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1 ( )
Location of the cross section from Baoyuan Railway Station to Laotougou Coalmine in Longjing City, Jilin

Province (indicated by the black rectangles).
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Cross section from Baoyuan Railway Station to Laotougou Coalmine in Longjing City, Jilin Province (after Zhao and Zhang, 1991).
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(5.01%) (2.61%), 2% Pi-

Cal- losisporites, Aequitriradites, Lygodiumsporites
lialasporites 2.59%, Psophosphaera N N N
) 2% . ,
R Leiotriletes Cyathidites , .
,  11.23%, , 10.24%, Cicatricosisporites—Pilosisporites-
Cicatricosisporites , 7.03%, Aequitriradites R

3
Pollen and spores from the Tuntianying Formation (Lower Cretaceous) of the Baoyuan section.
1. Sphagnumsporites steroides (Potoni¢ and Venitz) Raatz, 1937, YLB1-109; 2. Cyathidites minor Couper, 1953, YLB2-277; 3. Leiotriletes
gleicheniae formis Bolkhovitina,1959,YLB2-263;4. Cibotiumspora sp. » YLB1-187;5.6. Leiotriletes toroi formis Hua.2000,5. YLB1-64,6.
YLBI1-58;7. Osmundacidites parvus De Jersey,1962, YLLB2-350;8. Neoraistrickia robusta Brenner, 1963, YLB1-126;9. Converrucosisporites
venitus Batten,1973,YLBI1-48; 10. Verrucosisporites obscurus (Bolkhovitina) Sun and Li, 1976, YLB1-130; 11. Osmundacidites wellmanii
Couper,1953,YLB2-259;12. Pilosisporites delicatus Norris, 1969, YLB1-77;13. Apiculaisporis globosus (Leschik) Playford and Dettmann.
1965, YLB1-82; 14. Lycopodiumsporites nodosus Dettmann, 1963, YLB2-281; 15, 16. Leiotriletes tenuis (Maljavkina) Bolkhovitina, 1953,
15. YLBI-52,16. YLBI1-77;17. Leiotriletes minuterugosus (Ibrahim) Naumova, 1953, YLB2-311; 18. Cyathidites australis Couper, 1953,
YLB2-346;19. Aequitriradites spinulosus (Cookson and Dettmann) Cookson and Dettmann 1961, YLB2-308;20. Laevigatosporites ovatus Wil-
son and Webster,1946, YLB1-117. 20 pm(Scale bars indicate 20 pm) ., (All specimens
are from the Tuntianying Formation of Baoyuan in Longjing City) , (All specimens are preserved in

Nanjing Institute of Geology and Palaeontology. Chinese Academy of Sciences) .
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4 C D
Pollen and spores from the Tuntianying Formation (Lower Cretaceous) of the Baoyuan section (continued 1).

1. Laevigatosporites ovatus Wilson and Webster,1946,YLB1-178;2. Cicatricosisporites stoveri Pocock,1964,YLB1-189;3. Cicatricosisporites
sp. » YLB2-41634. Lygodiumsporites pseudomaximus ( Thomson and Pflug) Song and Zheng, 1981, YLB1-208; 5. Cicatricosisporites aus-
traliensis (Cookson) Potonie, 1956, YLLB2-260;6. Cicatricosisporites bellus Zhang,1965,Y1LB1-32;7. Cicatricosisporites subrotundus Brenner,
1963, YLB1-92;8. Cicatricosisporites corlylensis Pocock,1962,YLBI1-51;9. Monosulcites enormis Jain,1968,YLB2-375;10. Verrumonocolpites
shanbeiensis Qian and Wu, 1987, YLB1-91;11. Granamegamonocolpites mono formis Qian and Wu,1987, YLBI-144;12. Cycadopites granula-
tus (De Jersey) De Jersey, 1964, YLBI-25;13. Cycadopites percarinatus (Bolkhovitina) Pu and Wu, 1985, YLB2-451;14. Classopollis sp. »
YLBI-16;15. Callialasporites sp. » YLB1-134;16. Callialasporites priacus Zhang, 1989, YLB1-84;17. Classopollis annulatus (Verbitzkaja)
Li,1974,YLB2-304;18. Densoisporites perinatus Couper, 1958, YLB1-104;19. Quadraeculina limbata Maljavkina,1949,YLB1-158,

20 pm(Scale bars indicate 20 pm), (All specimens are from the Tuntianying Formation of
Baoyuan, Longjing City) , (All specimens are preserved in Nanjing Institute of Geology and Palaecon-

tology, Chinese Academy of Sciences) ,
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5 «C 2
Pollen and spores from the Tuntianying Formation (Lower Cretaceous) of the Baoyuan section (continued 2).

1. Quadraeculina anellae forims Maljavkina,1949,YLB1-172;2. Pinuspollenites pernobilis (Bolkhovitina) Xu and Zhang, 1980, YLLB2-288; 3.
Protoconi ferus funarius (Naumova) Bolkhovitina,1956, YLB2-421;4. Pinuspollenites insignis (Naumova) Pu and Wu, 1982, YLB1-231;5.
Piceites enodes Bolkhovitina, 1956, YLB1-105;6. Pinuspollenites stinctus (Bolkhovitina) Shang, 1981, YLB1-37;7. Piceites arxanensis (Hua)
Song,2000, YLB1-240; 8. Abietineaepollenites dividuus (Bolkhovitina) Song, 2000, YLLB2-332; 9. Piceites lateus Bolkhovitina, 1956, YLB2-
265, 20 pm(Scale bars indicate 20 pm) ., (All specimens are from the Tuntianying For-
mation of Baoyuan, Longjing City) , (All specimens are preserved in Nanjing Institute of Geology and

Palacontology, Chinese Academy of Sciences) ,
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6 C 3
Pollen and spores from the Tuntianying Formation (Lower Cretaceous) of the Baoyuan section (continued 3).
1. Podocarpidites unicus (Bolkhovitina) Pocock,1970,YLB1-73;2,3. Psophosphaera cognatus (Bolkhovitina) Sun and Li,1976,2. YLB2-381,
3. YLBI-196;4. Inaperturopollenites dubius (Potonie and Venitz) Thomson and Pflug,1953, YLB1-69;5. Psophosphaera sp. , YLB2-264;6.

Cerebropollenites findlaterensis Pocock,1970,Y1.B2-322;7. Psophosphaera grandis Bolkhovitina, 1956, YLB1-78, 20 pm
(Scale bars indicate 20 pm) ., (All specimens are from the Tuntianying Formation of Baoyuan, Longjing Cit-
v) s (All specimens are preserved in Nanjing Institute of Geology and Palaeontology, Chinese Acade-

my of Sciences) .
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Distribution and amount of palynomorphs in the Tuntianying Formation of Baoyuan section.

(Samples)

(Genera and species of palynomorphs) YBI1 YB2 (Average)
Pteridophyta
Sphagnaceae
Sphagnumsporites steroids 0.79/2 0.40/1
Lycopodiaceae
Lycopodiumsporites nodosus 1.57/4 2.23/5 1.80/4.5
Densoisporites perinatus 0.79/2 0.40/1
Selaginellaceae
Apiculatisporis globosus 1.57/4 1.64/4 1.61/4
Neoraistrickia robusta 1.97/5 0.99/2.5
Aequitriradites spinulosus 1.97/5 2.85/7 2.41/6
Osmundaceae
Osmundacidites wellmanii 1.57/4 1.22/3 1.41/3.5
O. parvus 0.81/2 0.41/1
Lygodiaceae
Cicatricosisporites stoveri 1.18/3 1.63/4 1.41/3.5
C. autstraliensis 1.57/4 2.44/6 2.01/5
C. corlylensis 1.97/5 0.81/2 1.39/3.5
C. subrotundus 0.39/1 0.20/0.5
C. bellus 1.18/3 1.22/3 1.20/3
C. sp. 1.63/1 0.82/2
Lygodiumsporites pseudomaximus 0.79/2 2.03/5 1.41/3.5
Pilosisporites delicatus 1.57/4 2.03/5 1.80/4.5
Dicksoniaceae
Cibotiumspora sp. 1.57/4 1.22/3 1.42/3.5
Cyatheaceae
Cyathidites minor 2.36/6 1.22/3 1.79/4.5
C. australis 1.97/5 2.03/5 2.00/5
Filicales Incertae Sedis
Leiotriletes toroi formis 3.54/9 2.44/6 2.99/7.5
L. minuterugosus 2.76/7 3.25/8 3.01/7.5
L. tenuis 1.18/3 0.81/2 1.00/2.5
L. gleicheniae formis 2.76/7 5.69/14 4.23/10.5
Verrucosisporites obscurus 1.57/4 2.03/5 1.80/4.5
Converrucosisporites venitus 0.79/2 1.22/3 1.01/2.5
Laevigatosporites ovatus 2.36/6 2.85/7 2.61/6.5
Gymnospermophyta
Ginkgoaceae or Cycadaceae
Cycadopites granulatus 2.36/6 3.25/8 2.81/7
C. percarinatus 2.76/7 1.63/4 2.20/5.5
Cheirolepidiaceae
Classopollis annulatus 1.97/5 1.63/4 1.80/4.5
C. sp. 0.39/1 1.22/3 0.81/2
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1

Continued 1

(Samples)

(Genera and species of palynomorphs) YBI YB2 (Average)
Podocarpaceae
Podocarpidites unicus 1.97/5 2.03/5 2.00/5
Pinaceae
Pinuspollenites pernobilis 4.72/12 2.03/5 3.38/8.5
P. insignis 1.57/4 6.91/17 4.24/10.5
P. stinctus 4.33/11 4.47/11 4,40/11
Abietineaepollenites dividuus 3.15/8 5.28/13 4.22/10.5
Coniferales Incertae Sedis
Protoconi ferus funarius 3.54/9 2.85/7 3.20/8
Piceites enodes 2.76/7 3.25/8 3.01/7.5
P. arxanensis 5.90/15 2.44/6 4.17/10.5
P. lateus 3.94/10 4.47/11 4.21/10.5
Gymnospermae Incertae Sedis
Callialasporites priscus 1.18/3 0.59/1.5
C. sp. 1.97/5 2.03/5 2.00/5
Cerebropollenites findlaterensis 1.57/4 1.22/3 1.40/3.5
Quadraeculina limbata 2.36/6 1.18/3
Q. anellae formis 1.97/5 1.63/4 1.80/4.5
Monosulcites enormis 1.97/5 0.41/1 1.19/3
Verrumonocol pites shanbeiensis 1.57/4 1.63/4 1.60/4
Granamegamonocol pites mono formis 0.79/2 0.40/1
Inaperturopollenites dubius 1.57/4 0.79/2
Psophosphaera cognatus 3.15/8 2.03/5 2.59/6.5
P. grandis 2.76/7 4.47/11 3.62/9
P. sp. 2.03/5 1.01/2.5

Pteridophyta spores 39.76/101 43.09/106 41.43/103.5
Gymnospermophyta pollen grains 60.24/153 56.91/140 58.57/146.5
Palynomorph amount of statistics 254 246

R

Cicatricosisporites—Pi-

losisporites-Aequitriradites ,

b

10%,
b

Aequitriradites, Pilosisporites

Cicatricosisporites

o
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(Cou-

(Umetsu and Sato, 2007) ,
1953,1956) . (Wang et al. ,2014)
per, 1958; Norris, 1969; Kemp, 1970 ).
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ner, 1963; Bebout, 1981) . (Pocock, 1962;
Williams, 1975) | (Cookson and Dett-
mann, 1958; Dettmann, 1963; Wagstaff ez al. .
2012) , o
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Abstract

The Tuntianying Formation, named in 1959, is a
series of volcanic rocks intercalated with volcaniclastic
rocks under neath the Changcai Formation in the Yanji
Basin. It distributes mainly in Mingyue Town of Antu
Shilipu  and
Wangqging areas in Longjing City. Because of the

County, Laotougou, Tianbaoshan,
insufficiency of study on volcanic movements and
deficiency of biostratigraphic data, the definition,
geological age and subdivision of the Tuntianying
Formation remain debatable. The geological age of the
Tuntianying Formation has been regarded as the
Middle or Late Jurassic for a long period before Li
(2001)

Cretaceous based on palynomorphs in the Tuntianying

assigned it to Berriasian of the Early

Formation of Mingyue Town, Antu County. We
studied palynomorphs in the Tuntianying Formation of
Baoyuan, Longjing City to discuss the geological age
and subdivision of the Tuntianying Formation further,
and to provide more evidence for subdivision and
correlation of Mesozoic volcanic strata inside and
outside the Yanji Basin. The 2 samples were collected
from Bed 4 in the section from Baoyuan railway station
to the Laotougou coal mine which was first measured
by Zhang Chuan-bo in 1980.

There are 31 genera and 51 species in the

Palynomorph assemblage, Tuntianying Formation, Berriasian—Valanginian, Early Cretaceous,

palynomorph assemblage, including 16 genera and
26 species of spores of Pteridophyta and 15 genera
and 25 species of pollens of Gymnospermae.
Pollens of Gynmospermae are more than spores of
Pteridophyta in proportion, the former accounting
for 58. 64% and the latter 41. 36%. The main
components of pollens of Gymnospermae are
dissacate pollens of conifers accounting for 32. 81 %
of the total number, among which developed
bisaccate pollens of Pinaceae and Podocarpaceae are
pollens of

more than undeveloped bisaccate

Coniferales. There are a certain amount of

monocolpate pollens of Ginkgoaceae or Cycadaceae
C 5%) and
Cheirolepidiaceae (2. 61%). Among the pollens of

ring-grooved pollens of

Gymnospermae incertae  sedis,  monosaccate
Callialasporites accounts for 2. 59%. The rest
palynomorphs account for less than 2% except
Psophosphaera.

Among spores of Pteridophyta, Leiotriletes is
the most numerous, accounting for 11. 21% of the
assemblage. The second are the spores of
Lygodiaceae accounting for 10. 24% , among which
Cicatricosisporites accounting for 7. 03% is the
most numerous. There are some important spores of
Pteridophyta accounting for about 2% such as
Pilosisporites, Aequitriradites and Lygodiumsporites.

This palynomorph assemblage can be named as
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Cicatricosisporites—PilosisporitesAequitriradites
Assemblage.

Among the CicatricosisporitesPilosisporites-
Aequitriradites Assemblage, developed bisaccate
pollens are slightly more than undeveloped
bisaccate pollens. Spores of Lygodiaceae reach 3
genera and 8 species and account for more than
10% of the total number, which makes them
important in the assemblage. In addition, with
some typical Early Cretaceous taxa such as
Aequitriradites and Pilosisporites, the assemblage
shows a feature of the Early Cretaceous.

In the assemblage

current palynomorph

occurredsome important Early Cretaceous

palynomorphs  such as  Cicatricosisporites,
Pilosisporites, Lygodiumsporites and
Aequitriradites whose proportions are close to
those in early Early Cretaceous. The other taxa are
common in the Jurassic and Cretaceous, and
developed bisaccate pollens are more than
undeveloped bisaccate pollens, which is also a
feature of the Early Cretaceous. Hence, the
geological age of the palynomorph assemblage in
the Tuntianying Formation of Baoyuan should be
Berriasian—Valanginian of the Early Cretaceous.
The palynomorph  assemblage in the
Tuntianying Formation of Antu County (Li, 2001)
is characterized with numerous bisaccate pollens of
fewer

conifers and Schizaeoisporites,

Fixisporites, Cicatricosisporites. The current

assemblage is similar in a certain content with that
in Antu County. However, their difference is

obvious. For example, there are more
Cicatricosisporites accounting for 7. 03% of the
current assemblage, while spores of Pteridophyta
accounts for 5% with Cicatricosisporites decreases

of Antu

Furthermore, Pilosisporites, Aequitriradites and

greatly in the assemblage County.

Lygodiumsporites account for about 2% in the
Therefore, the

assemblage should be younger than that in the

current assemblage. current
Tuntianying Formation of Antu County.
According to the feature of the palynomorph
assemblage in the Tuntianying Formation of
Baoyuan, we can infer that during Berriasian—
Valanginian of the Early Cretaceous, plants of
Pinaceae, Podocarpaceae and Cycadaceae with tall
trunks and pteridophytes of Cyatheaceae and
Lygodiaceae stood on the river or lake banks or the
high lands beside intermountain basins, herbs of
Osmundaceae, Selaginellaceae and Lycopodiaceae
and bryophytes grew in the shady areas of low
lands and humid areas of river valleys and lake
depressions, and plants of Cheireolepidiaceae grew
in some areas with a sunny exposure or arid zone.
During  early Early  Cretaceous, the
palacoclimate in Baoyuan area of the Yanji Basin
was probably warm and humid subtropical,a drier
interval might also have existed because of volcanic

movement.



