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Abstract. The Cerro Negro Formation on Byers Peninsula (Livingston Island) displays a diverse palynological 
record. Fern spores dominate the assemblages, with notable representation of Deltoidospora, Osmundacidites, 
Gleichenidites, and Cicatricosisporites, followed by gymnosperm pollen, including Alisporites, Araucariacites, 
and Podocarpidites. The microflora demonstrates strong affinities with coeval assemblages from Snow Island 
(Antarctica), Australia, and South America, highlighting floristic links across southern Gondwana during the Early 
Cretaceous. Several age-diagnostic taxa, including Sotasporites elegans, Foraminisporites asymmetricus, and 
Cicatricosisporites spp., assign the palynoflora to the Cyclosporites hughesii Interval Zone and indicate an Aptian 
age for the fossil-bearing strata, which is consistent with previous radiometric dating. The palynofacies analysis 
reveals a predominantly palynomorph organic matter composition, with a high terrestrial input and minimal amor-
phous organic matter, indicating an oxidized fluvio-deltaic continental environment. Additionally, the data suggest 
fern-rich understories and gymnosperm forests (Araucariaceae, Podocarpaceae), reflecting humid temperate to 
subtropical conditions in the studied area during the Aptian.
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Introduction

Livingston Island is part of the South Shetlands 
archipelago, a group of islands and islets in the 
ENE–WSW direction lying north of the Antarctic 
Peninsula. It is the second largest island within the 
island chain, in which ice-free sectors are present 
mainly in small coastal areas, and most notably 
on its extensive west extremity, the Byers Penin-
sula (Fig. 1a). Studies conducted in recent decades 
have revealed that the Byers Peninsula includes 
a more than 2 km thick succession, spanning the 
Late Jurassic and Early Cretaceous and comprising 
mudstone-dominated clastic, marine and continen-
tal sediments, and abundant penecontemporane-

ous igneous rocks, combined into the Byers Group 
(e.g., Crame et al., 1993; Hathway, 1997; Hathway 
and Lomas, 1998; Crame and Francis, 2010). Four 
lithostratigraphic units, consisting of marine depos-
its that span from the ?Kimmeridgian–Tithonian to 
the Valanginian, are classified together in the By-
ers Group (i.e., the Anchorage, President Beaches, 
Start Hill and Chester Cone formations), along with 
the continental strata of the Cerro Negro Formation 
(CNF). In terms of its depositional background, the 
Byers Group is considered to have been formed in 
marginal fore-arc basin settings (see Smellie et al., 
1980; Pimpirev and Vangelov, 1998; Bastias et al., 
2019; Jordan et al., 2020). Among these, the CNF is 
thought to have recorded uplift, possibly related to 
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Fig. 1. (a) location map of Byers Peninsula and surrounding areas on the west end of Livingston Island (Antarctica); (b) geological 
map of eastern Byers Peninsula (after Hathway, 1997); (c) field view (on the right) and log of the stratigraphic section (on the left) 
through the Cerro Negro Formation that yielded the material for this study; field views of separate intervals of the section (d–i): 
silty mudstones with sandstone interbeds of Subunit ii (d), coarse sandstones with lenticular gravelly levels of Subunit ii (e), pebbly 
sandstones of Subunit iv (f), structureless matrix-supported pebbly conglomerate of Subunit v (g), amalgamated coarse sandstones 
with cross-laminated base and gradational top, Subunit vi (h), silty mudstones of Subunit vii preserving abundant plan debris and 
fern leaf imprints (i). The exposure is ca. 150 m long. Hammer = 0.30 m long.
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the thickening of the arc crust, and reflected through 
the development and extension of non-marine fa-
cies into the marine basin (Hathway, 1997). The 
timing of this depositional shift, corresponding to 
the chronostratigraphic extent of the formation, is 
determined in its introductory paper as early Aptian, 
based on radiometric data from interbedded vol-
caniclastic rocks (ibid.). Later works documented 
the presence of rich paleofloral associations, con-
taining abundant plant debris, fossil wood and leaf 
imprints, among which numerous taxa of ferns, eq-
uisetaleans and conifers have been identified (e.g., 
Césari et al., 1999; Falcon-Lang and Cantrill, 2002; 
Césari, 2006). Using newly identified taxa, Parica 
et al. (2007) examined the paleofloral record of the 
CNF and concluded that these strata were deposited 
in fluvial environments with high fossil preserva-
tion potential. Prior to that, Santos et al. (2022) pub-
lished palynological and palynofacies data from the 
CNF. The data were collected, however, from the 
President Head Peninsula area of nearby Snow Is-
land. Although the fossil macroflora from the CNF 
of the Byers Peninsula are fairly well known, there 
are no palynological studies on this succession. Our 
study analyzes the palynological and palynofacies 
record from a stratigraphic section within the 32nd 
Bulgarian Antarctic Expedition, carried out in 2024, 
aimed at palaeoenvironmental and palaeoclimatic 
assumptions.

Stratigraphic and depositional background

The CNF is exposed over a wide area on the east-
ern Byers Peninsula, between the Robbery Beaches 
and the South Beaches, and the permanent ice cap 
of Rotch Dome (Fig. 1b). It is known that this en-
tity consists of variegated sediments, volcaniclastic 
strata and welded ignimbrites that form a gently 
dipping and rejuvenating east-northeastward suc-
cession (Hathway, 1997). The CNF unconformably 
overlies marine siliciclastic sediments from lower 
levels of the Byers Group. From above, the ice 
cap of Rotch Dome covers the CNF. In the origi-
nal work by Hathway (1997), the CNF was divided 
into two extensive informal divisions: a lower unit, 
mainly comprising silicic volcaniclastic rocks, and 
an upper unit including rocks of dominantly basaltic 
provenance, separated either by a sharp lithological 
boundary or by intrusive volcanic bodies. Further 
detailed stratigraphic subdivisions of the CNF have 
not yet been made.

The section studied herein pertains to the upper 
division of the CNF, specifically in the Lithofacies 
BS (cf. Hathway, 1997, pp. 693–694), which, from 

a depositional viewpoint, includes debris-flow de-
posits interbedded with suspension-derived wan-
ing-flow background sediments. It is a completely 
exposed outcrop located at the eastern foot of Cero 
Negro, an elevation formed on a prominent basaltic 
plug in the eastern Byers Peninsula. The measured 
succession has a total thickness of 37.5 meters, and 
is bound to sharp lithological boundaries both above 
and below, by deeply weathered purple-red tuffs 
(Fig. 1c). We distinguished seven informal litho-
logical subunits, as follows: i) gravelly sandstones 
with ripple-cross and subordinate wavy bedding; 
ii) parallel-laminated mudstones with interbedded, 
parallel-sided siltstones and coarse sandstones, hav-
ing sharp bases and gradational tops and containing 
abundant fine plant detritus on several bed plains 
(Fig. 1d); iii) coarse sandstones with thin lenticular 
gravelly levels and scattered plant debris at the top 
(Fig. 1e); iv) pebbly sandstones (Fig. 1f); v) struc-
tureless, oligomict, matrix-supported pebbly-to-cob-
ble conglomerates (Fig. 1g) incised within alternat-
ing fine sandstones and mudstones; vi) amalgamated 
sandstones with parallel- and ripple-cross bedding 
(Fig. 1h); and vii) fine-laminated mudstones contain-
ing abundant fine plant detritus and well preserved 
fern leaf imprints at the base (Fig.  1i). Four sam-
ples were taken, of which two proved palynologi-
cally productive, namely CN 1 (from the very base 
of Subunit ii), and CN 4 (from the upper levels of 
Subunit v), and yielded palynoflora for this study. 
The fern leaf imprints we found will be published 
elsewhere.

Material and methods

The samples were processed at the Sample Prepara-
tion Laboratory (GeoPrep) at the Institute of Geo-
logical Sciences of the Polish Academy of Sciences 
(Kraków, Poland), following standard palynologi-
cal techniques. About 50 g of sediment from each 
sample was processed by HCl and HF treatment 
and heavy liquid separation. The residues were fi-
nally sieved through 10 µm nylon meshes. Strew 
mounts were made in glycerin jelly. From each 
sample, two palynological strew mounts were pre-
pared and analyzed for their palynological content 
on a Leica DM5500 microscope. Selected palyno-
morphs were photographed with Leica DFC310 FX 
digital camera.

Palynofacies analysis considers the composi-
tion and major characteristics of sedimentary or-
ganic matter (OM) constituents based on counting 
400 particles per slide where possible. In accord-
ance with Tyson (1993, 1995), and Radmacher et 
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al. (2020), three main groups of kerogen constitu-
ents were recognized on the slides, namely: 1) phy-
toclasts (translucent and opaque organic particles); 
2)  palynomorphs (spores, pollen, dinoflagellate 
cysts); and 3) amorphous organic matter (AOM). 
Palynofacies parameters, such as the ratio of conti-
nental to marine particles (C/M ratio) and the ratio 
of opaque to translucent phytoclasts (OP/TR ra-
tio) (Tyson 1993, 1995), were used to characterise 
palaeoenvironments. The palynological slides are 
stored in the collections of the Department of Geol-
ogy, Paleontology, and Fossil Fuels at Sofia Uni-
versity “St. Kliment Ohridski”, Bulgaria.

Results

The palynoflora from the productive stratigraphic 
levels of the CNF section display moderate diver-
sity and similar compositions (see Fig. 2). Overall, 
the assemblages are well preserved and include fern 
spores and gymnosperm pollen. The spores are of 
considerable diversity, with the following taxa oc-
curring: Deltoidospora ordinata Brelie, 1964, Del-
toidospora hallii Miner, 1945, Cyathidites minor 
Cookson, 1947, Gleichenidites senonicus Cookson, 
1947, Cicatricosisporites hughesii Dettmann, 1963, 
Cicatricosisporites australiensis Potonie, 1956, Os-
mundacidites wellmanii Cooper, 1953, Baculatispo-
rites comaumensis Potonie, 1953, Foraminisporis 
asymmetricus (Cookson and Dettmann) Dettmann, 
1963, Sotasporites elegans (Archangelsky and 
Gamerro) Archangelsky, 2006, and Converruco-
sisporites sp. Gymnosperm pollen is also abundant 
and is represented by Podocarpidites spp., Alispo-
rites grandis (Cookson) Dettmann, 1963, Alispo-
rites bilateralis Rouse, 1959 and Araucariacites 
australis Cookson, 1947.

The palynofacies in the studied samples is domi-
nated by the palynomorphs (70%), with spores up 
to 46%, pollen grains (24%) and the phytoclasts 
(20%). Amorphous particles occur in low percent-
ages, less than 4%. Phytoclasts are represented 
mainly by translucent organic particles, including 
tissues and wood remains. Opaque phytoclasts are 
rare. The shape of all phytoclasts is equidimension-
al, indicating minimal transportation. The OP/TR 
ratio values are low, indicating the dominance of 
translucent phytoclasts in every slide. The C/M ra-
tio is very high, since continental elements, together 
with pollen and spores collectively make up a high 
proportion of the samples, up to 97%. Spore tetrads 
are frequently observed, reaffirming the closeness 
of the source area and the limited transport within 
the depositional setting.

Discussion

As noted by Cantrill and Poole (2012), the Early 
Cretaceous paleoflora of South Gondwana featured 
broadly spread taxa, primarily consisting of ferns 
and conifers. The microflora has been the subject of 
the most intensive taxonomic and biostratigraphic 
studies in the Australian record, with important con-
tributions by Balme (1957), Cookson and Dettmann 
(1958), and Dettmann (1963), as summarised in the 
Australian Mesozoic Palynological Zonation sug-
gested by Helby et al. (1987). Data concerning our 
study area is limited, as previously noted from the 
CNF on Snow Island (Santos et al., 2022), and even 
earlier from Duane (1996), though it does include 
the marine strata of the President Beaches and the 
Chester Cone formations. Our spore and pollen as-
sociations are similar to those documented by Santos 
et al. (2022) and also align with coeval associations 
from Australia and South America. Significantly, 
the geographic range of the genus Sotasporites is 
confined to Patagonia and adjacent basins, includ-
ing Antarctica (Archangelsky and Archangelsky, 
2006). Consequently, the presence of spores iden-
tifying as Sotasporites elegans noted in our study 
can be linked to those found in the Austral Basin, 
Patagonia, Argentina (ibid.). The occurrence of ad-
ditional spore species, including Foraminisporites 
asymmetricus, Cicatricosisporites australiensis, 
Cicatricosisporites hughesii, and Baculatisporites 
comaumensis, aligns with the palynological suc-
cession from Australia as described by Helby et al. 
(1987). The co-occurrence of these taxa along with 
the first appearance of Foraminisporites asymmet-
ricus indicates the Cyclosporites hughesii Interval 
Zone in the CNF section. This zone was identified 
in Australia with a stratigraphic range from lower to 
upper Aptian, indicating that our succession is Ap-
tian in age. This palynological age assessment aligns 
with the early Aptian age of the CNF determined by 
Hathway (1997) using the 40Ar/39Ar method.

Alongside the age evaluation, the overall com-
positions of the palynomorph assemblages and 
palynofacies data were integrated for palaeoen-
vironmental analysis. Terrestrial palynomorphs 
(i.e., pollen and spores) offered insights into the 
continental vegetation patterns that can be associ-
ated with climatic factors (e.g., precipitation and 
temperature). The spore content of the samples is 
dominated by Deltoidospora spp., Cyathidites spp., 
Osmundacidites spp., Gleichenidites spp., and Cic-
atricosisporites spp. These spores are regarded as 
indicators of humidity in the CNF succession since 
they developed and thrived in moist biotopes within 
a temperate and humid subtropical climate. We fur-
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Fig. 2. Microphotographs of representative pollen and spores from the Cerro Negro Formation, Livingston Island (Antarctica): 
a) Alisporites bilateralis Rouse, 1959 (sample CN 1, Subunit ii); b) Deltoidospora hallii Miner, 1945 (sample CN 1, Subunit ii); 
c, j) Cicatricosisporites australiensis Potonie, 1956 (sample CN 1, Subunit ii); d) Deltoidospora ordinata Brelie, 1964 (sample CN 
4, Subunit v); e) Cicatricosisporites hughesii Dettmann, 1963, (sample CN 1, Subunit ii); f) Alisporites grandis (Cookson) Dett-
mann, 1963 (sample CN 4, Subunit v); g) Osmundacidites wellmanii Cooper, 1953 (sample CN 4, Subunit v); h) Podocarpidites sp. 
(sample CN 4, Subunit v); i) Baculatisporites comaumensis Potonie, 1953 (sample CN 1, Subunit ii); k, l) Deltoidospora ordinata 
Brelie, 1964 (sample CN 4, Subunit v); m) Sotasporites elegans (Archangelsky and Gamerro) Archangelsky, 2006 (sample CN 4, 
Subunit v); n) spore tetrad Baculatisporites (sample CN 4, Subunit v); o) spore tetrad Deltoidospora (sample CN 4, Subunit v). All 
photomicrographs were taken using conventional light microscope. Scale bar = 100 μm.
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ther assume that the flora in the examined region 
included several gymnosperms from the families 
Araucariaceae and Podocarpaceae.

Analysing palynofacies patterns in studied 
samples allowed us to discern deposition environ-
ments. The particulate organic matter was seen as 
a sedimentary component that indicates the initial 
conditions of the source area and in the depositional 
environment. A single palynofaces was recognised, 
defining the analysed samples. It is characterised by 
a notably high presence of palynomorphs alongside 
a minor input of AOM and a moderate amount of 
phytoclasts. The palynofacies shows a dominance 
of palynomorphs, primarily represented by sporo-
morphs, which include fern spores from the families 
Osmundaceae (Osmundacidites), Gleicheniaceae 
(Gleichenidites), Dipteridaceae and Dicksoniaceae 
(Deltoidospora), Cyatheaceae (Cyathidites), and 
Schizaeaceae (Cicatricosisporites). Spore tetrads 
frequently appear in the slides, further validating the 
short transport within the depositional setting. Gym-
nosperms include tall canopy trees such as Araucar-
iaceae and Podocarpaceae. A coniferous plant com-
munity with a comparable composition was detailed 
by the macroflora from the CNF by Falcon-Lang 
and Cantrill (2002). The authors viewed plant com-
munities as sparse podocarp and araucarian conifer 
woodlands, suggesting that highlands existed in the 
Byers Peninsula area during the Early Cretaceous. 
Regarding the palaeoenvironment, the palynofacies 
in question, which includes a significant proportion 
of plant spores from the total organic matter and a 
minimal presence of AOM, is believed to reflect an 
oxidized setting, near the production source, in con-
tinental fluvio-deltaic regions (Tyson, 1993).

Conclusions

The study of the CNF on Byers Peninsula (Living-
ston Island) yielded a diverse palynological record 
with approximately more than 20 taxa represented. 
Fern spores predominate in the assemblages, with 
notable input from Deltoidospora, Osmundacid-
ites, Gleichenidites, and Cicatricosisporites. The 
next most plentiful group is gymnosperm pollen, 
including representatives such as Alisporites, Arau-
cariacites and Podocarpidites. It is evident that 
the assemblages show strong affinities with coeval 
microflora from the CNF in Snow Island, (Antarc-
tica), Australia and South America, demonstrating 
southern Gondwanan floristic connections during 
the Early Cretaceous period.

According to age-diagnostic taxa, such as So-
tasporites elegans, Foraminisporites asymmetricus, 

and Cicatricosisporites spp., the palynoflora from 
the studied succession belongs to the Cyclosporites 
hughesii Interval Zone, indicating an Aptian age 
consistent with previous radiometric dating results.

Palynofacies analysis showed a composition of 
organic matter predominantly consisting of palyno-
morphs, exhibiting significant continental input and 
minimal amorphous organic matter. A high percent-
age of plant spores in total organic matter, coupled 
with low amounts of AOM are indicative of an oxi-
dized environment, located in continental area of 
fluvio-deltaic environment. The data indicates that 
vegetation mainly consisted of fern-dominated un-
derstories and gymnosperm forests (Araucariaceae, 
Podocarpaceae), suggesting humid temperate to 
subtropical climate conditions.

Acknowledgements: This study is supported by 
the Bulgarian Antarctic Program, Project “Complex 
stratigraphic and paleoclimatic studies of part of the 
Byers Group, Byers Peninsula, Livingston Island, 
Antarctica”, Contract No. 70-25-10/15.01.2024. 
We are grateful to Dr. P. Gedl (Polish Academy of 
Sciences) for his help with the palynological pro-
cessing of the samples.

References

Archangelsky, S., A. Archangelsky. 2006. Putative Early Cre-
taceous pteridaceous spores from the offshore Austral Ba-
sin in Patagonia, Argentina. – Cret. Res., 27, 3, 473–486; 
https://doi.org/10.1016/j.cretres.2005.09.001.

Balme, B. E. 1957. Spores and pollen grains from the Meso-
zoic of western Australia. Chatswood, CSIRO Coal Re-
search Section, Report No.:TC 25, 48 p.; https://doi.
org/10.4225/08/585823888babf.

Bastias, J., M. Calderón, L. Israel, F. Hervé, R. Spikings, R. 
Pankhurst, P. Castillo, M. Fanning, R. Ugalde. 2019. The 
Byers Basin: Jurassic–Cretaceous tectonic and depositional 
evolution of the forearc deposits of the South Shetland Is-
lands and its implications for the northern Antarctic Penin-
sula. – Int. Geol. Rev., 62, 11, 1467–1484; https://doi.org/ 
10.1080/00206814.2019.1655669.

Cantrill, D. J., I. Pоole. 2012. The vegetation of Antarctica 
through Geological Time. Cambridge, Cambridge University 
Press, 480 p.; https://doi.org/10.1017/CBO9781139024990.

Césari, S. N. 2006. Aptian ferns with in situ spores from the 
South Shetland Islands, Antarctica. – Rev. Palaeobot. Pa-
lynol, 138, 3–4, 227–238; http://dx.doi.org/10.1016/j.rev-
palbo.2006.01.006.

Césari, S. N., C. A. Parica, M. B. Remesal, F. M. Salani. 1999. 
Paleoflora del Cretácico Inferior de península Byers, islas 
Shetland del Sur, Antártida. – Rev. Paleont. Argent., 36, 1, 
3–22.

Cookson, I. C., M. E. Dettmann. 1958. Some trilete spores from 
upper Mesozoic deposits in the eastern Australian region. – 
Proc. R. Soc. Vic., 70, 95–128.

https://doi.org/10.1016/j.cretres.2005.09.001
https://doi.org/10.4225/08/585823888babf
https://doi.org/10.4225/08/585823888babf
https://doi.org/10.1080/00206814.2019.1655669
https://doi.org/10.1080/00206814.2019.1655669
https://doi.org/10.1017/CBO9781139024990
http://dx.doi.org/10.1016/j.revpalbo.2006.01.006
http://dx.doi.org/10.1016/j.revpalbo.2006.01.006


15

Crame J. A., D. Pirrie, J. S. Crampton, A. M. Duane. 1993. 
Stratigraphy and regional significance of the Upper Juras-
sic–Lower Cretaceous Byers Group, Livingston Island, Ant-
arctica. – J. Geol. Soc. London, 150, 1075–1087; https://doi.
org/10.1144 /gsjgs.150.6.1075.

Crame J. A., J. E. Francis. 2010. Cretaceous stratigraphy of 
Antarctica and its global significance. In: Hart, M. B, S. 
J. Batenburg, B. T. Huber, G. D. Price, N. Thibault, M. 
Wagreich, I. Walaszczyk (Eds.) Cretaceous Project 200 
Volume 2: Regional Studies. Geol. Soc. London, Special 
Publications, 545, 25 p.; https://doi.org/10.1144/SP545-
2023-153.

Dettmann, M. E. 1963. Upper Mesozoic microfloras from 
south-eastern Australia. – Proc. R. Soc. Vic., 77, 1–148.

Duane, A. M. 1996. Palynology of the Byers Group (Late Ju-
rassic–Early Cretaceous) of Livingston and Snow islands, 
Antarctic Peninsula: its biostratigraphical and palaeoenvi-
ronmental significance. – Rev. Palaeobot. Palynol., 91, 1–4, 
241–281; https://doi.org/10.1016/0034-6667(95)00094-1.

Falcon-Lang, H. J., D. J. Cantrill. 2002. Terrestrial paleo-
ecology of the Cretaceous (Early Aptian) Cerro Negro 
Formation, South Shetlands Islands, Antarctica: a re-
cord of polar vegetation in a volcanic arc environment. 
– Palaios, 17, 491–506; https://doi.org/10.1669/0883-
1351(2002)017<0491:TPOTCE>2.0.CO;2.

Hathway, B. 1997. Nonmarine sedimentation in an Early Creta-
ceous extensional continental-margin arc, Byers Peninsula, 
Livingston Island, South Shetland Islands. – SEPM J. Sed. 
Res., 67, 4, 686–697; https://doi.org/10.1306/D4268617-
2B26-11D7-8648000102C1865D.

Hathaway, B., S. A. Lomas. 1998. The Upper Jurassic–Lower 
Cretaceous Byers Group, South Shetland Islands, Antarc-
tica: revised stratigraphy and regional correlations. – Cret. 
Res., 19, 1, 43–67; https://doi.org/10.1006/cres.1997.0095.

Helby, R., R. Morgan, D. Partridge. 1987. A palynological zona-
tion of the Australian Mesozoic. In: Jell, P. A. (Ed.) Studies 
in Australian Mesozoic Palynology. AAP Memoir 4, 1–94.

Jordan, T. A., T. R. Riley, C. S. Siddoway. 2020. The geo-
logical history and evolution of West Antarctica. – Nature 
Rev. Earth & Envir., 1, 117–133; https://doi.org/10.1038/
s43017-019-0013-6.

Parica, C. A., F. M. Salani, E. Vera, M. Remesal, S. N. Césari. 
2007. Geología de la Formación Cerro Negro (Cretácico) 
en la isla Livingston: aportes a su geocronolgía y conte-
nido paleontológico. – Rev. Assoc. Geol. Argent., 62, 4, 
553–567.

Pimpirev, Ch., D. Vangelov. 1998. Ancient subaqueous mouth 
bar type delta system, Byers Group, Livingston Island, 
Antarctica. – Ann. Univ. Sofia “St. Kliment Ohridski”, Fac. 
Géol. et Géogr., 90, 1, 29–43.

Radmacher, W., K. Kobos, J. Tyszka, A. Jarzynka, J. A. Arz. 
2020. Palynological indicators of palaeoenvironmental 
perturbations in the Basque-Cantabrian Basin during the 
latest Cretaceous (Zumaia, northern Spain). – Mar. Pet. 
Geol., 112, 104–107; https://doi.org/10.1016/j.marpet-
geo.2019.104107.

Santos, A., E. K. Piovesan, J. Guzmán, C. D. Usma, L. C. 
Weinschütz, R. J. M. Dos Santos, G. R. Oliveira, R. G. 
Figueiredo, J. H. Z. Ricetti, E. Wilner, J. M. Sayão, A. W. 
A. Kellner. 2022. Paleoenvironment of the Cerro Negro 
Formation (Aptian, Early Cretaceous) of Snow Island, Ant-
arctic Peninsula. – An. Acad. Bras. Sci., 94, 2–22; https://
doi.org/10.1590/0001-3765202220201944.

Smellie, J. L., R. E. S. Davies, M. R. A. Thomson. 1980. Geol-
ogy of a Mesozoic intra-arc sequence of Byers Peninsula, 
Livingston Island, South Shetland Islands. – Brit. Ant. Surv. 
Rep., 50, 55–76.

Tyson, R. 1993. Palynofacies analysis. In: Jenkins, D. G. (Ed.) 
Applied Micropaleontology. Dordrecht, Kluwer Academic 
Publishers, 153–191; https://doi.org/10.1007/978-94-017-
0763-3_5.

Tyson, R. 1995. Sedimentary organic matter. Organic facies and 
palynofacies. London, Chapman and Hall, 615 p.; https://doi.
org/10.1007/978-94-011-0739-6.

The published material was presented at the National Conference
with international participation GEOSCIENCES 2025.

https://doi.org/10.1144/gsjgs.150.6.1075
https://doi.org/10.1144/gsjgs.150.6.1075
https://doi.org/10.1144/SP545-2023-153
https://doi.org/10.1144/SP545-2023-153
https://doi.org/10.1016/0034-6667(95)00094-1
https://doi.org/10.1669/0883-1351(2002)017%3c0491:TPOTCE%3e2.0.CO;2
https://doi.org/10.1669/0883-1351(2002)017%3c0491:TPOTCE%3e2.0.CO;2
https://doi.org/10.1306/D4268617-2B26-11D7-8648000102C1865D
https://doi.org/10.1306/D4268617-2B26-11D7-8648000102C1865D
https://doi.org/10.1006/cres.1997.0095
https://doi.org/10.1038/s43017-019-0013-6
https://doi.org/10.1038/s43017-019-0013-6
https://doi.org/10.1016/j.marpetgeo.2019.104107
https://doi.org/10.1016/j.marpetgeo.2019.104107
https://doi.org/10.1590/0001-3765202220201944
https://doi.org/10.1590/0001-3765202220201944
https://doi.org/10.1007/978-94-017-0763-3_5
https://doi.org/10.1007/978-94-017-0763-3_5
https://doi.org/10.1007/978-94-011-0739-6
https://doi.org/10.1007/978-94-011-0739-6

