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Fig. 1

Geographic map of the Daohugou Village,showing the location of the sampling site (Liushuwan)
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Fig. 2 Stratigraphic column of the Daohugou fossil beds (after Huang,2016), with the position of palynological sample (arrow)
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Table 1

Statistics of fossil pollen and spores from the Haifanggou Formation at Liushuwan

K2/ Taxa of pollen and spores

i %/ Grains

[ 4y Ht /Percentage/ %

W 251l F /Pteridophytic spores
Calamospora
Concavisporites sp.
Cyathidites sp.
Deltoidospora
MLT-HLW) 46K / Gymnospermous pollen
Abietineaepollenites
Alisporites
Callialasporites trilobatus
Caxytonipollenites sp.
Cedripites sp.
Cerebropollenites mesozoicus
Chasmatosporites
Classopollis classoides
Cycadopites
Eucommiidites troedsonii
Pinuspollenites
Pseudopicea
Psophosphaera
Podocarpidites
Quadraeculina
Spheripollenites sp.
Incertae Cedis(bisaccates)
it /Sum

6 3.6
2 1.2
1 0.6
1 0.6
2 1.2
162 96. 4
2 1.2
54 32
1 0.6
2 1.2
2 1.2
1 0.6
2 1.2
21 12.5
6 3.6
2 1.2
6 3.6
28 16.7
6 3.6
11 6.5
12 7.1
2 1.2
4 2.4
168 100. 0

Ry 2 A it 20 J& 15 b So— 20 oK @ b (BF DL
1 NKE 34, —EMIER 1R TRMmS ), 4
TSI BT AE AL R 26 A6 1 b DL Bk
B EML 16 J& . SR FI 4589 96. 420, e
A2 A 5 BRI A AR A AR D 2R
A R, X W Calamospora (1. 2% ), Concavis-
porites (0. 6%), Cyathidites (0. 6%) Fl Deltoidos-

pora(l. 2704 &, B ALY 3. 6%,
BRI AL Ry LA R A R 2R P B AE N Bl
KB AMNEMEF. HESEWABNAEGH
72.0% ., Bl , Alisporites F1 Pseudopicea = fx
WOLE A SRR s LA Y 3200016, 7000
K 5 Quadraeculina F1 Podocarpidites, 43 5| &
T.100.6.5% . T T ARSNRE 9 SO K 3K 0T 4 4
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Fig. 3 Representative pollen and spores of the Haifanggou Formation ( ] )

All specimens are deposited at Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences. Specimen number consists of three
parts (a/b/c), which imply the sample number (a), slide number (b), orientation of the England Finder (¢). Scale bars=10 pm

1. Quadraeculina limbata Maljackina, 1949, LSW-5/4/S39-2; 2. Quadraeculina anellae formis Maljavkina, 1949, LSW-5/4/N32-3; 3.
Concarvisporites sp. s LSW-5/4/N48;4. Eucommiidites troedsonii (Erdtman.1948) Potonié.1958,L.SW-5/1/043;5. Podocarpidites canaden-
sis Pocock, 1962, LSW-5/4/T37-3; 6. Podocarpidites multesimus Bolkhovitina, 1956, LSW-5/5/U35-1;7. Cycadopites fusiformis (Nilson
1958) Arjang,1975,L.SW-5/3/N45-4;8,10,11. Alisporites australis De Jersey,1962.:8. LSW-5/5/P39-3;10. LSW-5/5/H37-3;11. LSW-5/
2/V38;9. Alisporites parvus De Jersey,1962,1.SW-5/2/V38;12. Alisporites thomasii (Couper) Pocock,1941,L.SW-5/3/Q-45
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Fig. 4 Representative pollen and spores of the Haifanggou Formation( [[ )

All specimens are deposited at Nanjing Institute of Geology and Palacontology, Chinese Academy of Sciences. Specimen number consists of
three parts (a/b/c), which imply the sample number (a), slide number (b), orientation of the England Finder (¢). Scale bars=10 pm

1. Cerebropollenites mesozoicus (Couper) Nilsson,1958,1L.SW-5/4/S30;2,3. Classopollis classoides Pflug,1953 emend. Pocock et Janso-
nius,1961:2. LSW-5/5/K38-2;3. LSW-5/3/N41-3;4. Pseudopicea rotundi formis (Malavkina) Bolkhovitina, 1956, L.SW-5/4/J37;5. Cal-
lialasporites trilobatus Balme,1957 ,1.SW-5/4/S37-4;6,7. Psophosphaera bullulinae formis (Bolkhovitina, 1949) Zhang,1978.6. 1LSW-5/3/
N-44;7. LSW-5/5/1.41-1;8.9. Pinuspollenites alatiopllenites (Rouse,1959) Liu,1982:8. LSW-5/5/H43-3);9. LSW-5/3/E42-2
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B 2 Al R L CR Z 2620000 . filn , 7B
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590 —1020H1 17. 56 (AR ER M 5K B . 1980) . fE N
SHODEHBERY ERKIGH, BEHSER
5.2%—10. 6% (X JE 4=, 1982), 5 — Jy ifi » Clas-
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AT E BT . BT LR R T AR 245 v L
BB S MR IR BORAR LA 22 . 5
Z M . Cyathidites 7 E L J5 d 4k 2 i 41 & w3k
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HE AWMU S Cyathidites 1 & i 12%.
Classopollis 1 & & K 6. 5% (45 Bk Ak Fn sk 22 5,
1980); EARF G v Cyathidites W) 5 B A
5% ,Classopollis A & & Fy 18% — 54 %5 (45 Hk
TRES-,1980) , FEFLAL L VY —ak 1Y L3R AH 55
W T Classopollis B &M 0.52% — 1. 66 % (HK
WEAE.2016) . MATAAR 415 Classopollis W,
B (Cyathidites &A%, FH A WK 2 i AY
FRAE LA DL (e AR 2 IS S O B A SRS
% B AT A Quadraeculina #1 Callialasporites W) %
SRR RV K AW D R 7R 1R DT =4 5 SN 1
v [ G T b Ok 2 T g 300 0 L S0 6 A A A A LG T
AT INE R CRZH,20000 . IIX—»5F Y i
20 19 I AL B g 1] 091 AR 2 TG 3

KT IHE R A AT 2 B[R L R e xR A R 2

el L 40 2= 58 45 (2004) , He 4§ (2004) | Mk W 4
(2006) \Sullivan 4 (2014) , ZE A T — — 51 25, 7]
2B B R (2016) o U X BE AR e 1Y o B 1 LR
LR FRELAH AR FE AN SARE DT 159 —
168 Ma R (W pk 2t 526 B T L 3X 5 AR SO0 f
H)Z 85—

SREEF- (198D WF 5T 1 S AL 1l DX b ok 2 ik Ju e 1l
H ) 8, FR 2 F Cyathidites-Quadraeculina-Clas-
.sopollis?ﬂ%o HEPTHELFW N TFTHY G
(8420 —9200) BRIEH WAL FH5 (800 — 16 %0) » HAR
TAEY L LA SR N 2 I SR 5 A SO TS 20 5
ARl FEAC LI L 20 F6 45 2 & b R R 1 AR 7 A
B, Quadraeculina &R 2% —19% . Callialas-
porites I F 5 0—1. 520 B 5 A SCHIR 4518 15 V) 241
LAY WP S & i s 50 7. 100010, 6%0) . AET
SRR T, Classopollis &K 7% —45% .Cya-
thidites Tt 0. 500 — 300 5 AR SCHIR 745 20 20 4 &
R 1252001 0. 6 YO AEATT L, BHtL, I
BEON T N LU AR SO V5 98 B 18 4 A 64
AT S 2L U I A — 3

B EF S (Na et al., 2015) BFFE T 4 5¢ 117 o7 I
T IR & PR BT e I ) fL Ry 2 A A
DLRR T AW W0 26 5 AR R A RS AL 1 #i 2D 5
TBEFSEH A H BT AE R & 5290 92,900 OF
3 96.400) BRFEH T F LN 7. 10 (RL3.620).
TR T YL H ., Alisporites B & & 13. 3%
(A3 32%) s Callialasporites & & /NT 0. 1%
(A 0. 6%) . Classopollis F 8 R 10. 1% (A&
12.5%) s R A F v, Cyathidites B &N 1. 4%
(A3 0. 6%), Deltoidspora W& i 0. 6% (A 3
L2005 34 S5 AR [R] 40 38 41 0 K 76 b AL 45 1 b
FE R AR P A T Bathonian, {HJ&, 4
MG SR T MR P (1985 A A 2 55U i,
ANREXT R A WLF 30 31X — B AR R WA R
EFHNRAENE DL T A SO BER A OB R A 2
A2 Z T2 10 m Ak JR A0 58 E ¥ %% (Na
et al., 2015) BT sm A% . DRI IL VD B9 FE 0 2 5
R AR 5 AR SR R BORH Y

i o TR SR Uk 5 (1985) A 43 i 9 BH R i/ —
TR ACH T 2R 5 A AR A 5
YE # B B Cyathidites-Asseretospora-Osmundaci-
dites H5), BREMY B 71 Z A S D5 H
(54.9%) KAV F 5, K L Cyathidites Fl Del-
toidospora T F-5 W H Fit &1tk 2600, BT HE
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RERH WL A6 ¥y ——TC 10 88 28 Spheripollenites,
EALA —E 153 R B RE R R W T R R
BB R A SRR (Couper, 1958) . X
S A K TR T R AR . BRI T
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Table 2 The botanical affinity of the pollen and spores and their related climate

18 )& 4 B A A
BRI 18T
Calamospora Ak H (4 R R
Concavisporites XU R BB L R(D T 5
Cyathidites BESERRAL /RSB RE /KU BRER/ T R (2.4.16) TR 3
Deltoidospora WS R R /RS AB R/ B BRER/ E i Rk (2.4 ,16) T %
BT A A4
Abietineaepollenites AR W T 5
Alisporites FhFBR H (4.6.13.10 /#EHAD N S
Callialasporites FHEAE/ B DR (2.3.5) W R TR
Caytonipollenites THEFRHD
Cedripites AR 4) Wz kT 5
Cerebropollenites Bz kmE? (D
Chasmatosporites HEE? (12) B TR
Classopollis 2R (4.8.13.15) R LTI
Cycadopites INEH/ANTRE /A B (2
Eucommiidites ENEPIN/JENED)
Pinuspollenites WARF(L.4) g TR
Pseudopicea /N EE@D) W T 5
Podocarpidites BN FE(10) g R T 5
Quadraeculina MECD g CET 52
Spheripollenites HIRL(7,10) WA R

AR S PR BCTFAC R TR VR 27 KR M A BE ). (1R Z S, 20005 (2) Abbink et al.,2004; (3) Archangelsky, 1994 ; (4) Balme,
19955 (5)Batten and Dutta, 1997; (6) Boulter and Windle, 19935 (7) Couper, 1958; (8) Doyle et al.,1982; (9) Pedersen et al., 1989; (10)
Raine et al.,2011;(11)Rouse,1959;(12) Tralau,1967; (13) Traverse,2007;(14) Van Konijnenburg-Van Cittert,1971;(15) Van Konijnen-

burg-van Cittert,1987;(16) Van Konijnenburg-Van Cittert,1993
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PALYNOLOGICAL ASSEMBLAGE OF THE MIDDLE-UPPER JURASSIC HAIFANGGOU
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Abstract In this paper, pollen and spores of the Haifanggou Formation in Daohugou, Ningcheng County, Inner

Mongolia, China were studied. A total of 20 genera and 15 species were recorded. The palynoassemblage was charac-

terized by abundant Alisporites and Pseudopicea, and common occurrence of Quadraeculina, Podocarpidites and

Classopollis. A few bryophytic and pteridophytic spores were also encountered in small numbers. The pollen and

spore assemblage suggests an age of the latest Middle Jurassic though possible extension to early Late Jurassic which

cannot be completely excluded. The habitat of the main components of the assemblage was analyzed, implying that

the Daohugou area was covered by conifer forests that were under temperate-cool, moderately humid conditions at

that time.
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