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1 Introduction 
 
Quantonenpollenites was first discovered and 
established by Yu et al. (1983) during their study on the 
Cretaceous palynological assemblages in the southern part 
of the Songliao Basin. It was identified as the index pollen 
of the Quantou Formation, with five species described, 
namely Q. crassatus, Q. mirificus, Q. boehlensis, Q. tenus, 
and Q. minor. They proposed that its outline, colpus, and 
exine structure showed affinities with angiosperms, 
suggesting it might be an extinct ancient angiosperm 
pollen. Gao et al. (1999) also regarded 
Quantonenpollenites as an extinct ancient angiosperm 
pollen. Based on specimens from the northern part of the 
Songliao Basin, they established five additional species 
under this genus: Q. labiatus, Q. trigoncrassatus, Q. 
megaprojectus, Q. striatus, and Q. megacolpus. Huang et 
al. (2011) and Zhang et al. (2012) also supported the view 
that Quantonenpollenites, with its unique shape and 

structure, is angiosperm pollen. However, study on 
palynomorphs from the Upper Cretaceous salt-bearing 
strata in Huai'an, Jiangsu Province, suggested that the 
morphologically peculiar genus Quantonenpollenites 
might be a pteridophyte spore (Yang and Zhou, 1995; 
Yang and Zhou, 2002). Li (2001) considered that 
Quantonenpollenites and Galeacornia are two taxa with 
very similar morphological features, but their taxonomic 
positions remain unclear. Stover (1963) proposed that the 
genus Galeacornia might be related to certain 
angiosperms with monocolpate pollen or gymnosperms 
with monosulcate pollen, but its morphology is more 
similar to spores, and its exact position remains uncertain. 
In summary, the taxonomic affiliation of 

Quantonenpollenites remains undetermined. 
Quantonenpollenites is of great significance in indicating 
the stratigraphic attribution. Its hosting strata, Qunatou 
Formation, has become the core of debates when dividing 
the boundary between the Upper and Lower Cretaceous 
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Abstract: Quantonenpollenites, a pollen taxon which was assumed to be angiosperm, is of great significance in confirming 

the geological age of its bearing strata. Aims to clarify the taxonomic affiliation of Quantonenpollenites, we investigated 

the external morphology and internal structure using Light Microscopy (LM), Scanning Electron Microscopy (SEM), and 

Transmission Electron Microscopy (TEM). According to TEM observations, the exine of Quantonenpollenites pollen is 

unstratified with the absence of a columellar layer, and the exine is tightly connected with the intine. Based on 

comprehensive morphological evidence, especially the lack of columellar layer which is typical characteristics existing in 

almost all angiosperm pollen, the botanical affinity of Quantonenpollenites should be attributed to gymnosperms rather than 

angiosperms as previously thought. Through comparative analysis, it may have a close affinity with Ephedra, but further 

analytical data are still needed for verification. As a characteristic palynological type of the Quantou Formation in the 

Songliao Basin, the occurrence of Quantonenpollenites has indicative significance for determining the age of the hosting 

strata. By systematically clarifying the phylogenetic affiliation of Quantonenpollenites, together with the other associated 

palynomorphs, this study provides crucial reference materials for defining the stratigraphic age range of the Quantou 

Formation (Cenomanian to early Turonian), improves the resolution of stratigraphic age calibration of the Quantou 

Formation, and provides key paleontological evidence for the refined division of the terrestrial Cretaceous 

chronostratigraphic framework in the Songliao Basin. 
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strata. Taking Quantonenpollenites, the characteristic 
taxon of this stratigraphic unit, as the starting point, this 
paper analyzes the ultrastructural characteristics of pollen 
using Scanning Electron Microscopy (SEM) and 
Transmission Electron Microscopy (TEM) techniques, 
aiming to provide evidence for the taxonomic affiliation of 
Quantonenpollenites. It is expected to further supplement 
and improve the pollen evolutionary series in the middle 
Cretaceous. The research results are of great significance 
for the accurate determination of the Quantou Formation. 

 
2 Materials and Methods 

 
In the study of Cretaceous palynoflora collected from 
the Tieli area of Heilongjiang Province (Fig. 1), abundant 
of Quantonenpollenites pollen grains were discovered in 
one sample from the Quantou Formation, with the 
lithology of grayish-black mudstone, providing valuable 
research materials for in-depth studies on the systematic 
taxonomic affiliation of Quantonenpollenites. The 
Quantou Formation is mainly distributed in the central and 
eastern parts of the Songliao Basin, overlying the 
Denglouku Formation and underlying the Qingshankou 
Formation. Its lithology is dominated by interbeds of 
purple-gray, gray-white, and a small amount of light gray-
green sandstones with dark purple-red, purple-brown, and 
brown-red mudstones. Locally, gray-green and black 
mudstones are intercalated in the central depression area. 
The thickest part of the strata reaches over 2000 m, and it 
is in continuous deposition with the underlying Denglouku 
Formation (Yu et al., 1983; Fan et al., 2017; Zhen et al., 
2022; Zhao et al., 2023). 
To observe the detailed morphological characteristics, 
we picked single pollen and spore grains of key taxa under 
a Light Microscope and photographed the same grain 
under both a Light Microscope and a Scanning Electron 
Microscope (Fig. 2). The selected Quantonenpollenites 
were cut using a Focused Ion Beam Scanning Electron 
Microscope (FIB-SEM), with the main procedures as 
follows. 
Sample picking: Single pollen samples were transferred 
onto pre-treated coverslips using micromanipulation 
techniques, and a positioning marker area with a diameter 
of 2 mm was immediately established around the samples 
using a solvent-resistant marker pen. For samples treated 
with glycerol medium, they were placed on a dryer with 
the temperature set to 70ÁC, and the slides were heated to 
remove glycerol or moisture. For trace amounts of 
glycerol, the samples could be placed on a clean 
laboratory bench and left to stand at room temperature for 
12 h to allow the medium to evaporate naturally. 
Gold sputtering: After sample pretreatment, precious 
metal coating was performed using a GVC-2000 high-
vacuum ion sputtering coating system. We deposited a 5 
nm thick uniform gold-palladium (Au-Pd) alloy 
conductive layer on the sample surface using DC 
magnetron sputtering technology (sputtering current: 10 
mA, time: 60 s). This process can effectively reduce the 
surface resistivity of the sample and suppress the charge 
accumulation effect during Scanning Electron Microscope 
(SEM) imaging, thereby ensuring the acquisition of high-

resolution morphological characteristics of the sample 
under accelerating voltage. 
FIB-SEM observation: The precious metal-coated 

samples were precisely positioned on the multi-axis 
motorized stage of the Zeiss Crossbeam 550 FIB-SEM, 
and the localization of microfossils was accomplished 
using an InLens secondary electron detector. After 
selecting an appropriate section position, a stepwise 
milling strategy was adopted, and the selected position of 
the sample was cut with an ion beam of appropriate 
energy. Switching to low-damage observation mode, high-
resolution imaging technology was used to analyze the 
ultrastructure of the fossil exine, and finally, electron 
images were acquired under optimal depth of field 
conditions (WD = 5 mm). 
The procedures for sample preparation and observation 

of the cut pollen using Transmission Electron Microscopy 
(TEM) are as follows. 
Preparation of TEM ultrathin sections. After selecting 

the target area in the FIB-SEM system, the surface of the 
pollen fossil was precisely cut using a focused ion beam to 
extract a micro-area sample block with a size of 
approximately 10 ɛm Ĭ 5 ɛm. Subsequently, with the aid 
of a nanomanipulator, the sample block was transferred to 
the surface of a 3 mm diameter copper TEM sample stub, 
and an electron beam-induced deposition technique was 
used to deposit a layer of platinum-based adhesive at the 
contact interface between the sample and the stub to 
achieve stable fixation. To obtain ultrathin samples 
suitable for high-resolution TEM observation, a dual-beam 
collaborative thinning process was adopted. 
Rough trimming stage: A relatively high beam current 

ion beam (5 kV) was used to thin the sample over a large 
range, and real-time SEM imaging was employed to 
monitor the thinning process to avoid structural damage 

    
 

Fig. 1. Location of sampling site in the Songliao Basin 

(modified after Xiao et al., 2025). 
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caused by excessive cutting. 
Fine trimming stage: Switching to a low-energy ion 
beam (2 kV), gradient fine polishing was performed along 
the cross-section of the sample, and finally, the target area 
was thinned to an electron beam transparent thickness. 
During this process, low-dose electron beam scanning 
(accelerating voltage 5 kV) was simultaneously used to 
monitor the uniformity of thinning to ensure that the 
sample was not damaged. 

The overall image of the obtained ultrathin section of 
the Quantonenpollenites pollen was shown in Fig. 3 (the 
target area is approximately 8  ɛm Ĭ 4 ɛm). 
High-resolution TEM imaging and image processing. 

The prepared ultrathin section samples were transferred to 
the sample holder of the Transmission Electron 
Microscope. The vacuum system was activated, and the 
accelerating voltage of the electron gun was set to 80 kV. 
The target areas were located at different magnifications to 

    
 

Fig. 2. Light microscope (LM) and scanning electron microscope (SEM) images of Quantonenpollenites and associated palynomorphs. 
(a) LM photomicrograph; (b) SEM micrograph; (c) magnified SEM detail. 1ï3. Quantonenpollenites mirificus; 4ï6. Q. crassatus; 7ï8. Q. tenus;  

9. Parvisaccites; 10. Nevesisporties; 11. Jiaohepollis; 12. Salixipollenites; 13ï14. Yichangsporites liaoxiensis. 
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obtain the overall morphological characteristics of the 
pollen fossil wall layers. During this process, take care to 
avoid excessively long single-frame exposure time of the 
samples to prevent radiation damage. Subsequently, image 
processing software (such as Gatan DigitalMicrograph, 
CorelDRAW 2019, Adobe Photoshop 2021, etc.) was used 
to integrate and stitch the acquired images, so as to obtain 
clear, complete and high-resolution ultrastructural images. 

 
3 Results 

 
3.1 Characteristics of the palynoflora in the strata 
hosting Quantonenpollenites 
A total of 39 taxa of pollen and spores were identified 
in this sample, including 2 taxa of Algae, 17 taxa of fern 
spores, 15 taxa of gymnosperm pollen and 5 taxa of 
angiosperm pollen. Algae account for 2.16%, with only 
Schizosporis and Microthyriacites observed. Fern spores 
have a percentage as high as 71.3%, occupying an 
absolute dominant position in the assemblage. The 
percentage of gymnosperm pollen is 20.98%, while 
angiosperms pollen accounts for 5.56%. Among ferns, 
Cicatricosisporites (28.4%) and Cyathidites (21.92%) are 
predominant, followed by Schizaeoisporites (4.94%), 
Yichangsporites (4.63%), and Triporoletes (4.01%), which 
appear relatively frequently; The remaining taxa are only 
sporadically present. Among gymnosperms, 
Pinuspollenites (6.17%) is dominant, and other frequently 
occurring taxa include Classopollis (3.09%), Cedripites 
(2.47%), Psophosphaera (1.54%), Inaperturopollenites 
(1.23%), and Taxodiaceaepollenites (1.23%). In the 
angiosperms, Retitricolpites, Rhoipites, Salixipollenites, 
and Liliacidites are all sporadically present. Furthermore, 
it is noteworthy that pollen of the genus 
Quantonenpollenites (2.78%) occurs relatively frequently 
in this sample. The main palynomorphs were shown in 
Fig. 4. 

 
3.2 External morphological characteristics of 
Quantonenpollenites 
Quantonenpollenites pollen grains are of medium size 
(approximately 26ï50 ɛm), with an overall elliptical 
outline. There is morphological variation among 
individuals: in polar view, they appear elliptical, often 

with asymmetric ear-like protrusions developed at both 
ends; In equatorial view, a prominent annular marginal 
structure can be observed, which is an important feature 
for morphological identification. In terms of polarity, 
Quantonenpollenites pollen exhibits heteropolar 
characteristics, with obvious structural differentiation 
between the proximal and distal faces. Regarding 
ornamentation, this type of pollen lacks a complex 
ornamentation system; Its surface is mostly smooth or 
only develops fine granular textures. In terms of aperture 
characteristics, Quantonenpollenites pollen develops a 
longitudinally grooved aperture running through the entire 
length of the pollen body in the middle of the proximal 
face, with individual differences in groove width. It is 
noteworthy that pillow-like protuberance structures are 
symmetrically distributed on both sides of this aperture, 
forming its unique aperture morphological combination, 
which provides key morphological basis for the systematic 
classification and stratigraphic correlation studies of 
Quantonenpollenites. The schematic diagram of the 
Quantonenpollenites structure was shown in Fig. 5. 

 
3.3 Internal structural characteristics of 
Quantonenpollenites 
The ultrastructure of the Quantonenpollenites pollen 

wall exhibits significant simplicity and homogeneity. Its 
exine shows no obvious stratification, the outer exine and 
inner exine are tightly connected, with the overall 
structure being thin and uniform. There is a lack of the 
columellar layer, a characteristic structural unit between 
the tectum and the foot layer, and the interface between 
the exine and intine also shows a tight connection. This 
type of pollen wall structure embodies primitive 
evolutionary features, forming a striking contrast with the 
complexly stratified exine of typical angiosperm pollen. 
The schematic diagram of the Quantonenpollenites 
ultrastructure is shown in Fig. 6. 

 
4 Discussion 
 
4.1 Stratigraphic age of the Quantonenpollenites 
bearing strata, and its paleoclimate implications 
The typical feature of this sample is the high percentage 

of Cicatricosisporites and Cyathidites, with 

    
 

Fig. 3. Schematic diagram of ultra-thin sections of Quantonenpollenites. 
From a to c: progressive thinning of the sample until transparency reaches ̖ 100 nm. 
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Fig. 4. Main palynomorphs from the hosting strata of Quantonenpollenites. 
1ï3. Cicatricosisporites; 4. Gleicheniidites; 5ï6. Hymenophyllumsporites; 7ï9. Yichangsporites; 10ï12. Cyathidites; 13ï14. Triporoletes; 15ï

16. Stereisporites; 17. Deltoidospora; 18. Levisporites; 19. Toroisporis; 20. Nevesisporites radiates; 21ï22. Alsophilidites; 23ï24. Schi-

zaeoisporites; 25ï26. Pinuspollenites; 27. Piceaepollenites; 28. Cedripites; 29. Piceites; 30. Podocarpidites; 31. Parvisaccites; 32. Parcis-

porites; 33. Dacrydiumites; 34ï36. Psophosphaera; 37ï38. Classopollis; 39. Taxodiaceaepollenites; 40. Cycadopites; 42. Inaperturopollenites; 

43. Retitricolpites; 44. Salixipollenites; 45. Liliacidites creticus; 46ï47. Rhoipites; 48. Schizosporis. 


