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Fig. 2 Measured Siwangou-Tandonggou Red Bed Section and the points of sporo-pollen samples
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Table 1 Percentage of sporo-pollen from the Siwangou— Tandonggou red bed section in Yaojie

A E — -

. 7 & EP:* ‘; : 2 3 4 5 6 7 8
OB £ % 14 15 102 34 42 149 48
BTFHEMEY . 7 9 17. 6 32. 4 19.0 49.7 50. 4
RTEYEsH 1 3 69.5 | 38.2 | 54.8 | 39.5 | 22.9
BEHT 6 3 12.7 | 29.4 | 26.2 10.7 16.7
B|E B Ginkgo
BB E® Podocar piditas 2.0 4.8 1.3
EWR R Cedripites 14.7
BIE MK R Laricoidites 1 2.9 2.4 2.1
TS8R Piceaepollentes 14.7 2.4 2.0 2.1
SURAARYE Pinus pollenites 1 9.8 5.9 31.0 | 29.5 | 14.6
BA B Isugae pollenites 2.0
¥ ¥R Tarodiaceaepoilenites 1 7.8 11.8 7.1 0.7 2.1
T O#¥ R Inaperturopollenites 1 17.6 | 14.7 4.8 3.4
IRE W B Ephedripites 1.0 2.9 2.4 2.7 2.1
W& Saliazipollenites 1 5.9 0.7
#ABEH B Juglans pollenites 2.0 7.1 2.1
WHEMY B Betidaceoipollenites 1 1 27.5 5.3
FEARME Alnipolienites
BBKHE Momipites 1.3
EMR Cupuli feroipollenites 2.0 2.9 0.7 2.1
A B Quercaidites 4 5 12.7 5.9 4.8 5.4 8.3
MR B Celris pollenites
K% /& Ubnipollenites 5.9 0.7 4.2
WEW B Liguidambar pollenites 2.9 2.7 2.1
¥ B Meliaceoidites 2.1
B HE B Llex pollenites 2.1

BB Frazinoipollenites 2.4

BERBR Rhoipites

KB I8 Euphorbiacites

BB Aceripollenites

B4 MG Liliacidites 2.9 0.7

F A B Graminidites 0.7 2.1
ZFLWMIB Tricoiporopoilenites 2.9 2.4 3.4 8.3
HUH R Tubulifioridites 2.9 2.0 8.3
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gE1

HOo® & ® 2 14 i5 102 34 42 149 48 5
YR Chenopodiallis 1 1 2.4 3.4 10.4
BT8R Caryophyilldites 1 2.1
EEE¥ R N ymphaeacidites
RT3 /& Potamogetonacidites ' 0.7
B =B MIR Sparganiaceapollenits 1.0
IE B Umbelliferae
D% R Pedicularis
BA SR Tetradomonoporites
KB ELHR Polypodiaceaes porites 2.9 11.9 1.3 2.1
bR Ay

Polypodiis porites

BB BB Alsophilidites 2 1.0 2.9 7.1 1.3 2.1

2.0 2.0

BHUR Lycopodiumsporites 1 2.9 2.4 5.4
RET M & WHUR Lygodioisporites 3 2 2.0 11.8 0.7 10.4 |1
K H R Osmundacidites 1 4.9 2.9
W HR Undulatis porites 2.1
= AR Deltoidospora -
Z MR E MR Granulatisporites 2.9
B B R Cydophorusisporites 2.9 4.8
T BHHER Multicellaesporites 2.9

AR (pinus pollenites) . ¥4 |8 (piceae pollenites) . TC O 23 ¥ )& (Inaperturopollenites) M1 %
IUFA Y & (Podocar pidites) . BT 1Y) LARH R HEY A £, FE IR (Quercoidites) F1
HE A5} B (Betulaceol pollenites) , U B ARk 4y @ (Juglanspollenites) W43 1§ (Salixipollenites)
KB B (Ubnipollenites) % , 3% & & B4 . WK 43 F WM E B (Cupuliferoipolenites) . JAFF
Y& (Liquidambar pollenites) PR} J& (Meliaceoidites) 1 % ¥ )& (Ilex pollenites) . ELAR R EL
/b, LAEE B B (Chenopodipollis) F13 £ (Compositae) H ¥ . TEANFIHEESR P, B /K EHAY IR 73
¥} /& (Potamogetonacidites) ¥ B = ¥ ¥y J& (S pavganiaceae pollenites) , R MW FE L, BF LK
£E, T ENRE RS W IR (Lygodioisporites) FIRY B HUR (Alsophihdites) . /K 1B B4
J& (Polypodiaceaes porites) ¥l 1 ¥ 8 J& (Lycopodiums porites) ,
RZEREFEARASHFEUR G HE A LRHER HREF=CABEYUT H=
KEHHEYRX R, BRI X EREBEITN N ENEAH B (DERATE AR
MRFAILERA AR 228 Pk RS W3 BT MAFIE 6 RS A XURIA MR . B2
BR . SHRBEMAERRE. SR SRR MBERYKETE. EFEPALTH
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WRTAT R, F W — —RAWH GRS+, 5F — BRI 5, mEH
B REME EHE LAERE . SNRENTNAKNE. BB FHEMEEYREE, B
AEYPEL . BEHERANAREZL.

ERLBBHAMSEBENEPHSFHFECE LB 2, TS IR RBASH (1.2,
3EHAMBEREA L CTARITA), BT LS.

2.1 WELBB-ZOXRHB-ERER-HFHR-AEHELVARESE

RSN 4.5.6 5, HIFME AR FHED S R, X 38.2%—69. 6% , L FHEWIKLZ &
17.6%—32. 4% R LM F 5 12. 7% —29. 4%,

BFHYHEBREZ, TEIRNRBLBE(E 5. 9% 3L 0% . ZHRE (& 7. 1%—11.
8Y) T I BS MR (5 4. 8% —17.6%) , B H —E BA KA MR (Ephedripites) . ZIZ R -
BB E IUE BB (Laricoidite ) I EMH R . B TFHEYUBBRBRHIEGE 4.8%—
12.7%) . A —E EHHMAB R . ENBR RS BHABRE SR RAMNERES, BEAET
PR L, MEERSYHE . EHE R (Osmundacidites) IRMB HLR . 7K 15 B A1
HE%,

(BT AER KBS = AAMNES AN, TRBER AN 7RI F 3R AR #H X H
HEH—-HEEPHHAEBASTHTERARBEME  BREEMARR. A BEEH
MWAS, TRBMBRRTS EENE . EXE4AFHTREBTEMNS F . odr £ 8
THYES . BEERNRTE. B. o Fit— —HBHFHUEIBRAE I ENAS S, Bt
MR B AR S LN =ZARERIE K EERRTFENBUE S, C.HF
U RS BIMAERIEN A ENAE P RS T ERNE ILBER RFE RS, T2
MEHRHESTALZ, D.EFREZLCULSKBLHEERNSRELBECENAS HE
A B A KB L, B S T R AR L BRI R L AR R LB T B
B, KRR EAEYH IR S, #4840 E MY H AT AR M E AR,

RIAE——FEATEE - RRASPLSBRARENEHBMLOSRRL BF
HE, MEERSEAYE, LERENERERLS THLYBENLVE, HEEAHREM
R R B IR TFAS, HRE —ENEE, MERBAINERE . EXEYRD,
BRBTHERS . BB, S04 &8k LEN .

RAMAS T SILH R FH B A IR B it B KA M 22 M 2 58 Bt 69 fi
BAHGIH REANRRASUERBRLOSRENEES T, S —CENAKENRH
K, rHEYUKKER. . LERRBENERENE, . AFN IR EYEER S, HRFZE
MEAENES BASTERRY. EFARAEF. SRERTHEBBAEEY HPE
EXNEPEMERHE IR FEAERES AU ID, # FHY L FREMAL, K
DHER MR AMALBRE, ATFSRARE, AL, 2MEMBEHFHRAS S,
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TERBMHEER S RE GURRH R EEARE)  HEXEURE, LIRRRE . UHRE N
. FF -EBNENFS TFHERR BRBETERES®.

HERERMAGHL, FEBHEFE - ARASHTOSNRMEHRN SERK.
HABPRRER & B E, S THEDERSMEER DR K, (B2 £ HY R RN E R
B BRRERTH. XEEHFRRALHHECERHA KRR STHE—S U H
Ay RAH .

AL T2 47 VG T MR B AR B W T 4 AR DR ok — 3 390 L B e e o 9 L T O T
FTREBHEBESHREAIUEFEDAIE. HPEUGRE o TR EXER
(Zygophyllaceae) 1 5t %, WAME MR  BI B R KB R AN B MAI M B R — 2 &
B WP EAEY RS BMARERE IRE S FEEASEF L. KEBEES,
TR 30. 3% RRAFLBTY, KRAKRBZHEE R FILEN— NG EH, KR H
T T3AATHARAS UEFEY S RE, HURBRRAS0RE N £, REEFHH .

FRMER . ZERR MR . ERENREINE . BE ORRNEER RN

MBEFRER. MHEBEMUREBRRER Y E, MZEHB URMHES. KREHE
RATHZEEG. BEMATAE, HEARBETEANERENEHE,

EHRBESEREA X, LOSHE S HEFZEE 2. B R 3 E T2 X 4 1 &
KEH, HFETER AR ATIZ, LR B R BOHRUE S A MR
Wk L e AR, A0 AT KR R R R B R T AR REB W RBRES, HPRBEE
T - R R, MR R R IR T R M AR R i A, RRIBE IR R E R BB EER AR R
FEHABREREY, BRER GRS TRERBERXEHEY  KEER P REEDEELE
R e B T B X B AR T YA '

gk B, BRI, I3 R AR R E A #u K S EBR2EE , ISR AR
HEHLUHERREAREET AT, B TAR, EXHYBRE F  RERMEER K
FEBRS, A RMERZI L E LT SO EEAER, ETRER. SXARE#HMN
P Z M BE S R Ay L4 .

T RTARERLEA S, RN A S TR RS HERB ORI SR T
Rt XS R A — B, BP R BRRCR BR 1B 18, SR N DL S E R SR B 3K, e
Mo AT REHBEL. T AL T H AR 000 22 M 20 B R LU b T i 6 R SOAk L (H 4T
ARLUAB R R D £, REN E AR B EE.

HUFTE S, NFEHFHFSE RECHFRAARS R, AFLER, L SBEERE,
HHHET ML TESHHREEEREN. ‘

2.2 WERERR SRR HFRR ¥R AEHEL)VRREKEAESE

BEHER 7.8 50 SHEHNMBITRITA) . HTFHEDS EFHAL, 5 49.7%—60.
6% ARTHEWIRZ il 22. 9% —39. 6%, BREMF 1/, K 10. 7% —16.7%.

TS L —HEAAL BB, FEHUHERE G 6.3%—27.5%) WA (4
5.4%—28. 3% OMEMB (5 3.4%—10.4%), THE—EBWERE HRE . WNEHE. K
A B (Graminidites) MFE B4y F . FEASMENKRE HIKH B . BUEH R (Momipites) K
B X FWE. S8 ME Liiacidites) G T} & (Caryophylhties) . B4 KE Aa P LUR
AT HE, BASHERSEERES T WERE RELSE RNES, SN R4
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HYEFREM:RTFHEYECRBALOSRBHEERXKEL, TEANTUERBE (5 14.
6%0—29.5%0) . ZEMB 2. 0% —2. 1Y) MBKEHR (2. 1%—2.76%), BXMFE E—H
BYERL, HERKREH, FENFEESWHAR. NS HREMKERREARE.
AH G52 M i AR A S SR R P Y A A - B R A A
b, ZMamtEFtmha s U FEYD A EER, AR FTENHRNE. 2RE. Bk
MBMARZME (Magnolipollis) , EFBH LS TE S, URH ST VBEE; BAEY
RBEEWR, RAEYRZ, UNRLHE. ZEHBARERB N E ., BB TRERD,
FERKEFRASFY. PUHA-BTRUETHEY VEEK, LESE. NERES, H
WORHERL, HIMEL. MR, SHEARERE. IIMBS, BRI A YN EAEY
LCREE MM FEENRE, HEEELTENBRLOR/NE. KENBIERD; ¥
KR, AEBERKEERS T,
BLAGHM ERF AN X A P F RN A S EREAFE LR BN, HEEAH
PHEAENR L, SZASRTE N PEFT. .
ERTHAY: @Fttd. RPARERUREARHM, ME=H, ME=AHE
—EERNFE. RFHERAYABRLE, RBRTERTENERSIGE. TG HE R
AR EE M, BWHEH RS Z W, R R HEFERD FERMR M, &
HRBRBETE, REERKEHEARRIBEHER. o
SERARZHPEHHUT FEOATTERASURTFED AN E, HERBIFERM AT
BRNEEHE (BT —EMIXEHANENE S8, AR ERBRSE
Besh, REWBE=/GHE. FERAATHSEHFREALS, B5BHFAE. HERFA
ETFHYETEBL, BTHEYURERE N E, BHRETERRK, BLABETRLSC,
TR SR maAh. FRMAKEASURTEYELRS, BTHEYKZ,
BREAF AN LH . DDLU AE, BF. f. A KEBRERSHHE. T
BT, WFHEREY AN, HEERTREHA.
R P IR AS URTFEY ST, BUNERRBENE, BTEDE
BEHMNE =%, HREAMERES, BERTFEENFY, .
AR & KSR IE A, EhEHt, PEERKBESRETR. K, 35
ARERTHEHANEYE, MENEHHMEFEREMTR, BHIEHX, BREEFEE
Weyre, NEGHETMSE. [, WA Emgteat, PER, FHHEBEnEk
REEW, THBRR. F—HE. RS 7S E T SRR
F CGEBEARBHFZMAH) WMEIHFRENSE (T, ) BERREE it
ERRA.
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The Red Bed Sporo-pollen Assemblages.
Geological Age and Ecological Environment
from Siwangou—Tandonggou of Yaojie, Gansu

Ma Yuzhen' Tao Mingxin® and Chen Fayuan®

1 (The Department of Geography, Lanzhou University, Lanzhou 730000)
z2  (Lanzhou Institute of Geology, Chinese Academy of Sciences, Lanzhou 730000)
3 (Yaojie Coalmine Bureau, Lanzhou 730080)

Abstract

This paper includes a systematic analysis and correlation study on the sporo-pollen assem-
blage, stratigraphic sequence and geochronology of the Siwangou red bed section in Yaojie,
Gansu. The following sporo-pollen assemblages may be recongnized in the Siwangou section
(in ascending order ). (U Pinuspollenites-Inaperturopollenites-T axodiaceae pollenites-Quer-
coidites- Lygodiois porites assemblage, which may be assigned to Early Oligocene; @ Betu-
laceoi pollenites-Quercoidites-Cheno podi poilis- L ygodiois porites assemblage, which belongs to
Middle Oligocene. The results of this study show that, the geological age of the red bed sec-
tion belongs to Eocene-Middle Oligocene; the Eocene sporo-pollen assemblages of Yaojie are
approximately similar to those of the east region and the west region of China, which indicate
a subtropical broadleaf and deciduous forest, mainly composed of the subtropical and warm
temperate taxa, and a burning hot climate; from Late Eocene to Early Oligocene, the vegeta-
tion of Yaojie evolved to warm temperate mixed broadleaf and needleaf forests, mainly com-
posed of the warm broadleaf and deciduous plants, presumably associated with warm and hu-
mid conditions; the Middle-Oligocene sporo-pollen records of Yaojie reflect comparatively
warm and wet climates, which indicate that temperate broadleaf and deciduous forests are
mainly constituted by Betulaceoipollenites and Quercoidites. The region correlation analysis
shows that since Early Oligocene a trend toward difference of vegetation and climate has been
on the increase between east and west region of China. Early Oligocene may be an important
age of neotectonic movement in China.

Key Words: sporo-pollen of red bed section vegetation variation geological age  Eogene
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1-2 NBILE ¥ Piuspollenites lubdacus minor (Pot, YPotonie  3-4 SR8 L L 38W  Inaperturopollenites buc
catae forrus. (Zakl. ) Sung and Zheng. 5 KHUFEIL®  Laricoidites magnus (Pot. ) R. Potonie, Thomson and Thiergart
6 TMAEEE Gromimdies Laevigatus Krutzsch. 7.8 BWBEB (L M) Tarodiacear pollenites ct. hiatus (Pot. )
Kremp 9,10 JUBEW) Betwlaceoipollenites bituitus (R. Pot. ) R. Potonie 11 EIRI& ¥ Tubuflordites macroechi
natas (Trevisan) Song et Zhu 12 M M¥y  Meltuceoidites leptos ke et shi 13,14 INERY  Quercoidites minutus (Za-
kL) ke et shi  15.16.17 AL E¥  Chenopodipollis multiporarus (Pl & Thom) zhou 18.19.20 LB 8
Cupuliferoipollenites oviformus (R. Por.) R. Powonie 21,22 B  Ephedripitas (Distachyapites) fusiformis
(shakhmundes) krutzsch. 23 PSR KB R BBHE  Polypoliaceaesporites heardti (Pot. et Ven) Thiergart.



