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腾格里沙漠晚更新世湖相
沉积介形类及其环境意义
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提 要

腾格里沙漠晚更新世断头梁剖面分析出介形类7属7种, 分别为 L im nocy there inop ina ta ,

D arw inu la stevenson i, Cand ona neg lecta , Cyp rid eis torosa, I ly ocyp ris g ibba , Cy clocyp ris serena,

?N eocyp rid op sis sp. , 其中L im nocy there inop ina ta 和D arw inu la stevenson i 为优势种。根据丰度、

分异度及百分含量变化情况, 研究剖面划分出四个介形类组合, 进一步结合年代数据、沉积物及

孢粉资料识别出四个气候期。距今约42 000- 23 000年间研究区总的气候特征是温暖湿润, 间有

几次幅度较小的变冷期; 介形类显示出淡水至中盐水环境, 这一特征持续整个沉积时期, 没有出

现干旱期。
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Seven o stracod species, nam ely L im nocy there inop inata , D arw inu la stevensoni, Cand ona ne2
g lecta, Cyp rid eis torosa, I ly ocyp ris g ibba, Cy clocyp ris serena and ?N eocyp rid op sis sp. , have been i2



dent ified from D uantouliang sect ion in the T engger D esert, N o rthw est Ch ina. L im nocy there in2
op inata and D arw inu la stevensoni are the dom inant species. Four o stracod assem blages have been

ident ified in the ligh t of o stracod abundance, diversity and percentage. Based upon o stracod eco l2
ogy, ch rono logical data, depo sit ional features and associated po llen, four m ain environm ental

stages are observed fo r the t im e in terval 42 000- 23 000 a B. P. , rep resent ing a period of gener2
ally w arm and hum id clim ate, in terrup ted by several phases of sligh t ly declin ing temp rature. T he

o stracod fauna indicates fresh2m esohaline environm ent, w h ich apparent ly persisted over the en2
t ire sedim entat ion period w ithout any desiccat ion phases.

In t roduct ion

T he T engger D esert situated in N o rthw est Ch ina, covering an area of 36 700km
2, is the

fourth largest desert in Ch ina, w ith mo re than 400 lakes, large o r sm all, residing in the desert

(Zhang et a l. , 1983). T hese lakes,w h ich have reacted sensit ively to rainfall changes triggered by

East A sian monsoons and w esterly2induced cyclones, are the term inal sites of endo rheic drainage

system s of no rthw estern Ch ina. In o rder to analyze paleoenvironm ental changes, th is repo rt p re2
sen ts resu lts on late P leistocene lim nic o stracods from D uantouliang sect ion, situated in the

no rthw estern part of the T engger D esert.

T he T engger D esert ex tends from w estern Inner M ongo lia to no rthw estern Gansu

p rovince. T he desert is bounded on the south by the Q ilian M ountains, on the w est by the Yabu2
laiM ountain, on the east by the H elan M ountain. E levat ions in mo st part of the area are about

1 000- 1 500m. T he dry denuded low mountains and h ills of P recam brian and Paleozo ic m eta2
mo rph ic and crystalline rocks, w ith alt itudes from 100m to 250m , break up the area in to m any

large o r sm all endo rheic basins. T he desert are m ain ly compo sed of act ive o r sem i2act ive dunes.

T here are a lo t of lakes in it. T he Sh iyang R iver, w h ich rises in the Q ilian M ountains, w ith eleva2
t ion of 4 900m , flow s in to the desert and becom es the m ain source of the drainage system of the

area. T he m ean annual temperature and p recip itat ion of the area are> 10℃ and 50- 100mm re2
spect ively, and the rainfall is concentrated from July to Sep tem ber. T he strong w ind has blow n

th roughout the year, and the strong w ind and mo re sand have fo rm ed the clim at ic features of the

area. T he vegetat ion, consist ing of grass and sh rubs, is m ain ly concentrated in basins, p lains, and

betw een dunes w here the groundw ater level is at the surface. A s rare rainfall in sp ring and rare

snow fall in w inter, sp ring rain type, sho rt2day p lan ts are almo st comp letely lak ing, w h ile summ er

rain type, annum grow th desert herb is comparat ively lush in the flo ra of the area (M a et a l. , in

p ress).

D escrip t ion of D uan tou liang Sect ion

D uantouliang sect ion (39°40′N , 103°55′E) , w ith the alt itude about 1 266m , is situated in the

no rthw estern T engger D esert, also in the alluvial basins in front of the Yabulai mountain, and at

the end of the w estern tribu tary of the Sh iyang R iver. T he sect ion is described as fo llow s in o r2
der of dow n to up (M a et a l. , in p ress) :
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① 370- 353cm　　reddish2brow n, brow n2yellow gravel.

② 353- 220cm 　　 ligh t brow n2yellow , greyish2w hite clay in tercalated w ith brow n silty

clay, rich in carbonates.

320- 315cm , 14C age 38 650±170a B. P.

320- 310cm , IR SL age 38 000±100a B. P.

275- 270cm , 14C age 35 020±810a B. P.

③ 220- 135cm　　clay in in terdigitat ion w ith silty clay, rich in carbonates. A bundant mo l2
lusc fo ssils beared in silty clay.

155- 150cm , 14C age 26 749±164a B. P.

④ 135- 69cm　　gravel bearing a sm all amount of carbonates and rich mo llusc fo ssils.

⑤ 69- 25cm　　variegated m uddy silt w ith w ell bedding.

⑥ 25- 0cm 　　reddish2brow n gravel bearing rich mo llusc fo ssils.

O stracod A ssem b lages

Seven o stracod species, nam ely L im nocy there inop inata , D arw inu la stevensoni, Cand ona ne2
g lecta, Cyp rid eis torosa, I ly ocyp ris g ibba, Cy clocyp ris serena, and ? N eocyp rid op sis sp. , have been

ident ified from 20 samp les of D uantouliang sect ion. It is clear that the fauna diversity is low.

L im nocy there inop inata and D arw inu la stevensoni p redom inate in the assem blages. O stracods of

the sect ion can be divided in to four assem blages based upon species abundance and diversity

(F ig. 1, F ig. 2) as fo llow s:

A ssemblage 1 (370- 320cm )

T here are four species, nam ely L im nocy there inop inata (0- 81% , percentage in one samp le) ,

Cand ona neg lecta (0- 9% ) , Cyp rid eis torosa (0- 5% ) , ? N eocyp rid op sis sp. (0- 5% ) , in the as2
sem blage. T he species abundance is rather low , and the amount of L im nocy there inop inata w hich

p redom inates in the assem blage is only 35 valvesö10g. N o one o stracoda has been found in sam 2
p le 1 (370- 360cm dep th).

A ssemblage 2 (320- 220cm )

D a rw inu la stevenson i f irst occu rs in the assem b lage,w h ile the con ten t of th is species is

low. St ill the assem b lage is p redom inated by L im nocy there inop ina ta as in assem b lage 1.

Four species, nam ely L im nocy there inop inata (82- 99% ) , D arw inu la stevensoni (1- 12% ) , Can2
d ona neg lecta (0- 7% ) , Cyp rid eis torosa (0- 2% ) have been ident ified.

A ssemblage 3 (220- 198cm )

T he percen tage of D a rw inu la stevenson i, ranging from 32% to 43% , dist inct ly increas2
es in the assem b lage,w h ile the percen tage of L im nocy there inop ina ta , ranging from 54% to

63% , decreases. Species compo sit ion is the sam e as in assem b lage 2, and the o ther tw o

species are respect ively Cand ona neg lecta (3- 5% ) and Cyp rid eis torosa (0- 2% ).

　　A ssem blage 4 (198- 60cm )

I ly ocyp ris g ibba and Cy clocyp ris serena f irst occu r in the assem b lage. Six species , nam ely
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F ig. 1　O stracoda percen tage diagram of D uan tou liang Section

F ig. 2　O stracoda abundance diagram of D uan tou liang Section
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L im nocy there inop ina ta (33- 77% ) , D a rw inu la stevenson i (19- 59% ) , Cand ona neg lecta (1

- 14% ) , Cyp rid eis torosa (0- 3% ) , I ly ocyp ris g ibba (0- 1% ) , Cy clocyp ris serena (0- 0. 3% )

have been iden t if ied. Tw o subassem b lages are iden t if ied in the assem b lage as fo llow s:

Suba ssem blage 4a (198- 174cm )

T h ree samp les have been analyzed, w h ile the percen tage of D a rw inu la stevenson i is

over 50% in tw o samp les. T here are five species in the subassem b lage, respect ively L im no2
cy there inop ina ta (33- 72% ) , D a rw inu la stevenson i (26- 59% ) , Cand ona neg lecta (1- 6% ) ,

I ly ocyp ris g ibba (0. 07- 0. 3% ) , Cyp rid eis torosa (0. 07- 2% ).

Suba ssem blage 4b (174- 60cm )

In comparison w ith subassem b lage 4a, the m ean percen tage of D a rw inu la stevenson i

decreases. Cy clocyp ris serena f irst occu rs in the subassem b lage. T here are six species, re2
spect ively L im nocy there inop ina ta (45- 77% ) , D a rw inu la stevenson i (19- 38% ) , Cand ona

neg lecta (1- 14% ) , Cyp rid eis torosa (0- 3% ) , I ly ocyp ris g ibba (0- 1% ) , Cy clocyp ris serena

(0- 0. 3% ) , in the subassem b lage.

Paleoenvironm en ta l　A nalysis

O stracods are impo rtan t m icrofauna in lim nic environm ent. P len t ifu l paleoenvironm ental in2
fo rm at ion can be gained from their species compo sit ion, quant ity, st ructural features and chem i2
cal compo sit ion. T hey can be used as good indicato rs of temperature and salin ity.

O stracods from D uantouliang Sect ion in T engger D esert are p redom inated by L im nocy there

inop inata and D arw inu la stevensoni. In the lakes of Q aidam Basin, no rthw estern Ch ina, m ajo rity

of living species of L im nocy there dw ell on m uddy substrates and fo ssil species of T ert iary are of2
ten found in the strata rich in carbonates, and they th rive best in o ligo2m esohaline w ater (Exp lo2
rat ion and D evelopm ent R esearch Inst itu te et a l. , 1988). L im nocy there inop inata is the dom inant

species in modern Q inghai L ake in no rthw estern T ibet, w here the salin ity ranges from 12% to

13% (H uang, 1984a). In the E ifel h igh lands betw een T rier and Bonn (Germ any) , living L im no2
cy there inop inata occurs in m eso troph ic2eutroph ic lakes Ho lzm aar and Schalkenm ehrener M arr

( Scharf, 1993). T he species of D arw inu la are commonly considered as one k ind of o stracods

mo st often found in fresh w ater (Exp lo rat ion and D evelopm ent R esearch Inst itu te et a l. , 1988).

O ccasionally they are also encountered in o ligo2m esohaline w ater (V an M o rkhoven, 1963). T er2
t iary D arw inu la species from Q aidam Basin are m ain ly yielded in comparat ively low salin ity st ra2
ta, and no one has been found yet in comparat ively h igh salin ity, du ll co lour m udstone strata (Ex2
p lo rat ion and D evelopm ent R esearch Inst itu te et a l. , 1988). H uang (1984b) described D arw inu la

stevensoni yielded in fine sand of P liocene Q ugou fo rm ation in Gonghe Basin, Q inghai p rovince of

Ch ina. L iving D arw inu la stevensoni has been ident ified in puddles around Q inghaiL ake, w h ile the

abundance is rather low (H uang, 1984a). Sars (1928) described th is species moved slow ly on m ud2
dy substrate 2 fathom s deep under w ater surface at V ensjo in M o ss of N o rw ay.

Som e o ther species of the study sect ion, such as Cand ona neg lecta, Cyp rid eis torosa, also
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p rovide som e environm ental info rm ation. L iving species belong to Cand ona m ainly live in various

fresh w ater, and som e species are encountered in o ligo2m esohaline w ater (V an M o rkhoven,

1963). In Q aidam Basin, living Cand ona species are comparat ively w ide in dist ribu t ion and rich in

quant ity in fresh2o ligohaline w ater, no living Cand ona species has been found yet in the w ater

w ith salin ity over 2% , and Cand ona neg lecta is the dom inant species in the common species of

the area (Exp lo rat ion and D evelopm ent R esearch Inst itu te et a l. , 1988). L iving Cand ona neg lecta

th rives best in the clear and coo l freshw ater o r alkaline lakes w ith w ater temperatures 5°C- 8°C

and luxurian t flo ra (L i et a l. , 1991). In lake M ondsee, A ustria, Cand ona neg lecta is an ubiquitous

species living in all types of habitats, from astat ic to deep lake and from saline to freshw ater

(D anielopo l et a l. , 1993). Cyp rid eis is a common wo rldw ide genus since M iocene and p refers to

live under salin ity comparat ively h igh. It is also an euryhaline and eurytherm ic genus, such as,

the tubercles no t developed fo rm of Cyp rid eis torosa are adap ted to temperatures of 0°C- 30°C

and salin it ies of o ligohaline - 120göl (Exp lo rat ion and D evelopm ent R esearch Inst itu te et a l. ,

1988). Cyp rid eis torosa can live in the 0- 30m dep th w ater (Exp lo rat ion and D evelopm ent R e2
search Inst itu te et a l. , 1988). In Ch ina, living Cyp rid eis torosa only dist ribu te in w estern Q inghai

and X injiang p rovinces w here su lphate o r ch lo ride p redom inates in chem ical compo sit ion of w a2
ter, w h ile it is lack in eastern Ch ina w here the w ater chem ical compo sit ion is p redom inated by

carbonates (Zhao, 1993). T he tubercles no t developed fo rm of Cyp rid eis torosa, m ain ly living in

river o r pond around lake, is the only species of Cyp rid eis found in R ecent w ater of Q aidam

Basin, and the percentages in assem blages range from 0. 2% to 5. 3% (Exp lo rat ion and D evelop2
m ent R esearch Inst itu te et a l. , 1988). I ly ocyp ris is commonly found in various fresh w ater and a

few species, such as I ly ocyp ris g ibba in o ligohaline w ater. T he genus p refers to live under tem 2
perature of 10. 5°C- 20°C. A lthough I ly ocyp ris often scat ters in ponds o r sw amp s , it tends to be

used as an indicato r of flu id w ater bearing hydrobio and algae. L iving I ly ocyp ris g ibba has been

observed from Q aidam Basin, w h ile the abundance is rather low (Exp lo rat ion and D evelopm ent

R esearch Inst itu te et a l. , 1988). It has been reco rded that I ly ocyp ris g ibba live m ain ly in persis2
ten t o r tempo rary flu id w ater w ith p lan ts and algae in it and w ater temperature ranges from 4°C

to 19. 5°C (L i et a l. , 1991, 1994). T he resu lts on o stracods from surface depo sits of fifteen recent

lakes in T ibet indicate that I ly ocyp ris g ibba only appears in lake Yangzhuoyong Co, and the m ain

environm ental elem ents are w ater temperature 15°C ( in A ugust ) , pH 9. 18, salin ity 1. 781göl,

greyish yellow substrata respect ively (H uang et a l. , 1985, Yang et a l. , 1982).

Zhao (1993) p resents the resu lts on the salin it ies of 48 living species on the N o rthern H em i2
sphere, in w hich the salin ity of L im nocy there inop inata is 0. 5- 10. 69- 25?‰, D arw inu la steven2
soni< 0. 5- 15‰, Cand ona neg lecta 0. 5- 15. 7‰, Cyp rid eis torosa 0. 4- 150‰, Cy clocyp ris sere2
na 0. 714‰.

Based upon o stracod eco logical m aterials above, consult ing ch rono logical data, depo sits and

po llen, it is inferred that four m ain environm ental stages are indicated as fo llow s:

Stage 1 (42 000- 38 000 a B. P. )

T he depo sits consist of two parts, the low er part gravel and the upper part silty clay. T ex2
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tu re and structure indicate that it is lake sand w ith local pebble input (Pachur et a l. , 1995). O s2
t racods are found in silty clay. T he abundance of o stracoda is low and L im nocy there inop inata

p redom inates. O stracoda indicates o ligo2m esohaline lake. It is rem arkable that the valves of L im 2
nocy there inop inata are all fem ale. R ecent studies in Europe have show n that th is species rep ro2
duces only parthenogenet ically and is an indicato r of summ er w ater temperatures > 8. 6°C

(Pachur et a l. , 1995). It m ay be inferred that the clim at ic condit ion of th is period is temperate;

th is co incides the evidence p resented from po llen (M a et a l. , in p ress). Po llen also p rovide the

evidence of mo ist condit ion.

Stage 2 (38 000- 31 000 a B. P. )

T he occu rrence of the common freshw ater species D a rw inu la stevenson i ref lects tha t

the area of the lake is larger than in stage 1, co rresponding to the resu lts inferred from

po llen (M a et a l. , in p ress) ; th is m ay be set off by increased su rface runoff cau sed by de2
creased evapo ra t ion, and po llen indica tes mo ist clim at ic condit ion. St ill o st racods are dom i2
nated by L im nocy there inop ina ta , o st racod assem b lage indica tes o ligohaline2m esohaline

w ater environm en t. T he depo sit, being characterist ic of rich carbonates, in terd ig ita t ing w ith

silty sand, is largely lacu strine sedim en t w ith dom inan t local inpu t (Pachu r et a l. , 1995).

D u ring 36 000- 34 000a B. P. , the abundance of o stracods is comparat ively h igh and

the m ale L im nocy there inop ina ta occu rs; th is m ay be cau sed by rich cabonates as a resu lt of

increased salin ity.

Stage 3 (31 000- 30 000a B. P. )

T he percen tage of D a rw inu la stevenson i in assem b lages increases and the con ten t of

th is species is on ly second to L im nocy there inop ina ta. A nd D a rw inu la stevenson i p redom i2
nates as w ell as L im nocy there inop ina ta. It is inferred that the lake is larger than that in

stage 2. A t the sam e t im e, o st racod carapaces becom e large, it seem s to imp ly decreased

temperatu re. Po llen p resen ts evidence of w et and coo ling and temperate clim at ic condit ion

(M a et a l. , in p ress).

Stage 4 (30 000- 23 000a B. P. )

T he occu rrence of tubercles2bearing I ly ocyp ris g ibba seem s to indica te comparat ively

temperate clim at ic condit ion s and less sa lin ity w ater body,w h ile the con ten t of the species

is ra ther low. T he lake w ater m ay be o ligohaline. Stage 4 is estab lished in tw o step s:

Stage 4a (30 000- 28 000 a B. P. )

T he percen tage of D a rw inu la stevenson i in tw o samp les of analyzed th ree samp les is

over 50% ; th is indica tes rising w ater levers and the lake is larger than stage 3. St ill com 2
para t ively large o stracod carapaces imp lies a coo ling. L ow evapo rat ion ra te o r increased

snow fall m ay be the cau se of rising w ater lever du ring coo ling stage. T he lake is freshw a2
ter.

Stage 4b (28 000- 23 000 a B. P. )

A lthough the abundances are changeab le, the percen tages of species are comparat ively

82 微　体　古　生　物　学　报 15卷　



stab le; th is suggests less environm en ta l variety. Sm aller o st racod carapaces compat ib le

w ith stage 4a imp ly comparat ively w arm w ater. T he occu rrence of Cy clocyp ris serena ind i2
cates o ligohaline w ater. D ecreased percen tage of D a rw inu la stevenson i ref lects a fa lling in

the w ater level, th is m ay be cau sed by increased evapo ra t ion ra te compat ib le w ith stage 4a.

It is w o rth m en t ion ing that L im nocy there inop ina ta and Cyp rid eis torosa are all w ithou t

w ell2developed the tubercles. A num ber of species, m ain ly of genera belonging to the

Cytherideinae (such as Cyp rid eis, Cy therid ea , Cy therissa) develop typ ica l pheno typ ic ho llow

tubercles on la tera l su rface of their valves w hen moving to environm en ts of less sa lin ity

(V an M o rkhoven, 1963). T he fo rm of L im nocy there inop ina ta w ithou t w ell2developed tu2
bercles m ain ly lives in b rack ish w ater (Yang, 1986). It is inferred that du ring 42 000- 23

000a B. P. the w ater body of palaeo lake w as comparat ively stab le and no con siderab le in2
crease in sa lin ity occu rred.

In summ ary, the period 42 000- 23 000 years ago rep resen ted a genera lly tempera te

t im e, in terrup ted by severa l phases of sligh t ly declin ing temperatu re. T he o stracod fauna

indica tes a fresh2m esohaline lake,w h ich apparen t ly persisted over the en t ire sedim en ta t ion

period w ithou t any desiccat ion phases.
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Pla te Explana tion

A ll specim ens are depo sited in N an jing Institu te of Geo logy and Palaeon to logy,A cadem ia Sin ica.

Plate É

1- 3. L im nocy there inop inata Baird, 1843

1. ex ternal view of fem ale left valve, ×60, Cat. No.

128203.

2. ex ternal view of fem ale left valve, ×60, Cat. No.

128204.

3. ex ternal view of fem ale righ t valve, ×60, Cat. No.

128205.

4, 5. D arw inu la stevensoni B rady et Robertson, 1870

4. ex ternal view of left valve, ×60, Cat. No. 128206.

5. ex ternal view of righ t valve, ×60, Cat. No. 128207.

6, 7. Cand ona neg lecta Sars, 1887

6. ex ternal view of righ t valve, ×50, Cat. No. 128208.

7. ex ternal view of righ t valve, ×50, Cat. No. 128209.

8- 10. Cyp rid eis torosa Jones, 1850

8. h inge featu res of fem ale left valve, ×250, Cat. No.

128210a.

9. in ternal view of m ale left valve, × 60, Cat. No.

128210b.

10. ex ternal view of m ale righ t valve, ×60, Cat. No.

128211.

11. Cy clocyp ris serena Koch, 1837

11. righ t lateral view of a carapace, × 60, Cat. No.

128212.

12, 13. I ly ocyp ris g ibba Ram dohr, 1808

12. ex ternal view of righ t valve, × 50, Cat. No.

128213.

13. ex ternal view of left valve, ×50, Cat. No. 128214.

14, 15. ? N eocyp rid op sis sp.

14. in ternal view of left valve, ×50, Cat. No. 128215a.

15. details of m uscle scars, ×300, Cat. No. 128215b.
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