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Abstract; The Gyirong basin is one of east-west extensional basins distributed among the high Himalayas. The Late Cenozoic

sequence is mainly Woma Formation, consisting of lacustrine and fluvial deposits, from which a Hipparion fauna in 7 Ma was

found. However, Danzengzhukang Formation is newly found at the base of the section attributed to alluvial sequence. The zir-

con and apatite fission track thermochronology shows that eroded source experienced tectonic thermal event at 12—11 Ma, and

early activity of the east boundary normal fault of the basin occurred during 13. 44=1. 9 Ma. Based on the previous paleomagne-

tostratigraphic researches of the basin, the age interval of the section is most reasonably determined as between 10 and

1. 67 Ma. Through abundant palynological analyses, 3 palynological zones and 9 palynological assemblages and vegetable types

are recognized, and 3 phases of paleoclimatic changes are revealed: (1) 10. 0—6. 7 Ma, correlating with palynological zone [
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and assemblages 1—2, it was warm and damp-dry coniferous-leaved and broad-leaved mixed forests, but became cool and hu-
mid during 9. 5—7.0 Ma. (2) 6.7—3. 3 Ma, correlating with palynological zone [[ and assemblages 3—7, it turned cold and
arid deciduous coniferous-leaved forests, marked by the increase in the cold-tolerant tree taxa and drought-tolerant herb taxa,
but the relative increase of broad-leaved taxa suggests climate underwent warm and humid fluctuations during 5. 0—4. 3 Ma.
(3) 3.30—1. 67 Ma., correlating with palynological zone [l and assemblages 8—9, it got cool and damp-dry deciduous conifer-
ous-leaved and broad-leaved mixed forests.

Key words: Qinghai-Tibetan plateau; Gyirong basin; palynological assemblage; paleoclimate change; Neogene.
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Fig. 1 Location and geological map showing the study Oma Section in the Gyirong basin in Tibet, China
1. ;2. ;3. — 34, 50, ; 6. / 7. —
; 8. 9. N 5 10. 511, 512, 513, s 14. 515,
5 16. 17, ;18.
10. 5~9. 5 Ma(Nakayama and Ulak, 1999).
) — (Catlos et al. , 2004) Th-Pb
. 12. 0~10. 0 Ma
. . N 10. 0~7. 0 Ma,
) N N (MBT) (Meigs et al. ,» 1995; Brozovic and
. . Burbank, 2000), (Molnar et
) al. , 1993). ( , 2006)
2. 12. 0 Ma
(Tapponni- , 9.5~ 9. 2 Ma(Wang ezt
er et al. , 1981; Mercier et al. , 1987; Hodges et al., 2008; Saylor et al., 2009)
al., 1992; Pan and Kidd, 1992; Yinetal., 1999) 12.0~11.5 Ma (
,2001)
13.4+£1. 9 Ma, 12. 0~11. 0 Ma
(Thakkhola) (Coleman ;
and Hodges, 1995; Garzione et al. , 2003) 13. 0~11. 0 Ma
14. 0 Ma s ( ,2007; Zhang et al. , 2008).

11. 0 Ma(Tetang Formation) ;
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10. 0 Ma. ( ,1996; ,1998)
\ 3
) 7. OO’\’
1. 67 Ma. (2004)
7.2~3. 2 Ma.
s Cande and Kent(1995) s
10. 0 Ma,
10. 0~
7.4 Ma, 7.40~1.67 Ma( 2).
2
600
159 ;
. 1kg,
(1995) , (45%)
(30%) . .
, TII-6 ( 2. 18) ,
5%0 , 10 mL
, ( )
( ].. 43’\"1. 47) ) .
52 s 41
s 404
. 3 4,
500 . 3
( )
3 (G
¢ 3 4)
C 5, 3
9 C 5
3.1
3.1.1 I : Quercus-Betulaceae-Juglandaceae

(1~38
)

;0~249.8 m;10. 0~7. 0 Ma,

3
Fig. 3 Representative photographs of fern and gymnosperm

spore grains from the Oma Section in the Gyirong basin

1. Pteris sp. ; : S, BF62-6(71) ;2. Plagiogyria
sp. 3 : S, BF62-6 (71);5 3. Lygodium sp. ;
S, BF62-7(72) ;4. Polypodium sp. ; : S, BF62-7(72) 5
5. Podocarpus sp. ; : S, BF88-5(44)36.  Pinus sp. ;
:SIBF14-1(6) ;7. Tsuga spi. ; : S| BF14-1
(6);8. Tsuga sps. ; : S BF62-7(72) ;9. Ce-
drus sp. ; : S BF22-1 (13)5 10. Picea sp. ;
S1BF22-1(13);11. Abies sp. ; :S1BF14-1(6)

(14.47%~83.33%) . (0% ~75.00%)

(0% ~48.39%) . (0%~
6.67%). (Quercus deciduous,
Quercus evergreen), (Betula) (Ulmus) ,

(Juglandaceae) . (Betulaceae)
(Fagaceae) s (Acer) (Melia)
s (Lonicera) . (La-
biatae) (Sparganum)
(Potamogeton). (Pinus)
(Tsuga) , (Larizx) . (Podocar-
pus) | (Cycas) (Cedrus)
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50 pm .
4
Fig. 4 Representative photographs of angiosperm pollen grains from the Oma Section in Gyirong basin
1. Salix sp. ; :SBF63-6(82);2.  Melia sp. ; : S BF48-3(47) ;3. Carpinus sp. ; :SIBF14-1(6) ;4.  Corylns sp. ;
.S, BF96-4(50) ;5. Quercus evergreen; .S, BFA8-3(47) ;6. Quercus deciduous. 3 (S,BFAS-34T):7.  Abnus sp. s
.SIBF22-1(13)38.  Betula sp. 5 .SIBF14-1(6);9.  Prerocarya sp. s S BF96-4(50);10.  Juglans sp. 5 .S, BF62-7
(72):11. Tilia sp. 5 .S BFA8-4(48):12.  Artemisia sp. s .SIBF15-1(7);13.  Compositae; S BF36-2(30):14.  Che-
nopodium sp. ; .S.BF14-1(6)
(Podocarpus) (Taxodia hia- aceae) , (Compositae).
tus) . 3.1.3 II : Pinaceae-Quercus-Juglandaceae
(Ephedra), (Artemisia) (Compositae) (100 ~121 ;401. 7~609. 9 m; 3. 30 ~
(Chenopodiaceae). s 1. 67 Ma, )
(Cyathea) . ( Polypodium) ( Tricho- (22.08%~84.76%) (6.67%~51.67%)
manes ) . (1. 90%~40. 69 %) ,
3.1.2 I : Pinaceae-Chenopodiaceae-Poly- . ) (Pi-
podium (39~99 ;249.8~401.7 m;7. 0~ nus) . (Picea) (Abies).
3.3 Ma, ) , (Quercus deciduous). (Betula) . (Juglan-
s ) daceae), (Acer) (Ulmus) s
) 69. 23%., (Ephedra) (Chenopodiace-
(Quercus deciduous),  (Betula), (Ul- ae) , (Artemisia) .
mus) (Carya) . (9. 26% ~ (Polypodium) . (Osmunda) . (Lycopodium) |
98.04%) ) (0% ~ (Woodsia) | (Plagiogyria)
22.22%) (0% ~69. 23%0) 3.2
(Pinus) , (Cedrus) . 3.2.1 1: Pinus-E phedra-Quercus-Betula
(Picea) (Tsuga) , (1~13 ;0~49.0m;10~9.5 Ma)
(Cedrus) (Podocarpus) , (36.56% ~83.33%).
(Abies) (Picea) (0% ~ 43. 75%) (0% ~
, (Cycas) (Larizx). 48.39%) , (0% ~6. 67%).
(Polypodium) . (Lycopodium) (Quercus deciduous), (Betula)
(Trichomanes) , (Osmunda) (Ulmus) » (Carya). (Acer)
(Woodsia) . (Asplenium) | (Plagio- (Melia) . ( Pinus)
gyria) (Pteris). (Tsuga) » (Cedrus)

(Ephedra) (Chenopodi- (Podocarpus).
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(Ephedra), (Artemisia) . (Com- (Cedrus) (Podocarpus)
positae) (Chenopodiaceae). , (Abies) (Picea)

, (Cyathea) (Polypodium) ,

3.2.2 2: Pinus-Tsuga-Quercus-Betula (Polypodium) (Lyco-

(14~38 ;49.0~249.8m;9.5~7.0 Ma) podium) , (Osmunda) (Tricho-

1 , manes)
(14. 47% ~ 55. 1970, (20. 13% ~  (Ephedra), .
75.00%) (7.24%~29.56%) 3.2. 5 5: Ephedra-Cedrus-Picea-
, (Betula) . (Quercus ev- Chenopodiaceae (58~70 ;302.2~326.0 m;
ergreen) (Ulmus) . (Juglandaceae) | 6.0~5, 0 Ma)
(Betulaceae) (Fagaceae) (50. 92%~96. 53%) , (Cedrus)
; (Lonicera) . (Picea) , (Abies)
(Labiatae) , (Sparganum) , (Tsuga) (Larix).

(Potamogeton). ) (3.47% ~6.81%) )
(Pinus) (Tsuga) , (Polypodium)

, (Taxodia hiatus) (0% ~19. 18%), s

R (Lariz) . (Quercus deciduous) , (Carya) .
(Podocarpus) (Cycas). N (Betula), (Acer), (Tilia) (Rhus)
, 1 . (0% ~29. 75%) (Ephed-

(Artemisia) (2. 04% ~ ra) (Chenopodiaceae) ,

5.07%) , (Polypodium) (Compositae).

(Trichomanes) 3.2.6 6 : Cedrus-Pinus-Quercus-Chenop-
3.2.3 3: Polypodiun+Ephedra-Pinus- odiaceae (71~85 ;326.0~359.5m;5. 0~
Quercus (39~46 ;249.8~271.7m;7. 0~ 4.3 Ma) (0% ~
6.7 Ma) , 69. 23%) , (Quercus

(12.05%~22.22%), deciduous) , (Betula), (Ulmus)
(9. 26% ~70. 37%) (3. 70% ~ (Carya) (0% ~88. 98%)
47.26%) (3.70% ~43.09%) (Pinus) . (Picea) (Cedrus) ,
, (Polypodium) (Tsuga) , (Podocarpus) . (Cycas)

(Lycopodium) , (Woodsia) (Larix). (0% ~17. 72%)

(Asplenium) (Plagiogyria) (4. 72%~30.77%) ,

(Pinus) ) (Cedrus) . (Polypodium)
(Picea) (Tsuga) (Trichomanes) , (Lycopodium) .
(Quercus evergreen) , (Juglans) (Pteris) (Osmunda).

(Carya) (Acer) (Chenopodiaceae) (Ephedra).
(Ephedra) , 3.2.7 7 : Pinus-Ephedra-Picea-Abies
(Compositae) (Chenopodiaceae). (86~99 ;359.5~401.7 m;4.3~3.3 Ma)
3.2. 4 4: Polypodium-Pinus-Picea- 5 s (53.04% ~
Cedrus (48 ~57 ;271.7~302.2 m;6. 7~ 86 %) ) (Cedrus), (Pi-
6.0 Ma) , nus) . (Picea) (Abies) ,

, (15. 38% ~ (Podocarpus) (Tsuga), (Cycas)
98.04%) ; (0% ~ (8. 13% ~ 14%) ;
17.39%) , (0% ~69. 23%) (Polypodium) (Lycopodium) ,
(Pinus) . (Trichomanes) | (Osmunda)
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(Pteris). (0% ~8.29%) .
, (Betula) . (Quercus deciduous) . ’
(Saliz) . (0% ~28.73%) ’ ’
(Ephedra) , (Compositae) )
(Chenopodiaceae).
3.2.8 8: Ephedra-Picea-Quercus-Betula
(100~110  ;401.7~477.2 m;3.3~2.7 Ma) Co—biMa. s
(22.08%6~32. 970) ; . ; ;
(35. 71%~50. 65%) . (Pi- : .
nus) (Picea) (Abies) , ’
(Cedrus) . (Tsuga) (Podocar-
pus). (Quercus deciduous)
(Acer), (Salix) .
(21.98%6~24. 68%%) (Ephedra)
(Chenopodiaceae). (2. 60% ~
9.34%) (Polypodium) (Woodsi-
ad. (Osmunda) (Plagiogyria).
3.2.9 9: Ephedra-Picea-Abies-Quercus .
(111 ~ 121 ; 477. 2 ~609. 9 m; 2. 70 ~ 6.0~5. 0 Ma, o
1. 67 Ma) (25% ~ : ’
84.76%) . (6. 67%~51.67%) ' ’
(1. 90%~40. 69%) ; ;
, (Quer-
cus deciduous),  (Betula) . (Carya)
(Ulmus) , (Ephedra) 5.0~4. 3 Ma, 6,

6. 7~6.0 Ma, 4,

’ ’ ’

(Chenopodiaceae) , (Artemisia) . )
(1. 67%~8.97%0) (Polypodium) , : SN
(Lycopodium) (Irichomanes ).

4.3~3. 3 Ma, 7,
4.1 ) . .

10. 0~9. 5 Ma, 1, 33~27Ma, 8, ’

1 ’ S ~ N ’

( ) 2.70~1. 67 Ma, 9,

9.5~7.0 Ma, 2, s

’ N ’
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;9. 5~7.0 Ma,
2, s 7.0~
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;6. 7~6. 0 Ma, 4,
;6. 0~ 5.0 Ma, 5,
;5. 0~4. 3 Ma,
6, )
;4. 3~3. 3 Ma,
7, ;3.3~2.7 Ma,
8, ;
2.70~1. 67 Ma, 9, N

3 : (D I,

(10.0~7.0Ma);(2) I,

- (7.0~3.3 Ma); (3)
.
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