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The Taklimakan Sand Sea Compared
to Ancient Ergs

Helga Besler

(Institute of Geography, Cologne University, Cologne, Germany)

1. Introduction : a comparison of ergs and the ”aging” of sand seas
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Fig. 1 Cross-section through Keriya terraces north of Yutian with sediment properties
(from top to bottom)
granulometric sand type, Munsell colour, mean grain size (Mz), salinity (uS/cm)
total heavy-mineral content (HM). ”Terr."” is terrace; "act.” is active

The greater sand seas (or ergs) of the world look very much alike. Characteristics
are large longitudinal mega-dunes (or draa) and relatively sharp boundaries, apart from
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the upwind margins. Especially similar in this respect are the Namib Erg in Namibia™’
and the Wahiba Sands in Omant?. In general, active dunes are superimposed on the
stable draa which have heights around 100 m and wavelengths around 2 km!®.

The Taklimakan, at a first glance, looks quite different and seems to be dominated
not by longitudinal draa but by transverse dunes. This is due to a denser pattern of su-
perimposed dunes which conceal the subdued draa beneath. The abundance of transverse
dunes-also reversing with changing wind direction-seems to be a consequence of finer-
grained sands and/or stronger winds compared to other ergs. Topographic mapst™ re-
veal that the draa below the dunes in the Keriya area of the Taklimakan also have wave-
lengths around 2 km (compare Fig. 1). The land surface below the draa east of the
Keriya and north of Yutian was radiocarbon-dated around 28000 years B. P. ). There-
fore, these draa belong to the oldest parts of the Taklimakan. Compared to Namib
dunes which exist since the late Tertiary or early Pleistocene™ ., the late Pleistocene
Taklimakan draa, however, are rather young.

The different age of draa or dunes is also revealed by sedimentological properties of
the sands. Sometimes, already the colour gives a clue: The southern Keriya draa, for
example, have a more reddish hue than the surrounding sands. Therefore, on old maps,
they are named ”Kysyl Kum” which is the Uigur expression for red sands. More deci-
sive for the different age of aeolian sands are other properties like salinity, types of grain
size distribution, and heavy-mineral content.

There seem to exist general rules for sand properties changing with time of aeolian
activity within one sand sea and also rules for sediment properties changing [rom one ae-
olian cycle to another. The following is an attempt to introduce a model for the sedimen-
tary evolution of sand seas. Knowledge wa! gained from numerous investigations of ergs
in northern and southern Africa, Arabia fhd the Taklimakan. Because of the limited
number of pages, this introduction necess8ily is very brief and incomplete.

2. A model for the sedimentary evolution of sand seas
2.1 The first aeolian cycle in the Taklimakan

The sands in the Taklimakan have a juvenile aeolian sedimentology which means
that there is still fluvial input of sediments, contrary to most other ergs in the world. A
juvenile sedimentology in this connection also means that the main sources of alluvium
are various types of rock with the exception of aeolianites. Therefore, the " aeolian
aging” of sediments can be studied from the beginning, especially well along a transec-
tion through the Keriya terraces north of Yutian (Fig. 1). The lowest terrace, charac-
terized by phragmites growth, may still be seasonally flooded. The second one is a slop-
ing tamarix terrace. The high terrace (dated) is concealed by 20 to 30 m high draa
densely covered with small dunes (for details see [5]).

Along the profile in Fig. 1, there is a significant change in sediment properties with
statistically relevant correlations, if also samples from other transections are included :

(1) The intensity of the reddish hue is increasing with the height (and therefore
age) of the terace from pale brown (10 YR 6/3) to dark yellowish brown(10 YR 4/4).

(2) The mean grain size is steadily increasing because of constant aeolian reworking
by shifting and winnowing and dust export. (The coarse exception, No. 39, will be ex-
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plained later).

(3) The salinity is constantly decreasing because the salts, adhering to fine parti-
cles, are abraded and exported with the dust. There exists a high negative correlation
with the terrace height (= —0. 9 at level 0. 05). But it should be noted that ever; the
olc)iest sands are still saline, contrary to most other ergs(exception no. 39 explained lat-
er).

. ('4) The heavy-mineral content is increasing with the height of terrace and draa.
Th}s 1§ a consequence of the constant cxport of lighter materials. Therefore, there exists
a significant positive correlation between heavy-mineral content and mean grain size (r=
+ 0.8 at level 0.01). Typical for the first aeolian cycle is the dominance of unstable
heavy minerals, in this case > 90% hornblendel',

. (‘5) Apart from these properties, all sediments have typical grain size frequency dis-
tributions (Fig. 2) which also form a causal sequence. According to many investigation
there seems to be only a limited number of granulometric sand types in all desefts of the
world™"). Grain size distributions shown 1000+
in Fig. 2 represent dune matrial of differ- mm
ent ages and sources. A description of the %
samples in Fig. 2 follows.

No. 34: This distribution with a high
percentage of silt and clay < X
0.063 mm represents the
youngest sediment input by T
water and dust on the phrag-
mites terrace.

No. 36: This distribution is typical for 1
fluvial terrace sands with aeo-

lian reworking, found on the
tamarix terrace. Without the
tail of coarser grains it is typi-

cal for active crests of young 1
dunes (various types). Charac-
teristic is the high and narrow
peak in the fraction 0.063—
0. 125mm.

No. 37: Th.ls distribution is typical for ing granulometric sand types of the sediments in
active crests of older draa and Fig. 1
dunes. The narrow maximum

o
0063 ! 025 0,5
0,125 m?ﬁ7g

Fig. 2 Grain-size {requency distributions . represent-

at 0.125-—0. 25 mm world-wide represents the aeolian main fraction.

No. 39: This distribution is typical for old barchan dunes after a long time of migration
or after having fallen down a scarp. In this case, the sand was sampled on the
tamarix terrace from a dune whigh obviuosly has come from the high terrace.
This explains the exceptional properties of colour, mean grain size and salnity,
similar to the high-terrace crest sands. Characteristic for this granulometric
sand type is the bimodality with a main maximum at 0. 25—0.5 mm and a sec-
f)r;ldary maximum at 0. 063—0. 125 mm which after a longer migration may van-
ish.
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From this sequence — corroborated in other deserts — a first general rule may be
deduced: With increasing aeolian age the maximum in the grain size distribution of sedi-
ments is shifting to coarser fractions. (Aeolian age is understood as a function of time,
wind velocity and pre-existant landform), ]

In the Keriya area, terrace sands(no. 36) with 38% are the dominant granulomet-
ric sand type. Only 28% are active crest sands (no. 37). This distribution of sand types
is typical for a young sand sea and is not found in ancient ergs. But even in the Keriya
area, different "aeolian ages” can be distinguished by their heavy-mineral content'*), In
the Kysyl Kum sands the average heavy-mineral content in crest sands (usually the
highest) is 5. 2%. In the dune field east of the Keriya flood-out, also consisting of draa
and superimposed dunes, the average content is only 1.8%. Respectively. the mean
grain size-is lower, the salinity is higher and the colour is lighter (10 YR 5/4). This
sedimentology corroborates the assumption of a different age in the map of dunefield
evolution by Jakel(1991)%7,

From these results (terrace sequence and dunefield sequence), a second general rule
may be deduced: With increasing aeolian age the sands become coarser, less saline and
richer in heavy minerals.

2.2 The second and third aeolian cycles in the Namib

The Namib sands have a much longer history. The first aeolian sediment derived
from non-aeolianites seems to have been the Etjo Sandstone in the Karoo Sequence.
This was eroded and partly deposited in the coastal area where it was reworked by wind
into a proto-erg of the Namib during Oligo/Miocene time. The Tertiary proto-erg is
preserved in fhe Tsondab Sandstone which is found everywhere below the modern sand

Al a .
sea. From th ,a weakly cemented sandstone in the second aeolian cycle, the proto-erg can
(8]

be reconstrudg:d in its final stage before Miocene planation

According to granulometric sand types (Table 1), there has still been fluvial input
at the margins (16% terrace sands). But with 27%, active crest sands of older dunes
(and draa) are dominant. There is also a large amount of old barchan sands (24%) and
inactive dunes (14%). In general, the erg before planation seems to have been older
than the dunefields in the Taklimakan. But, as in the Taklimakan, heavy minerals are
mainly unstable, with pyroxene being dominant. And as in the Taklimakan, we find a
correlation between heavy-mineral content and mean grain size, according to the aeolian
age of the deposit (Fig. 3). If only crest sands are compared, the average heavy-mineral
content in the proto-Namib is high (9.8%) than in the Taklimakan (5.1%). But this
(as also the granulometry) is not necessarily and indication of greater age as the heavy-
mineral content was inherited from the Etjo Sandstonel® which also may be true for the
grain size distributions. Because of the dominance of unstable heavy minerals, chemical
alteration and/or strong diagenesis was neither effective in the Etjo Sandstone nor in the
Tsondab Sandstone. According to thin section analysis, only the former one was partly
silicified to silcrete (ortho-quartzite) which could have happened in an arid flood-out en-
vironment. But there is another indication for a greater aeolian age of the proto-erg:
Contrary to the Talimakan, 50% of the sandstones are not saline ( <<10?uS/cm).

The Tsondab Sandstone was eroded during the late Tertiary and redeposited in allu-
vial fans which were one source of the modern erg, representing therefore the third aeo-
lian cycle. Again, all unstable heavy minerals are inherited, pyroxene being still domi-
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nant. A comparative analysis of sandstones and sands close to their sources shows that
the processes of aeolian reworking in each locality result in a higher heavy-mineral con-
tent, reduced salinity and coarser granulometric sand types™. Now the average heavy-
mineral content of crest sands is 12. 9% ,and inactive dune sands (38%) are'the4domi—
nant type, accompanied by a high amount of deflated dune sands (Table 1). Now all
sands are not saline.

Table 1 Granulometric sand types (%) —>>mean grain size increasing

terr. sands young dome active  inactive linth deflated old sand
and silts dunes draa crests dunes P s dunes barchans sheets
Taklimakan: 5 18
Keriya Dunes il a8 4 a
Proto-Namib 16 3 27 14 11 24~
Namib (incomplete) 2 31 38 2 24 3
Sahara: Azaouad .3 ' 22 28 34 9 3
Tenere ¥ 13 17 17 47
SM [%]
134
inactive dunes
124
114 ®o0ld barchans
104
g 4
‘g |
deflated dunes
g
6 4
emixed sands
54 active crests ¢
@ fluvial
4
e nebkas.
3 4
2 o
® young dunes
1

0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.27

Mz [mm]
Fig. 3 Total heavy mineral content and mean grain size of the Tsondab Sandstone
From these findings, a third general rule may be deduced: If between the aeolian

cycles, there are no humid periods with chemical alteration, mean grain size and heavy-
mineral content are continually increasing, and salinity is reduced.
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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 ani 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% )1,
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
example™, 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
1)U, But there are still older draa which consist 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®™). 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 (17%) 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 (compare no. 39
in Fig. 2)). 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 ”rejuvenating” 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 (aeolian) 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 gvblution.

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 example, input of juvenile sediments, lake formation because of cli-
matic change, tectonic movements, and human impact may complicate and alter the se-
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uence.
’ 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 capacity
and the sediment input. The processes are enhanced by glacier retreat. At the same
time, 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. L
Nevertheless, in the definition of aeolian age human impact has not been included
because it seems to have not yet reached geological dimensions in deserts.
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