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The Taklimakan Sand Sea Compared ' 

to Ancient Ergs 

He lga Besler 
Unstitttte of Cologne University. CoLogne. Germuny) 

L Introduction: a comparison of ergs and the "aging" of sa nd seas 

1380 

m 

1 350 

w terr.sand 
10 YR 5/4 
Mz : O.l'3 mm 
JI S:l.9* 10 ' 
HM:0.54 % terr . sa nd 

10 YR 4/4 
Mz : 0. 17 mrn 
)JS: 7*10' 
HM:3. 57 % 

te r r. sand 
10 YR 5/3 
Mz:0 . 06 rnr.1 

Ht-1:0.21 % 

terr. silt 
10 YR 6/3 
Mz:0 . 03

4
mm 

'J.l s: > 1 o 
HM:0.06 % 

barchan 
10 YR 4/4 
Mz:0.26 mm 
)J S : 4 . 4*10' 
HM:0.41 % 

act. crest 
10 YR 4/4 
Mz:0. 19 mrn 
J!S:3.3*10' 
HM : 6 . 07 % 

E 

1300 F£ZZ?; //// { ////(//f/ / /!/t;tt// (//((l • 

0 2 3 5 6 7 km 

•' 
Fig. 1 Cross-section thr ough Keri ya terraces north of Yurian with sediment prope rti es 

( from top to 

granulomet ric snnd type, Muns ell co lour, mea n g rain size (Mz ) , sa lini ty ( ,uS/e m) 

total heavy - mineral content (HM) . "Terr." is terra ce; ''act." is active 

Th e great er sa nd seas (o r ergs) of the world loo k ve ry much a like. Characteristics 

are large long itudin al mega-dunes (o r draa) and relatively sharp bound aries , ap art from 
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the upwind margin s. Es pecia lly simil ar in this respect are the Namib Erg in Namib ia[tJ 

and th e Wahiba Sands in Oma nl 121• In general , act ive dunes a re su perimp ose d on t he 

sta ble draa which have heights around 100m a nd wave length s around 2 km l•l. 

The Taklimak an, at a first glance, looks quite di fferent and seems to be dominat ed 

not by long itudi nal draa but by transverse dun es. Thi s is du e to a denser patt er n of su ­

perimp osed dunes which con cea l t he sub du ed draa beneath. T he a bund ance of tr ansverse 

dunes-also revers ing with changing wind direction-seems to be a conse quence of finer­

grained sa nds and / or s tronger winds compared to ot her ergs . T opograp hic maps l•J re­

veal that the draa below the d unes in th e Ker iya area of the T aklim akan also hav e wave­

length s around 2 km (co mpar e Fig. 1 ). The land s urf ace be low the draa eas t of th e 

Keri ya a nd nor t h of Yut ian was radioca rbon-dat ed around 28000 yea rs B. P . l•l . There­

for e, these draa be long to the oldest part s of t he Taklimakan. Compar ed to Na mib 

dun es whic h ex ist since the la te Terti ar y or ea rl y P leistocene l·•l . th e la te Plei s toce ne 

T aklim aka n draa, how.eve r , are rath er young. 

The different age o f draa or dunes is also revea led by sed iment ologica l proper tie s of 

the sands. Sometimes, a lready the co lour gives a clue: The so uth ern Keriya draa, fo r 

example, have a more reddi sh hu e th an the s urrou nding sa nds. There fore, on old map s , 

they are nam ed "Kysy l K um " which is th e U igur exp ress ion for red sands . Mor e deci ­

sive for the different age of aeo li an san ds are other propert ies lik e sa linit y, typ es of gra in 

s ize distrib ution, and heavy -min era l cont ent. 

Th ere see m to ex is t ge neral rule s for sa nd properties cha nging with time of aeo lian 

activ ity within one sand sea and also ru les for sed iment propert ies changing from one ae­

o lia n cyc l.e to another. Th e follow ing is an atte mpt to iniTod uce a mode l for th e sedi men­

ta ry evo luti on of sa nd seas . Know ledge ga.ined from nu merous invest igat ions of ergs 

in north ern and so u thern Af ri ca , Arabia t d the T ak limakan. Beca use of t he limit ed 

numb er of pages, this intr oduct ion necess } ly is very brie f a nd incompl ete. 

' -

2. A model for the sedimentary evolution of sand seas 

2. l Th e f irst aeolian cycle in the T akl imakan 

Th e sa nds in the Tak limakan have a juvenile aeo lia n sed imentol ogy whic h means 

t hat there is sti ll fluv ial input of sedim ents , contr ary to most ot her ergs in t he wor ld. A 

juveni le sedim en to logy in this connect ion a lso mean s th at th e main so urc es o f allu vium 

are various types of rock with the except ion of aeolianites. Th erefore , t he "aeo lian 

aging" of sed iment s can be st udied from the beg inn ing, espec ia lly we ll along a tra nsec­

tion throug h the Ker iya terraces nort h of Yutian ( Fig. 1). T he lowest terrace , char ac­

terized by phr agmites growth, may sti ll be seaso na lly flooded . The second one is a slop­

ing tam arix te rrace. The high terrace ( da ted) is concealed by 20 to 30 m high draa 

dense ly cove red wit h sma ll dun es (for details see [ 5]). 

Along t he profile in Fi g. 1 , there is a s ignifi cant change in sedim ent prope rtie s with 

sta ti stica lly re levant cor rel at ions, if also sa mpl es from oth er tra nsections are included: 

( 1 ) The int ensity of the reddis h hu e ·is increasi ng with t he height (and ther efore 

age) of t he terac e from pal e brow n (10 YR 6/ 3) to dark ye llowish brow nO O YR 4/ 4l. 

(2) The mean grain size is ste adily increa s ing beca use of consta nt aeo lian rewo rking 

by shifting and winnowing and dust ex port. (The coa rse exce ption, No. 39, wi ll be ex-
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( 3) The sa lini ty is consta ntl y decr eas ing beca use t he sa lt s , adher ing to fine parti­

cles, are a braded and exporte d wit h th e du st . T here exis ts a high negative corie li)tion 

wit h t he terra ce height (r =- 0. 9 at leve l 0. 05). But it shou ld be not ed th at even the 

oldes t sa nds are still sa line, contrary to most other ergs (exception no. 39 explain ed lat­
er) . 

(4) The heavy -min era l cont ent is increas ing with t he heig ht o f terr ace a nd dra a. 

This is a conseq uen ce of the constant expo rt of lig hter ma ter i.als. There fore , there ex ists 

a s ignifi cant pos iti ve .correlation betwe en heavy -miner a l content and mea n grain s ize ( r = 

+ 0. 8 at leve l 0. 01 ). Typica l for th e first aeo lia n cycle is th e dominance of unst abl e 

heavy minerals, in t his case > 90 % hornblend el••J. 

(5) Apart from the se properti es, a ll sediments have typ ical gra in s ize freq uency dis­

trib utio ns (Fig . 2) w hich also form a causa l se quenc e. Accord ing to many investigati on 

t here see ms to be onl y a limit ed numb er of g ra nulometr ic sa nd types in a ll deserts of the 

wo rld[tol. G rain s ize dist ributions show n 1000

1 in Fig. 2 rep rese nt dune matrial of differ- mm 

ent ages and so urc es. A descript ion of the 

sa mpl es in Fig. 2 fo llows. 

No. 34: T his dist r ibutio n wit h a high 

percent age of s ilt an d clay < 
0. 063 mm represe nt s the 

you ngest sed iment input by 

wate r and du s t o n the phrag­

mi tes terrace. 

No. 36: This distributi o n is typica l for 

flu via l ter race sa nds with aeo­

lian rewo rkin g' found on rhe 

ta marix te rra ce. With out th e 

ta il o f coarser grains it is typi­

ca l for act ive crest s of young 

dunes (va riou s ty pes) . Charac-

ter is t ic is the 

pea k in the 

0. 125mm . 

high and narrow 

fraction 0. 063-

% 

:36 

II:/ '. 
,/ I 
.; i 

500 
:i i 37 
. I 
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I 
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.. : .' 34 '':' ·. 
:.;< . I 

0 
o.o6J r 

0,125 
0,25 0,5 0.75 

mm</J 

Fi g. 2 Gra in-size frequency disLribuLions , rcprcsL·nt ­

No . 37 : This dist ributi on is typica l for ing granulometric sand types of the sediments in 
act ive crests of older draa and Fig. 1 

dun es. Th e narrow maximum 

at 0. 125- 0. 25 mm world-wide rep rese nt s the aeo lian main fraction. 

No. 39: This distrib uti on is typ ica l for old barchan dun es after a long time of migration 

or af ter ha ving fa llen down a sca rp . In this cas e , the san d was sa mpl ed on th e 

tamarix terr ace from a dune wh ich obviuos ly has come from the high terrace. 

This exp lains the except iona l of co lour , mean grain size and sa lni ty, 

s imilar to the high -te rrace cres t san ds. Characteri s tic for this granu lometric 

sa nd type is t he bimodalit y wit h a main maximum at 0. 25- 0. 5 mm a nd a sec ­

ondary maximum at O. 063- 0. 125 mm which after a longe r migration may van­
is h. 

• 21. 

·:{· . :. t 
·: ,. 

r 

.. ,, 
!' 

! 
I. 

... 

I· 
t' 
1 .. 



I! 

I " 

I 
·.l 

!... • .........! 

" 

From this sequence - corrobo rated in othe r deserts - a first ge neral rule may be 

deduced: With increasing aeo lia n age the maximum in the gra in size d istr ibuti on of sedi­

ments is shifting to coarser fractions. (Aeo lian age is und erstood as a funct ion of time, 

wind ve locity and pre-existant landfo rm ) C7l . 

In the Keriya a;ea, terrace sa nds(no. 36) with 38% are the dominant granulomet ­

ric sand type. Only 28% are act ive crest sands(no. 37). Th is distribut ion of sand types 

is typica l for a young sand sea and is not found in ancient ergs. But even in the Keriy a 

area, d iffere nt "aeo lian ages" ca n be distinguished by thei r heavy -mineral content C•oJ . In 

t he Kysyl Kum sands t he average heavy -min era l co ntent in crest sa nds (usua lly the 

highest) is 5. 2%. In the dune field east of the Keriya flood-out, a lso consisting of draa 

and supe rim posed dunes, t he average content is only 1. 8%. Respective ly , the mean 

grain size ·is lower, the sa linit y is higher and the co lour is lighter 00 YR 5/4) . Thi s 

sedimento logy corroborates the assumption of a differ ent age in the map of dunefie ld 

evo luti on by Jakel 099l) C'l. 

From these result s ( terrac e seq uence and dunefield sequence) , a second gene ral ru le 

may be deduced: With increasing aeo lian age the sands become coarser, less sa line and 

ric he r in heavy minera ls. 

2. 2 Th e second and third aeolian cycles iu the Namib 

The Nam ib sands have a much longer history. The first aeo lian sed iment de r ived 

from non -aeo lianites seems to hav e been the Etjo Sandstone in the Karoo Sequence. 

This was eroded and part ly dep os ited in t he coas ta l area where it was rewo rk ed by wind 

into a of th e Nam ib during O ligo / Miocene time. The T ert iary proto-erg is 

preserved in te Tsondab Sa ndstone wh ic h _is found every,where below the mod ern sand 

sea. From weak ly cemented sa ndstone m the second aeo li an cyc le, the proto-erg can 

be reco nstru< d in its final stage before Mioce ne planation [•J. 

Accord in to granu lometric sand types (Tabl e 1), there has sti ll been fluvial input 

at the margins 06 % ter race sands). 13ut wit h 27%, act ive crest sands of o lder dune s 

(a nd draa) are dominant. Ther e is a lso a larg e amount of old barchan sa nds (24%) and 

inactive dunes 04 % ). In ge neral, the erg be fo re planation seems to ha ve been o lder 

tha n the dunefi elds in the Taklimakan. But, as in the Tak limakan, heavy minerals are 

ma inl y unstab le, with py roxene being dom inant. And as in the Taklimakan, we find a 

corre lation between heavy- mineral content and mean grain s ize, accord ing to the aeo lian 

age of t he deposit (Fig. 3). If onl y crest sa nds a re compared, the average hea vy- mineral 

content in the proto -N am ib is high (9. 8%) than in the Taklimakan (5. 1%). 13ut th is 

(as also the gra nul omet ry) is not necessari ly and indication of greater age as t he heavy­

mineral content was inherited from the Etjo Sandstone[ •J which a lso may be true for th e 

grain s ize distributions . Because of the domin ance of unstab le heavy minerals, chemica l 

alteratio n and / or strong diagenesis was neither effective in the Etjo Sandstone nor in the 

Tsondab Sa ndsto ne. Accordi ng to thin section a nalys is, on ly the -former one was part ly 

s ilicified to silcr ete (o rtho -q uartzite) which cou ld have happened in an arid flood -ou t en­

vironment. But there is ano th er indicat io n for a greater aeo lian age of the proto -erg: 

Contra ry to the Talimakan, 50% of the sandstones are not sa lin e ( < 102/LS/c m). 

The Tsondab Sandstone was eroded during the late T ertia ry and redeposited in allu ­

vial fans which were one so urce of the -modern erg, representing t herefore the t hir d aeo­

lian cycle. Again, all uns table heavy minerals are inherited, pyroxene being sti ll domi-
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nant. A comparative analysis of sands ton es and san ds close to t heir sources shows that 

t he processes of aeolia n reworking in eac h locality resu lt in a higher heavy-mineral co n­

tent, reduced sal init y and coarser gran ulometri c sand typesC•J. Now the average ?eavy­

mineral conte nt of crest sands is 12.9 % ,and inactive dune sands (38%) are ' the domi­

nant type, acco mpani ed by a high amount of deflated dune sands (Ta ble 1). Now all 

sands are not sa line . 

Table 1 Granulom etric sand types (%) - > mean grain size increasing 

Taklimakan: 

Keriya Dunes 

Proto-Namib 

Nami b (inco mplete ) 

Sahara: Azaouad 

Tenere 

SM [%1 

13 

12 

11 

10 

9 

8 

7 

6 

terr. sands 

and s ilt s 

38 

16 

2 

3 

young 

dunes 

19 

3 

7 

dome 

draa 

II 

active 

crests 

28 

27 

31 

22 

- 13 

inactive 

dunes 

14 

38 

28 

pli nth s 

2 

34 

inact i ve dunes • 

l 
'; 

deflated dunes • 

emi xed sands 

deflated old sand 

barchans sheets 

II 2r 

24 

17 17 47 

• old barchans 

5 -l active c r ests e 

4 

3 

2 

• nebkas 

e yo un g dunes 

0 .09 0 .11 0 . 13 0 .15 0.17 0.19 0 .21 0 .23 0 .25 0.27 

Mz [mm] 

Fig. 3 Tota l hea vy mineral content mean grai n s ize of the Tsond a b Sandstone 

From these findings, a third gene ral rule may be deduced: If between the aeo lian 

cycles , there are no humid periods with chemi ca l alte ration, mean grai n s ize a nd heavy­

mineral co ntent are continu ally increasing, and sa lini ty is red uced . 
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2. 3 The more advanced cycles in the southern Sahara 

The aeolian sands in the southern Sahara (and the Sahel) have a different am or 

Djado Sandstones (Cambro-Ordovician and Devonian, already partly aeolianites), Con­

tinental Intercalaire (Permian to Cretaceous), and Continental Terminal (Tertiary) 

which were accompanied by chemical alteration and pedogenesis, partly even lateritiza­

tion. During the Pleistocene and the Holocene, the sands were reworked into several 

draa and dune generations' separated by humid periods of weathering and pedogenesis. 

Therefore, the sands are almost pure quartzand very poor in heavy minerals(< 1%). 

Only the stable minerals are preserved with a dominance of zircon (70-80%)[ 101
• 

Therefore , they are of no use for a differentiation. 

Nevertheless, ancient draa generations may be distinguished by grain size distibu­

tions, even if the sands are not fixed by vegetation and/or soil. In northern Mali, for 

exampleC2l, the crest sands of the Ogolien draa (20-15000a B. P. ) correspond in age 

and grain size distribtuion to the draa in the Kysyl Kum (Keriya area; Fig. 2: No. 37). 

The distributions in pre-Ogolien draa show a maximum reduced below 400%/mm. This 

seems to be the threshold value between active crests and inactive dunes (compare Table 

l)C1l. But there are still older draa which co nsist throughout of very coarse grains, usu ­

ally only found in plinth sands at the base of draa (see Table 1). High wind velocities 

are needed for their accumulation. 

The most degenerated and deflated sand sea most probably is the Tenere in the Re­

public of Niger[ 31
• Here, sand sheets with desert pavement are dominant, even on draa 

surfaces (Table 1 ). These sands consist of a thin veneer of coarse material protecting 

the main fraction 0. 063-0. 125mm. 

The respective grain size distributions resemble no. 36 in Fig . 2, but with a long 

tail of coarse grains. The high amount of old barchan sands 07%) is partly incorporat­

ed with the draa. This does not mean that they are older than the Ogolien draa in mail. 

Bur their aeolian age is higher because winds seem to have been always stronger (no 

mountain barrier as in Mali) , and because the sands were driven down scarps (Falaise 

de Bilma, Falaise de Fachi) where most fine grains could be blown out (co mpare no. 39 

in Fig. 2)[ 31 . Moreover, the sands seem to have been derived from coarser (Partly al­

ready bimodal) sandstones. This means that sands of the granulometric type "active 

crests" (in Table 1) represent a different "reju venati ng" sediment input. 

From these relations a fourth general rule may be deduced: If the bulk of havy min­

erals has been destroyed during humid periods between (aeo lian ) cycles, there are still 

dominant granulometric sand types to distinguish between draa and dune generations 

and to indicate the aeolian age or-in comparison with the source sandstones-the stage 

of sedimentary e'loluti6n. 

3. Conclusion: The sedimentary future of the Taklimakan 

These thoughts on the sedimentary evolution of sand seas are only an attempt to see 

the "red line" in the main recycling process. Increasing amounts of samples may shift 

the results but will not change the tendencies completely. Many side-processes have 

been neglected. For input of juve nile sediments, lake formation because of cli­

matic change, tectonic movements, and human impact may complicate and alter the se-
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The latter, at present, is most effective in the Taklimakan. Because of increasing 

irrigation projects, the river floods are reduced and therefore also the transport cappcity 

and the sediment input. The processes are enhanced by glacier retreat. At the same 

tim e , the aeolian export of fine and light materials (silts, clays, salts) is going on at the 

same or at a higher rate(human activities in search for oil). Therefore , the clock for the 

aeolian age is running faster. 
be.; included Nevertheless, in the definition of aeolian age human impact has not 

because it seems to have not yet reached geological dimensions in deserts. 
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