, analogous to the modern xanthophyte Vaucheria. As such, they
emended the diagnosis of Germinosphaera and the diagnosis of G. bispinosa, and they
synonymized G. unispinosa with G. bispinosa. Miao et al. (2019) further emended the diagnosis
of Germinosphaera and considered shagrinate vesicle walls to represent taphonomic alteration.
Furthermore, they noted that the vesicle diameter of different species could overlap each other.
Thus, they proposed that G. tadasii and G. jankauskasii, characterized by shagrinate vesicle walls,
were junior synonyms of G. bispinosa. Following Miao et al. (2019), Germinosphaera currently
has three species: Germinosphaera bispinosa Mikhailova, 1986, Germinosphaera guttaformis

Mikhailova in Jankauskas et al., 1989, and Germinosphaera alveolata Miao et al., 2019.

Subgroup Sphaeromorphitae Downie et al., 1963

Genus Leiosphaeridia Eisenack, 1958
Type species.—Leiosphaeridia baltica Eisenack, 1958.

Other species.—Fensome et al. (1990) revised all Leiosphaeridia species and listed 167 valid

species.

Original diagnosis presented by Eisenack (1958b) in German.—“Hohlkugelférmige,

dinnwandige und aus einer sehr widerstandsfahigen, hellgelb bis dunkelrotbraun

58



1208

1209

1210

1211

1212

1213

1214

1215

1216

1217

1218

1219

1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

©

durchscheinenden organischen Substanz bestehende Organismenreste, die oft in scheibenférmig
zusammengepreltem Zustande oder auch unregelmaRig verfaltet tberliefert sein kénnen. Wand,
auch in erwachsenem Zustande, stets ohne Wandporen (Unterschied zu Tasmanites). Pylome

vorhanden.”

Original diagnosis presented by Eisenack (1958b) translated.—“Hollow spherical, thin-walled
organism consisting of a very resistant, light yellow to dark red-brown translucent, organic
substance, which can often be preserved as a disc-shaped compressed state or irregularly folded.
Even when fully grown, walls are always without wall pores (in contrast to Tasmanites). Pylome

present.”

Emended diagnosis by Downie and Sarjeant (1963).—“Spherical to ellipsoidal bodies without
processes, often collapsed or folded, with or without pylomes. Walls granular, punctate or
unornamented, thin. Without divisions into fields and without transverse or longitudinal furrows

or girdles.”

Emended diagnosis by Jankauskas et al. (1989) in Russian.—“Cdeponganbabie 000JI0YKH C
IJ1aJKOM, TOYEEUYHON WIIM 3€pPPHUCTON TOBEPXUOCTHIO pazMepoM oT 2—3 1o 750 mxm. TommuHa
CTEHKH OT joJie mMukpomeTrpa a0 3—I10 MkM. B uckomaeMoM COCTOSSHMUM CIUTIOIIEHBI M

OCIIO’KHEHBI CKJIAJIKaMU CMSTHS pa3luYHON GOPMBI U pa3MepoB.”

Emended diagnosis by Jankauskas et al. (1989) translated.—* Spheroidal vesicle with a smooth,

punctate, or granular surface ranging in size from 2-3 to 750 um. The wall thickness varies from
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fractions of a micrometer to 3-10 um. The specimens are flattened and can present folds of

crushing of various shapes and sizes.”

Remarks.—A significant number of species of the genus Leiosphaeridia have been reported from
the Proterozoic. Many have very long stratigraphic ranges, e.g., from the Paleoproterozoic to the
Mesozoic (Lamb et al., 2009). There are even reports of Leiosphaeridia species from the Miocene
(Hannah et al., 2000). Because of its simple morphologies, the genus Leiosphaeridia is regarded
as a form taxon with diverse phylogenetic affinities, and it is classified in the Acritarcha (Grey,
2005; Sergeev and Schopf, 2010; Jankauskas et al., 1989), although Sergeev and Schopf (2010)
consider this taxon belonging to the Kingdom Protista, a proposition followed here. Downie and
Sarjeant (1963) emended the diagnosis of the Genus Leiosphaeridia to exclude the reference of
the vesicle color since it could reflect diagenetic features. Moreover, the maceration protocol could
affect the color of organic vesicles due to oxidizing solutions. Jankauskas et al. (1989) limited the
diameter of the vesicle of Leiosphaeridia species ranging in size from 2—3 to 750 um. Furthermore,
Jankauskas et al. (1989) divided the smooth-walled Leiosphaeridia species into four species
according to vesicle diameter and wall thickness, a form-taxonomical scheme followed in the
present work. Butterfield et al. (1994) suggested that Leiosphaeridia should be restricted to
spherical fossils with vesicle walls less than 2 um thick to be differentiated from Chuaria circularis

Walcott, 1899, which has thicker vesicle walls (2-3 um single-wall thickness).

Leiosphaeridia crassa (Naumova, 1949) Jankauskas in Jankauskas et al., 1989

Figures 10.6, 13.7
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1949 Leiotriletes crassus Naumova, p. 54, pl. 1, figs. 5-6, pl. 2, figs. 5-6.

1973 Leiopsophosphaera crassa; Pykhova, p. 99, pl. 2, fig. 3.

1989 Leiosphaeridia crassa (Naumova, 1949) Jankauskas in Jankauskas et al., pp. 75-76, pl. 9,
figs. 5-10.

1992 Leiosphaeridia crassa; Zang and Walter, pp. 289, 291, 293, pl. 9, figs. a—k, pl. 12, fig. k,
pl. 14, figs. e, h.

1994 Leiosphaeridia crassa; Butterfield et al., pp. 40, 42, figs. 16f, 23k.

1994 Leiosphaeridia crassa; Hofmann and Jackson, p. 22, fig. 1.19-29.

1994 Leiosphaeridia crassa; Knoll, fig. 4b.

1995 Leiosphaeridia crassa; Zang, p. 166, figs. 21d, 28c—d.

1999 Leiosphaeridia crassa; Yin and Guan, p. 131, figs. 3.8, 4.5, 5.3, 5.5, 5.7, 5.11, 6.2-6.6, 6.9,
6.12.

2004 Leiosphaeridia crassa; Javaux et al., fig. 4e—i.

2004 Leiosphaeridia crassa; Sergeev and Lee, pp. 21, 23, pl. 3, figs. 4-5.

2004 Leiosphaeridia crassa; Tiwari and Pant, p. 1736, fig. 3v.

2005 Leiosphaeridia crassa; Grey, pp. 179-182, figs. 63a—c, 64a—d.

2005 Leiosphaeridia crassa; Marshall et al., fig. le.

2005 Leiosphaeridia crassa; Prasad et al., pl. 1, figs. 1-2; pl. 4, fig. 16, pl. 5, fig. 18, pl. 9, figs.
10-11.

2006 Leiosphaeridia crassa; Javaux and Marshal, fig. 3.4-3.6.

2006 Leiosphaeridia crassa; Sergeev and Seong-joo, p. 15, pl. 2, figs. 2a—c, 5.

2008a Leiosphaeridia crassa; Moczydtowska, p. 84, figs. 7a, 8g.

2008b Leiosphaeridia crassa; Moczydtowska, fig. 2g.
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2008 Leiosphaeridia crassa; Sergeev et al., pl. 7, figs. 5-6.

2009 Leiosphaeridia crassa; Yin et al., figs. 3a, 3h, 3l, 4d, 4f, 4h, 5a, 5c.
2009 Leiosphaeridia crassa; Tiwari and Pant, figs. 7d—e, 8h, 8o-p.
2009 Leiosphaeridia crassa; Stanevich et al., p. 32, pl. 3, figs. 3-4.
2010 Leiosphaeridia crassa; Sergeev and Schopf, p. 395, fig. 15.3-15.6.
2011 Leiosphaeridia crassa; Strother et al., fig. 1a, le.

2011 Leiosphaeridia crassa; Couéffé and Vecolii, figs. 6.2, 7.1, 7.7.
2013 Leiosphaeridia crassa; Tang et al., fig. 4b.

2014 Leiosphaeridia crassa; Lottaroli et al., fig. 10.2.

2014 Leiosphaeridia crassa; Babu et al., fig. 3f.

2015 Leiosphaeridia crassa; Tang et al., fig. 4d.

2015 Leiosphaeridia crassa; Nagovitsin and Kochnev, fig. 1.55-1.56.
2016 Leiosphaeridia crassa; Baludikay et al., fig. 8a—c.

2016 Leiosphaeridia crassa; Porter and Riedman, p. 833, fig. 13.2, 13.6.
2016 Leiosphaeridia crassa; Sergeev et al., fig. 4.2.

2017 Leiosphaeridia crassa; Javaux and Knoll, p. 209, fig. 4.6.

2017 Leiosphaeridia crassa; Agic et al., p. 110, fig. 8a—c.

2017a Leiosphaeridia crassa; Sergeev et al., fig. 3.14.

2017b Leiosphaeridia crassa; Sergeev et al., pl. I, fig. 6.

2017 Leiosphaeridia crassa; Beghin et al., pl. 2, figs. c—d.

2017 Leiosphaeridia crassa; Suslova et al., fig. 3.1-3.4.

2018 Leiosphaeridia crassa; Anderson et al., pp. 10, 12, fig. 8a—e.

2018 Leiosphaeridia crassa; Riedman et al., fig. 5.15.
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2019 Leiosphaeridia crassa; Arrouy et al., fig. 6d—e.

2019 Leiosphaeridia crassa; Li et al., fig. 4f.

2020 Leiosphaeridia crassa; Arvestal and Willman, p. 11, fig. 6j—k, 6m.
2020 Leiosphaeridia crassa; Knoll et al., p. 6, fig. 3g.

2020 Leiosphaeridia crassa; Shukla et al., p. 502, fig. 6g.

2020 Leiosphaeridia crassa; Pang et al., fig. 2m.

For additional synonyms also see Jankauskas et al. (1989) and Zang and Walter (1992).

Type material.—Naumova (1949) did not designate a holotype for Leiotriletes crassus.
Subsequently, Jankauskas in Jankauskas et al. (1989) designated one specimen of Leiotriletes
crassus published by Naumova (1949) as a “holotype” (Naumova, 1949, pl. 1, fig. 3). Additionally,
he designated another specimen from a different locality and stratigraphic unit as a “lectotype”
(Jankauskas et al., 1989, LitNIGRI, N 16-800-2942/9, specimen 2, tab. 9, fig. 5). By so doing, the
assumption of a holotype by Jankauskas can, according to the International Code of Nomenclature
for algae, fungi, and plants, be taken as the designation of a lectotype (Turland et al., 2018). In
addition, the specimen designated by Jankauskas as a “lectotype” should be regarded as a neotype.
Based on the same code, when there is a lectotype, it always takes precedence over a neotype.
Although in this case, the lectotype, strictly speaking, designated by Jankauskas was a specimen
of Leiotriletes simplicissimus, a species he synonymized with a different species of
Leiosphaeridia, Leiosphaeridia minutissima. Considering the aforementioned, the lectotype
designated by Jankauskas is not valid. Due to the presented circumstances, the neotype designated
by Jankauskas in Jankauskas et al. (1989) is considered the valid type material of Leiosphaeridia

crassa.
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Original diagnosis presented by Naumova (1949) in Russian.—“B ouepTanuu criopa OKpyrjioi
501041 OprrHO-OBaHBHOﬁ (bOpMLI. HOBCpXHOCTL OK3MHBI TJIaJKas, 5K3HMHa OYCHBb TOJICTasd H
IIJIOTHAaA. q)opMa HUMECT CKIIAIKU CMSATUS, ICJIb pa3BCp3aHUsd, IPOCTAsL. H_[I/IpOKO pacnpoCTpaHCHa

B HIDKHEM kemOpuu [Tpubantuxu.”

Original diagnosis presented by Naumova (1949) translated.—* In outline, the spore is round or
round-oval. The surface of the exine is smooth, the exine is very thick and dense. The form has

crumpled folds, an opening gap, and is simple. Widespread in the Lower Cambrian of the Baltic.”

Emended diagnosis by Javaux and Knoll (2017) and Knoll et al. (2020).—“A species of
Leiosphaeridia with smooth, pliant walls with lanceolate folds and a modal diameter of less than

70 pm.”

Illustrated materials.—CP964 and CP1023.

Occurrence in the studied sections.—Barreiro section: MP3719 and MP3720. Fercal section:
MP4510, MP4535, MP4541, MP4549, and MP4566. Rei do Mato section: MP5159, MP5165,

MP5171, MP5184, MP5191, MP5192, MP5193, MP5194, and MP5196.

Remarks.—Leiotriletes crassus Naumova, 1949 was originally described supported only by a
description, without a diagnosis. Even though the International Code of Nomenclature for algae,
fungi, and plants states that either a description or a diagnosis is enough for the valid publication

of a name (Art. 38.1 in Turland et al., 2018), it is strongly recommended that both the diagnosis
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and description be presented when describing a new species (Hassemer et al., 2020). Later,
Jankauskas in Jankauskas et al. (1989) reviewed some species of Leiosphaeridia, transferred
Leiotriletes crassus Naumova, 1949 to the genus Leiosphaeridia. When Leiotriletes crassus was
transferred to the genus Leiosphaerida, the epithet was changed to crassa, so the gender of the
epithet agrees with the gender of the genus name. Thus, this species became Leiosphaeridia crassa
(Naumova, 1949) Jankauskas in Jankauskas et al., 1989. In addition, Jankauskas et al. (1989) did
not include in their synonym list the species Leiopsophosphaera crassa Pykhova, 1973. Finally,
Fensome et al. (1990), also in a work of taxonomic revision, transferred Leiopsophosphaera crassa
Pykhova, 1973 to Leiosphaeridia crassa (Pykhova, 1973). However, Fensome et al. (1990) did
not take into account the study of Jankauskas et al. (1989) and regarded Leiotriletes crassus
Naumova, 1949 as taxonomically uncertain (Grey, 2005). Thus, Leiosphaeridia crassa (Pykhova,
1973) is a junior homonym of Leiosphaeridia crassa (Naumova, 1949) Jankauskas in Jankauskas
etal., 1989. Nonetheless, Leiopsophosphaera crassa Pykhova, 1973 is considered by some authors
(Grey, 2005; Yin and Guan, 1999) as a synonym of Leiosphaeridia crassa (Naumova, 1949), a
synonymy followed in this study. Leiosphaeridia crassa differs from Leiosphaeridia minutissima
in its thicker vesicle wall and from Leiosphaeridia tenuissima and Leiosphaeridia jacutica in

vesicle size (Jankauskas et al., 1989).

Leiosphaeridia jacutica (Timofeev, 1966) Mikhailova and Jankauskas in Jankauskas et al., 1989

Figures 10.5, 13.9A

1966 Kildinella jacutica Timofeev, p. 30, pl. 7, fig. 2; pl.19, fig 9; pl. 61, fig. 5; pl. 67, fig. 8; pl.

72, fig. 1.
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1989 Leiosphaeridia jacutica (Timofeev, 1966), Mikhailova and Jankauskas in Jankauskas et al.,

pp. 77-78, pl. 12, figs. 3, 7, 9.

1992 Leiosphaeridia jacutica; Butterfield and Chandler, fig. 5e.

1994 Leiosphaeridia jacutica; Butterfield et al., p. 42, fig. 16h.

1994 Leiosphaeridia jacutica; Hofmann and Jackson, p. 22, fig. 17.1-17.4.
1995 Leiosphaeridia jacutica; Kumar and Srivastava, p. 106, fig. 11k.
2001 Leiosphaeridia jacutica; Sergeev, p. 444, fig. 8.7-8.10.

2004 Leiosphaeridia jacutica; Javaux et al., fig. 4a—d, 4m.

2005 Leiosphaeridia jacutica; Grey, pp. 183-184, fig. 63g.

2005 Leiosphaeridia jacutica; Marshall et al., fig. 1c.

2005 Leiosphaeridia jacutica; Prasad et al., pl. 3, figs. 13-14; pl. 4, fig. 12; pl. 9, fig. 25; pl. 10,

fig. 6.

2006 Leiosphaeridia jacutica; Sergeev and Seong-joo, pp. 14-15, pl. 2, fig. 6.
2006 Leiosphaeridia jacutica; Javaux and Marshal, fig. 3.1-3.3.
2009 Leiosphaeridia jacutica; Stanevich et al., p. 32, pl. 3 fig. 2.
2009 Leiosphaeridia jacutica; Vorob’eva et al., p. 185, fig. 14.13.
2010 Leiosphaeridia jacutica; Nemerov et al., fig. 6.8-6.9.

2010 Leiosphaeridia jacutica; Prasad et al., pl. 1, fig. 3.

2013 Leiosphaeridia jacutica; Tang et al., fig. 4d.

2014 Leiosphaeridia jacutica; Babu et al., fig. 3l.

2015 Leiosphaeridia jacutica; Chiglino et al., p. 643, fig. 5b.
2015 Leiosphaeridia jacutica; Tang et al., figs. 4f—g, 5a.

2015 Leiosphaeridia jacutica; Nagovitsin and Kochnev, fig. 4.43.
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2015 Leiosphaeridia jacutica; Vorob'eva et al., fig. 7.6.

2016 Leiosphaeridia jacutica; Baludikay et al., fig. 8d.

2016 Leiosphaeridia jacutica; Porter and Riedman, pp. 833-834, fig. 13.3.
2016 Leiosphaeridia jacutica; Sergeev et al., fig. 4.1, 4.6-4.7.

2016 Leiosphaeridia jacutica; Singh and Sharma, p. 80, pl. 1, figs. 9-10.
2017 Leiosphaeridia jacutica; Javaux and Knoll, pp. 209-210, fig. 4.4-4.5.
2017a Leiosphaeridia jacutica; Sergeev et al., fig. 3.1, 3.9-3.11.

2017b Leiosphaeridia jacutica; Sergeev et al., pl. I, fig. 5.

2017 Leiosphaeridia jacutica; Beghin et al., pl. 2, fig. e.

2017 Leiosphaeridia crassa; Tang et al., fig. 3c.

2017 Leiosphaeridia jacutica; Tang et al., fig. 3d.

2018 Leiosphaeridia jacutica; Anderson et al., p. 12, fig. 8f—k.

2019 Leiosphaeridia jacutica; Arrouy et al., fig. 6b—c.

2019 Leiosphaeridia jacutica; Li et al., fig. 4h.

2020 Leiosphaeridia jacutica; Arvestal and Willman, p. 11, fig. 6i, 6.
2020 Leiosphaeridia jacutica; Knoll et al., p. 6, fig. 2g.

2020 Leiosphaeridia jacutica; Shukla et al., pp. 502-503, fig. 6l.

2020 Leiosphaeridia jacutica; Pang et al., fig. 2f.

2021 Leiosphaeridia jacutica; Han et al., fig. 3a—d.

Holotype.—IGD Russian Academy of Sciences No. 451/1, from upper Riphean, Lakhanda Group,

Neryuen Formation, Siberia (Timofeev, 1966, pl. 7, fig. 2).
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Original description by Timofeev (1966) in Russian.—"O6osouku muametpom 150-250 wmK,
chepuueckue, TOJICThIe, OJHOCIOIHbBIE, ¢ TOBEPXHOCTHIO OT TIAAKOW 10 TpyOoIiarpeHeBo, ¢
PE3KO OYCPUCHHBIMU, KPYITHBIMHA, CECPIIOBUAHBIMU, NHOI'JId YTJIOBATBIMIL CKJIIAIKaMH. ]_IBCT TEMHO-

KEJITBIH, KEJITO-KOPUUHEBBIN.”

Original description by Timofeev (1966) translated.—"The vesicles are 150-250 microns in
diameter, spherical, thick, single-layered, with a surface from smooth to coarse shagreen, with
sharply defined, large, crescent-shaped, sometimes angular folds. Color dark yellow, yellow-

brown.”

Emended diagnosis by Javaux and Knoll (2017).—“A species of Leiosphaeridia characterized by

smooth, pliant walls with lanceolate folds and a modal diameter greater than 70 um.”

Illustrated materials.—CP913 and CP1024.

Occurrence in the studied sections.—Barreiro section: MP2990, MP3719, and 3714. Fercal
section: MP4510, MP4532, and MP4549. Rei do Mato section: MP5187, MP5192, MP5193, and

MP5197.

Remarks.—Timofeev (1966) described the new species Kinidella jacutica Timofeev, 1966, also
designated a holotype but did not present the diagnosis of this species, only the description. Later
on, Mikhailova and Jankauskas in Jankauskas et al., 1989 verified that Kinidella jacutica should

be transferred to Leiosphaeridia jacutica (Timofeev, 1966). They also designated a lectotype for
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Leiosphaeridia jacutica. This lectotype is invalid since Timofeev (1966) had designated a holotype
in its publication. The synonym list of Jankauskas et al. (1989) includes Leiosphaeridia
warsanofiewii (Naumova, 1950) in (Shepeleva, 1963). Therefore, the synonymy is restricted to the
specimen illustrated in Shepeleva (1963) and not the species proposed by Naumova (1950).
Leiosphaeridia jacutica differs only by the larger size compared to Leiosphaeridia crassa
(Jankauskas et al., 1989). The specimen illustrated by Tang et al. (2017) in their fig. 3c is not
Leiosphaeridia crassa but Leiosphaeridia jacutica because its diameter is around 90 pm.
Leiosphaeridia jacutica differs from Bambuites erichsenii in its sphaeromorphic vesicle without

processes.

Leiosphaeridia minutissima (Naumova, 1949) Jankauskas in Jankauskas et al., 1989

Figures 10.1-10.3, 10.7, 10.10, 13.5, 13.14

1949 Leiotriletes minutissimus Naumova, p. 52, pl. 1, figs. 1-2, pl. 2, figs. 1-2.

1989 Leiosphaeridia minutissima (Naumova, 1949) Jankauskas in Jankauskas et al., pp. 79-80,
pl. 9, figs. 1-4, 11.

1992 Leiosphaeridia minutissima; Butterfield and Chandler, fig. 3a, 3i.

1994 Leiosphaeridia minutissima; Hofmann and Jackson, p. 21, fig. 23.9-23.15.

2003 Leiosphaeridia minutissima; Gaucher and Germs, fig. 6.10-6.12,

2005 Leiosphaeridia minutissima; Grey, p. 184, fig. 63d.

2005 Leiosphaeridia minutissima; Blanco and Gaucher, fig. 11b.

2005b Leiosphaeridia minutissima; Gaucher et al., fig. 6d.

2005 Leiosphaeridia minutissima; Prasad et al., pl. 9, figs. 1, 3.
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2008 Leiosphaeridia minutissima; Gaucher et al., p. 491, fig. 3a.

2008a Leiosphaeridia minutissima; Moczydtowska, pp. 84-85, fig. 8h.
2008b Leiosphaeridia minutissima; Moczydtowska, figs. 2f, 6d.

2010 Leiosphaeridia minutissima; Nemerov et al., fig. 6.7.

2011 Leiosphaeridia minutissima; Couéffé and Vecolii, fig. 7.3.

2013 Leiosphaeridia minutissima; Tang et al., fig. 4a.

2015 Leiosphaeridia minutissima; Chiglino et al., p. 642, fig. 5a.

2015 Leiosphaeridia minutissima; Tang et al., fig. 4c.

2015 Leiosphaeridia minutissima; Nagovitsin and Kochneyv, fig. 4.57-4.58.
2015 Leiosphaeridia minutissima; Schopf et al., p. 724, fig. 13.10.

2016 Leiosphaeridia minutissima; Baludikay et al., fig. 8e.

2016 Leiosphaeridia minutissima; Porter and Riedman, p. 834, fig. 13.1, 13.5.
2017 Leiosphaeridia minutissima; Javaux and Knoll, p. 210, fig. 4.7-4.8.
2017a Leiosphaeridia minutissima; Shi et al., fig. 11.6-11.7.

2017 Leiosphaeridia minutissima; Beghin et al., pl. 2, figs. g-h.

2017 Leiosphaeridia minutissima; Tang et al., fig. 3a.

2017 Leiosphaeridia minutissima; Suslova et al., fig. 3.6-3.11.

2017 Leiosphaeridia minutissima; Agic et al., pp. 110-112, fig. 8g-h.
2018 Leiosphaeridia minutissima; Yin et al., fig. 4h, 4j, 41.

2018 Leiosphaeridia minutissima; Javaux and Lepot, fig. 2e.

2019 Leiosphaeridia minutissima; Lei et al., fig. 3.13-3.14.

2019 Leiosphaeridia minutissima; Arrouy et al., fig. 5a—g, 5j.

2019 Leiosphaeridia minutissima; Li et al., fig. 4e.
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2019 Leiosphaeridia minutissima; Shang et al. , p. 24, fig. 21a.

2020 Leiosphaeridia minutissima; Arvestal and Willman, pp. 11-12, fig. 6¢c—g.
2020 Leiosphaeridia minutissima; Knoll et al., p. 6, fig. 2a, 2c.

2020 Leiosphaeridia minutissima; Shukla et al., p. 502, fig. 6e, 6k, 6m.

2020 Leiosphaeridia minutissima; Pang et al., fig. 2n.

2021 Leiosphaeridia minutissima; Loron et al., fig. 6.2.

2022 Leiosphaeridia minutissima; Denezine et al., fig. 11.1-11.2.

Type material.— Naumova (1949) did not designate a holotype for Leiotriletes minutissimus.
Afterward, Jankauskas in Jankauskas et al. (1989) designated one of the specimens published by
Naumova (1949) as a “holotype” (Naumova, 1949, pl. 1, fig. 1). Additionally, he designated
another specimen from a different locality and stratigraphic unit as a “lectotype” (Jankauskas et
al., 1989, LitNIGRI, N 16-800-2942/9, tab. 9, fig. 1). According to the International Code of
Nomenclature for algae, fungi, and plants, the “holotype” mentioned by Jankauskas should be
regarded as a lectotype and the “lectotype” regarded as a neotype. Based on the same code, when
a lectotype is designated, it always takes precedence over a neotype. In light of the aforementioned,
the lectotype designated by Jankauskas in Jankauskas et al. (1989) (Naumova, 1949, pl. 1, fig. 1)

is the valid type material of Leiosphaeridia minutissima.

Description presented by Naumova (1949) in Russian.—“OuepraHue CIOpbI OKpyrioe. DK3HHA
OYeHb TOHKasl, MpO3payHasi, HaOIIOAAIOTCS MHOTOYHMCIICHHBIE CKIaaKH cMATHS. [1oBEpXHOCTH
9K3MHBI ajKkas. 1llenb pasBep3aHus TpexyrydeBasi, MPOCTas, TIOXO Pa3InduMas H3-3a CKJIAJ0K

cMATHS.”
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The description presented by Naumova (1949) translated.—“The outline of the vesicle is rounded.
The exine is very thin and transparent, with numerous crumpled folds. The surface of the exine is

smooth. The opening slit is three-beam, simple, poorly distinguishable due to the crumpling folds.”

Diagnosis presented by Javaux and Knoll (2017).—“A species of Leiosphaeridia characterized by

smooth walls with sinuous folds and a modal diameter less than 70 um.”

Emended diagnosis presented by Knoll et al. (2020).—“A species of Leiosphaeridia characterized

by thin, smooth walls with sinuous folds and a modal diameter less than 70 um.”
Illustrated materials.—CP918, CP962, CP963, CP964, CP1017, and CP1021.

Occurrence in the studied sections.— Barreiro section: MP3719, MP2977, MP2979, MP2980,
MP2983, MP2985, MP2986, MP2987, MP2988, MP2992, MP2993, MP2994, MP2995, MP2998,
MP2999, MP 3002, MP 3004, MP 3005, MP 3006, MP 3007, MP 3011, MP 3012, MP 3013, MP
3015, MP 3016, MP3028, MP 3030, MP3031, MP3033, MP3034, MP3035, MP3036, MP3705,
MP3707, MP3708, MP3709, MP3710, MP3712, MP3713, MP3714, MP3715, MP3716, MP3719,
and MP3720. Fercal section: MP4503, MP4507, MP4510, MP4519, MP4520, MP4521, MP4526,
MP4527, MP4535, MP4538, MP4545, MP4547, MP4549, MP4565, MP4566, MP4567, MP4601,
MP4617, MP4630, MP4634, and MP4635. Rei do Mato section: MP5131, MP5136, MP5139,
MP5159, MP5160, MP5175, MP5178, MP5180, MP5182, MP5184, MP5185, MP5189, MP5191,
MP5193, MP5196, MP5200, MP5201, MP5205, MP5207, MP5216, and MP5221. PRF section:

MP4220 and MP4221.
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Remarks.— The basionym of Leiosphaeridia minutissima (Naumova, 1949) is Leiotriletes
minutissimus Naumova, 1949. As for Leiotriletes crassus, Naumova (1949) did not present a
diagnosis for this species but provided a detailed description. Subsequently, Jankauskas in
Jankauskas et al. (1989) transferred this species to Leiosphaeridia minutissima (Naumova, 1949)
without presenting a diagnosis. When Leiotriletes minutissimus was transferred to the genus
Leiosphaerida, the epithet was changed to minutissima, so the gender of the epithet agrees with
the gender of the genus name. The first formal diagnosis for Leiosphaeridia minutissima was

presented by Javaux and Knoll (2017), emended later on by Knoll et al. (2020).

Leiosphaeridia tenuissima Eisenack, 1958

Figures 10.9, 13.8, 13.9B, 13.11, 13.13

1958a Leiosphaeridia tenuissima Eisenack, p. 391, pl.1, figs. 2-3.

1958b Leiosphaeridia tenuissima; Eisenack, pl. 2, figs. 1-2.

1989 Leiosphaeridia tenuissima; Jankauskas et al., p. 81, pl. 9, figs. 12-13.
1994 Leiosphaeridia tenuissima; Butterfield et al., p. 42, fig. 16i.

1994 Leiosphaeridia tenuissima; Hofmann and Jackson, p. 22, fig. 15.16-15.18.
1998 Leiosphaeridia tenuissima; Zhang et al., p. 32, fig. 9.7.

1998 Leiosphaeridia spp. div.; Zhang et al., p. 32, fig. 9.8-9.9

1999 Leiosphaeridia tenuissima; Turnau and Racki, p. 267, pl. 5, fig. 1.

2000 Leiosphaeridia tenuissima; Gaucher, p. 68, pl. 11, fig. 5.

2003 Leiosphaeridia tenuissima; Gaucher and Germs, fig. 6.6.

2004 Leiosphaeridia tenuissima; Javaux et al., fig. 4j-I.
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2004 Leiosphaeridia tenuissima; Gaucher et al., fig. 4d.

2005a Leiosphaeridia tenuissima; Gaucher et al., p. 549, fig. 8g-h.
2005b Leiosphaeridia tenuissima; Gaucher et al., fig. 6a—b, 6e—h.

2005 Leiosphaeridia tenuissima; Blanco and Gaucher, fig. 11a.

2005 Leiosphaeridia tenuissima; Grey, pp. 184-185, fig. 63h.

2005 Leiosphaeridia tenuissima; Marshall et al., fig. 1d.

2005 Leiosphaeridia tenuissima; Prasad et al., pl. 1, figs 3; pl. 2, fig. 10; pl. 3, fig. 15; pl. 4, fig.
17; pl. 8, figs. 16-17.

2006 Leiosphaeridia tenuissima; Gaucher and Germs, pp. 207-208, figs. 7d, 7f—g, 8b-f.
2007 Leiosphaeridia tenuissima; Javaux, figs. 1.18-1.19.

2008 Leiosphaeridia tenuissima; Gaucher et al., pp. 491-493, fig. 3b—i.
2009 Leiosphaeridia tenuissima; Stanevich et al., p. 32, pl. 3, fig. 5.
2010 Leiosphaeridia tenuissima; Prasad et al., pl. 1, fig. 1.

2010 Leiosphaeridia tenuissima; Buick, fig. le.

2013 Leiosphaeridia tenuissima; Tang et al., fig. 4c.

2014 Leiosphaeridia tenuissima; Liu et al., fig. 101.

2014 Leiosphaeridia tenuissima; VVorob'eva and Petrov, fig. 6b.

2015 Leiosphaeridia tenuissima; Schopf et al., p. 724, fig. 13.9.

2015 Leiosphaeridia tenuissima; Nagovitsin and Kochnev, fig. 4.59.
2015 Leiosphaeridia tenuissima; Chiglino et al., pp. 640, 642, fig. 4a—c.
2015 Leiosphaeridia tenuissima; Tang et al., fig. 4e.

2015 Leiosphaeridia tenuissima; VVorob'eva et al., fig. 7.8.

2016 Leiosphaeridia tenuissima; Baludikay et al., fig. 8f.
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2016 Leiosphaeridia tenuissima; Porter and Riedman, p. 834, fig. 13.4.
2016 Leiosphaeridia tenuissima; Sergeev et al., fig. 4.2.

2016 Leiosphaeridia tenuissima; Singh and Sharma, p. 81, pl. 1, figs. 12, 15.
2017 Leiosphaeridia tenuissima; Beghin et al., pl. 2, fig. j.

2017 Leiosphaeridia tenuissima; Tang et al., fig. 3b.

2017 Leiosphaeridia tenuissima; Agic et al., p. 112, fig. 8d-{.

2017 Leiosphaeridia tenuissima; Suslova et al., fig. 3.13-3.14.

2017a Leiosphaeridia tenuissima; Sergeev et al., fig. 3.12.

2017a Leiosphaeridia minutissima; Sergeev et al., fig. 3.13.

2017b Leiosphaeridia tenuissima; Sergeev et al., pl. 1, figs. 7, 9.

2018 Leiosphaeridia tenuissima; Anderson et al., p. 12, figs. 81-m, 15k.
2019 Leiosphaeridia tenuissima; Arrouy et al., figs. 6a, 7a—d.

2019 Leiosphaeridia tenuissima; Li et al., fig. 4g.

2019 Leiosphaeridia tenuissima; Tang et al., fig. 1.2-1.5.

2019 Leiosphaeridia tenuissima; Wan et al., fig. 4f.

2020 Leiosphaeridia tenuissima; Arvestal and Willman, p. 12, fig. 6a—b.
2020 Leiosphaeridia tenuissima; Shukla et al., p. 502, fig. 6a—d, 6f.
2020 Leiosphaeridia tenuissima; Pang et al., fig. 2c.

2021 Leiosphaeridia tenuissima; Han et al., fig. 3e.

2021 Leiosphaeridia tenuissima; Tang et al., fig. 9a.

2021 Leiosphaeridia tenuissima; Loron et al., fig. 6.1, 6.3.

2022 Leiosphaeridia tenuissima; Denezine et al., fig. 11.3.
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Holotype.—Preparation A3, 3 number 4, from the Dictyonema shales of the Ordovician Baltic,

Nikolskaya on the Tossna, SE Leningrad (Eisenack, 1958a: pl. 1, fig. 2).

Original diagnosis presented by Eisenack (1958) in German.—“Wand &uflerst diinn und zart,
glasklar durchscheinend, ohne Wandporen; nur in flachgedricktem Zustand in Form von fast

kreisrunden Scheibchen iiberliefert. Pylome nicht beobachtet. @ um rd 100 p schwankend.”

Original diagnosis presented by Eisenack (1958) translated.—“Wall extremely thin and delicate,
crystalline translucent, without wall pores; only preserved in the flattened state in the form of

almost circular disks. Pyloma was not observed. Size around 100 p.”

Emended diagnosis by Javaux and Knoll (2017).—“A species of Leiosphaeridia characterized by
smooth walls with sinuous folds and a modal diameter (rather than maximum diameter) greater

than 70 um; the wall color is not a diagnostic criteria.”

Illustrated materials.—CP914, CP1015, CP1024, and CP1026.

Occurrence in the studied sections.—Barreiro section: MP3002, MP3007, MP2994, MP3707,
MP3709, MP3013, MP3714, MP3719, and MP3720. Fercal section: MP4503, MP4510, MP4527,

MP4558, MP4566, and MP4634. Rei do Mato section: MP5131, MP5152, MP5160, MP5180,

MP5194, MP5197, MP5207, and MP5221.
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Remarks.— Leiosphaeridia tenuissima Eisenack, 1958 and Leiosphaeridia minutissima
(Naumova, 1949) are simple sphaecromorphs and have a thin and translucent wall less than 0.5 um
thick. However, Jankauskas et al. (1989) differentiated them based on vesicle size, defining
specimens smaller than 70 pm as Leiosphaeridia minutissima and specimens larger than 70 um as
Leiosphaeridia tenuissima. The specimen illustrated by Sergeev et al. (2017b, fig. 3.13) as
Leiosphaeridia minutissima is better identified as Leiosphaeridia tenuissima due to its greatest

diameter of about 105 pm.

Leiosphaeridia ternata (Timofeev, 1966), Mikhailova and Jankauskas in Jankauskas et al., 1989

Fig. 13.4

1966 Turuchanica ternata Timofeev, 1966, Timofeev, p. 45, pl. 9, fig. 8.
1989 Leiosphaeridia ternata (Timofeev, 1966), Jankauskas et al.: pl. 11, figs. 2-4; pl. 12, figs.
4-5, 8.

1994 Leiosphaeridia ternata; Hofmann and Jackson, p. 26, figs. 17.5-17.7.
1992a Leiosphaeridia ternata; Zang & Walter, p. 296, pl. 12, figs. f—i.
1992b Leiosphaeridia ternata; Zang & Walter, p. 68, pl. 53, figs. a—e.
1995 Leiosphaeridia ternata: Zang, p. 166, figs. 28Kk, 28l.

1997 Leiosphaeridia ternata: Cotter, p. 264, fig. 7j.

2000 Leiosphaeridia ternata: Simonetti and Fairchild, p. 21, fig. 8f.

2003 Leiosphaeridia ternata; Ragozina et al., p. 57, pl. 2, fig. 1.

2016 Leiosphaeridia ternata; Baludikay et al., fig. 8g.

2016 Leiosphaeridia ternata; Strother and Wellman, figs. 7a, 7f—g.
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2016 Leiosphaeridia ternata; Sergeev et al., figs. 4.3-4.4.

2016 Leiosphaeridia ternata; Singh and Sharma, p. 80, pl. 1, fig. 11.

2017a Leiosphaeridia ternata; Sergeev et al., fig. 3.8.

2017b Leiosphaeridia ternata; Sergeev et al., pl. 1, fig. 2.

2017 Leiosphaeridia ternata; Javaux & Knoll, p. 211, fig. 4.9.

2017 Leiosphaeridia ternata; Beghin et al., pl. 2, fig. k.

2017 Leiosphaeridia ternata; Loron and Moczydtowska, p. 12-14, pl. 2, figs. 1-2.
2019 Leiosphaeridia ternata; Loron et al., fig. 2e.

2020 Leiosphaeridia ternata; Arvestal and Willman, p. 12, fig. 6h.

2020 Leiosphaeridia ternata; Shukla et al., p. 503, fig 6h.

2021 Leiosphaeridia ternata; Miao et al., p. 15, fig. 3c.

Holotype.—IGD Russian Academy of Sciences No. 169/1, from late Precambrian, Miroedikhinsk

series, Turukhansk District (Timofeev, 1966, pl. 9, fig. 8).

Original description by Timofeev (1966) in Russian.—"ToicTeie rpyOble YILIOMICHHO-
C(bepI/I‘{CCKI/Ie O6OJ'IO‘IKI/I, ciabo PACHICHCHHLBIC II0 KpasaM, KaK IIpaBHJIO, Ha TPH CCIrMCHTA.

Pazmepsr 50-80 mk. I[BeT kKOpu4HEBBIiA.”

Original description by Timofeev (1966) translated.—"Thick flat spherical vesicles, slightly

dissected along the edges, as a rule, in three segments. Sizes 50-80 microns. Brown color.”

Illustrated materials.—CP1020.
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Occurrence in the studied sections.—Rei do Mato section: MP5176 and MP5178.

Remarks.—Timofeev (1966) described the new species Turucharica ternata Timofeev, 1966, also
designated a holotype but did not present the diagnosis of this species, only the description. Later
on, Mikhailova and Jankauskas in Jankauskas et al., 1989 redesignated Turucharica ternata as
Leiosphaeridia ternata (Timofeev, 1966). They also designated a lectotype for Leiosphaeridia

jacutica. This lectotype is invalid since Timofeev (1966) had designated a holotype.

6. STRATIGRAPHIC DISTRIBUTION OF THE FOSSIL ASSEMBLAGE

Nine species of organic-walled microfossils were recovered in the four studied sections: 1.
Lectostratotype section of the Sete Lagoas Formation, Rei do Mato section; 2. Hypostratotype
section Barreiro section; 3. Hypostratotype PRF section; 4. Fercal section. In addition to this
assemblage, important occurrences of stromatolites are also reported in all studied sections.

The analysis of 264 samples from the four analyzed sections, 109 of which contained
microfossils, yielded a modest diversity assemblage of organic-walled microfossils from the Sete
Lagoas Formation, including nine species of five genera:: 1. Ghoshia januarensis new species; 2.
Germinosphaera bispinosa Mikhailova, 1986; 3. Leiosphaeridia crassa (Naumova, 1949); 4.
Leiosphaeridia jacutica (Timofeev, 1966); 5. Leiosphaeridia minutissima (Naumova, 1949); 6.
Leiosphaeridia tenuissima Eisenack, 1958; 7. Leiosphaeridia ternata (Timofeev, 1966); 8.
Siphonophycus robustum (Schopf, 1968); 9. Bambuites erichsenii Sommer, 1971. In addition, two
morphotypes of stromatolites were also described: ridges and columnar stromatolites, which the

last one was classified as Gymnosolen sp.
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In the lectostratotype section of the Sete Lagoas Formation, Rei do Mato section, 105
stratigraphic levels were studied, of which 30 yielded the recovery of nine organic-walled
microfossils species: 1. Ghoshia januarensis; 2. Germinosphaera bispinosa; 3. Leiosphaeridia
crassa; 4. Leiosphaeridia jacutica; 5. Leiosphaeridia minutissima; 6. Leiosphaeridia tenuissima;
7. Leiosphaeridia ternata; 8. Siphonophycus robustum; 9. Bambuites erichsenii. Bambuites
erichsenii has the greatest range of all species recovered in this section, occurring at four
stratigraphic levels from 5 m to 71 m. As a minor component of the assemblage of the
lectostratotype Rei do Mato section, Siphonophycus robustum and Germinosphaera bispinosa
were recovered in one level only, simultaneously at 34 m, 83 m, and 84 m (Fig. 14). The
occurrence of three main species characterizes the basal portion of the section: Leiosphaeridia
minutissima, Leiosphaeridia tenuissima, and Bambuites erichsenii. The complete organic-walled
assemblage recovered in this study occurs in the lower portion of the Rei do Mato section, between
30 and 89 m. This interval also has the greatest abundance of species and the greatest number of
specimens in this section. It comprehends the most diversified interval of all sections studied. In
addition to the occurrence of these microfossils, columnar stromatolites are reported in the upper
portion of the section.

In the hypostratotype Barreiro section, 79 stratigraphic levels were studied, of which 48
yielded the recovery of seven organic-walled microfossils: 1. Ghoshia januarensis; 2.
Germinosphaera bispinosa; 3. Leiosphaeridia crassa; 4. Leiosphaeridia jacutica; 5.
Leiosphaeridia minutissima; 6. Leiosphaeridia tenuissima; 7. Siphonophycus robustum. Ghoshia
januarensis has the greatest range of all species recovered in this section, occurring at nine
stratigraphic levels from 0.4 m to 57.5 m (Fig. 14). Leiosphaeridia minutissima is the longest-

ranging sphaeromorph, occurring at 45 stratigraphic levels from the base of the section to 36.4 m.
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Figure 14: Stratigraphic distribution and relative abundance of organic-walled microfossils from
the Sete Lagoas Formation at the studied sections.

With almost the same stratigraphic range as Leiosphaeridia minutissima but present only at
nine horizons, Leiosphaeridia tenuissima ranges from 1.3 to 36.4 m. As a minor component of the
assemblage of the Barreiro section, Leiosphaeridia jacutica was recovered from three levels in the
interval of 2.8-31.5 m, Leiosphaeridia crassa from two levels in 31.5-36.4 m, Germinosphaera

bispinosa from two horizons in 23.5-26.5 m, and Siphonophycus robustum from four levels in
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1.9-28 m. Except for Leiosphaeridia crassa and Germinosphaera bispinosa, all other recovered
species have their first appearance within 2 m above the base of the studied section, where there
is a predominance of mudstone limestone. Leiosphaeridia crassa and Germinosphaera bispinosa
first emerge in the middle part of the section below the intraclastic breccia beds.

The disappearance of organic-walled microfossils in the Barreiro section is gradual, although
three species (Leiosphaeridia crassa, Leiosphaeridia minutissima, and Leiosphaeridia tenuissima)
disappear at approximately 37 m. No organic-walled microfossils other than Ghoshia januarensis
were recovered above 37 m. The disappearance of organic-walled microfossils is likely related to
taphonomic and environmental factors. The greater abundance of intraclastic breccias in the upper
portion of the sampled section is not conducive to fossil preservation. These breccias may also
indicate a greater influence of storm activities in shallower environments relative to the thinly
bedded limestone in the lower part of the sampled section. These taphonomic and environmental
changes may have selectively affected the abundance of organic-walled microfossils other than
Ghoshia januarensis. In addition, microbial ridges were described in this section.

In the Fercal section, eight organic-walled microfossils species were recovered: 1. Ghoshia
januarensis; 2. Bambuites erichsenii; 3. Leiosphaeridia crassa; 4. Leiosphaeridia jacutica; 5.
Leiosphaeridia minutissima; 6. Leiosphaeridia tenuissima; 7. Siphonophycus robustum.
Leiosphaeridia minutissima and Leiosphaeridia tenuissima have the greatest range of all species
recovered in this section, occurring from 32.8 m to ~ 242 m (Fig. 14). The minor components of
the assemblage of the Fercal section have their occurrences restricted to three levels: Bambuites
erichsenii at 131.875, 137.85, and 245.1, Leiosphaeridia jacutica at 88.2, 125.85, and 191.1, and
Siphonophycus robustum at 102.7, 191.1, and 241.1. Ghoshia januarensis ranges from 105.5 to

223.1, while Leiosphaeridia crassa occurs from 36.6 to 191.1. The basal portion of the section is
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characterized by the occurrence of three main species: Leiosphaeridia minutissima,
Leiosphaeridia tenuissima, and Leiosphaeridia crassa. The middle levels are represented by the
assemblage from the lower level plus the occurrence of Leiosphaeridia ternata, Ghoshia
januarensis, Leiosphaeridia jacutica, Bambuites erichsenii, and Siphonophycus robustum. The
upper portion of the Fercal section is characterized by the occurrence of the species listed above,
except by Leiosphaeridia jacutica and Leiosphaeridia crassa. In addition to the occurrence of
organic-walled microfossils, columnar stromatolites are reported in the upper portion of this
section, identified as Gymnosolen sp.

Among the four studied sections, the one with more reduced exposition is the hypostratotype
PRF section. With almost five meters of exposition, the hypostratotype PRF section is restricted
to the occurrence of two levels of Leiosphaeridia minutissima, at 0.45 m and 0.6 m, and to the
occurrence of Gymnosolen sp., columnar stromatolites throughout the carbonate rocks. Of the nine
organic-walled microfossil species, only Leiosphaeridia minutissima occurs in all four studied

sections, while Leiosphaeridia ternata is exclusive of the lectostratotype Rei do Mato section.

Table 2: Fossiliferous occurrences in the studied sections. Due to their colonial nature or frequent
preservation as fragments, the abundance of Siphonophycus robustum and Ghoshia januarensis
was not quantified.

Fossiliferous occurrences
Species Barreiro Fercal Rei do PRF

section Section Mato section section

Leiosphaeridia minutissima | 359 specimens | 89 specimens | 87 specimens | 4 specimens
Ghoshia januarensis Present Present Present Absent
Leiosphaeridia crassa 14 specimens | 9 specimens | 45 specimens Absent
Leiosphaeridia jacutica 4 specimens 4 specimens | 5 specimens Absent
Leiosphaeridia tenuissima | 14 specimens | 13 specimens | 10 specimens Absent
Germinosphaera bispinosa | 23 specimens Absent 1 specimen Absent
Siphonophycus robustum Present Present Present Absent
Leiosphaeridia ternata Absent Absent 3 specimens Absent
Bambuites erichsenii Absent Present Present Absent
Gymnosolen sp. Absent Present Present Present
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7. BIOSTRATIGRAPHY

Of all four sections of the Sete Lagoas Formation approached in this study, the only one with lower
and upper boundaries is the Fercal section, which is located in Brasilia, Federal District. The
studied sections at Sete Lagoas Municipality, the lectostratotype Rei do Mato section and the
hypostratotype PRF section, comprise only the upper boundary of the Sete Lagoas Formation The
hypostratotype Barreiro section in Januaria Municipality, Minas Gerais State, lacks both the lower
and upper boundaries of the Sete Lagoas Formation. After the taxonomic analysis, a first detailed

biozonation for the Sete Lagoas Formation is herein proposed.

7.1. Biostratigraphic zoning

The succession of two biostratigraphic units is recognized based on organic-walled microfossils:

1. Leiosphaeridia minutissima Zone (Lm), and 2. Bambuites erichsenii Zone (Be):

Leiosphaeridia minutissima Zone, interval of lowest occurrence

Stratotype.—Fercal section (Fig. 3), from level 32.8 m until level 131.85 m (Fig. 9).

Index species.—Leiosphaeridia minutissima.

Description.—The Leiosphaeridia minutissima Zone is a lowest occurrence interval zone. The
lower and upper boundaries are defined by the first occurrences of Leiosphaeridia minutissima
and Bambuites erichsenii, respectively. Seven species occur in this zone: 1. Leiosphaeridia crassa,
2. Leiosphaeridia jacutica, 3. Leiosphaeridia tenuissima, 4. Leiosphaeridia minutissima, which
name this zone, 5. Ghoshia januarensis, 6. Siphonophycus robustum, and 7. Germinosphaera
bispinosa. The stratotype is characterized mainly by a sequence of mudstone limestones.
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Type Locality.—Fercal quarry, Brasilia, Federal District, Brazil.

Remarks.—Zone recognized in the stratotype Fercal section, Barreiro and Rei do Mato sections

(Fig. 15).

Bambuites erichsenii Zone, range

Stratotype.—Fercal section (Fig. 3), from level 131.85 m until level 245.1 m (Fig. 9).

Index species.—Bambuites erichsenii.

Description.—The Bambuites erichsenii Zone is a range zone in which the lower and upper
boundaries are defined by the first and last occurrence of Bambuites erichsenii. Nine species occur
in this zone: 1. Ghoshia januarensis; 2. Germinosphaera bispinosa; 3. Leiosphaeridia crassa; 4.
Leiosphaeridia jacutica; 5. Leiosphaeridia minutissima; 6. Leiosphaeridia tenuissima; 7.
Leiosphaeridia ternata; 8. Siphonophycus robustum; 9. Bambuites erichsenii, which name this
zone. The stratotype of this zone is characterized by a sequence of intraclastic limestone breccia,

followed by mudstones limestones, siltstones, grainstone dolostones, and grainstone limestones.

Type Locality.—Fercal quarry, Brasilia, Federal District, Brazil.

Remarks.—Zone recognized in the stratotype Fercal section and the Rei do Mato section (Fig. 15).
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Figure 15: Lithostratigraphic logs of the lectostratotype section of the Sete Lagoas Formation, Rei do Mato section, the hypostratotypes
sections of the Barreiro and PRF sections, and the Fercal section with fossiliferous occurrences and biostratigraphic zones.
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Seven out of nine organic-walled microfossils from the Sete Lagoas Formation recorded in
this work have wide stratigraphic ranges when global data are considered, i.e., Leiosphaeridia
crassa, Leiosphaeridia jacutica, Leiosphaeridia minutissima and Leiosphaeridia tenuissima range
from the Mesoproterozoic to the Cambrian (Grey, 2005), and Leiosphaeridia ternata has the wider
range, from Paleoproterozoic to Cambrian (Shukla et al., 2020). Germinosphaera bispinosa and
Siphonophycus robustum are known from the late Paleoproterozoic to the Paleozoic (Butterfield

etal., 1994; Sergeev et al., 2012; Miao et al., 2019) (Fig. 16).
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Figure 16: Chronostratigraphic distribution of the organic-walled species recovered from the Sete
Lagoas Formation, Bambui Group, Brazil (Butterfield et al., 1994; Grey, 2005; Sergeev et al.,
2012; Javaux and Knoll, 2017; Miao et al., 2019; Shukla et al., 2020).

Nevertheless, Ghoshia januarensis and Bambuites erichsenii have additional occurrences
only in Tamengo Formation, Corumba Group, restricted to the upper Ediacaran (Adérno, 2019).

In this lithostratigraphic interval of the Tamengo Formation, these two organic-walled species
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occur associated with occurrences of Cloudina lucianoi and Corumbella werneri. This association
of Ghoshia januarensis and Bambuites erichsenii distribution and the appearance of basal
mineralized invertebrates are evidence of their chronostratigraphic position in the upper Ediacaran

(Fig. 16).

7.2. Other proxies from the Sete Lagoas Formation

Proxies for chronostratigraphic studies from the Sete Lagoas Formation include geochronological
and paleontological data. Carbonates of the lower portion of Sete Lagoas Formation yielded Pb-
Pb ages of ~740 = 22 Ma, Tonian/Cryogenian (Babinski et al., 2007). Nevertheless, Caxito et al.
(2021) analyzed samples from crystal-fan-bearing limestone from the base of the Sete Lagoas
Formation. The ages obtained with U-Pb data by Caxito et al. (2021) yielded lower intercept dates
of 615.4 £ 5.9 Ma, when both the crystal-fans and matrix were analyzed together, 608.1 £ 5.1 Ma
for crystal-fans, and 607.2 £ 6.2 Ma for the matrix. The conflict between the data published by
Caxito et al. (2021) and the ~740 Ma Pb-Pb age from the Sete Lagoas Formation (Babinski et al.,
2007) remains under debate. The youngest population of detrital zircons from the Sete Lagoas
Formation gave U-Pb ages of ~557 Ma (Paula-Santos et al., 2015). Caxito et al. (2021) also
analyzed the topmost strata of this unit within dark stromatolitic carbonates and yielded a 566 +
15 Ma U-Pb date. Caxito et al. (2021) suggest a ca. 20 Ma hiatus or a stratigraphic condensed
deposition to explain the different ages between the basal and upper portion of the Sete Lagoas
Formation. In addition, the occurrences of Cloudina sp. and Corumbella werneri in the lower Sete
Lagoas Formation (Warren et al., 2014; Perrella Junior et al., 2017), tubular fossils typically found

in terminal Ediacaran rocks, also indicate an Ediacaran age for this unit.

88



1848

1849

1850

1851

1852

1853

1854

1855

1856

1857

1858

1859

1860

1861

1862

1863

1864

1865

1866

1867

1868

1869

1870

©

In addition to the data mentioned above, the youngest population of detrital zircons from the
Trés Marias Formation gave U-Pb ages of ~620 Ma (Pimentel et al., 2011; Rodrigues, 2008),
providing maximum age constraints on the host strata. Furthermore, a zircon U-Pb age of 520.2 =
5.3 Ma has been reported from a volcanic ash bed in the Serra da Saudade Formation (Moreira et
al., 2020b), suggesting that the upper Bambui Group may be already Cambrian. Furthermore,
occurrences of Treptichnus pedum, a trace fossil whose first appearance is used to define the base
of the Cambrian System, were reported in the Trés Marias Formation (Sanchez et al., 2021). Based
on this geochronological and paleontological evidence, the entire Bambui Group is Ediacaran—

Cambrian in age.

7.3. Correlation and remarks

Leiospheres (sphaeromorphs) have wide stratigraphic ranges and limited applicability as a global
biostratigraphic toll, which can make correlations with chronobiostratigraphic significances based
on leiosphere zones a difficult task. For example, Grey (2005) established the Ediacaran
Leiosphere-dominated Palynoflora (ELP), represented by the Leiosphaeridia jacutica -
Leiosphaeridia crassa Assemblage Zone, lower Ediacaran. Later on, Gaucher and Sprechmann
(2009) renamed the ELP designated by Grey (2005) as Early Ediacaran Leiosphere Palynoflora
(EELP) (Fig. 17).

Considering Gaucher and Sprechmann (2009), this palynoflora EELP is dominated by large
sphaeromorphs, which comprise leiosphaerids (> 200 um). The great size of the acritarchs of this
assemblage could be a response to a eukaryotic plankton recovery from the late Cryogenian
environmental changes. The EELP is regarded as a lower Ediacaran acritarch assemblage (ca. 635—

580 Ma) (Fig. 17).
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In contrast to the data of the predominance of sphaeromorphs in the lower Ediacaran (Grey,
2005; Gaucher and Sprechmann, 2009), studies from South China recovered abundant and diverse
acanthomorphic acritarchs from lower Ediacaran strata (Zhou et al., 2007; Liu and Moczydtowska,
2019; Ouyang et al., 2021). Liu and Moczydlowska (2019) recognized three acanthomorphs
assemblage zones in the lower Ediacaran from China: 1. Zone Appendisphaera grandis —
Weissiella grandistella — Tianzhushania spinosa, 2. Zone Tanarium tuberosum — Schizofusa
zangwenlongii, and 3. Zone Tanarium conoideum — Cavaspina basiconica, all of them refered as
assemblage zones. These occurrences indicate that the Ediacaran Leiosphere Palynoflora of Grey
(2005), renamed Early Ediacaran Leiosphere Palynoflora by Gaucher and Sprechmann (2009),
could be controlled by local environments, regional biogeography, or taphonomic factors.

It is perceived that the terminal Ediacaran (ca. 550-539 Ma) is characterized by a leiosphere
assemblage (Knoll and Walter, 1992; Gaucher and Sprechmann, 2009) (Fig. 17). Gaucher and
Sprechmann (2009) presented the Late Ediacaran Leiosphere Palynoflora, which is a low-diversity
assemblage characterized by smaller sphaeromorphs (< 150 pm) such as Leiosphaeridia
minutissima, Leiosphaeridia tenuissima, among others (Fig. 17). In addition, there are also
occurrences of Chuaria circularis, as well as Bavlinela faveolata, Soldadophycus bossii, and small
acanthomorphs, such as Asteridium spp. The Late Ediacaran Leiosphere Palynoflora, sensu
Gaucher and Sprechmann (2009), has been documented in the Nama Group in Namibia (Germs et
al., 1986), the Holgat Formation of the Port Nolloth Group in Namibia (Gaucher et al., 2005a), the
Mulden Group in Namibia (Gaucher and Germs, 2007), the Tent Hill Formation in Australia
(Damassa and Knoll, 1986), Cijara Formation in Spain (Palacios, 1989), the Cango Caves and
Gamtoos groups in South Africa (Gaucher and Germs, 2006), the Dengying Formation in South

China (Yin and Yuan, 2007), the Arroyo del Soldado Group in Uruguay (Gaucher, 2000; Gaucher
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et al., 2003), the Sierras Bayas Group in Argentina (Cingolani et al., 1991; Gaucher et al., 2005b),
the La Providencia Group in Argentina (Arrouy et al., 2019), and the Corumba Group in Brazil
(Zaine, 1991; Gaucher et al., 2003; Tobias, 2014). In Namibia, Argentina, Uruguay and Brazil
(Germs et al., 1986; Gaucher et al., 2003, 2005b; Tobias, 2014), the Late Ediacaran Leiosphere
Palynoflora occurs associated with tubular fossils such as the invertebrates Cloudina lucianoi
(Beurlen and Sommer, 1957), Cloudina riemkeae Germs, 1972, and Corumbella werneri Hahn et
al., 1982, considered index fossils for the late Ediacaran.

Based on the predominance of small leiospheres in the Sete Lagoas Formation from the
studied sections (< 150 um) (Fig. 18), it is possible to consider the position of the Bambuites
erichsenii Zone in the Late Ediacaran Leiosphere Palynoflora (Fig. 19). While the Bambuites
erichsenii Zone would be restricted to the upper Ediacaran, it is tempting to consider that the
Leiosphaeridia minutissima Zone extends to lower chronostratigraphic units.

Besides the predominance of small specimens of Leiosphaeridia spp. and considering the
divergent geochronological dating of the lower portions of the Sete Lagoas Formation, the
Leiosphaeridia minutissima Zone could extend to the lower/mid Ediacaran, based on Paula-Santos
et al. (2015) and Caxito et al. (2021), or even to the Tonian/Cryogenian if the data of Babinski et
al. (2007) is considered (Fig. 19).

Indeed, Leiosphaeridia minutissima has a wide stratigraphic range with occurrences from
Mesoproterozoic to Cambrian (Grey, 2005) (Fig. 16). Considering that the lower boundary of the
Leiosphaeridia minutissima Zone is marked by the first occurrence of Leiosphaeridia minutissima
after the cap carbonate in the Sete Lagoas Formation, the global range of this species would imply
an older geochronological interval for the zone. The micropaleontological analyses of the cap

carbonate herein studied include the Fercal section, which led no fossiliferous recovery. So, further
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1921  detailed micropaleontological studies of the cap carbonate of the Sete Lagoas Formation are
1922  strongly recommended in order to evaluate biodiversity and biostratigraphic signature for a better

1923  age constraint of the lower boundary of the Leiosphaeridia minutissima Zone.
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Figure 19: Simplified chart of zones identified in the Ediacaran Period. Lm: Leiosphaeridia
minutissima Interval of Lowest Occurrence Zone, Be: Bambuites erichsenii Range Zone (see
figure 14 for other abbreviations).

Additionally, carbon isotope studies of three out of the four studied sections have shown
fluctuations throughout the Sete Lagoas Formation (Vieira et al., 2007; Carvalho, 2018; Okubo et
al., 2022). When these isotopic data are integrated into the biozones presented herein, a most robust
subdivision of the Sete Lagoas Formation can be accessed (Fig. 20). Two §*3C signatures can be
observed within the Leiosphaeridia minutissima Zone, from bottom to top: 1. Bottom - a negative
signature with 33C values ranging from -3.8%. to -0.33%o; 2. Top - a lower positive signature with
813C values ranging from +0.09%o to +3.64%o. Two &*3C signatures can also be recognized within
the Bambuites erichsenii Zone, from bottom to top: 1. Bottom — a lower positive signature with
813C ranging from +0.73%o to +3%o; 2. Top — greater positive 3*3C values ranging from +4.94%
to +8.96%0 (Fig. 20). As it was possible to see, the biostratigraphic data integrated with the

chemostratigraphic ones could be a good parameter to refine the subdivision of the Sete Lagoas
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1946  Formation. In order to evaluate this integrated correlation, further isotopic analyses from the Rei
1947  do Mato section is planned for the future.
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1950  Figure 20: Stratigraphic sections of the Sete Lagoas Formation coupled with §'3C profiles.
1951  Isotopic values are in %o. Isotopic data extracted from: Barreiro section (Okubo et al., 2022), Fercal
1952  section (Carvalho, 2018), PRF section (Vieira et al., 2007).

1953
1954 To conclude, the succession of Leiosphaeridia minutissima and Bambuites erichsenii zones
1955  are useful tools for a subdivision of the Sete Lagoas Formation in two chronostratigraphic interval,

1956  respectively lower/mid Ediacaran and upper Ediacaran. Despite the hiatus or the stratigraphic
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condensed deposition between basal cap carbonate and the rest of the Sete Lagoas Formation, the
assemblage distribution throughout the studied sections denote a continuous deposition along the
fossiliferous levels, which comprises the deposition after the cap carbonate. Both biostratigraphic
zones are independent of chemostratigraphy, chronostratigraphy, and lithostratigraphy studies but
can be correlated to refine their significance. So, it is possible to note for Leiosphaeridia
minutissima Zone a variation of negative to moderately positive §C signature. For the Bambuites
erichsenii Zone, it is possible to highlight the variation of lower positive values of §C signature
in the base of the zone with a remarkable shift in the upper portion, achieving ~ +12%e.

Based on the predominance of small leiospheres in the Sete Lagoas Formation and the
previous radiometric data, with the maximum age constraint of ~ 557 Ma provided by detrital
zircons from this unit, so, the Bambuites erichsenii Zone is positioned in the upper Ediacaran. For
the Leiosphaeridia minutissima Zone, it is possible to suggest a lower/mid Ediacaran interval
based on U-Pb age constraint of 615.4 £ 5.9 Ma for the cap carbonate. Besides this U-Pb data, the
Pb-Pb dating of ~740 Ma for the same interval is tempting to consider even older than Ediacaran.
Considering this, it is strongly recommended to expand geochronological analyses in the studied
sections in order to date these lithostratigraphic intervals and refine their chronostratigraphic

significance.

8. PALEOENVIRONMENTAL AND PALEOGEOGRAPHIC APPROACH

All nine identified organic-walled species are related to marine paleoenvironment of the Sete
Lagoas Formation. Seven out of nine are possibly marine planktic: Leiosphaeridia ternata,
Leiosphaeridia crassa, Leiosphaeridia jacutica, Leiosphaeridia minutissima, Leiosphaeridia

tenuissima, Bambuites erichsenii, and Germinosphaera bispinosa. Five Leiosphaeridia species
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recovered herein and Bambuites erichsenii are tentatively considered protists. Ghoshia januarensis
and Siphonophycus robustum are probably photosynthetic benthic species assigned to
cyanobacteria. Germinosphaera bispinosa lacks biological affinity. The occurrences of
stromatolites identified as Gymnosolen sp. corroborate the interpretation of an internal carbonate
ramp paleoenvironment influenced by wave/tide.

The paleogeographic evolution from Ediacaran to Cambrian periods has been improved due
to the growing number of stratigraphic, geochronological, paleontological, and paleomagnetic
investigations. The S&o Francisco paleogeographic location is usually analyzed based on
examination of the joint paleomagnetic results with the Congo craton due to the inferred common
history between these cratons throughout the Proterozoic (Tohver et al., 2006; Caxito et al., 2021,
Trindade et al., 2021).

Tohver et al. (2006) conducted an evaluation of the Rodinia and Gondwana paleogeographic
inferences based on previously published data. This review was focused on the paleomagnetic
record of Africa and South America for the 1200-500 Ma interval. The S&o Francisco craton data
analyzed by Tohver et al. (2006) comprised paleomagnetic, rock magnetic, and Pb isotopic data
from previous studies (D’ Agrella-Filho et al., 2000; Trindade et al., 2004).

For the 600-525 Ma interval, it was possible to track the cratons until the construction of
western Gondwana. Tohver et al. (2006) suggested a two-stage collisional event. The first phase
took place sometime around 550-580 Ma when Kalahari, Sdo Francisco-Congo, and Arabian—
Nubian cratons appear to have converged and collided, whereas the Amazonia—West Africa
convergence with paleomagnetic poles from the other cratons is observed only at ca. 520 Ma

(Tohver et al., 2006) (Fig. 21).
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Figure 21: Paleogeographic reconstructions based on the paleomagnetic data reviewed by Thover
et al. (2006): break-up along the western margin of Laurentia by 600 Ma and construction of West
Gondwana (extracted from Tohver et al., 2006).

Moreover, Caxito et al. (2021) bring new radiometric U-Pb data from carbonate dating with
elemental and isotope constraints to integrate orogenic evolution in western Gondwana. Caxito et
al. (op. cit.) showed that the deposition of the Bambui Group coincides with the closure of the
Goias-Pharusian (630-600 Ma) and Adamastor (585-530 Ma) oceans, followed by the collision

of the Amazon craton with the closure of the Clymene ocean (540-500 Ma), eventually restricting
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the S&o Francisco basin from open ocean connection (Fig. 22). On the other hand, Trindade et al.
(2021) do not exclude the possibility of an early (650-600 Ma) collision of the Amazon craton due
to the scarcity of paleomagnetic poles for these intervals. Further studies encompassing
paleomagnetism, geochronological and paleontological analyses are needed to better understand

the geodynamic scenarios of the western Gondwana amalgamation and when the collisional phases
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Figure 22: Integrated evolution from Ediacaran to Cambrian orogens and basins in western
Gondwana by Caxito et al. (2021). Obs.: a) early Ediacaran; b) early-mid Ediacaran; c) late
Ediacaran-Cambrian.

Occurrences of Cloudina lucianoi, Cloudina carinata, Cloudina riemkeae, Gordia marina,
Corumbella werneri, and Namacalathus hermanastes were plotted in the paleogeographic map of
the Proto-Gondwana in ~550 Ma (Warren et al., 2017; Addrno, 2019). It is important to highlight
that the update on the paleogeographic map presented is related to the use of taxonomy at the
species level. This approach on paleobiogeographic distribution in which the occurrences of those
invertebrate species show a cosmopolitan distribution encompassing several oceans and interior

seas surrounding low latitude paleocontinents (Fig. 23.1).
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Figure 23: Different paleogeographic reconstructions of Gondwana ca. 550 Ma highlighting the
Cloudina lucianoi, Cloudina carinata, Cloudina riemkeae, Gordia marina, Corumbella werneri,
Namacalathus hermanastes, Ghoshia januarensis, and Bambuites erichsenii occurrences.
(Modified from Warren et al., 2017 and Adorno, 2019).
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In addition to these occurrences in the Tamengo Formation, Corumba Group, Ediacaran,
Brazil, it was also reported occurrences of Ghoshia januarensis and Bambuites erichsenii (Fig.
23.2-23.3). Considering the distribution of all species throughout the western Gondwana and other
paleocontinents, it seems that the landmasses were closer (Fig. 23.2-23.3) than previously
approached by Warren et al. (2017) and Adorno (2019) (Fig. 23.1). Therefore, it is presented two
possible scenarios for the 550 Ma chronostratigraphic interval: 1. partial neritic connection, and
2: full neritic connection.

The scenario of partial neritic connection comprises the Amazonia, Rio de la Plata, Kalahari,
Congo-Séo-Francisco, Arabia-Nubia, West-Africa, South China, and Antarctica connected by
neritic zones, while Baltica, Siberia, and Laurentia would be apart of the western Gondwana (Fig.
23.2). The full neritic connection scenario would comprise Baltica, Siberia, Laurentia, Amazonia,
Rio de la Plata, Kalahari, Congo-Sao-Francisco, Arabia-Nubia, West-Africa, South China, and
Antarctica connected by neritic zones (Fig. 23.3).

The organic-walled microfossil data from Sete Lagoas retrieved from the present study
allows the interpretation of the connection of Amazonia with the other cratons that formed the
western Gondwana in 550 Ma in both scenarios. The full neritic connection is corroborated when
considering the invertebrate species recorded from this chronostratigraphic interval.

On the other hand, the partial neritic connection is corroborated when restricting organic-
walled microfossils data and previous plate tectonic models for the western Gondwana and for
Laurentia, Baltica, and Siberia. In this scenario, the invertebrate species dispersion was possible
probably by oceanic currents that transported for long distances planktonic larvae of the early life

stage of these species (Warren et al., 2017). So, the partial connection would be the

101



2060

2061

2062

2063

2064

2065

2066

2067

2068

2069

2070

2071

2072

2073

2074

2075

2076

2077

2078

2079

2080

2081

©

paleogeographic inference corroborated by the herein presented data on organic-walled

microfossils.

9. CONCLUSIONS

The present thesis embraces the first formal description of the lectostratotype section of the Sete
Lagoas Formation, the proposal of two hypostratotype sections, and the description of an
additional section with important fossil content. The studied sections are located in the Minas
Gerais State, and in the Federal District, southeast Brazil: 1. Lectostratotype section, Sete Lagoas
County; 2. Hypostratotype section from the PRF, Sete Lagoas County; 3. Hypostratotype section
from the Barreiro community, Januaria County; 4. Fercal section, Brasilia. These descriptions
contribute to the characterization of the Sete Lagoas Formation, as well as defining a reference
section for future studies on the characterization of this lithostratigraphic unit and its correlation
with other coeval units from Gondwana.

Nine marine species of organic-walled microfossils occur in the four studied sections:
Germinosphaera bispinosa Mikhailova, 1986, Leiosphaeridia crassa (Naumova, 1949),
Leiosphaeridia jacutica (Timofeev, 1966), Leiosphaeridia minutissima (Naumova, 1949),
Leiosphaeridia tenuissima Eisenack, 1958, Leiosphaeridia ternata (Timofeev, 1966), Bambuites
erichsenii Sommer, 1971, and Siphonophycus robustum (Schopf, 1968), Ghoshia januarensis new
species. Seven species are inferred to be marine planktonic, while Ghoshia januarensis and
Siphonophycus robustum are inferred to be marine benthic. Stratigraphic logging and stratigraphic
distribution of studied species indicate that the Sete Lagoas Formation was deposited in a shelf

environment.
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Two biostratigraphic units are currently recognized in the Sete Lagoas Formation,
approaching all four studied sections: Leiosphaeridia minutissima Zone, a lowest-occurrence
interval zone, and Bambuites erichsenii Zone, a range zone. The Bambuites erichsenii Zone is
positioned in the upper Ediacaran. The Leiosphaeridia minutissima Zone is suggested to be placed
in the lower/mid Ediacaran interval. The connection by a neritic zone of Amazonia with other
cratons that form western Gondwana, including the Sao Francisco craton, in 550 Ma is
corroborated, while Laurentia, Baltica, and Siberia were separate paleocontinents. In future
research perspectives, integrating studies herein conducted with new proxies to calibrate the
biostratigraphic dating herein with a geochronological approach would certainly improve the

chronostratigraphic inferences and paleogeographic evolution analyses of western Gondwana.
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Methodological Development of a
Combined Preparation for
Micropaleontological and
Sedimentological Studies of Samples
From the Proterozoic Record
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Edi Mendes Guimardes ', Detlef Hans Gerf Walde ', Carlos José Souza De Alvarenga’,
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Osvaldo De Oliveira Nunes Junior’
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The recovery of microfossils from Proterozoic rocks is commonty challenging because of
metamorphism. In this study, an application of different methods usually appied on
Phanerozoic rocks to test efficiency on recovering microfossil from Proterczoic units is
presented. Chemical, physical, and biological factors can infiuence the recovery of
microfossils, thereby becoming a bamier for bicstratigraphic and palececologica
studies. Furthermore, low-cost projects with a reduced amount of sample collected,
such as drill core sampling, need to optimize the praparation time and sample needed for
different analyses. To owercome this chalenge, the classical procedure of mineralized
microfossil preparation, the palynological technique, and the study of clay minemalogy with
the analyses of diagenetic alteration and the search for possible microfossils in thin
sections were combined. Three Proterozoic Bthostratigraphic units were selected to
develop an integrated procedure for preparing samples for micropaleontologic and
sedmentclogic studies: the Pamnod Group, Mesoproterozoic, and the Bambui Group,
Ediacarian-Cambrian, Brazil, and MNama Group, Edacamn-Cambrian, Namibia
Recovenng individual microfossils from the Pamanod and Bambui groups has been a
challenge for paeontologists. Therefore, most micropaeontologica studies have been
done as a part of microbicfacies analyses in thin sections. All sediment fractions were
studied in fhal for the examination (and picking) of mineraized microfossils, even the finest
ones. The microfossil picking was conducted using a stereomicroscope. Three species
wene recovered following this procedure: Vetronosiocalke aff V. amoenum Schopf and
Blacic, 1971, Myxococcoides sp., and Melanocyrillium sp. Andglyses inwhole rock samples
of residues from water (HxO) and hydrogen peroxide 30% (H2Ow) procedures showed
similar results when the day fraction studied was obtained as part of micropaeontologica
preparation compared with the results from the standard clay mineral prepamation method.
The clay fraction diffractograms showed that the micropaleontological preparation with
Hz0 and H2Os caused an increase inthe intensity of the quartz reflections compared with
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unireated samples. Moreover, detalled protocols for omganic-waled microfossl
preparation and low concentrated acetic and fommic acids attacks for mineraized
microfossl extraction were presented.

Keywords mioropaleontoogical proparation, sedimontalogical proparation, p ic microfossils, cloy

minerals, curatorship protocol

INTRODUCTION

The diversity and preservation of fossil specimens from the
Frecambrian have been considered rare compared with those
recovered from the Phanerceoic (Knoll, 1985 Schopf, 1995)
Among other canses, such as taphonomic alterations, which
greatly  influence the fossil  record, the preparation
methodology  also plays an  essential role in  recovering.
Therefore, this barrier in the study of the Precambrian strata
requires methodological considerations because, depending on
the method applied, the fossil record may be lost. The present
study proposes a pmtocol to increase microfossil recovery based
on a combined methodology focused on micropaleontological
and sedimentological analysis integration {Alves, 1987; Campaos,
201 Horne and Siveter, 2016; Leite et al,, 2018). Samples from
Faranod and Bambul groups, Brazil, and Nama Group, Mamibia,
were anabyzed to assess all methods presented in this study.

Because of distint ive micropaleontological recoveries procedures
on samples from Phanerozoic to other strata, it is necessary to
formalze preparation methodologies for recovery of organic-walled
and mineralized microlsils from Precambrian lithostratigeaphic
units. With mineralized micropaleontological analyses, the residues
from the same preparation can be used for day mineral analyses
This combination accelerates the whole research besides reducing
the costs of preparation progedures. The application of this protocol
could improve the recovery of microfossils from Precambrian units
and consequertly, improve biodratigraphic  sudies  besides
combining analyses for micropaleontology and sedimentology for
integration and reduction of costs. In the present case, at least three
laboratories are working together, Laboratory of Mineralized
Micmofosils, Laboratory of Organic-walled Microfossls, and
Laboratory of X-ray Diffraction, so curatorial procedures must be
shared and followed to promote efficiency on data acquisition and
analysis integration.

Moreover, it also detalled the curatorship procedures,
identification, allocation by collection category, packaging, and
housing samples under the policy of the Museum of Geosdences,
University of Brasiia. In addition to the management
methodology, rules for the transit of samples between
laboratories are also described.

GEOLOGICAL SETTINGS

Two localities in Minas Gerais State, Brazil, were studied: the Buritis
Municipality, which & part of the Brasilia belt within the Tocantins
provinge, and the Januiria Munidpality, which i Jocated in a
nondeormed domain of the S0 Frandsco craton (Figure 1), A
thick interval of Meso-Neoprotereoic sedimentary rocks was

deposited along the west portion of the San Francisoo craton. These
rocks were separated into three stratigraphic units, from bottom to top:
Paranod Ciroup, Jequital Formation, and Bambui Group.

The deposition of terrigenous and chemical sedimentary rocks
bedonging to the Paranod Group dates from the Mesoproteraoic
when the separation of the Rodinia supercontinent generated a
passive rift-margin basin, West of the 530 Francico craton
(Alvarenga et al, 2014). Faria (1995) studied the stratigraphy of
the Paranod Group in the type locality of Alto Paraiso de Goids and
530 Jodo [V Alianga municipalities, CGoids State, Brazil; howewver, the
study did not formalize the units according to any stratigraphic
code. Thereafter, Campos et al (2013) formalized 11 stratigraphic
units within the Paranod Group according to the Brazilian Code of
Stratigraphic Momendature in order to adjust the informal units
proposed by Faria (1995). The Paranod Group conssts of in
ascending stratigraphic order, the Ribeirio Sio Migue, Cérrego
Cordovil, Serra da Boa Vista, Serra Almécegas, Serra do Parand,
Ribeirio Picarrio, Ribeirio do Torto, Serra da Meia Noite, Ribeirio
Contagem, Corrego do Sansio, and Cérmego do Bameiro
fommations (Campos et al, 2013) (Figure 3).

After the deposition of the Pamnod Group, becanse of climatic
changes, the Jequitai Fommation was deposited under glacial conditions,
and their records remain in ersional contact with the Paranod Group
(uncondormity) (Uhlein et al, 1995 Cadto et al., 2012). Right abovein
conformable contact, the carbonated -terrgenous Bambui Group was
deposited in a foreland-type basin generated from the flenre cansed by
tectomics in the Brsilia belt The Bambui Group condds of five
lithostratigraphic units, from base 0 top, the St Lagoas, Serma de
Santn Helena, Lagaach Jacaré, Serra da Saudade, and Triés Marias
formations { Dardenne, 1978) (Figare 3). Lately, the Bambui Group has
been attributed to the Fdiscaran/Cambrian interval (Pimentel et al,
2011; Warren et al, 2014; Paula-Santos et al, 2015 Maoreira et al, 2000,
Sancher ot al, 2021)

The Mama Group, Mamibia (Fignre 2), mepresents the
deposition in a shallow water foreland system; the deposition
of the bazal portion started around 550 Ma, followed by the
deposition of sliciclastic Molasse sediments from the upper
portion deposited in 540 Ma (Germs, 1983; Germs and Gresse,
1991). In the central and southern part of Mamibia, the Mama
Group rests discordantly on the arystalline hasement. Its hazal
portion is represented by a succession of silicidastic and
carbonate rocks with occurrences of skeletal fossik of
Clouding Iucianoi and other fossils with carbonate skeletons,
as well as ichnofossils and palynomorphs in the Kuibis Formation
(Germs, 1995 Gaucher et al., 2005). The upper portion of the
Mama Group is represented by the Schwarzrand subgroup, which
containg  the ichnofossil Phyeodes pedum, Clouding, and
palynomorphs (Figure 3) (Germs 1983: Germs and Ciresse,
1991; Gaucher et al., 2005).
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MATERIALS AND METHODS

The studied material s from three Precambrian units: Paranod
(Mesopmoterozoic) and Bambui (Ediacaran-Cambrian) groups, Sio
Francisco craton, Brazil, and Nama Group (Ediacaran-Cambrian),
Namibia. The samples from Brazil were collected in outcrops from
Buritis and Janudria municipalities, Minas Gerais State (Table 1).
Detailed methodological processes for microfossiliferous recovery
are discussed in Preparation Methodologies.

The same sample was amalyzed throw different ways to obtain
clay minerals information: (1) using the residues from water (H;0)
and hydrogen peroxide 30% (H,0,) micropaleontological
prepamations; (2) using the standard day prepamtion, which
initilly included material disaggregation with a hammer and

powdering in the Planetary Mill pulverisette by Fritsch for 5 min
with 400 revolutions/ min. X-ray powder diffraction was carried out
on day fractions. Clay fractions (<2pm) were separated by
centrifugation routine at LARIX described by Campos (2012) and
modified from Alves (1987). The measurements were undertaken in
oriented clay fractions in air-dried conditions. Analyses were
performed in a RIGAKU Ultima IV diffractometer equipped with
CuKa radiation, Nifilter, under 35kV and 15 mA. The samples were
scanned at 5"/min velocity, 0.05 stepping ranging from 2 to 40720 for
day fraction. Mineral phases were identified using Jade XRD 9.0
(Materials Data) with PC-PDF (Powder Diffraction File—PDF for
PC—ICDD). Major (M), minor (m), and trace (tr) components were
established by comparing the reflection intensities in &: 426 A for
quartz, 10 A for ilite, and 7 A for chlorite.
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CURATORSHIP PROTOCOL

Curatorship procedures must rule the studied material (rocks and
fossile samples) management when multiple analysis is
performed in different kboratories. This procedure aims to
share information about samples, data acquisiion, and
analysis integration. In this study, the protocol used at the
Micropaleontology Laboratory of the University of Brasilia
(LabMicra), on curatorship of geological and paleontological
samples that become housed at the Museum of Geosdences,
was presented. The LabMicro is curently responsible for the
Paleontological Collection of the Museum of Geosdences of the
University of Brasiia (MGen), which is subdivided into seven
collections: (1) field collection, 2) residual samples, (3) recovered
collection, (4) research collection, (5) special collection, (&)
didactical collection, and (7) macrotossil collection (Table 2).
Sample curatomhip starts during fieldwork. Field sampling is
always accompanied by labeling to identify collected samples
once they arrive at the laboratory, This is guaranteed by the
mandatory completion of an individual sample tag containing
data about their recollection ste (Figure 4). The field collection
comprises materials that have recently arrived at the LabMicro
through fildwork, independent of its immediate use (or not) as
resgarch, teaching, and/or training material. If they generate such
interest, samples are due to be processed through labormtory
waork, which will result in both a residual sample and possible
recovered fossil assemblage. The residual sample left from
preparation is stored in the residual collection in field bags
inside storage cabinets, whereas the recovered fossil
assemblage is encased in micropaleontological slides to be held

in specific fossil cabinets, consisting of the recovered collection.
Research macrofoss] and microfossil specimens, used to illustrate
taxa in publications such as artides theses, and reports, are
isolated from others either in macrofossil cabinets or
microslides that will be deposited at their specific fossil
cabinets. In this case the specimen is relocated into the
resgarch collection and recoded with a CPF prefix.

Special collection covers fossil material of scientific interest
donated or tempaorarily transterred to the MGeo by partner
institutions such as universities, private companies, and other
musenms. The didactical collection is used in undergraduate and
gradnate courses given by the Institute of Gensciences, University
of Brasilia (IG); it comprises fossil material from other collections
at the LabMicro and those collected by professors and students at
the KG, as well az third-party direct donations. Finally, the
macrofossil collection comprises macrofosil samples that
requine spedal conditions for safekeeping because of their size
theretore, they are stored in a cabinet of their own.

Samples arriving at the LabMicro initially get sepamted into
three collections: field, macrofossils, or residual collections (the
latter to be prepared for possible micofossil recovery). Once the
fossil content i recoversd from analyzed samples by picking, it is
deposited either on multicelled micropaleontological slides
[carbonate/silicecus fossils  separated from mck  through
sieving) or glass microscope dides (organic-walled microfossils
concentrated through organic preparation). The possible use of
any microfossils on publications requires their relocation into
single-celled micropaleontological slides to be stored in the
resgarch collection cabinet or the reocation of the entire glass
microscope  slide (with microfossils of scientific relevance
properly marked) into the same space.

PREPARATION METHODOLOGIES

Once the initial steps of the curatorial procedure are completed,
thin-section  slides of the samples are produced for
sedimentologicalipaleontological  studies.  Subsequently, a
mechanical fragmentation of samples can be performed by
using several possible methodologies, including soaking them
in Hx(» and/or chemical attack with HoOy, acetic acid 4% 10%,
formic acid 10%, hydrochloric acid 36% (HCI), and hydrofluoric
acid 40% (HF).

In the present work, both water and oxygen peroxide
preparations were performed for mineralized microfossiliferons
recovery. After washing both preparations on a sieve set
[composed of 630-, 250- 120-, 80-, and 50-pm mesh sieves
plus a collecting bucket underneath), each fraction was
analyzed on a sterenscopic microscope to pick for mineralized
tossil remains.

Combined Preparation for Mineralized
Microfossils and Clay Minerals (H20 or

Hz02)
The preparation presented hemin aims to recover mineralized
fossiliferous remains from disaggregating 30g of sedimentary

Frorfes n Eath Sdencs | wees fantierdnom

Barch 2022 | Valurne 10 ) Adfce 810408

122



2811

2812

Densine ot &,

©

Motpaaoogics and Sadimemologics Analyses

Bambui Group

Paranoa Group

Secra ca Meia Note Fm

Rizeirdo do Torko Fm.

Rizairdo Pigamde Fm.

Sema do
Parank Fo

Seera Amécogas Fm.

Carrego Cordovd Fm

Riteiths Sho
Migued Fm

FIGURE 3 | {A) Ragonadl arstigrapty of the Paranod and Bambul graps, adeptnd fom Canpos o & (2013); (B) Nama Grawp (sfter Gaucher of o, 2005)

MM A

Keys
Conglomerate/
Diamictite

Sandstone

B oo
B
E Limastona

Dolostone

Schwarzrans Sutgroup

Nama Group

[

v

rock samples. This method is commonly used with Quaternary
and Cretaceous units (Horne and Siveter, 2016; Leite et al, 2018;
Machado et al, 2020). Two distinct seving procedures were
conducted on the same sample for mineralized microfossil

recovery and clay mineral analyses: (1) treatment with water
before sieving and (2) attack with hydrogen peraxide before
sieving. Both methods aim to disaggregate the rock sample.
After sieving both products from the water treatment and
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TABLE 1 | Sangles from Edincaran units anayesd for speciic preperatons.
Sample Fossils recovered Lithotype Stratigraphic unit Localiity Applied methods
MP1200  CP98h; CPOBE; CROET; Sltsione Paranod Graup Serma de B0 Domingas acion, Hz0 and MOl aralyses
CPE; CRBg Burits, Bracd
MEiI2H  OPATD Sltsine  Bambu Group, Sele Lagoss Formaton Flo de S5 Domingos seclon, 0, By 0y, and clary rrineral
Burits, Brarl e
ME12E — Sistne  Barbu Goup, Sem de Sards Heea Ao de S5 Dominges meclon, Hz0, Moy, and clary rrineral
Fornafon Burits, Brazs arulyaes
MP1231  OPST1;CPEF 2 CP AT Sltsinne Barrbul Goup, Serm de Sarts Federm Ao de 580 Domningos sscion, M0, Hy Oy, and day mineral
Fornaion Burite, Braz s
MMPXES  OPaT4 Urmestone  Marm Groap, Kube Subgap Marmibia Lover concerdrmied acedc ackd
MP2995  COP981 Lirestone  Barrbul Group, Sefe Lagass Famation  Barero seclion, Jerudris, Brasd Mz, Hp Oy, HCL and HF
attacks
MPX13  CP94 Urmestone  Barmbul Groug, Sete Lagoss Forrmation Barero seclion, Jarudeis, Brasd Mz, Mgy, HCL, and HF
attacks
MP03s  CPEEl Urmesione  Barmbul Groug, Sefe Lagass Fomation  Barero aeclon, Jorudria, Brazd Mz, HyQy, HCL and HF
altacks
MPIFI0 COPS16 Liresione  Barmbul Group, Sefe Lagoss Fomation  Barero secion, Jerdris, Brasd Hz0, Ha Oy, HCL and HF
attacks
MPIT14  CPAIT Lirestone  Barrbul Group, Sefe Lagass Famation  Barero seclion, Jerudris, Brasd M0, Hy Oy, HCL and HF
attacks
TAB E 2 | Caecios inio e pasoroiogcal calecion of $he Musarn of Geosdenoes, Urisersty of Basila.
Collection Code Material
Fiedd aallesction Code gerder diuring Seidhaark Rock sarmpla
Resiciual cdlection MP Resiciual rack and amgania Facions
Reccwvermd aallection P marne as the residusl oolecfon) Momiossls recovemsd bt not lusmsted n publestions
R colacion cP Blcmyioesls s rmtad n pubics fons
Special collecion Codad aocomding 1o har presious reposiony MMomiesls doeted and benad fom anofer refidion
Dicfactcal calection [=1] Fock, micraiossils, and macralossls for ddecfical purposes
Macralossil colecion BMAF Macmioasis
hydrogen peroxide attack, the sedimentary fractions weredried in
'. SAMPLE FORM - IG/UnB a laboratory drying oven, and then analyses were performed
SAMPLE P Am under a sterenscope microscope to pick microfossils.
P =GP poink (arabic; #m = samping seopeence by poinl After mechanical disaggregation, a single sample followed two
. preparation routes: (1) left in beaker for 48 h with HyO and (2)
e i i left in beaker for 48h with H,0, 30% (FV) After these
Cily procedures, the samples were washed in a battery of sieves
Objective of the fieldwork (630, 250, 160, 80, and 50pm) (Figure 5). The fraction
Participanites smaller than 50 pm were kept in an appropriate container. All
fractions were dried in a laboratory drying oven at 60°C and then
Sempingdate /! examined under a sterecscope microscope to pick microfossils,
GroupFormasonMember' Suile Complex, This drying temperature prevents unwanted fragmentation of
microfossils The finest fraction (=50 pm) from both preparations
Geographi: Incafion was alko analyzed through X-ray diffraction for day minerals
Lithtype studies.
Colurnn leweal
GPS point Zone Diatum Alfibude . . . -
Coord UTH ml mN, Mineralized Microfossiliferous Recovery
Oibes MP: (Acetic and Formic Acid Attacks)
The traditional study of Clouding species and other tubular
w 4L&"“'ﬂ‘;m": '-'::‘:“’ ":"'L:‘T ?;“:;—;:9 ";m"_ - carbonate fossils hosted in limestone & performed preferably
Wy oF WIOpECERIDEN IROMCI, LIty s “ in two-dimensional (2D} views. This analysis uses polish or thin
e s al irdormmtion nesdsd for e .
o i e sections due to the eass of this methodology and quick
Frorfers n Eat Sdenos | wee fortiersinom March 2022 | Molurme 10 | Acfce 810408
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FIGURE § | Buttery of sieves B30, 250, 180, &0, and 50 pm) and fired mdipient 1 stom sadments analer f1an 50 pm

preparation, although studying fossils in 2D views make the 3D
morphology reconstruction more complex and less accurate. In
some cases, phosphatization processes offer an opportunity to
know moreabout its morphalogy. The fossil can be easily isolated
from the rock matrix by acid attack without destroying the
specimen (Hua et al, 2003). In contrast, when the
composition of the fossil and that of the matrix are both
carbonates, it becomes a challenge to separate the specimen
from the rock. This work shows a new methodology of fossil
extraction using a low concentrated acetic acid such as vinegar
(~4% acetic acid).

The preparation returned a positive result because acetic acid
(4%) attacks the carbonate matrix preferentially, tothe detriment
of the carapace. Its slightly larger magnesm content is dissolved
more slowly than the carbonate matrix. The dissolved fraction of
the sample can be separated to analyze the palynological content
(Figure 6).

The methodology consists of selecting a fossiliferous sample
and introducing acetic acid solution 4% concentration. As the
shell compasition varies slightly from the matrix’s, it allows the
acid to act differently, releasing the specimens following the
reaction: CaCOs,y + 2CHCO0H,,, — Ca(CH;-CO0)yy,, +
H;0p + COyy. A smilar, but dower, process occurs in the
outcrops of these carbonate fossiliferous rocks, where the

carbonic acid (H,CO;) of the rain erodes the matrix resulting
in the eventual exposition of the skeleton. The reaction can be
controlled daily by observing the acid's reaction on the
fossiliferous sample. The entire preparation cycle takes
approximately 15-20 days. The acid must be replaced every
3 days. At the end of the preparation, the sample must be
gently and thoroughly washed with running water for
approximately 5min.

After the preparation mentioned previously, the fragments
retained in sieves with mesh equal to or greater than 160 um
undergo a new preparation, this time using weak acids, such as
acetic acid, to attack limestone, and formic acid, to attack
dolomites, both at 10% concentration, with the aim of
disaggregating the sample. For each sample to be prepared, it
is recommended to use 1 L of 10% diluted acid solution for 200 g
of sample. The sample is then placed in a hood, where it will
remain until the chemical reaction is complete.

Periodically, after every 24 h of acid attack, itis recommended
to change this acidic solution, as it loses its reaction power as the
limestone is attacked. The solution that would initially be
discarded during the exchange process, as it is a
methodological evaluation, is separated for testing in
micropaleontology. These tests are carried out with an
emphasis on permineralized palynomorphs and for thase
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Mechanizal
tragmentalion af o al fragmentation af
sample (30 g) Hﬂ"ﬂﬂ] (30 g] sample (30 g)
Leftin beaker Ledt in beaker Left in beaker
for 46 h Tar 48 h with Tor & days with
with H20 HH32 30% (FV) CHICOOH 4%
| I I
Wash ina batiery of | [ Wash ina battery of Change he 4%
isieves (610, 260, 180,  |sieves (830, 260, 160, | acetic acde and left
80, and S0pm) 80, ard S0pm) for more & days (3K}
| I I
Dry ihefractiars ina| [Dry Ihe factiansin a| [ Separale al washed
labaratory drying aven baradory drying fraction for additianal
at§0°C at§i'c micrafossils sudies
| I I
Picking microfossis Picking microfoesis Dry the samgle ina
undar microscope undar microscops baredony drying oven|
slaranscopa EBlareoscops at 60" C for 24h

Imaging fossiiferous
sampha undar
Steracscope/MEY

FIGURE & | Fovwarert of curatorship managermen and sarmpie preparatons of e Labosdory of Mioropason tology, Univeraty of Braslia. The grest Back arows

indcate e posshbilfes of mocaion of sanpies

micmfossils that may be sorted with the aid of a stereoscopic
micmsoope (any partide in suspension).

When weak acids are used, the preparation can take up to
2 months to be completed, but instead, the risk of destruction of
mineralized microfossils is reduced. After being disaggregated,
the material is washed ina battery of sieves. The fraction retained
in each sieve is dried in an oven at 507C and then examined under
a sterenscopic mMicroscope.

Organic-Walled Microfossils Preparation
(Hydrochloric and Hydrofluoric Acid
Attacks)

Approximately 30 g of smmple is used for preparation to recover
organic microfossils. Here, the mineral components of the rodk
are dissolved wsing two acids: HC and HF (Figure 6). First,
fragmented samples are putin a 400-mlL beaker, adding 50 mL of
HClat 36% concentration during 24 hto dizsolve carbonates. The
next step i to bring the sample solution to a neutral pH vahe,

procedure involves the addition of distiled water to beaker
capacity, waiting for the decantation of the organic ectract,
carefully removing the acdd solution; the process is repeated
until neutral pH i reached. Then 50mL of HF at 40%
congentration is added to dissolve slicates for 48h. Then, the
washing procedure is repeated. All recovered arganic residues are
placed in polypropylene tbes and distilled water at pH 7 to
further conserve these residues

After the acid attack process, the final remains are named
palynological extract. This material is kept in water solution and,
sometimes, when following the dassic procedure, needs to be
sieved before preparing palynological slides. In synthesis, this
traditional procedure uses aleatory organic remains distributed in
this solution to prepare palynological slides Mevertheles, an
approach to this clssic procedure on picking palmological
remains under a stereoscope microscope is presented. Using a
wvery liner brush (000, it is possibleto select specimens to prepare
pabrnological slides with this procedure. There are two ways of
making palynological slides: (1) palynological slides created after
piddng microfossils under a  sterecscope microscope; (2)
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FIGURE T | Racoversd specirmen s from the Protemaos unis of faSio
Frandeos aatan, 580 Domingos Fiver secion (samples fom fe Sete
Lagess, MP1221, and Serra die SardaHelena, MP1231 , forrmation g and fom
S0 Domingos HI sacion {sarmpde fom the Paranad Growp, MP1203),

Municpalty of Budts, Mras Geas Stale, Braz. (1-8 Spedmers tam the
Paranod Group; ] Spedmens fom e Sete Lagoss Fornation, Barmbul
Grougy; [T=8) Specirmens Fom 1he Sara de Santa Helena, Barmbul Goug.
=4, T-8) Mexococoodes sp., mepecheedy, CPORS, CPOEE, CPORT, CPO8A,
CPEF1, OPAT2, CP 973; B Veronosiooak afl. V) amoerum Schopd and
Blacic, 1971, OP36E; (6 Mk ooy sg., P70, Scale bar: 10 pm

palmological slides without preanalyses under sterenscope
micmscope, which involves pladng a few drops of the
recovered organic residue and distilled water on a glss cover.
Eoth types of slidesare preparedafter putting ona heating plate at
3I0C. After the water had evaporated, a few drops of Entelan
resin were added to the coverslip to be completely sealed after
contact with the blade. The resin used has the function of drying
together with the material mounted on the blade and preventing
oxidation of the organic matter and its degradation.

RESULTS AND REMARKS

The realts presented comprehend  micropaleontological,
mineralized, organic-walled micofosik, and sdimentological
data, specifically clay mineral analyses The oxidation attack was
conducted to promote the complete or partial disaggregation of
sedimentary rock. When sedimentary rock i composed of organic
matrizx, the Hy(), reacts with it and may result in a tull or partial
disaggregation. In this case, itis possible to recover microfossils
in the Hy(), preparation, even in samples with oxidation
considered ineffective (MP1226) and low effidency (MP1203,

MP1221, and MP1231). After the chemical reaction, the
sedimentary material was sieved and by picking fnest
fractions. The coccoidal structures, as well as mbular and
vase-shaped strudtures, recovered (Figure 7) were recognized
as fossil content due to their similar morphological and size
features assigned to well-described species and genus commonly
found in Precambrian units. Besides that, they are very distinet
from other grain particles analyzed from the same sample. The
spedes recovered from the Paranod Group, Mesoproterozoic,
from sample MP 1203, comprehends Myxococooides sp. (CP965,
CP966, CP967, CP96E) (Figures 7.1-4) and Vetronostocale aff.
V.amoerum 5chopt and Blacic, 197 1 (CP969) (Fignre 7.5). One
species was recovered in the Sete Lagoas Formation, Bambui
Group, from sample MP1221: Melanocyrillium sp. (CPS70)
(Figure 7.6), and one spedes was recovered from the Serra
de Santa Helena Formation, Bambul Group, from sample
MP1231: Mwmxococcoides sp. (CP971, CP972, CP973)
[Figures 7.7-9).

The limestone samples of Sete Lapgnas Formation, Janwdria
Municipality, did not show a considerable disaggregation
effectiveness. The Hy(), disaggregation method shows more
effectiveness on siliciclastic rocks when compared with carbonate
rocks. This could be due to the difference in permeability of those
two lithotypes. The more permeahle the rock, the easier the HaOy
reacts with the omganic matter content. In this contet,
metamorphism can also affect the Ha(On disaggregation process
as, depending on the metamorphic grade, it could change the
rock permeability becanse of rock compaction

The finest fraction (»50pum) sieved from samples MP1226,
MP1221, and MP1231 from three distinct micropaleontological
preparations procedures were anabyzed: (1) treatment with tap
water before deving, (2) treatment with deionized water before
sieving, and (3) hydrogen peroxide attack before sieving. Analyses in
whale rock from all three procedures showed similar results when
the clay fraction sudied was obtained as part of
micropalenntological preparation compared with the results from
the standard day mineral preparation method. The total similarities
between diffractograms could be verified when both oxddized (HA0:)
and nonocidized (tap water and deionized water) preparationsof the
same sample (Table 3) are compared The mineral composition of
the whole rock sample, determined by X-ray diffraction, shows that
all samiples have quartz as their major conditvent, besides the sample
MF1221, which also has caldite as the major component. ite and
alhite are minor constituents of all samples.

Thestandard clay mineral preparation results present changes
in reflection intensities compared with the whole rode the
phyllosilicates have higher reflection intensity, which becomnes
major constituents, whereas the quartz refletion intensity
decreases, which becomes a minor constitwent. When the
standard clay mineral preparation results are analyzed, the
chy fraction shows the same composition as the whaole rock,
but (except for caleite in MP1221) the reflection intensities are
opposite to those of the whole rock. Chlorite and illite are major
constituents in the day fraction, whereas quartz and albite are
minor constituents (Figure 8). The diffractograms of samples
MP1X26 and MP1221 show a low and ill-defined hand at the
d-2& position that expands slightly under treatment with
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TABLE 3 | Mineral cormpasition of silsiones in whale mok and day faction, indicafng the rmgjor consBluents (M, minoe i, and frace i,

Sample PreparaSon

Idendfied minerals Whole rock

|
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3 E33
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like {rnuscodie)
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I E3E |2 E3E | ZEEE EZ2EZZ
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glycerol, indicating the presence of interstratified clay mineral,
possibly illitevermiculite. Clay residues obtained from samples
treated with HyO and H, during the micropaleontological
preparation do not maintain this trend The clay fraction
maintains the same intensities as the total sample: quartz
remains a major constituent, whereas phylosilicates are
presented as minor or trace constiments (Figure 9). This
effet can be explained as the effect of disaggregation,
dispersion, or release of guartz  partides  duwring
micmpaleontological treatment.

The procedure of analyzing the same sample residue for
both micropaleontological and sedimentological approaches
az a combined preparation reduces time of maceration and
costs, besides being sure that both analyses comprehend the

same depositional interval. This association leads to a more
precise paleoenvironmen tal interpretation. In addition, it can
save samples when a small amount is available for multiple
analyses.

The acetic acid preparation was conducted on a sample
from the Wama Group, Mamibia; it showed effident extraction
of carbonate C. lucianoi skeleton within a carbonate matrix.
This extraction technique allowed 30 imaging of the carbonate
skeleton (Figure 10). This preparation shows similar results
compared with phosphatized skeleton preparations from
Dengying Formation in China (Hua et al, 2005).
Researchers  might wuse this  easy, accessible and
environmentally friendly method to conduct 3D studies on
carbonate skeleton fossils within Emestone rocks. This
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extraction is possible when the skeleton composition is slightly
or entirely different compared with the host carbonate matrix,

such as thecase of (1) the slightly richer magnesium C. lucianoi

skeleton from Namibia and (2) the complete different
compasition of the phosphatized C. lucianoi skeleton from
Dengying Formation, China (Hua et al., 2005).

The organic-walled microfossil preparation of limestones

folowed the pmotocol presented in this work, led to the
recovery of exquisitely specimens of organic-walled microfossils.
The recovered asemblage comprises Leiosphaeridia
minutissina (Naumova, 1949), CP963 (Figares 1L1, 2) and
Leiosphaeridia tenuissima E 1958, CP914 (Figure 113),
one acritarch: Germimosphaera bispinosa Mikhailova, 1986 CP917
(Figure 11.4), and two cyanobacteria species: Ghoshia sp., CP916

enack,

from Sete Lagoas Formation, Bambui Group, Januiria  (Figure I1L5),and Siphonophycus robustum (Schopf, 1968), CP961
Municipality, Minas Gerais State, Brazil (Table 1), which  (Figure 11.6).
2825 Frorens i Eath Sdence | www Sortlersdn.ony 12 Lirme Ak 810408
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CONCLUSION

(1) Efficiency of mineralized microfossiliferons
disaggregation using H,(: differences in disaggregation
efficiency were observed, varying from ineffective
(MP1226) to low efficiency (MP1203, MP1221, and
MFP1231). The lithotype, the amount of organic matter
within the matrix, and the metamorphic grade can
influence  the disaggregation efficacy. The Huy
disaggregation method shows more effectiveness on
siliciclastic rocks when compared with carbonate rocks.
This could bedue to the difference in permeability of those
twaolithatypes. The mor e permeable the rock, the easier the
Hi() reacts with the organic matter content. In this
context, metamorphism can also  affect the HaOu
disaggregation  process as, depending on  the
metamorphic  grade, it could change the rock
permeability due to rock compaction.

(2) Mineralized microfossil recovered wing the H.0,
preparation:  three  permineralized species  were
recovered: Vetromostocale aff V. amoenum Schopf and
Elacic, 1971 (from Paranod Group), Myxococcoides sp.
(from Paranod Group and Lagoa do Jacaré Formation,
Bambul Group), and Melanocyrillium sp. (from Sete
Lagoas Formation, Bambui Group).

(3) Organic-walled microfossils recovered from Sete Lagnas Formation,
Bambui Group, usng HCl and HF preparation: L mnutisimg
(Maumova, 19490, L emdsima Fsenack, 1958, (L Bispinosa
Mikhallova, 1966, Ghoshia 5., 5. robwstumn (Schopf, 1968). The
arganic residue can integrate organic carbon sotopic sudies

[4) Mineralwed microfossils ecovered using  acetic add
preparation: C. luciamoi (Beurlen and Sommer, 1957).

(5) Integration of clay mineral and micropaleontology
preparations methods: the whole rock diffractograms of
siltstones without treatments (standard preparation for
clay mineral analyses) or treated in micropaleontological
preparation with H,0 (tap water or deionized water) and

Hy(»; did not show differences and allow the
determination of mineral composition.
(6) Clay fraction diffractograms of residues from

micropaleontological preparation: The clay fraction
diffractograms showed that the micropaleontological
preparation caused an increase in the intensity of the
quartz reflections compared with untreated samples.
Samples obtained after micropaleontological treatment
may not be snitable for assessing the intensity of
diagenesis using the Kibler Index, but they are useful
for identifying the mineral assemblage.

3D extraction of a skeletal fossil can be possible even when
the skeleton is carbonate in a carbonate matrix using weak
aceticacid dissolution. This extraction is possible when the
skeleton composition is slightly or entirely different from
the host carbonate matrix. The organic material released
by this preparation can be integrated into palynology
studies.

(7
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2830 APPENDIX 2
Sample Section Level Bambuites | Germinosphaera | Ghoshia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Siphonophycus
erichsenii blSpIﬂOS& januarensis crassa jacutlca minutissima tenuissima ternata robustum
MP5131 Rei do Mato 0.3m - - - - = 7 2 - _
MP5132 Rei do Mato Im - - - - - - - - _
MP5133 Rei do Mato 2m - - - - - - - - _
MP5134 Rei do Mato 3m - - - - - - - - _
MP5135 Rei do Mato 4m - - - - - - - - _
MP5136 Rei do Mato 5m 10 - - - = 2 - - _
MP5137 Rei do Mato 6m - - - - - - - - _
MP5138 Rei do Mato 7m - - - - - . - - -
MP5139 Rei do Mato 8 m - - - = o 3 - - -
MP5140 Rei do Mato 9.2m - - - - - - - - _
MP5141 Rei do Mato 10m - - - - - - - - _
MP5142 Rei do Mato 11m - - - - - - - - _
MP5143 Rei do Mato 12m - - - - - - - - _
MP5144 Rei do Mato 13 m - - - - - - - - _
MP5145 Rei do Mato 14 m - - - - - - - - -
MP5146 Rei do Mato 15m - - - - - - - - R
MP5147 Rei do Mato 16m - - - - - - - - -
MP5148 Rei do Mato 17 m - - - - - - - - _
MP5149 Rei do Mato 18 m - - - - - - - - _
MP5150 Rei do Mato 19.5m - - - - - - - - _
MP5151 Rei do Mato 21m - - - - - - - - _
MP5152 Rei do Mato 23 m - - X - - = 1 - -
MP5153 Rei do Mato 25m - - - - - - - - R
MP5154 Rei do Mato 26m - - - - - - - - -
MP5155 Rei do Mato 28 m - - - - - - - - -
MP5156 Rei do Mato 30m - - - - - - - - _
MP5157 Rei do Mato 32m - - - - - - - - _
MP5158 Rei do Mato 33m - - - - - - - - _
MP5159 Rei do Mato 34 m - - X 16 - 15 - - X
MP5160 Rei do Mato 35m - - - - - 15 1 o -
MP5161 Rei do Mato 36m - - - - - . - - -
MP5162 Rei do Mato 37m - - - - - . - - -
MP5163 Rei do Mato 38m - - - - - - - - _
MP5164 Rei do Mato 39m - - - - - - - - _
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sample Sasian Level | Bambuites | Germinosphaera | ~Ghoshia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Siphonophycus
erichsenii blsplnosa januarensis crassa jacutica minutissima tenuissima ternata robustum
MP5165 Rei do Mato 40 m - - - 3 = - - - _
MP5166 Rei do Mato 41m - - - - - - - - -
MP5167 Rei do Mato 42 m - - - - - - - - -
MP5168 Rei do Mato 43 m - - - - - - - R _
MP5169 Rei do Mato 44 m - - - - - - - - _
MP5170 Rei do Mato 45 m - - - - - - - - _
MP5171 Rei do Mato 46 m - - - 1 = - - - _
MP5172 Rei do Mato 46.7 m - - - - - - - - _
MP5173 Rei do Mato 49 m - - - - - - - - -
MP5174 Rei do Mato 50 m - - - - - - - - -
MP5175 Rei do Mato 52m - - - = - 1 - _
MP5176 | Reido Mato 53m = = = - - - = 1 -
MP5177 Rei do Mato 54 m - - - - - - - - _
MP5178 Rei do Mato 55m - - - - = 1 = 2 R
MP5179 Rei do Mato 56 m - - - - - - - - _
MP5180 Rei do Mato 57 m - - - - = 3 1 - _
MP5181 Rei do Mato 58 m - - - - - - - - -
MP5182 Rei do Mato 59 m - - - - - 5 = = =
MP5183 Rei do Mato 60 m - - - - - - - - _
MP5184 Rei do Mato 61 m - - - 1 = 2 - - _
MP5185 Rei do Mato 62 m - - - = = 2 - - _
MP5186 Rei do Mato 63 m - - - - - - - - _
MP5187 Rei do Mato 64 m - - - = 1 - - - _
MP5188 Rei do Mato 65 m - - - - - - - - -
MP5189 Rei do Mato 66 m - - - = = 7 - - _
MP5190 Rei do Mato 67 m - - - - - . - R -
MP5191 Rei do Mato 68 m - - - 1 = - - - _
MP5192 Rei do Mato 69 m 1 - - 3 1 4 = - -
MP5193 Rei do Mato 70 m 21 - - 3 2 o - -
MP5194 Rei do Mato 71m 9 - - 16 - 1 1 . -
MP5195 Rei do Mato 72m - - - - - - - - -
MP5196 Rei do Mato 73 m - - X 1 - 3 = - _
MP5197 Rei do Mato 74 m - - - = 1 - 1 - _
MP5198 Rei do Mato 75 m - - - - - - - - _
MP5199 Rei do Mato 76 m - - - - - - - - _
MP5200 Rei do Mato 77 m - - - - = 1 - - _
MP5201 Rei do Mato 78 m - - - - = 1 - - _
MP5202 Rei do Mato 79 m - - - - - - - - -
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MP5203 Rei do Mato 80 m - - - - - - - - _
MP5204 Rei do Mato 81m - - - - - - - - -
MP5205 Rei do Mato 82 m - - - = o 1 - R _
MP5206 Rei do Mato 83 m - - - - - - - R _
MP5207 Rei do Mato 84 m - 1 - - - 4 2 - _
MP5208 Rei do Mato 85m - - - - - - - - _
MP5209 Rei do Mato 86m - - - - - - - - _
MP5210 Rei do Mato 87 m - - - - - - - - _
MP5211 Rei do Mato 89 m - - - - - - - - -
MP5212 Rei do Mato 91m - - - - - - - - -
MP5213 Rei do Mato 93 m - - - - - - - - _
MP5214 Rei do Mato 95 m - - - - - - - - _
MP5215 Rei do Mato 97 m - - - - - - - - _
MP5216 Rei do Mato 99 m - - - = = 1 - - _
MP5217 Rei do Mato 101 m - - - - - - - - _
MP5218 Rei do Mato 103 m - - - - - - - - _
MP5219 Rei do Mato 105 m - - - - - - - - -
MP5220 Rei do Mato 107 m - - - - - - - - _
MP5221 Rei do Mato 109 m - - - - = 8 1

MP5222 Rei do Mato 111m - - - - - - - - _
MP5223 Rei do Mato 113 m - - - - - - - - _
MP5224 Rei do Mato 114 m - - - - - - - - _
MP5225 Rei do Mato 115m - - - - - - - - _
MP5226 Rei do Mato 116 m - - - - - - - - -
MP5227 Rei do Mato 117 m - - - - - - - - -
MP5228 Rei do Mato 118 m - - - - - - - - -
MP5229 Rei do Mato 119 m - - - - - - - - _
MP5230 Rei do Mato 120.1m - - - - - - - - _
MP5231 Rei do Mato 121 m - - - - - - - - _
MP5232 Rei do Mato 122.3m - - - - - - - - -
MP5233 Rei do Mato 123 m - - - - - - - - -
MP5234 Rei do Mato 124 m - - X - - = - - -
MP5235 Rei do Mato 125m - - - - - - - - -
MP4219 PRF 0.05 - - - - - - - - -
MP4220 PRF 0.45 - - - - = 3 - - _
MP4221 PRF 0.6 - - - - = 1 - - -
MP4222 PRF 1.3 - - - - - - - - -
MP4223 PRF 1.6 - - - - - - - - _
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erichsenii bispinosa januarensis crassa jacutica minutissima tenuissima ternata robustum
MP4224 PRF 2 - - - - - - - - -
MP4225 PRF 2,3 - - - - - - - - R
MP4226 PRF 3 - - - - - - - - R
MP4227 PRF 4m - - - - - - R _ _
MP4228 PRF 58m - - - - - - - ; R
MP4229 PRF 8.4 m - - - - - - - ; R
MP2977 Barreiro Om = - - - = 5 - - _
MP2978 Barreiro 0.15m - - - - - - - R _
MP2979 Barreiro 0.3m = = = = = 2 = = =
MP2980 Barreiro 0.4 m = = X = = 2 = = =
MP2982 Barreiro 0.53m - - - - - - - - R
MP2983 Barreiro 09 m = = - - = 2 - - _
MP2984 Barreiro 1.3m - - - - - - R i _
MP2985 Barreiro 1.9m = - - - = 21 - - X
MP2986 Barreiro 2.15m = - - - = 2 - R _
MP2987 Barreiro 2.2m - - = > - 2 _ _ _
MP2988 Barreiro 2.25m = = - - - 31 o - R
MP2989 Barreiro 2.5m - - - - - - R i _
MP2990 Barreiro 2.8m - - - - 1 - - - _
MP2991 Barreiro 3.25m - - - - - - - i _
MP2992 Barreiro 34m = - - - = 6 - - _
MP2993 Barreiro 3.8m = - - - = 1 - - _
MP2994 Barreiro 4m - - - - - 4 2 - -
MP2995 Barreiro 425m = - - - = 2 - - X
MP2996 Barreiro 5m - - - - - - - - R
MP3704 Barreiro 5.5m - - - - - - - - R
MP2997 Barreiro 57m - - - - - - - i _
MP2998 Barreiro 6.3 m - - - - - 7 - - -
MP2999 Barreiro 6.35m = - - - = 3 - - _
MP3000 Barreiro 6.6 m - - - - - - - R _
MP3705 Barreiro 6.8 m = = - - - 20 o - R
MP3706 Barreiro 7.3m - - - - - - - - R
MP3001 Barreiro 7m - - - - - - - - R
MP3002 Barreiro 7.15m = = - - - 6 3 - B
MP3003 Barreiro 7.7m - - - - - - R i _
MP3004 Barreiro 8.05m = - - - = 1 - - _
MP3005 Barreiro 8.1m = - - - = 3 - R _
MP3006 Barreiro 8.5m - - - - = 4 - - -
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MP3007 Barreiro 8.9m = = - - - 2 1 = -
MP3008 Barreiro 95m - - - - - - - - R
MP3061 Barreiro 9.6 m - - - - - - - - R
MP3009 Barreiro 9.82m - - - - - - - - R
MP3010 Barreiro 10.15m - - - - - - - - R
MP3011 Barreiro 109 m - - - - - 12 3 - -
MP3012 Barreiro 11.6m - - - - - 6 3 - -
MP3013 Barreiro 12 m - - X - - 13 1 - -
MP3014 Barreiro 12.5m - - - - - - - - R
MP3015 Barreiro 12.8 m - - X - - 4 - - -
MP3016 Barreiro 13 m = = - - = 2 - - _
MP3017 Barreiro 139 m - - - - - - - - R
MP3707 Barreiro 14.5m = = = = = 21 2 = =
MP3708 Barreiro 15m = = = = = 12 = = X
MP3028 Barreiro 17.2m - - - - - 4 - - -
MP3029 Barreiro 17.5m - - - - - - - - -
MP3030 Barreiro 19m = = - - - 3 o - R
MP3031 Barreiro 199 m = = - - = 6 - - _
MP3032 Barreiro 21m - - - - - - - - R
MP3033 Barreiro 22 m - - - - - 5 - - -
MP3034 Barreiro 22.1m - - - - = 2 - - -
MP3035 Barreiro 22.15m - - - - - 1 = - -
MP3036 Barreiro 23.35m = 3 - - - 3 - R
MP3037 Barreiro 25.6m - - - - - - - - R
MP3038 Barreiro 27.5m - - - - - - - - R
MP3039 Barreiro 28 m - - - - - - - - R
MP3040 Barreiro 28.1m - - X = = - - _ X
MP3709 Barreiro 24 m - - - - = 1 1 - X
MP3710 Barreiro 24.5m - - X - = 13 - - X
MP3711 Barreiro 24.7 m - - - - - - - - -
MP3712 Barreiro 25.5m - - - - - 12 - - -
MP3713 Barreiro 26m = = - - - 2 o - R
MP3714 Barreiro 26.5m - 21 X - 1 37 1 = -
MP3715 Barreiro 27 m - - - - - 3 - - -
MP3716 Barreiro 29m - - - - = 22 - - _
MP3717 Barreiro 30m - - - - - - - - -
MP3718 Barreiro 30.6 m - - X - = - - - _
MP3719 Barreiro 31.5m = = = 6 2 2 2 = -
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MP3720 Barreiro 36.4m = = = 8 S 33 1 = -
MP3721 Barreiro 41.5m - - - - - - - - _
MP3722 Barreiro 46.5m - - - - - - - - _
MP3723 Barreiro 48 m - - X = - - - _ _
MP3724 Barreiro 57.5m - - X = - - - _ _
MP3725 Barreiro 59.5m - - - - - - - - _
MP3726 Barreiro 61.5m - - - - - - - - _
MP3727 Barreiro 66.5m - - - - - - - - _
MP3728 Barreiro 69 m - - - - - - - - _
MP4651 Fercal 260.1 - - - - - - - R -
MP4649 Fercal 258.1 - - - - - - - - _
MP4647 Fercal 255.1 - - - - - - - - _
MP4645 Fercal 253.1 - - - - - R _ _ _
MP4643 Fercal 251.1 - - - - - R _ _ _
MP4641 Fercal 249.1 - - - - - - - R _
MP4639 Fercal 247.1 - - - - - R _ - _
MP4637 Fercal 245.1 3 - - - o - - - _
MP4635 Fercal 242.1 - - - = - 14 R _

MP4634 Fercal 241.1 - - - - = 2 1 - X
MP4632 Fercal 239.1 - - - - - , _ i _
MP4630 Fercal 237.1 = = - - - 2 2 - B
MP4627 Fercal 235.1 - - - - - R _ _ _
MP4624 Fercal 233.1 - - - - - R _ _ _
MP4620 Fercal 231.1 - - - - - - - R -
MP4617 Fercal 229.1 - - - - = 1 - - _
MP4613 Fercal 227.1 - - - - - - - R -
MP4609 Fercal 225.1 - - - - - , _ i _
MP4605 Fercal 223.1 - - X - - - _ _ _
MP4601 Fercal 221.1 - - - - = 8 - - _
MP4495 Fercal 222.4 - - - - - - - R _
MP4496 Fercal 219.75 - - - - - - - R -
MP4501 Fercal 214.25 - - - - - - - R R
MP4503 Fercal 211.50 = - - - - 6 3 ; -
MP4506 Fercal 205.25 - - - - - - - , _
MP4507 Fercal 202.25 - - - = = 1 - - _
MP4509 Fercal 195 - - - - - R _ _ _
MP4510 Fercal 191.1 - - = 5 2 - 2 _ X
MP4512 Fercal 185.95 - - - - - - - R -
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MP4513 Fercal 183.2 - - - - - - - - -
MP4516 Fercal 179.6 - - - - - - - - R
MP4517 Fercal 175.8 - - - - - - - - R
MP4518 Fercal 166 - - X - - - B _ _
MP4519 Fercal 162.8 - - - - = 1 - - _
MP4520 Fercal 159.8 - - - - - 1 3 - -
MP4521 Fercal 156.8 - - - - - 3 3 - -
MP4522 Fercal 153.8 - - - - - - - - _
MP4523 Fercal 150.9 - - - - - - - - R
MP4524 Fercal 146.9 - - - - - - - - R
MP4525 Fercal 144 - - - - - - R i _
MP4526 Fercal 141 - - - - - 5 , B
MP4527 Fercal 137.85 1 - - - - = 2 - -
MP4529 Fercal 131.85 2 - X = = - - - _
MP4531 Fercal 128.85 - - - - - - - - -
MP4532 Fercal 125.85 - - - - 1 = - -
MP4533 Fercal 123 - - - - - - - R _
MP4535 Fercal 120.3 - - - 5 1 - - _
MP4537 Fercal 117.3 - - - - - - - - R
MP4538 Fercal 114.3 - - - - - 2 _ _ B
MP4540 Fercal 108.5 - - - - - - - - R
MP4541 Fercal 105.5 - - X 1 - - - _
MP4543 Fercal 102.7 - - - = = - - _ X
MP4545 Fercal 98.2 - - - = o 4 - - _
MP4547 Fercal 94.2 - - - - = 18 - - _
MP4549 Fercal 88.2 - - - 9 5 1 = - -
MP4551 Fercal 82 - - - - - - R i _
MP4552 Fercal 78.6 - - - - - - R i _
MP4554 Fercal 72.65 - - - - - - - _ _
MP4556 Fercal 67.65 - - - - - - - _ _
MP4557 Fercal 64.7 - - - - - - - R _
MP4558 Fercal 61.7 - - - - - 1 -
4560 Fercal 54.9 - - - - - - - - -
4562 Fercal 48.85 - - - - - - R i _
4563 Fercal 44.85 - - - - - - R i _
4565 Fercal 40.7 - - - = = 2 _ _ _
4566 Fercal 36.6 - - = 2 - 7 _ _ _
4567 Fercal 32.8 - - - - - 22 4 = -
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Samole Sasian Level Bambuites | Germinosphaera | Ghoshia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Leiosphaeridia | Siphonophycus
P erichsenii bispinosa januarensis crassa jacutica minutissima tenuissima ternata robustum
4569 Fercal 28.8 - - - - - - - - R
4573 Fercal 22.1 - - - - - R _
2831
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