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Late Permian-Early Triassic Palynological Assemblages in
Linxi, Inner Mongolia and Discovery of Triassic Strata
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Abstract: Large amount of spores and pollen (mainly consist of pteridophyta spores and gymnospermous pollen) , including 54
genera and 90 species, were discovered in the fifth member of Late Permian Linxi Formation, Guandi section, Linxi, Inner
Mongolia. The fifth member of Linxi Formation was assumed to belong to the Late Permian, for the preservations of special
Late Permian spores and pollen, and biostratigraphic correlations to adjacent areas. 9 genera and 9 species were also found from
the sixth member of Linxi Formation. They should belong to the Early Triassic, for the existing characteristics of the Early
Triassic palynological assemblages. In addition, the lithology of the sixth member of Linxi Formation varies from that of the
underlain parts of Linxi Formation, but similar to that of adjacent Laolongtou Formation, for the yielding of purple-gray silty
slate and volcanic breccias interbeds. The sixth member of Linxi Formation might belong to the Early Triassic Laolongtou For-
mation, evidenced by the integration of lithology, fossils, paleo-climate records and correlations to adjacent areas. The
Permian-Triassic boundary is placed in the interval between the fifth member of Linxi Formation and Laolongtou Formation.
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Fig.1 Geological sketch of the study area
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Table 1 Palynological categories and content statistic of Late Aratrisporites sp. 20KL)
Permian to Early Triassic in Guandi Section, Linxi, Vesicaspora fusiformis 3.0 1.0 2.0
Inner Mongolia V. platysaccoides 1.0 1.0
V. sp. 2.0 2.0 2.0
i R4 B 82 19J= 271)% 33)7 Klausipollenites angustus 2.0 2.0 2.0
Leiotriletes cyathidites 3.0 1.0 1.0 K. decipiens 2.0 2.0 2.0
L.direcyus 5CHL) K. sp. .o 2.0 1.0
L.gracilis 2.0 2.0 2.0 K. schaubergeri 1.0
L.pseudolevis 2 Platysaccus insignis 2.0 3.0
L .sp. 2.0 1.0 P. papilionis 1.0 1.0
Cyathidites australis 1.0 2.0 1.0 P. cf . Papilionis 1.0 2.0
C.minor 6 Chi) P. sp. 2.0 1.0
Calamospora lingulata 1.0 1.0 Piceaepollenites reticulatus 1.0 1.0
Calamospora cf. microrugosa 1.0 1.0 P . sp. 1.0 1.0
C. cl. mollita 1.0 Vitreisporites pallidus 2.0 1.0 1.0
Punctatisporites incom ptus 2.0 3.0 2.0 Pteruchipollenites caytoniformis 1.0 2.0
P. palmipedites 1.0 1.0 2.0 Falcisporites sublevis 1.0 1.0 2.0
P .sp. 3CKD Alisporites fusiformis 2.0 1.0
Cyclogranisporites cf. arenosus 1.0 2.0 Protopinus rhomboidea 3.0 2.0 4.0
C. aureus 1.0 2.0 Caytonipollenites sp. 20k
C. microgranus 2.0 2.0 2.0 Vittatina cf. cincinata 1.0 2.0
Lophotriletes novicus 1.0 1.0 V. fusiformis 2.0 2.0
L. paramictus 1.0 1.0 V. multicostata 2.0 1.0 2.0
Verrucosisporites ovimammus 2.0 2.0 V. witti fera 1.0 1.0 1.0
V. sinensis 1.0 V. sp. 1.0 1.0
V. sp. 2.0 2.0 Lilinites sp. .o 1.0
Dictyophyllidites sp. 1.0 1. cf. unicus 1.0
Gulisporites sp. 2.0 2.0 Chordasporites sp. 1.0 2.0 2.0
Retusotriletes mesozoicus 1.0 1.0 Lueckisporites sp. 2.0 1.0 2.0
Granulatisporites cf. papilosus 2.0 Protohaploxypinus goraiensis 2.0 3.0 2.0
Apiculatisporis cf. spinosus 2.0 1.0 P . cf. globus 1.0 1.0
Apiculatasporites perirugosus 2.0 1.0 P. sp. 1.0 1.0 2.0
Converrucosisporites sp. 2.0 1.0 Taeniosporites sp. 3R
Schop fites sp. 1.0 Florinites luberae 1.0 1.0
Triquitrites bacidus 1.0 1.0 F. sp. 1.0 2.0 2.0
T. microgranifer 1.0 Cordaitina sp. 1.0 1.0 1.0
T. reticulatus 1.0 1.0 1.0 Corisaccites quadratoides 2.0 1.0 2.0
T. zhoukouensis 1.0 1.0 Potonieisporites cf. novicus 2.0 2.0 2.0
T. sp. 2.0 1.0 P . cf. clarus 2.0 1.0
Tripartites sp. 2.0 1.0 P . sp. 2.0 2.0 1.0
Callisporites cerebriformis 1.0 Vestigisporites sp. 1.0 1.0
Knoxisporites instarrotulae 2.0 1.0 Limitisporites lepidus 2.0 3.0 2.0
Patellisporites tiaomaensis 1.0 1.0 Jugasporites sp. 1.0 1.0
Verrucingulatisporites sp. 2.0 1.0 Pinuspollenites sp. 6ChL)
Verruciretusispora sp. 2.0 1.0 Classopollis sp. 1.0
Laevigatosporites cf. vulgaris 2.0 1.0 1.0 Ephedripites steevesii 2.0 1.0
L. sp. 1.0 2.0 1.0 Cycadopites coxii 1.0 2.0 2.0
Lunalasporites vulgaris 1.0 Cycadopites sp. 40K
Torispora securis 2.0 2.0 MY T A 43.0 47.0  46.0 18CHD)
Perinomonoletes sp. 1.0 WY&t 57.0  53.0 54.0 15CHD)
I
Perotrilites sp. 1.0
Lundbladispora sp. 1.0 1.0 2CHkD) LR R i — R R AR AN — ORI D
Densosporites sp. 2.0 2.0 2.0 IR R IR R D AR e e By b S Ay, R K
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BRISHE Y e v, TO R S AR O R A (2
28.090), & EM B BA Leiotriletes (4.0% ~7.0%) .
Cyclogranisporites (3.0% ~ 5.0%) . Punctatisporites
(3.0% ~5.0%) Verrucosisporites (1.0% ~4.0%) .Ca-
lamospora (1.0% ~ 2. 0%) . Lophotriletes (1. 0% ~
2.0Y0) %, JR ] WL /b Apiculatasporites \ Apiculatis-
poris . Granulatisporites . Gulisporites . Retusotriletes |
Schop fites .Converrucosisporites \ Dictyophyllidites %
BT BN MG A — g (A
7.0%) et L Triquitrites (3.0% ~4.0%) R F a6 1]
W —%E & Verrucingulatisporites (0 % ~2.0%) . Knox-
isporites (0% ~ 2.0%) ., Callisporites (0% ~1.0%) .
Tripartites (0% ~ 2. 0%) . Patellisporites (0% ~
LOYO) BREERA T 15 6.0 224 . Hoh A Laevigato-
sp()rites(Z.O%NS.O%)%I,,EQEEEJRQ‘E Toris-
pora Perinomonoletes  Perocanoidos pora 55 J& 1. B
Jis AL JE BE 6 F 5 3.0%6~4.0% . WA Lycospora .
Perotrilites \Lundbladispora . Densosporite J&{i+.

WA 0 A6 By DL TG X 2R AR (2905
24.0%0) LB F /M & WA Klausipollenites
(5.0%~ 7.0%) . Vesicaspora (3.0% ~ 6. 0%),
Platysaccus (3.0% ~6.0%) . Protopinus (2.0% ~
4.0%) Vitreisporites (1.0%~2.0%) .Falcisporites
(1.0% ~2.0%), i 0] W /> & Pteruchipollenites .
Piceaepollenites \Alisporites J&AEM) . H IR R B M %L
KEERER (45 15.0%), H & LI Vittatina
(5.0%~7.0%) Ml Protohaploxypinus (4. 0% ~
5.09%) Rk F, & 0] WD & Iilinites . Lueckisporites
FIRACK AR ELRIE (A5 10,000 AL A
W H —E LB, EEFH Potonieisporites (4.0 % ~
6.0%) . Florinites (2. 0% ~ 3.0%) . Corisaccites
(1.0%~2.0%) .Cordaitina (1.0 %) J& £ 4. W<, 4
AR PR EARA S 400N AL, FEA
Limitisporites | Vestigisporites \ Jugasporites J& 1t
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- WA Leiotriletes directus, Punctatisporites sp.s
# % el Aratrisporites sp., Cycadopites sp., Pinuspollenites sp.,
” Q Cyathidites minor, Taeniosporites sp.,
900 GD-033 Caytonipollenites sp., Lundbladispora sp..
AR TG 258 T B R A e 7 o B [l 2 AL K, 3~28)F Hh — k4]
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COTD A WA K (i 2 A8 A b JE W e
Tﬁ%’ﬁ'/"E&’/"Efﬁé??;E%}'&ﬁJﬁ%&ﬁﬁ MK I [l
Eéﬂﬁi 19, 272 BUaE = KA £, HE AR
AL
BRI T4 : Apiculatisporis cf. spinosus,
Apiculatasporites perirugosus, Cyathidites australis,
Calamospora lingulata, Calamospora cf. microrugosa,
C. cf. mollita, Cyclogranisporites cf. arenosus,
C. aureus, C.microgranus, Converrucosisporites sp.,
Callisporites cerebriformis, Dictyophyllidites sp.,
27 GD-027 Densosporites sp. , Granulatisporites cf. papilosus,
Gulisporites sp., Knoxisporites instarrotulae,
Leiotriletes cyathidites, L. gracilis, L.pseudolevis,
600 L.sp., Lophotriletes novicus,
L. paramictus, Lycospora sp., Lundbladispora sp.,
- £ | Laevigatosporites cf.vulgaris, L. sp.,
Lunalasporites vulgaris, Punctatisporites incomptus,
P. palmipedites, Patellisporites tiaomaensis,
Perotrilites sp., Perinomonoletes sp. ,
— Perocanoidospora clatrata, Retusotriletes mesozoicus,
Schopfites sp., Triquitrites bacidus,
= 7| 5 500 T. microgranifer, T.reticulatus, T.zhoukouensis,
- T.sp., Tripartites sp., Torispora securis,
S Verrucosisporites ovimammus, V. sinensis, V.sp.,

Verruciretusispora sp., Verrucingulatisporites sp..
WA« Alisporites fusiformis ,

Cordaitina sp., Corisaccites quadratoides,

GD-019 Chordasporites sp., Classopollis sp., Cycadopites coxili,

%
GD-008

Ephedripites steevesii, Florinites luberae, F. sp.,
Falcisporites sublevis, Illinites sp., I.cf. unicus,
Jugasporites sp., Klausipollenites angustus,

K. Decipiens, K. sp., K.schaubergeri,
Limitisporites lepidus, Lueckisporites sp.,
Potonieisporites cf. novicus, P.cf.clarus, P sp.,
Piceaepollenites reticulatus, P. sp.,

Platysaccus insignis, P. papilionis, P. cf. papilionis,
P. sp., Protopinus rhomboidea,

Protohaploxypinus goraiensis, P. cf. globus,
P.sp., Vesicaspora fusiformis, V. platysaccoides,
V. sp., Vestigisporites sp.,

Vitreisporites pallidus, Vittatina cf. cincinata,

V. fusiformis, V. multicostata, V. vittifera,

V. sp.
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Fig.2 Composite stratigraphic column of Guandi section, Linxi, Inner Mongolia in Late Permian Linxi Formation
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Fig.3 The representative pollen grains of Late Permian to Early Triassic in Guandi section
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directus . Punctatisporites sp..Cyathidites minor;
B =489 Lundbladispora sp.; B R Ara-
trisporites sp.. ¥k T LY AL 2 EAT DR AR By Pi-
nuspollenites sp.; I Cycadopites sp.; B
R FE ¥y Taeniosporites sp. LA M JG 8 WS FE ¥y
Caytonipollenites sp.. BIRZH G KR IEITREN IS
FOE e & EEGETE L E A R A R LA AR L 15 (GR
IDR i 52 L L S (g R R = 1 O e
FFAIE.

3 MBS

31 HMEAFAR

MRVGH S By 2 & E 2L =580 A
Joh S0 TC Wy S8 A8 XU Ay Sy L T A T BT
FTC R B AULE R, X2 - S 505 W RRE (R
WEAE, 1986 X At A%, 1992). H o Klausipollenites
schaubergeri | Vittatina . Lueckisporites . Platysac-
cus papilionis . Protohaploxypinus . Caytonipolle-

ez AR 416 i B Vittatina By & 2 38
677 A R BRS6 45 2 H0h X e — &t fRy 4 G P
W7 B R =E 524 K bR, 1992) . 78
P R AR B 2R B R e 1 I T AR
CBEFRMG . 2004) 35 i Bz LLAE FC DX 38 w) A% 20 CR
L 19972, 1997h) 9 85 Wy %5 127 3 b XA AR ¥4 2 0 i
JCHTALIS # CX P64, 1992) . 78 75 % B 2 W — & i
Vittatina 41 (Piasecki, 1984) HlI 7 b /K B 1y &2 9%
>k # W0 By Grodner #1 Bellerophonschiehtan /2
(Klaus,1963) ¥ H H 1.

HE P I Lueckisporites ML 98 %8
KF A E A A IE B XIR A 20000 . 1E
el P L T RO 2 b R A e A DR T 4E . 1989)
1 FE Ak Ol DX RS L 1990) o 1 WS UK 425 b 35 AR B /R
K T R S 0 255 ,1990) o ik W 23 i Bk 75 39 Ao
FAT ST b X CRIEAE 520000 , 2 1l DCAR I T4 g ) 16—
G 7 AN UL T 3 [ Rl 4 B 22 5 A AR FE L
5E (Clarke, 1965) , E JE 0y 10 06 3 X 1 16 — 5t 2
4 (Balme,1970).

Lundbladispora | iz 574 F B W AR = S it
HoJZ R AR A O = B A 45 AR
T M 19905 X HEAR  1992) T X — 243 T 4)
TEARVY 220 T B J= P Bk BE L, JFAE 19 J2 M 27 J&
WA R, R T R R R UL R SR R A AT

Joi s 5 R — B R B0 7R BT 8 R B R K JE 1 3B X
R h R AR 4H A (RIS L 1990) L)L K T S s
5 T R b, DXRE A YAy 2H R B IS BT IS Ol it A
1992) . Kt Lundbladispora F)H B, 7T 8% A0k i A
(Y0P oL %7 e

HEAh s A FRy L5 FR AR PR VE 4156 T Bt
AT B Calamospora microrugosa \Re-
tusotriletes mesozoicus . Cyclogranisporites au-
reus . Cyclogranisporites microgranus . Lophotri-
letes novicus . Lueckisporites , Vesicaspora fusifor-
mis . Florinites luberae . Vitreisporites pallidus .
Klausipollenites angustus Klausipollenites
schaubergeri ElEPh L, FEF IS R /R R O H X
e IE UL b AR A A 2 5 vh A B (R L 2004).
HI L O AL 5 508 B 3 R % 2R R 11 3 X IS
GU2H b A by 2H 5 AR AR AR L 2 A 5 T S R B R
R e 1 3 DA IS U 20 Hh A 24 T T I A e A

FeolEm R L ARG e &M T Clas-
sopollis J&BIAFAE, Classopollis J& 18 &N N2 =
BEATFHRB AR L2 LR E m i, H
FL 0T RR BH &7 125 - (1980) fE =i L = B iR DAk
U RIATBERR A, J5 R X JR A= (1996) 78 7 5 R &6
RN S LINE Rt o ] I TR T NI S 7
(2002) FF KAtk 58 1 b g — & A & F 4 d & T
FEFRA I LA Classopollis ¥ 776 A] BE 78 i — 2 it
5] H B
3.2 ER3¥4A
32,1 wHEMME & kA UM A RN
B fky G BRI AR 5 /D (H 22 H0HR A ]
B R =30 ., Ararisporites ., Taeniaes-
porites Lundbladispora ¥R R =St w W H
HAR 5 1k Jw B (B 1 48 25, 2009). I8 H 2 Lund-
bladispora J& 1% e 41 by 41 & b o e =
AR Ry L b T ARV 4L B AR 4 A T
PEHG (2004 78T 58 7 A B 7K K e 1] 1K 3%
J& & 38 I AE S R 4y = & R IF IR, Taeniaes-
porites VER R ZE MR G F FEE N E LT
a5 W IR =B e (B 545, 2003) , WL K 2%
Ml D &\ R = & Lundbladispora-Taeniaes-
porites-Equisetosporites & (5K 015 &, 2004) , &
ARG B X T =S5 S8 KA CT
TR CRR I, 19974, 1997h) , 3 i 7 A B% /R K
o0 X I YLl b #R Limatulasporites-Lund-
bladispora-Taeniaesporites 4 (FEEHIG . 2004). 11k
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Fig.4 Comparison of lithological between Guandi Section in Linxi, Inner Mongolia and adjacent regions in Early Triassic

Laolongtou Formation

AN, LRy 4B P Leiotriletes » Punctatisporites
Aratrisporites s Pinuspollenites , Cyathidites , Cyc-
adopites s Lundbladispora s Taeniosporites %5 J& 3
FE T8 ARG R R e L X AR IR T4 3 Limatu-
lasporites-Lundbladispora-Taeniaesporites 4
HH I ph AT UL R Sk 4 A B 4H A R AR S R B
5% 7R Rl - DX I T 4l 1 AL A A AL, B AR R T
H=E
322 EAMBEMEBEGME 2 HRKREH
SNBOTEE Ml 88 ) BE 200 82 m, M LUK 4 5,
SR S B W A O 3 ELAE R R A0 58K 5 8
Wb A e P I 4 I R i e B b iR O i B
TR S ARV S S B TS N AR Y 4 A B R
9 DX T L AR =S A A A SRR B DX T
B HMARTT A b o 8 8 e Sk A B2 A
PRGBS RILE BT =850 % ek 21 s A )
T T AR+ o3 A AL, 1 0 — & 1 H Bl AR S TUARA e
TR KA A R B A R MUE B, B A AL
Z A YU (SRR, 2006) . 548 X ELMK A T S 46 2
BT LR AR AR A 0 RS T i, 19925 B 4 4
1998) | #L 3% i ML 78 % i )5 1l 22 e Sk 2 ok iR A
2006) LAz A 5 i IX 28 e Sk 4 (i i 4245, 2012) # g
T 1R A% b (& 4.
33 HRETFHRIEE

M SR = F i Z kI 2 X kAT
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16 19 5% 28 (g 7 W% . 1998 ; Tian et al.,2013) , #i il
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B b S 2 2 IR A A A T i Sl e R A 15 ) 9
i . — & 20 g BRI 1 T e 38
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28 AR ) & 75 00 S % s 40 306 5 oty Rt A
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Pemnfede ey 28 h TR I AR IFEE
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0, AR & FRE 5 36 T 22 80 X [R5 40 & %y
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LA R LR A A )2 F ) DL R SR AR
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