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ABSTRACT. The western Amazon landscapes evolved during the Neogene–Quaternary in response to the effects 
of the Andean orogeny and dynamic topography. During the Miocene, sedimentary basins accumulated hundreds 
of meters of sediments that harbor the biological history of the region and, consequently, the emergence of the 
amazonian biome. Palynology is the main source of biostratigraphic and paleobotanical information, its use has 
allowed placing sedimentary and biological events during the Miocene in a chronological framework. Here, we 
present palynological data from core 1-AS-20-AM, located in the northeastern portion of the Solimões Basin and 
exposing the Solimões and Içá formations of Miocene and Pleistocene ages, respectively. Pollen samples were 
collected throughout the 286 meters of core and processed following standard palynology methods. We report 
well-known index species from zonation schemes in Colombia and Venezuela, adapted for use in western Ama-
zonia, and place the Solimões Formation in core 1-AS-20-AM into the Middle to Late Miocene. The occurrence of 
Cyatheacidites annulatus, marker of zone T17, confirms the presence of the latest Miocene in the basin, recorded 
for the first time in cores. The Içá Formation in core 20AM is only tentatively assigned to zone T18 of Pliocene/
Pleistocene age. We discuss the possibility of a six-million-year hiatus between the formations. Several species 
are recorded at a topmost extant (Holocene) sample and can serve as calibration for last appearance events. We 
also detected a Middle Miocene marine incursion along ~60 meters at the bottom of the core. Ten new taxa are 
erected formally, some of which had been recorded informally elsewhere and will be useful for future biostrati-
graphic correlations. The new species also document the first occurrences of two plant groups for the Miocene of 
Amazonia, they are related to Cabomba (Cabombaceae), and Eichhornia/Pontederia (Pontederiaceae). The new 
data from core 1-AS-20-AM will be key for regional biozonation schemes and analyses of biodiversity emergence.
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INTRODUCTION
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Sedimentary basins in western Amazonia 
are well known for their rich Neogene fos-
sil record (Antoine et al., 2016; Hoorn et al., 
2023). In this region, palynology has played 
a key role in biostratigraphy, landscape and 
climatic reconstructions, as well as plant evo-
lution (Hoorn, 1993; Jaramillo et al., 2017; 
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Silva-Caminha et al., 2020; Espinosa et al., 
2020; Gomes et al., 2022; D’Apolito et al., 2022). 
First age determinations using pollen and 
spores were attempted by Maia et al. (1977) 
for the Solimões Formation in western Brazil-
ian Amazonia (Cruz, 1984), and were based 
on an Atlantic coast palynological zonation 
(Regali et al., 1974). They concluded a Mio-
cene to Pliocene age, which was later refined * Corresponding author
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by Hoorn (1993), who adapted a zonation from 
Venezuela (Lorente, 1986) for use in western 
Amazonia (e.g. Silva-Caminha et al., 2010; 
Leite et al., 2017; Leandro et al., 2019, 2022). 
More recently, cores from the Solimões Forma-
tion have been correlated with a palynological 
zonation from the Llanos Basin in Colombia 
(Jaramillo et al., 2011), with further refine-
ment of ages (Jaramillo et al., 2017; Leite 
et al., 2021; Espinosa et al., 2021).

From the landscape evolution viewpoint, 
much debate has developed around the exist-
ence of marine incursions (e.g. Hoorn, 1993; 
Latrubesse et al., 2010; Jaramillo et al., 2017 
and references therein). Palynology, again, has 
been essential to resolve the question, show-
ing that short-lived spikes of dinocysts and 
foraminiferal linings in western Amazonia 
could be correlated with the same events in 
the Colombian Llanos during Early and Mid-
dle Miocene (Boonstra et al., 2015; Jaramillo 
et al., 2017). There is also some evidence for 
a Late Miocene incursion (Espinosa et al., 
2021; Leandro et al., 2022) that is still contro-
versial. 

The vegetation that dominates the region, as 
reconstructed by pollen data, indicates a wet-
land system, called the Pebas System. Most of 
the pollen in sediments of the Solimões Forma-
tion seems to be sourced from the local flooded 
vegetation, with a smaller but detectable por-
tion from uplands, including the high Andes 
(Hoorn, 1993; D’Apolito et al., 2021; Gomes 
et al., 2021; Hoorn et al., 2022b). Changes from 
swamp-dominated wetlands to fluviolacustrine 
systems are also evident from palynological 
data (Leite et al., 2017; D’Apolito et al., 2021; 
Hoorn et al., 2023), and floristic comparisons 
suggest a homogeneous vegetation at continen-
tal scale compared to at present (Gomes et al., 
2021), although cycles of vegetation change 
have been recorded at local scales (Hoorn et al., 
2022b). Pollen-based climatic reconstructions 
indicate warm and humid conditions through-
out the late Early to early Late Miocene (Gomes 
et al., 2022). 

There is still too much to learn about the 
biome that once occupied western Amazonia 
during most of the Miocene (the Pebas Sys-
tem). Sampling efforts still need to be increased 
(D’Apolito et al., 2021; Gomes et al., 2021) and 
known botanical affinities of the fossil taxa are 
still quite low, around 40% or less (D’Apolito 
et al., 2021; Espinosa et al., 2021). The aim of 

this contribution is to present the palynology 
of core 1-AS-20-AM, from the Solimões Forma-
tion, which will be a key site for any local zona-
tion scheme.

GEOLOGICAL SETTING

The Solimões Formation is located in the 
Solimões Basin in western Brazilian Amazo-
nia (Fig. 1A). The basin is intracratonic and 
has accumulated sediments since the Ordovi-
cian (Wanderley-Filho et al., 2007), while the 
last phase of sedimentation started in the Cre-
taceous and has been affected by the orogeny 
of the Andes, especially in the latest Oligocene 
to Pliocene times (Hoorn et al., 2010). Many 
neighboring basins have laterally equivalent 
deposits of Miocene age as well (Fig. 1A). The 
Solimões Formation crops out in numerous 
locations along the main rivers of western 
Amazonia, including the homonymous Solimões 
River in Brazil; in Peru it is known as Pebas 
Formations and in Colombia as “Terciário 
Amazonico” (Hoorn, 1993). In general, there is 
a southwestern thickening trend (Fig. 1B) – in 
the Acre Basin, maximum depths can attain 
>2000 m (Feijó and Souza, 1994; Silva-Caminha 
et al., 2020), however, in most of the basin the 
Solimões reaches no more than 500 m (Maia 
et al., 1977; Fig. 1B). Sediments vary from 
greenish and grayish mudstones and siltstones, 
interbedded with gray to yellowish sands, and 
less often limestone and lignite. They accumu-
lated in lacustrine to fluvial settings with short 
shallow marine episodes (see Introduction). 
A wealth of fossils has been retrieved from the 
Solimões beds, from large-sized caimans (Paiva 
et al., 2022) and mammals (Negri et al., 2010) 
to endemic mollusks and ostracods (Wesselingh 
et al., 2006; Wesselingh and Ramos, 2010). 
Palynology and South American Land Mammal 
Ages (SALMA) point to ages from the Early to 
Late Miocene (Cruz, 1984; Hoorn, 1993; Jara-
millo et al., 2010; Latrubesse et al., 2010). Abso-
lute ages are only available from detrital zircon 
populations in two outcrops in the Acre Basin 
(Bissaro-Jr., et al. 2019) and core 1-AS-14-AM 
at ~95 m depth (Kern et al., 2020; Fig. 1B), both 
pointing to maximum ages in the Late Miocene 
for deposition of the upper Solimões Formation. 

The Solimões Formation can sometimes be 
topped by Quaternary deposits, some of which 
are recognized as the Içá Formation (Maia 
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et al., 1977). The Içá is characterized as highly 
oxidized sandstones and is non-fossiliferous. 
It extends over 1,000,000 km2 from western 
to central Brazilian Amazonia (Reis et al., 
2006) and commonly lies unconformably on the 
Solimões Formation. Age has been inferred as 
Pliocene-Pleistocene due to the stratigraphic 
relationship with the basal Miocene and overly-
ing Late Pleistocene to Holocene beds, however, 
optically stimulated luminescence (OSL) dates 
have restricted it to the Mid-Late Pleistocene 
(Rossetti et al., 2015; Pupim et al., 2019).

A series of boreholes were drilled by the 
Brazilian Geological Survey (CPRM) in the 
1970s (Maia et al., 1977) and many have 
already been studied for palynology (Fig. 1B). 
Here, we present core 1-AS-20-AM (hereafter 
20AM), which was drilled along the Jutaí River 
(−67.533, −3.416) at an altitude of 73 m a.s.l. 
Its original description was performed by Maia 
et al. (1977). The core recovered both Solimões 
and Içá deposits, having reached 304 m, with 
about 62.5% of recovery rate. The Solimões 
Formation spans from 304 to 31 m, and is 

Figure 1. Location map. A. northwestern South America highlighting the Solimões (Miocene) and Içá (Quaternary) formations. 
Basin names in italic. Marine incursion extent adapted from Jaramillo et al. (2017) with adaptations from Silva-Caminha et al. 
(2020) and the present study; B. isopach map of the Miocene deposits in western Amazonia, adapted from Silva-Caminha et al. 
(2020), and location of cores where palynology was studied: 4aAM (Hoorn, 1993), 8AM (Linhares et al., 2019), 9AM (Espinosa 
et al., 2021), 14AM (Kern et al., 2020), 15AM (Gomes et al., 2021), 19AM (Silva-Caminha et al., 2010), 27AM (Silva-Caminha 
et al., 2010), 31AM (Kachniasz and Silva-Caminha, 2016), 33AM (Leite et al., 2021), 34AM (Kachniasz and Silva-Caminha, 2016), 
37AM (Leite et al., 2021), 46AM (Sá et al., 2020), 51AM (Leandro et al., 2022), 52AM (Leandro et al., 2022), 105AM (D’Apolito 
et al., 2021); C. log of core 20AM and position of pollen samples, log performed using SDAR (Ortiz and Jaramillo, 2020) for R
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characterized by muds, silts, sands and less 
often limestones and lignites (Fig. 1C). The 
Içá Formation spans from 31 to 3.5 m and is 
composed of a massive fine to medium-grained 
reddish sandstone package. The first 3.5 m of 
core are recent clays of likely Holocene age 
(Maia et al., 1977).

MATERIAL AND METHODS

We sampled core 20AM in 2012 at the facilities of 
CPRM in Manaus. Layers chosen were those of finer 
and more organic (darker) sediments, sandstones 
were also collected when they displayed a finer and 
dark matrix. From a total of 201 samples, we selected 
58 for pollen analyses and 56 of them were produc-
tive. The Solimões Formation included 54 samples 
and the Içá and Holocene beds were represented by 
one productive sample each. Laboratory procedures 
followed standard techniques with acid dissolution, 
panning and sieving (Riding, 2021), without the use 
of centrifuge, and were conducted by Paleoflora® in 
Colombia. We aimed at counting at least 300 paly-
nomorphs per sample when possible, and identified 
them using regional literature (e.g. D’Apolito et al., 
2021) and the Smithsonian Institute online palyno-
logical database (Jaramillo and Rueda, 2023). We 
compared biostratigraphic events of First Appear-
ance Datum (FAD) and Last Appearance Datum 
(LAD) in core 20AM with the same events in the 
Llanos Basin zonation (Jaramillo et al., 2011) and in 
core 105AM (Fig. 1B; Jaramillo et al., 2017). Due to 
a debate of ages of marine incursions (Espinosa et al., 
2021; Leandro et al., 2022), we did not use marine 
palynomorph spikes as age markers.

Some new pollen and spore were described when 
they were of unique morphology, easy to recognize, 
had been reported as informal in core 105AM (Jara-
millo et al., 2017), or had a known botanical affinity. 
Terminology followed Punt et al. (2007) and Jaramillo 
and Dilcher (2001). All specimens come from core 
1-AS-20-AM, unless otherwise noted. We use the Eng-
land Finder (EF) coordinate system, slides are stored 
at the repository of the Paleontology and Palynology 
Laboratories of the Universidade Federal de Mato 
Grosso (UFMT) in Cuiabá, MT, Brazil. Photomicro-
graphs were performed with a Canon EOS Rebel t5 
on a Zeiss Axioplan2 microscope at a magnification of 
100×; illustrated specimens are new species, biostrati-
graphic markers, species that had been recorded only 
once or illustrated poorly in the literature.

RESULTS

The Solimões Formation included 54 sam-
ples with very good preservation and counts 
averaging ~300 palynomorphs. The sam-
ples from the Içá bed and from the Holocene 
yielded 67 and 252 palynomorphs, respectively. 

Altogether, a total of 16,625 palynomorphs 
and 283 taxa were counted (Raw data counts 
can be accessed at https://doi.org/10.6084/
m9.figshare.26273662 (D’Apolito, 2024)). They 
include two algae, Botryococcus and Pedias-
trum; 14 dinoflagellate cysts and acritarchs; 
206 angiosperm and one gymnosperm pollen; 
and 60 fern spores. We also found six reworked 
taxa of three age groups: Paleozoic (Ammoni-
dium sp.), Cretaceous (Callialasporites dam-
pieri, Elaterosporites klaszi, Gnetaceaepolle-
nites diversus, and Oligosphaeridium sp.) and 
Paleogene (Cicatricosisporites dorogensis).

Biostratigraphic marker species of zone 
T14, Grimsdalea magnaclavata (Fig. 2) was 
found from the basal sample at 286.6 m, and 
Crassoretitriletes vanraadshooveni (Fig. 2), 
which marks zone T15, was found from depth 
272.85 m. At the same depth, the FAD of 
Psilastephanoporites tesseroporus (Fig. 2) was 
found, which is also present at the base of 
zone T15 (Jaramillo et al., 2011). The marker 
of zone T16, Fenestrites spinosus (Fig. 2), has 
a FAD at 114.2 m, and the marker species of 
zone T17, Cyatheacidites annulatus (Fig. 2), 
at 34.9 m. These zones indicate that core 
20AM ranges from Middle to Late Miocene. 
The marine event at the base of the core, from 
286.6 to 225.4 m, is related to the Middle Mio-
cene flooding (Jaramillo et al., 2017). In this 
interval, 15 out of 18 samples have marine 
indicators with an average of 48% (Figs 2 
and 3). The sum of marine palynomorphs 
included Leiospheres after noticing that they 
correlated well with the total sum of dinocysts 
(r2 = 0.65, p < 0.01).

Limited inferences about the age of the 
Içá Formation can be drawn from core 20AM, 
which is due to a single sample with low count 
(n = 67). The presence of Paleosantalaceaepites 
cingulatus could be interpreted as its LAD 
event and correlated with basal zone T18 
(Jaramillo et al., 2011). The topmost sample 
(Holocene) is useful to record taxa from the 
Solimões and Içá formations that still exist 
today in the region, including Cingulatispo-
rites cristatus, Camarozonosporites fossulatus, 
Tetracolporopollenites silvaticus, Ranuncula-
cidites operculatus, Psilamonocolpites nanus, 
Psiladiporites redundantis, Proteacidites poris-
cabratus, Multiporopollenites crassinexinatus, 
Echitricolporites spinosus, Crotonoidaepolleni-
tes reticulatus, Cichoreacidites longispinosus 
and Arecipites regio.

https://doi.org/10.6084/m9.figshare.26273662
https://doi.org/10.6084/m9.figshare.26273662
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Figure 2. Range chart of selected taxa from core 20AM, Solimões Basin, Brazil. Pollen zones follow Jaramillo et al. (2011). 
Dashed-red lines are range of taxa according to Jaramillo et al. (2011) or compared to core 105AM (Jaramillo et al., 2017) when 
taxon is marked with asterisk. Relative abundance of marine palynomorphs based on total palynomorph count
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Figure 3. Photomicrographs of dinoflagellate cysts, foraminiferal linings and leiosphaeres from core 1-AS-20-AM, Solimões 
Basin, western Brazilian Amazonia. 1, 2. Cristadinium sp., 1. sample 23920, EF K13-3, 2. sample 23964, EFK34; 3, 4. Dinocyst 
brown (RBCs), 3. sample 23904, EFH5, 4. sample 23904, EF T46; 5, 6. Foraminiferal linings, 5. sample 23907, EF R50-3/4, 
6. sample 23952, EF F45-4; 7, 8. Leiosphaeridia spp., 7. sample 23904, EF O43-4, 8. sample 23904, EF Q6-3/4; 9–12. Nan-
nobarbophora sp., 9, 10. sample23904, EF S37-1, 11. sample 23912, EF Q41-2, 12. sample 23904, EF Q38-3; 13. Quadrina? 
condita de Verteuil et Norris 1996, sample 23904, EF G8-4; 14. Quadrina? triangulata Cárdenas et al. 2021, sample 23934, 
EF L8; 15. Selenopemphix sp., sample 23920, EF J21-1/2; 16. Spiniferites sp., sample 23901, EF N36; 17. Lingulodinium 
machaerophorum (Deflandre et Cookson 1955) Wall 1967, sample 23912, EF Q40-1/2; 18. Operculodinium spp., sample 23901, 
EF V26-3/4; 19. Trinovantedinium ferugnomatum de Verteuil et Norris 1996, sample 23920, EF M19-1/3; 20. Tuberculodinium 
vancampoae (Rossignol 1962) Wall 1967, sample 23952, EF K17-2/4. All scale bars = 10 µm
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SYSTEMATIC PALYNOLOGY

SPORES

Genus Echinatisporis Krutzsch 1959

Type species Echinatisporis longechinus 
Krutzsch 1959

Echinatisporis adultus sp. nov.
Fig. 4.9–4.12

H o l o t y p e. Sample 23776, EF Y8-1/2, Fig. 4.9 
and 4.10.

P a r a t y p e. Sample 23788, EF V49-1/3, 
Fig. 4.11 and 4.12.

D i a g n o s i s. Polar shape circular to triangu-
lar-obtuse-convex; trilete; symmetry radial; 
laesurae slightly undulating, commissure 
indistinct; echinate; ornamentation 2.6 µm 
(2–3, n = 7); echinate to baculate, echinae thin, 
2 µm tall, < 1 µm wide, ~2 µm apart, distrib-
uted densely and evenly over all surface; 1-lay-
ered; exospore thickness 1.1 µm (1–1.5, n = 7). 

D i m e n s i o n s. Distal view length 37.1 µm 
(33–42, n = 7); distal view width 32.7 µm (26–
38, n = 7); radii length 10 µm; Tli 0.27.

I n t r a s p e c i f i c  v a r i a b i l i t y. Trilete mark 
often not observed. Spines more common, 
sometimes baculae also observed. 

C o m p a r i s o n s. Echinatisporis brevispino-
sus Jaramillo and Dilcher 2001 has dense and 
larger/wider echinae; Apiculatasporites obscu-
rus Jaramillo and Dilcher 2001 has echinae 
with large base and psilate contact area; Pla-
nisporites sp. 2 (Jaramillo and Dilcher, 2001) 
has uneven spines, raised laesure and scabrate 
intexine; Echinatisporis muelleri (Regali et al. 
1974) Silva-Caminha et al. 2010 and E. longechi-
nus Krutzsch 1959, and E. varispinosus (Poc-
ock) Srivastava 1977 have much larger spines 
relative to spores size; Echinatisporis minutus 
van der Kaars 1983 is smaller and has larger 
spines relative to spore size; E. circularis Silva-
Caminha et al. 2010 is smaller, has larger 
spines relative to spore size and curvatura per-
fecta; E. parviechinatus D’Apolito et al. 2019 
has thicker sporoderm, longer and straight 
laesure; Echitriletes minispinosus Jaramillo 
et al. 2014 Informal is much smaller and has 

longer radii; E. minutuechinulatus Jaramillo 
et al. 2014 Informal has smaller and denser 
echinae; Echinatisporis distaequinatus Gomes 
et al. 2021 has echinae restricted to distal face; 
E. infantulus D’Apolito et al. 2021 has smaller 
and sparse echinae, and straight laesura.

E t y m o l o g y. After similarity with E. infantu-
lus D’Apolito et al. 2021.

POLLEN

Genus Arecipites Wodehouse 1933,  
emend. Nichols et al. 1973

Type species Arecipites punctatus  
Wodehouse ex Potonié 1958

Arecipites moicanus sp. nov.
Fig. 5.1–5.8

H o l o t y p e. Sample 23893, EF G21, Fig. 5.1, 
5.2 and 5.3.

P a r a t y p e. Sample 22279, EF H46-1/2, core 
1-AS-105-AM, Fig. 5.4 and 5.5.

S p e c i m e n s. Sample 22290, EF T37-3, core 
1-AS-105-AM, Fig. 5.6 and 5.7; Sample 23893, 
EF G17-2, Fig. 5.8.

D i a g n o s i s. Monad; polar shape ellipsoidal; 
isopolar; symmetry bilateral; monosulcate 
(monocolpate); colpus long, 34 µm, longicolpate, 
slightly costate, costa created by thinning of 
nexine, colpus can be open at one or both ends, 
rounded; tectate; exine 2 µm thick, nexine 0.5, 
columella 0.5, columellae evenly spaced, thin, 
tectum thick, 1 µm; psilate to perforated; het-
erobrochate; psilate on most of the surface 
except the opposite side of the aperture where 
an area of the mesocolpium becomes progres-
sively foveolate to fossulate, foveola 0.5 µm, 
rounded, fossulae 1–2.5 µm long, 0.5 µm wide. 
This ornamented area protrudes due to taller 
columellae, area ~20 × 15 µm.

D i m e n s i o n s. Polar view length 33.8 µm 
(32–38 µm, n = 4); polar view width 27.8 µm 
(26–30 µm, n = 4); colpus length 30.5 µm (25–
34 µm, n = 4).

C o m p a r i s o n s. No monosulcate foveolate/
fossulate species has a protruding exine region.

E t y m o l o g y. After protruding exine like 
a mohican hair.
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Figure 4. Photomicrographs of spores from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1, 2. Cama-
rozonosporites trilobatus D’Apolito et al. 2021, sample 23892, EF D16-3; 3. Cingulatisporites cristatus D’Apolito et al. 2021, 
sample 23964, EF O34-2; 4, 5. Cingulatisporites matisiensis D’Apolito et al. 2021, sample 23892, EF V5; 6. Crassoretitriletes 
vanraadshooveni Germeraad et al. 1968, sample 23900, EF F34-2/4; 7, 8. Cyatheacidites annulatus Cookson 1947, sample 
23728, EF N47; 9, 10. Echinatisporis adultus sp. nov., holotype, sample 23776, EF Y8-1/2; 11, 12. Echinatisporis adultus sp. 
nov., paratype, sample 23788, EF V49-1/3; 13. Laevigatosporites cultellus D’Apolito et al. 2021, sample 23893, EF Q5-3/4; 14. 
Magnastriatites grandiosus (Kedves et Solé de Porta 1963) Dueñas 1980, sample 23804, EF O17; 15, 16. Nijssenosporites fos-
sulatus Lorente 1986, sample 23826, EF U9-4; 17, 18. Psilatriletes marginatus D’Apolito et al. 2021, sample 23728, EF T9-2; 
19, 20. Punctatosporites latrubessei D’Apolito et al. 2021, sample 23766, EF O21-3/4. All scale bars = 10 µm
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Figure 5. Photomicrographs of pollen from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1–3. Arecipites 
moicanus sp. nov., holotype, sample 23893, EF G21; 4, 5. A. moicanus sp. nov., paratype, sample 22279, EF H46-1/2, core 1-AS-
105-AM; 6, 7. A. moicanus sp. nov., specimen, sample 22290, EF T37-3, core 1-AS-105-AM; 8. A. moicanus sp. nov., specimen, 
sample 23893, EF G17-2; 9, 10. Bombacacidites araracuarensis Hoorn 1994, sample 23824. EF K34; 11, 12. Bombacacidites 
fossulatus Silva-Caminha et al. 2010, sample 23824, EF M9-4; 13. Bombacacidites lorenteae (Hoorn) D’Apolito et al. 2021, 
sample 23893, EF T8-4; 14. Bombacacidites muinaneorum Hoorn 1993, sample 23776, EF U8-1/3; 15, 16. Bombacacidites 
nacimientoensis (Anderson 1960) Elsik 1968, sample 23941, EF T43-2; 17–20. Cichoreacidites longispinosus (Lorente) Silva-
Caminha et al. 2010, 17, 18. sample 23824, EF V43-1/2, 19, 20. sample 23893, EF W18. All scale bars = 10 µm
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Genus Dicolpopollis  
Pflanzl 1956 emend. Potonié 1966

Type species Dicolpopollis kockeli  
Pflanzl 1965

Dicolpopollis pottiorum sp. nov.
Fig. 6.1–6.8

H o l o t y p e. Sample 23871, EF H18, Fig. 6.1–
6.3.

P a r a t y p e. Sample 23766, EF F34-1/2, 
Fig. 6.4–6.6.

S p e c i m e n. Sample 23766, EF T23-1, Fig. 6.7 
and 6.8.

D i a g n o s i s. Monad; polar shape long- ellip-
soidal; anisopolar; symmetry bilateral; dicol-
pate; colpi long, 24–33 µm long, wider at mid-
length and tapering at ends, ends pointed, not 
reaching poles, marginate; tectate; columellae 
very short, indistinct, exine 1.5–1.8 µm thick; 
psilate to slightly micropitted, very shallow 
pits scattered irregularly, almost not visible.

D i m e n s i o n s. Polar view length 32 µm 
(28–39 µm, n = 4); polar view width 15.8 µm 
(13–20 µm, n = 4); colpi length 27.2 µm (24–
33 µm, n = 4); colpi width 3.4 µm (1–8 µm, 
n = 4).

C o m p a r i s o n s. Dicolpopollis? obtusipolus 
Silva-Caminha et al. 2010 is reticulate and 
has distinct columellae; Dicolpopollis malesia-
nus Muller 1968 and D. elegans Muller 1968 
are longicolpate and reticulate; Psiladicolpites 
comptus Regali 1989 has distinct stratification 
and exine thickens towards mesocolpium. 

N a t u r a l  A f f i n i t y. Eichhornia/Pontederia 
(Pontederiaceae) (Fig. 6.9–6.12). The dicol-
pate and long- ellipsoidal morphology seems 
to match some Pontederiaceae genera, which 
were chosen as most likely extant affinity with 
the fossil. Other dicolpate extant pollen are dif-
ferent, for instance Dioscorea (Dioscoreaceae) 
has circular equatorial contour and the orna-
mentation much more developed (Alzer et al., 
2001); Some Lepidocaryoid palm genera also 
have dicolpate grains, but ornamentation is 
much coarser, ranging from reticulate, verru-
cate to baculate, clavate (Zavada, 1983); dicol-
pate pollen is observed in the Araceae, but 
also with different shape and ornamentation 

patterns (Zavada, 1983; Ulrich et al., 2013); 
Pedicularis (Orobanchaceae) has sunken colpi 
with an ornamented aperture membranae 
(Halbritter and Heigl, 2021)

E t y m o l o g y. After Brazilian botanists Vali J. 
Pott and Arnildo Pott.

Genus Ladakhipollenites  
Mathur et Jain 1980

Type species Ladakhipollenites levis  
(Sah et Dutta 1966) Mathur et Jain 1980

Ladakhipollenites? pseudonanus 
sp. nov.

Fig. 7.18–7.20

H o l o t y p e. Sample 23883, EF N29-1, Fig. 7.18.

P a r a t y p e. Sample 23733, EF O16, Fig. 7.19.

S p e c i m e n. Sample 22412, EF D8-1, core 
1-AS-105-AM, Fig. 7.20.

D i a g n o s i s. Monad; prolate; isopolar; sym-
metry radial; tricolporate; colpi long, almost 
as long as polar axis, simple to costate, ends 
pointed; pores circular to slightly elliptical, 
small, ~1.9 µm across, simple; exine tectate, 
1 µm, nexine, columellae and tectum 0.3 µm 
each; psilate.

D i m e n s i o n s. equatorial view length 15.8 µm 
(12–19 µm, n = 5); equatorial view width 8.8 µm 
(6–11 µm, n = 5). colpi length 13 µm (10–15 µm, 
n = 5); pore length 1.9 µm (1.5–2 µm, n = 5); 
pore width 1.8 µm (1.5–2 µm, n = 5).

C o m p a r i s o n s. Psilatricolporites varius 
Duenas 1983 is oblate and has simple colpi 
and circular pores only; Ladakhipollenites 
nanus D’Apolito et al. 2021 is tricolpate; 
Tetracolporopollenites nanus D’Apolito et al. 
2021 is oblate, has a broad and flattened 
polar area and larger pores relative to grain 
size; Psilatricolporites vanus Gonzalez 1967 is 
spherical, has large polar area and colpi are 
shorter; P. divisus Regali et al. 1974 is larger 
and has slit-like pores forming endocingulum; 
P. optimus Gonzalez 1967 is larger and has 
perforations in the tectum; P. pachyderma-
tus Lorente 1986 is larger, has shorter colpi 
and slit-like pores; Tetracolporopollenites 
maculosus (Regali et al. 1974) Jaramillo et 
Dilcher 2001 has short colpi and lalongate 
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Figure 6. Photomicrographs of pollen from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1–3. Dicolpopol-
lis pottiorum sp. nov., holotype, sample 23871, EF H18; 4–6. D. pottiorum sp., paratype, sample 23766, EF F34-1/2; 7, 8. 
D. pottiorum sp., specimen, sample 23766, EF T23-1; 9–12. Eichhornia crassipes (Mart.) Solms, Pontederiaceae (CGMS46557_
PALMA1134); 13, 14. Echidiporites barbeitoi (Muller et al. 1987) D’Apolito et al. 2021, sample 23904, EF P12; 15–17. Echi-
periporites akanthos Van der Hammen et Wymstra 1964, sample 23788, EF C15; 18–20. Sagittaria rhombifolia Cham., Alis-
mataceae (CGMS55742_PALMA997); arrows in 15, 17 18 and 20 point to pores, note the similarity of these two pantoporate 
grains, Sagittaria is a likely affinity of the fossil E. akanthos. All scale bars = 10 µm
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Figure 7. Photomicrographs of pollen from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1. Echiperiporites 
estelae Germeraad et al. 1968 (sample 23729, EF Y42-4); 2. Echiperiporites germeraadii Leite et al. 2021 (sample 23729, 
EF O9-2); 3. Echiperiporites jutaiensis Silva-Caminha et al. 2010 (sample 23826, EF H6-1); 4–6. Echiperiporites lophatus 
Silva-Caminha et al. 2010 (sample 23788, EF S43-2); 7. Echitricolporites spinosus Van der Hammen 1956 (sample 23815, 
EF M18); 8–11. Fenestrites spinosus Van der Hammen 1956 (8-sample 23728, EF K3-4; 23815, EF S19); 12. Foveotricolpites 
colpiconstrictus (Hoorn 1994) D’Apolito et al. 2021 (sample 23956, EF W6-3/4); 13, 14. Foveotricolporites crassus Leite et al. 
2021 (sample 23902, EF N29-1); 15, 16. Grimsdalea magnaclavata Germeraad et al. 1968 (sample 23938, EF L9); 17. Lada-
khipollenites? caribbiensis (Muller et al. 1987) Silva-Caminha et al. 2010 (sample 23840, EF L8-2/4); 18. Ladakhipollenites? 
pseudonanus sp. nov. (Holotype, sample 23883, EF N29-1); 19. L.? pseudonanus sp. nov. (Paratype: sample 23733, EF O16); 
20. L.? pseudonanus sp. nov. (Specimen: sample 22412, EF D8-1, core 1-AS-105-AM). All scale bars = 10 µm
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pores; Tetracolporopollenites sp. 1 (Jaramillo 
and Dilcher, 2001) has strongly costate colpi, 
and large lalongate pores; Psilatricolporites 
atalayensis Hoorn 1993 has lalongate pores; 
Tetracolporopollenites labiatus (Hoorn 1993) 
D’Apolito et al. 2021 has broad polar areas, 
short colpi and protruding pores; Tetracol-
poropollenites magniporatus (Hoorn 1993) 
D’Apolito et al. 2021 is larger and has much 
larger pores relative to grain size; Horniella 
megaporata Silva-Caminha et al. 2010 has 
larger pores relative to grain size; Psilatri-
colporites protrudus Kar and Singh 1986 is 
larger and brevicolpate; Ladakhipollenites? 
densicolumellatus D’Apolito et al. 2019 has 
dense columellate exine, strongly costate colpi 
and forms endocingulum.

E t y m o l o g y. After superficial similarity to 
Ladakhipollenites nanus D’Apolito et al. 2021.

Genus Liliacidites  
Couper 1953

Type species Liliacidites kaitangataensis 
Couper 1953

Liliacidites abruptus sp. nov.
Fig. 8.1–8.3

H o l o t y p e. Sample 23728, EF J9-1/3, Fig. 8.1–
8.3.

S y n o n y m y. Bromeliacidites sp. 1, Jaramillo 
et al., 2014.

D i a g n o s i s. Monad; polar shape wide-ellip-
tic; anisopolar; symmetry asymmetric; mono-
sulcate (monocolpate); colpus long, 36 µm, 
tapering, with rounded ends, simple, wide, 
extending nearly entire length of grain, mar-
gins masked by reticulum; semitectate; exine 
thinner at poles, 1 µm, nexine, columellae and 
tectum ~0.3 µm each; exine thicker at mesocol-
pium, 1.5 µm, nexine, columellae and tectum 
0.5 µm each. Columellae distinct, well-spaced 
at mesocolpium; reticulate, strongly hetero-
brochate, lumina becomes sharply wider from 
poles to mesocolpium, 1–4 µm wide, rounded to 
sub-polygonal, smaller lumina sometimes seen 
among larger ones, muri of constant width 
~1 µm wide, simplicolumellate; micro-reticu-
late to micropitted at poles, lumina rounded, 
~0.5 µm wide.

D i m e n s i o n s. polar view length 46 µm (46–
46 µm, n = 1); polar view width 33 µm (33–
33 µm, n = 1); colpus length 36 µm (36–36 µm, 
n = 1); colpus width 4 µm (4–4 µm, n = 1).

C o m p a r i s o n s. Bromeliacidites sp. 2 (Jara-
millo et al., 2014) Informal is intectate and bac-
ulate; Liliacidites exilimuratus (Legoux 1978) 
Eisawi and Schrank 2008 has larger lumina in 
the proximal side, interspersed with smaller 
lumina. Liliacidites sp. A (Muller et al. 1987) 
and Liliacidites sp. B (Muller et al. 1987) 
have coarser reticulum and heterobrochate 
pattern is less sharp; L. variegatus Couper 
1953 is smaller, baculate-clavate with a finer 
reticulum; L. kaitangataensis Couper 1953 
is much larger and clavate-baculate; L. divi-
duus (Pierce 1961) Brenner 1963 is smaller, 
more circular in outline and heterobrochate 
reticulum not evident; L. aegyptiacus Penny, 
1986 is smaller and finely reticulate; L. regu-
laris Archangelsky 1973 has wider lumina 
and lacks conspicuous heterobrochate pat-
tern of the reticulum; L. faragraensis Ibrahim 
1997 is smaller, with more polygonal lumina; 
L. baculatus Venkatachala and Kar 1969 is 
much thicker; L. vermireticulatus Archangel-
sky and Zamaloa 1986 has finer ornamenta-
tion, foveolate to fossulate; L. aviemorensis 
McIntyre 1968 has much larger lumina rela-
tive to grain size, including smaller lumina 
at the corners of larger ones; L. bainii Stover 
in Stover and Partridge 1973 is very finely 
reticulate; L. lanceolatus Stover in Stover 
and Partridge 1973 has thinner exine, muri 
decreasing gradually and indistinct columel-
lae at poles. 

N a t u r a l  A f f i n i t y. Encholirium/Tilland-
sia/Vriesea (Bromeliaceae) (Fig. 8.4). The 
marked reticulate, strongly heterobrochate 
and ellipsoidal polar shape suggest an affin-
ity with some Bromeliaceae genera. Genera 
Encholirium, Vriesea and Tillandsia share 
those characteristics, plus the smaller retic-
ula surrounding the main reticulum (Halbrit-
ter, 2016; Santos et al., 2019; Souza et al., 
2021). Some genera of the Liliaceae also have 
similar morphologies (Kosenko, 1999; Hu 
et al., 2021), but the family is rare in South 
America, therefore we suggest a more likely 
affinity with Bromeliaceae.

E t y m o l o g y. After abrupt difference in mesh 
size from meso- to apocolpium.
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Genus Loranthacites Mtchedlishvili in 
Samoilovitch et Mtchedlishvili 1961

Type species Loranthacites macrosolensides 
Samoilovitch et Mtchedlishvili 1961

Loranthacites magnopolaris sp. nov.
Fig. 8.6–8.9

H o l o t y p e. Sample Socorro-1097m, EF H25-2, 
site Urumaco, Fig. 8.6 and 8.7.

P a r a t y p e. Sample Socorro-1440m, EF O49-
1/3, site Urumaco, Fig. 8.8.

S p e c i m e n. Sample 23912, EF H12, Fig. 8.9.

D i a g n o s i s . Monad, radial, isopolar, triangu-
lar-obtuse-straight, tricolpate; colpi at angles 
(anguloaperturate), long, ~23 µm, almost 
reaching poles, costate, costa 1 µm thick and 
1 µm wide; tectate, exine 1.2 µm thick, nex-
ine 0.5 µm; columellae 0.4 µm; tectum 0.4 µm, 
columellae distinct, closely spaced, sometimes 
appearing indistinct; nexine increasing to 1 µm 
near the colpi; the exine thickness also at the 
apocolpia producing a darkness area circular 
in shape, 7–8 µm in diameter; psilate, some-
times columellae seen through tectum.

D i m e n s i o n s. Polar view length 36.3 µm 
(31.6–40 µm, n = 6); polar view width 34.8 µm 
(30.8–37 µm, n = 5); colpi length 23.5 µm (14–
33 µm, n = 6); colpi width 1.3 µm (1–1.5 µm, 
n = 6).

C o m p a r i s o n s. Loranthacites digitatus 
Da silva et al. 2010 has columellae digitate; 
L. atriensis Jaramillo et al. 2014 Informal and 
L. crassitatus Informal (Jaramillo and Rueda, 
2023) have a concave shape with thicker exine 
in intercolpium; Loranthacites natalie Salard-
Cheboldaeff 1978 is demicolpate and reticu-
late; Loranthaceae marginalis Jaramillo et al. 
2014 Informal is parasyncolpate with thin-
ner exine in mesocolpium; Loranthaceae oryc-
tanthusis Jaramillo et al. 2014 Informal has 
pseudopores in the mesocolpium area; Loran-
thacites tabatingensis D’Apolito et al. 2021 is 
syncolpate.

N a t u r a l  A f f i n i t y. Loranthaceae.

E t y m o l o g y. After thicker and darker area at 
apocolpium.

Genus Malvacipolloides  
Anzótegui et Garalla 1986

Type species Malvacipolloides densiechinata 
Anzótegui et Garalla 1986

Malvacipolloides? dupliechinatus sp. nov.
Fig. 8.13–8.15

H o l o t y p e. Sample 23811, EF M8-3, Fig. 8.13–
8.15.

D i a g n o s i s. Monad; tricolporate; aperture 
not clear, probably tricolporate, colpi short and 
simple; semitectate, thin, 1 µm thick, nexine 
0.5 µm, columellae ~0.3 µm, tectum ~0.3 µm; 
echinate; homobrochate; echinate and reticu-
late; echinae large, 4–5 µm tall, 4 µm wide at 
base, end rounded, clustered in groups of two 
or four; reticulate, lumina 1–2 µm wide, subpo-
lygonal, muri ~0.5 µm wide, simplicolumellate.

D i m e n s i o n s. Equatorial view length 56 µm 
(56–56 µm, n = 1); equatorial view width 60 µm 
(60–60 µm, n = 1); colpi length 26 µm (26–
26 µm, n = 1); colpi width 5 µm (5–5 µm, n = 1); 
pore length 10 µm (10–10 µm, n = 1); pore 
width 5 µm (5–5 µm, n = 1).

C o m m e n t s. The species is placed provision-
ally in Malvacipolloides until the apertural 
type and number is confirmed.

E t y m o l o g y. After spines arranged in groups 
of two.

Genus Perisyncolporites  
Germeraad et al. 1968

Type species Perisyncolporites pokornyi  
Germeraad et al. 1968

Perisyncolporites verrucosus sp. nov.
Fig. 9.1, 9.2

H o l o t y p e. Sample 23824, EF V18-1/2, 
Fig. 9.1 and 9.2.

D i a g n o s i s. Monad; shape spherical; apolar; 
symmetry radial; syncolporate; colpoids long, 
connecting pores, marginate, colpi surface orna-
mented by small verrucae; tectate; stratification 
unclear, nexine thick, 2 µm, tectum 1–2 µm; 
verrucate; verrucae short, 1–2 µm tall, of irreg-
ular shape, 2–6 µm long, 2–4 µm wide; smaller 
rounded verrucae interspersed, 2 × 2 µm. 
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Figure 8. Photomicrographs of pollen from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1–3. Liliacidites 
abruptus sp. nov., holotype, sample 23728, EF J9-1/3; 4. Encholirium lymanianum E. Pereira et Martinelli, Bromeliaceae 
(CGMS17067_PALMA1315); 5. Loranthacites apicirculumreticulatus Gomes et al. 2021, sample 23956, N11-4; 6–9. Lorantha-
cites magnopolaris sp. nov., 6, 7. holotype, sample Urumaco-Socorro 1097m, EF H25-2, 8. paratype, sample Urumaco-Socorro 
1440 m, EF O49-1/3, 9. specimen, sample 23912, EF H12; 10, 11. Malvacipollis spinulosa Frederiksen 1983, sample 23883, 
EF W7-1; 12. Piranhea trifoliata Baill., Picrodendraceae (CGMS41376_PALMA1214); note the similarity of these two zonopor-
ate grains, P. trifoliata is a likely affinity of the fossil M. spinulosa; 13–15. Malvacipolloides? dupliechinatus sp. nov., holotype, 
sample 23811, EF M8-3; 16. Mauritiidites franciscoi var. franciscoi (Van der Hammen 1956) Van Hoeken-Klinkenberg 1964, 
sample 23941, EF U41-1; 17, 18. Pachydermites diederixi Germeraad et al. 1968, sample 23900, EF W19-2/4; 19. Paleosan-
talaceaepites cingulatus Jaramillo et al. 2011, sample 23797, EF M39-2; 20. Passifloriidites pseudoperculatus D’Apolito et al. 
2021, sample 23811, EF R7. All scale bars = 10 µm
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D i m e n s i o n s. Equatorial view length 32 µm 
(32–32 µm, n = 1); equatorial view width 32 µm 
(32–32 µm, n = 1); colpi length 16 µm (16–
16 µm, n = 1); colpi width 3 µm (3–3 µm, n = 1); 
pore length 4 µm (4–4 µm, n = 1); pore width 
4 µm (4–4 µm, n = 1).

C o m p a r i s o n s. Perisyncolporites pokornyi 
Germeraad et al. 1968 was described as psi-
late. However, some very well-preserved speci-
mens have been seen with irregular verrucae, 
which could reveal morphological variability 
attributable to known extant species within 
the Malpighiaceae (see below).

N a t u r a l  A f f i n i t y. Heteropterys/Mascag-
nia (Malpighiaceae) (Fig. 9.3 and 9.4). The 
periporate spherical morphology with colpoids 
connecting pores is typical of some Malpighi-
aceae. Such morphology combined with vary-
ing degrees of rugulate/verrucate ornamenta-
tion has been described for some genera like 
Heteropterys/Mascagnia (e.g. Gonçalves-Este-
ves et al., 2007; Belonsi and Gasparino, 2015).

E t y m o l o g y. After verrucate ornamentation.

Genus Psilabrevitricolporites  
Van der Kaars 1983

Type species Psilabrevitricolporites  
simpliformis Van der Kaars 1983

Psilabrevitricolporites triangularis  
(Van der Hammen et Wymstra 1964)  

Jaramillo et Dilcher 2001 
Fig. 9.5

S p e c i m e n. Sample 23964, EF L38, Fig. 9.5.

S y n o n y m s. 
1964 Psilatricolporites triangularis Van der Hammen 

and Wymstra, 1964, p. 237, pl. 3, figs 7, 8.
1970 Psilatricolporites molinae Schuler and Doubin-

ger, 1970
1978 Brevicolporites molinae (Schuler and Doubinger, 

1970) Salard-Cheboldaeff, 1978

D e s c r i p t i o n. Monad; polar shape triangu-
lar-obtuse-convex; isopolar; symmetry radial; 
tricolporate; lalongate; colpi short, borders 
straight, ends rounded.; tectate; nexine thick-
ens to 2 µm around pores, columellae indis-
tinct; psilate.

D i m e n s i o n s. Polar view length 25 µm (25–
25 µm, n = 2); colpi length 7 µm (7–7 µm, n = 1); 

pore length 2 µm (2–2 µm, n = 1); pore width 
3 µm (3–3 µm, n = 1).

R e m a r k s. Brevicolporites molinae (Schuler 
et Doubinger 1970) Salard-Cheboldaeff 1978 
is a junior synonym of Psilabrevitricolporites 
triangularis.

N a t u r a l  A f f i n i t y. Apocynaceae/Sapinda-
ceae

Genus Rhoipites Wodehouse 1933

Type species Rhoipites bradleyi  
Wodehouse 1933

Rhoipites gracilis sp. nov.
Fig. 9.11–9.13 

H o l o t y p e. Sample 23883, EF N29-1, 
Fig. 9.11–9.13.

D i a g n o s i s. Monad; equatorial shape perp-
rolate; isopolar; symmetry radial; tricolporate; 
circular; colpi long, 37 µm long, thin, highly 
invaginated, ends rounded; pores circular, sim-
ple; exine semitectate, nexine 1 µm, columellae 
1 µm, tectum 1 µm; columellae slightly shorter 
at polar area; reticulate; homobrochate; retic-
ulate, lumina 1–1.5 µm, rounded to slightly 
elongate, muri 1 µm wide, simplicolumellate.

D i m e n s i o n s. equatorial view length 48 µm 
(48–48, n = 1); equatorial view width 20 µm (20–
20 µm, n = 1); colpi length 37 µm (37–37 µm, 
n = 1); colpi width 1 µm (1–1 µm, n = 1); pore 
length 2 µm (2–2 µm, n = 1); pore width 2 µm 
(2–2 µm, n = 1).

C o m p a r i s o n s. Crassitricolporites brasi-
liensis Herngreen 1972 has thicker nexine; 
Paleosantalaceaepites distinctus Jaramillo et 
Dilcher 2001 is endocingulate; Polotricolporites 
versabilis Gonzalez 1967 is thinner and has 
thicker exine at apocolpium; Foveotricolpites 
simplex (Gonzalez 1967) D’Apolito et al. 2021 
has a finer reticulate and is tricolpate; Reti-
tricolporites alexii Herngreen 1975 is larger 
and reticulum is supratectate; R. belmontensis 
Regali et al. 1974 has thicker exine at poles 
and is more coarsely reticulate; R. ellipticus 
van Hoeken-Klinkenberg 1966 is smaller but 
has larger lalongate pore relative to grain 
size; R. exinamplius Sarmiento 1992 is finely 
perforated and has thicker exine; R. marianis 
Gonzalez 1967 is thicker and more coarsely 
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Figure 9. Photomicrographs of pollen from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1, 2. Perisyncol-
porites verrucosus sp. nov., sample 23824, EF V18-1/2; 3, 4. Heteropterys afrodisiaca Machado, Malpighiaceae, UFMT41702_
PALMA848; 5. Psilabrevitricolporites triangularis (Van der Hammen et Wymstra 1964) Jaramillo et Dilcher 2001, specimen, 
sample 23964, EF L38; 6, 7. Ranunculacidites pontoreticulatus D’Apolito et al. 2021, sample 23956, EF W7-3/4; 8–10. Rhoipites 
alfredii Leite et al. 2021, sample 23811, EF K15-1; 11–13. Rhoipites gracilis sp. nov., holotype, sample 23883, EF N29-1; 14. 
Rousea cavitata Leite et al. 2021, sample 23856, EF C20; 15, 16. Scabramonocolpites bonus Dueñas 1983, specimen, sample 
23840, EF E4-4; 17, 18. Scabramonocolpites bonus Dueñas 1983, specimen, sample 23840, EF E4-4; 19, 20. Piper fuligineum 
Kunth, Piperaceae (CGMS66120_PALMA1613). All scale bars = 10 µm
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reticulate; R. perpusillus Regali et al. 1974 is 
strongly heterobrochate; Rhoipites guianensis 
(Van der Hammen et Wymstra 1964) Jara-
millo et Dilcher 2001 is bireticulate, lumina 
elongate along polar axis; R. hispidus (Van 
der Hammen et Wymstra 1964) Jaramillo et 
Dilcher 2001 has endexine thinning towards 
poles and finer reticulate; Tetracolporopollen-
ites magniporatus (Hoorn 1993) D’Apolito et al. 
2021 is psilate to microreticulate and has large 
pores; R. caputoi (Hoorn 1993) D’Apolito et al. 
2021 is microreticulate and has thicker exine 
relative to grain size; R. planipolaris Jaramillo 
et al. 2010 is smaller and strongly heterbro-
chate; Retitricolporites ogowensis Boltenha-
gen 1976 has lolongate pores and is strongly 
heterobrochate; Cistacearumpollenites rotun-
diporus Silva-Caminha et al. 2010 is smaller 
and finely reticulate; Retitrescolpites? traversei 
Silva-Caminha et al. 2010 has a coarser retic-
ula; Rhoipites gigantiporus Silva-Caminha 
et al. 2010 has much larger pores; R. negroen-
sis D’Apolito et al. 2019 has a coarser reticula; 
Retitricolporites crucipori Muller 1968 is het-
erobrochate; R. semistriatus Muller 1968 is 
striate; Multiareolites? reticulatus Leite et al. 
2021 has areola.

E t y m o l o g y. After the slender (gracile) shape.

Genus Scabramonocolpites Mathur 1966

Type species Scabramonocolpites longicolpatus 
Mathur 1966

Scabramonocolpites bonus Dueñas 1983
Fig. 9.15–9.18

S p e c i m e n s. Sample 23840, EF E4-4, 
Fig. 9.15 and 9.16; sample 23840, EF E4-4, 
Fig. 9.17 and 9.18.

D e s c r i p t i o n. Monad; polar shape ellipsoi-
dal; isopolar; symmetry bilateral; monosulcate 
(monocolpate); colpus long, almost as long as 
polar axis, simple; intectate; exine thickness 
<1 µm; both positive and negative elements 
observed; scabrate to micropitted, small sca-
brae/microverrucate, rounded, ~0.5 µm, pits 
less common, rounded, ~0.5 µm, elements 
densely distributed. 

D i m e n s i o n s. Polar view length 21.6 µm (17–
30 µm, n = 5); polar view width 13 µm (10–16 µm, 
n = 3); colpus length 14.5 µm (14–15 µm, n = 2).

C o m p a r i s o n s. S. abajiensis Jan du Chene 
et al. 1978 is larger, thicker, colpus reaches 
poles and exine is scabrate; Gemmamonocol-
pites pilulus Askin 1994 is larger and gemmae/
verrucae larger relative to grain size; Cycadop-
ites stonei Helby 1987 is strongly verrucate 
and colpi ends are open; Monosulcites chalo-
neri Brenner 1963 is strongly verrucate. 

N a t u r a l  A f f i n i t y. Piperaceae? (Fig. 9.19 
and 9.20). The small-sized and boat-shaped 
ellipsoid morphology suggests affinity with 
the Piperaceae. However, extant Piper pollen 
grains, for instance, are even smaller, ranging 
around 10 µm or less (Fontes et al., 2020; Jara-
millo and Rueda, 2023).

Genus Striamonocolpites  
Mathur et Mathur 1969

Type species Striamonocolpites longicolpatus 
Mathur et Mathur 1969

Striamonocolpites paludosus sp. nov.
Fig. 10.1–10.8

H o l o t y p e. Sample 23941, EF S15-3/4, 
Fig. 10.1–10.3.

P a r a t y p e. Sample 23941, EF V39, Fig. 10.4 
and 10.5.

S p e c i m e n. Sample 23941, EF S40-3, 
Fig. 10.6–10.8.

D i a g n o s i s. Monad; polar shape ellipsoidal; 
isopolar; symmetry bilateral; monosulcate 
(monocolpate); colpus long, reaching poles, 
often open at ends, marginate, margo cre-
ated by thinning of exine, both polar and cen-
tral area often break; exine tectate, nexine 
~0.7 µm, columellae ~0.7 µm, thin, regularly 
spaced, tectum ~0.7 µm thick. Exine thinning 
towards poles; striate and reticulate; striae 
thin, ~0.5 µm, nexine surface pitted, pits 
rounded, very small ~0.5 µm, denser in the 
central area, gradually becoming heterobro-
chate smooth toward poles.

D i m e n s i o n s. Polar view length 53.6 µm 
(42–58 µm, n = 8); polar view width 25.4 µm 
(22–31 µm, n = 8); colpus length 53.6 µm (42–
58 µm, n = 8).

C o m p a r i s o n s. Striamonocolpites recto-
striatus Legoux 1978 has much thicker and 
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well-spaced striae; S. anastomosus Boudour-
esque 1980 has striae bifurcating and anas-
tomosing; S. undatostriatus Legoux 1978 has 
undulating striae.

N a t u r a l  A f f i n i t y. Cabomba (Cabomba-
ceae) (Fig. 10.9 and 10.10). The large monosul-
cate and striate morphology strongly suggests 
an affinity with Cabomba (Taylor et al., 2008; 

Lorente et al., 2017). Monoaperturate-striate 
grains from other families are different (e.g. 
Kosenko, 1999; Alzer et al., 2021).

E t y m o l o g y. after the extant ecology of 
Cabomba, aquatics living in lakes, marshes, 
and other shallow and slow running waters 
(Schooler et al., 2009).

Figure 10. Photomicrographs of pollen from core 1-AS-20-AM, Solimões Basin, western Brazilian Amazonia. 1–3. Striamono-
colpites paludosus sp. nov., holotype, sample 23941, EF S15-3/4; 4, 5. Striamonocolpites paludosus sp. nov., paratype, sample 
23941, EF V39; 6–8. Striamonocolpites paludosus sp. nov., specimen, sample 23941, EF S40-3; 9, 10. Cabomba furcata Schult. 
et Schult.f., Cabombaceae (CGMS59302_PALMA1016); 11, 12. Verrustephanoporites intraverrucosus D’Apolito et al. 2021, 
sample 23941, EF D13-1. All scale bars = 10 µm
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DISCUSSION

The biostratigraphic events reported for 
core 20AM are broadly in agreement with other 
cores from the Solimões Formation (Fig. 1B), 
strengthening the idea that such events are 
comparable basinwide and can be correlated 
with zonation schemes elsewhere (Germeraad 
et al., 1968; Lorente 1986; Jaramillo et al., 
2011). One novel finding is the occurrence 
of C. annulatus (Fig. 4.7–4.8), proving the 
existence of the T17 zone in 20AM. This con-
firms a longer Late Miocene sequence for the 
Solimões Formation in comparison to previous 
studies, which could go up to ~7 Ma (Jaramillo 
et al., 2011). 

The occurrence of F. spinosus (Fig. 7.8–7.11) 
is also noteworthy, given this taxon is rare in 
Amazonia but a zone marker in Colombia and 
Venezuela (Lorente, 1986; Jaramillo et al., 
2011). Its FAD has been observed close to the 
FAD of G. magnaclavata in core 33AM (Leite 
et al., 2021), which suggests T16 could be 
thicker than observed (Espinosa et al., 2021) or 
that some events are older than thought. This 
will need further testing and appropriate age 
calibrations. The range of Ladakhipollenites? 
caribbiensis (Fig. 7.17) is evidently long and 
older than T16, which invalidates this taxon 
as a marker of the latest Miocene or Pliocene 
(Leite et al., 2021).

The age assignment of the Içá Formation 
as T18 in core 20AM is only tentative due to 
its thin stratigraphy, a single sample and lim-
ited amount of palynomorphs found. This zone 
ranges from 4.8 Ma to modern times, however, 
is largely affected by an accumulation of LADs 
attributed to the edge effect (Jaramillo et al., 
2011). Given the assumed hiatus between 
deposition of the Solimões and Içá units, and 
between Içá and the Holocene cover, we do not 
base any interpretations on LADs found in 
the topmost Solimões samples in core 20AM. 
It is worth noting that the markers G. mag-
naclavata and C. vanraadshooveni are absent 
in the Içá Formation sample, their LADs are 
estimated at 3.4 Ma (Jaramillo et al., 2011). 
In addition, P. cingulatus has a similar esti-
mated LAD at ~3.7 Ma and was observed. 
These events are interpreted with caution but 
could indicate at least a 3 to 4 million years 
gap between both formations in core 20AM. 
Absolute OSL dates for the upper part of the 
Içá Formation are 110,000 years in outcrops in 

the region of core 20AM (Pupim et al., 2019) 
and up to ~220,000 years elsewhere in the 
basin (Rossetti et al., 2015), which would cre-
ate and even longer hiatus of ~6 million years. 
At this stage, it is difficult to reconcile palynol-
ogy and absolute ages of the topmost Solimões 
and Içá formations, as the lack of a thick Plio-
cene sequence impedes that attempt.

One outstanding result from core 20AM 
is the >61 m of samples with high counts of 
marine indicators. This contrasts with much 
thinner marine layers in other cores like 4.7 m 
in 105AM (Jaramillo et al., 2017) and ~14 m 
in 9AM (Espinosa et al., 2021). Exceptions are 
cores 51AM (Leandro et al., 2022) and 46AM 
(Sá et al., 2020) that have marine indicators 
intermittently along intervals encompassing 
>65 m each. These results indicate that the 
northern part of the Solimões Basin may have 
been more intensely affected by marine set-
tings in the Middle Miocene than previously 
thought. Finally, we highlight the importance 
of the present data for biodiversity analyses – 
the chronology proposed for core 20AM allows 
a more complete sequence of the Miocene in 
western Amazonia. This will let us correlate 
cores more precisely and have a longer and 
continuous set of samples to attempt answer-
ing important questions like the response of 
vegetation to landscape and climatic events 
during the Neogene (e.g. D’Apolito et al., 2021; 
Hoorn et al., 2022a, b).
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