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Almmet 

This paper, based on field data and experimeutai results, sives an analysis and summary of the types 
and uh--fonni~ chen~teristicr of salt Mes in Xinji~ and the distribution and chem~ compositions of 
their brines and ~upe  of salt minends. The evolution and suhetance ori~ns of the salt lakes and their salt- 
formlnl$ resularities as seen from analyses of their peleogeographic envirp.wment and geological tectonics are 
also relmrted. This paper will serve as �9 reference for further invastigation of the Xinjian 8 salt lakes, and as �9 
guide for fuller utilization of their resources. 

Xinjiang, broad in area, complicated in landform, and dry in climate, is one of the main inland 

salt regions in China. The salts here are abundant and complete in types and widely distributed. 

Among the deposits in the salt lakes there are mirabilites, halites, tronas, borates, nitrates formed 

by leaching, and highly-mineralized brines composed of Na, K, Mg, CI, B, Li, U, Th and so on. 

These resources are basic raw materials widely used in the chemical and other industries, 

agriculture, national defence, etc. 

Theories of evaporite sedimentation and thermal solution origins of salt-formation have been 

suggested. Based on the analyses of the ancient lake basins, their substance origins and 

paleoclinmte changes in this area, the author proposes that although there were thermal solution 

o r i ~ s  (hot springs) in the formation of the salt lakes in Xinjiang, they were formed principally by 

evaporite sedimentation. 

I. DISTRIBUTION OF THE SALT LAKES 

The Xinjiang salt lakes are distributed widely but not uniformly in the northwestern part of 

China (Fig. 1). They usually exist in groups in obvious zonations that can he divided into five salt 

lake areas on the basis of their geological structures and physiographic environment (Fig. 2). The 

main characters of each area are described in Table 1. 

II. THE SUBSTANCE COMPONENTS OF THE SALT LAKES 

1. Mimmd Cust i tuents  

Statistical data available show that excluding silicates and aluminate minerals, there are 

fifteen minerals in the salt lake evaporites of Xinjiang, among which are three carbonates, six 

sulfates, two borates, three chlorides, and one nitrate (Table 2). In the mineral assemblage of these 

salts, halite and mirabilite, which are precipitated broadly and are the thickest, constitute the main 

salt minerals in the salt lake areas in Xinjiang. Other salt minerals are not present in great quantity. 

* This paper was published in Chinese in Ocean. Ll.m. Sinica 15(2):168--178, 1904. 
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2. Brine Compositions 
The brines in the salt lakes of Xinjiang are divided into surface and interstitial brine types 

based on the conditions of salt-formation. There are surface brines in some saline lakes, such as 
Barkol Lake and the saline lake west of Dabancheng; some salt lakes have on surface brines, but 
only interstitial brines, for instance, the Qijiaojing salt lake and the Beishawo mirabilite lake, both 
of which have evolved into playas, or have been buried by sand. 

Chemical analyses of the brines in the salt lakes in this region show that they consist chiefly of 
Na, K, Mg, Ca, CI, SO,, HCO3, and CO 3 (except H20 ) which occupy 99% of the total dissolved 
salts in the brines of the salt lakes in this district (Table 3). These elements constitute the main 

Fig. 3 Isoplethes of concentration of boron in the salt lake west of Dabancheng 
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factors for classification of salt lake types and reflect the features of the salt lakes. The contents of 

rare and scattered elements such as B, Li, I, U, Th, etc., are very low in most salt lakes, but are 

quite high and accumulated in one or two salt lakes (Table 4). The saline lake west of Dabancheng 

(Fig. 3) contains the highest boron. Borates are even precipitated in the Shuoer salt lake. It is worth 

noting that the contents of U and Th are high in the interstitial brine of the Beishawo mirabilite 

lake, being several thousands and several tens of thousands times higher than those in seawater. 

They are also higher than tho~ in similar salt lakes in China and abroad. Some salt lakes contain 

high amounts of potassium, which even appear in the minerals deposited in the last stage of salt 

lake development. Carnallite has crystalized out along the southern margin of Lop Nur Lake and 

there are deposits of syngenite in Aydingkol Lake. The brine in Ebinur lake contains K +, Mg 2+, 

B ~ +, Li +, etc. (Fig. 4). This demonstrates that the concentrations of ions in brines are proportional 

to the mineralization of the brines. 
The highly-mineralized brines in the Xinjiang salt lakes contain large amounts of dissolved 

salts with specific gravity of 1.200--1.230, and salinity of 70--200 g/ l ,  with the highest being 694 

g / 1 (in the Hongyanchi lake). Influenced by the natural environment, these brines are in different 

st[h-forming stages. In terms of the classification system of mineralized lakes put forward by 

Valyashko, M.G. Is1, the salt lakes in Xinjiang can be divided into three origin types: carbonate, 

sulfate, and chloride (Table 5). Of these the sulfate types and sodium sulfate subtypes are many, 

and widely distributed while the carbonate and chloride types are few. 

III. FORMING CONDITIONS OF THE SALT LAKES 

Salt lakes are formed in the hypergene stage of the earth crust in the long-term interactions 

between the geographic environment and geological structure (especially new tectonic) and many 
other factors, such as the presence of closed or semi-closed landforrns of stored water bodies, 

ancient lake basins, sufficient material origins of sah-forming dements, proper transporting 

conditions, and arid climates. Continuous investigations for many years reveal Xinjiang possesses 

the above--mentioned factors favorable for the formation and sah-formation of salt lakes. 

L Formation of  the Salt L,,ke Basins 

The salt lake basins in Xinjiang can be basically divided into structural and nonstructural 
basins on the hasis of their origins. 

Structural hasins: the causative factors are inner agents, for instance, the formation of some 

large fault--depression or torsion depression basins were controlled or influenced by folds and rifts. 

The Tarim and Junggar basins along the two sides of Tianshan Mountain in Xinjiang, provided 

good landform environment for the formation of a number of secondary ancient lake basins. The 

statistics of more than fifty lakes show that their long axes NW-SE trends accord fundamentally 

with the trend of the Tianshan Mountains. They are obviously controlled by the zone of 

geosyncline-fold of the Tianshan Mountains. For example, Aydingkol Lake in the Turpan Basin, 

and the salt lakes (Fig. 5) in the western and eastern parts, respectively, of Dahancheng in the 
Chaiwopu depression, are all fault basins 12) that were formed by the influence of the synclinal fold 

along the north side of the Tianshan Mountains. The Ebinur Lake area in the southwestern part of 

the Junggar Basin is a fault basin lvl which was formed by the control of two groups of deep rifts in 

the northeastern and southwestern parts (extensions of the big Feiergan Rift). The Qijiaojing lake  
Basin is more apparently controlled by structures and is a typical fault basin [11 (Fig. 6) with 
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Fig.5 Sketch of the evolution of Chaiwopu ancient lake basin 

1. Lake brines and their salinity (g/I) 

2. Salt deposits 

3. Borders of lake basin from the end of late Pleistocene to early Holocene 

4. Borders of modern lake brines 

5. Supplying directions of water 
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rocks, and normal marine sedimentary rocks. The Kumukuli basin, Baytik intermontane basin, 

and Barkol basin, are all structural origin basins. They are large in area and have evolved for a long 

time, and have formed some big salt lakes, such as Aydingkol, Ebinur, Kumukuli and other saline 

lakes. 

Non--structural basins: they are basins, depressions and low lands formed by outside 

geological agents. The water-collecting basins and depressions belong to these kinds of basins 
which were formed by deflation, glaciation, erosion, or the accumulations of rivers and streams. 

S S 

�9 j,~,. o ,  � 9  o �9 
�9 : " o  

~ : :~  1 ~ 2  ~ 3  [ ~ r ] 4  ~ ' ~ 5  ~ ' ~ 6  

Fig. 6 Section of sediments in Qijiaojing salt lake (from Chen Taocheng) 

1. Basic rock 2. Sand and gravel sediments 

3. Sand sediment 4. Clay sediment 

5. Halite 6. Mirabilite 

These basins are usually wide and shallow, and have evolved only for a short time. They change 

easily, and often form small salt lakes or groups of lakes. For instance, the Manas, Ailikcguoer, and 

Dabasongnuoer salt lakes were all formed by the course change and scouring action of the ancient 

Masas River. The course and other changes of rivers change the salt lakes sharply. For example, 
Lop Nur is a very unstable shifting lake 171. Its subsidence centre has moved many times due to 

course and other changes of the Tarim River and its tributary, the Konqi River�9 

2. Substance Origin of the Salts in  the Salt Lalkes 

The material origins of the salts in the Xinjiang salt lakes can be basically divided into three 
kinds: salts produced by a redissolution of ancient salts, by weathering of basic rock tTl and by 

cycling of natural waters�9 
Analyses of the paleogeography of the lithofacies show shallow marine or lagoon sediment 

structures of the early Miocene in Tertiary spread only in the Kashi-Kuqa depression. The whole 

of Xinjiang became an inland ll'31 in Miocene which formed red lacustrine clastic sedimentary 

structures extensively. In other words, the sea water of the ancient Mediterranean Sea had 

completely retreated from this region by the end of Tertiary, and the Quaternary inland lacustrine 

~diments had no direct relation with sea water. The various salt-forming elements are clearly not 

derived from the sea water. 
The ancient salt deposits are the most widespread in the Xinjiang area of China. It is 

reported [3'5'61 that there are deposits of fossil salt sediments in the Cambrian, Devonian, 

Carboniferous, Jurassic, Cretaceous and Tertiary here. Among them, economically important 

carboniferous gypsum and Tertiary gypsum halite are thick and widely distributed. The well 
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developed Tertiary evaporites indicate a long period of extensive precipitation of ancient salts in 
the district [3'~1. The salt bearing rock systems usually spread along the rims of the salt lake basins 
or near them, thereby providing directly the material origins of the salts for the salt lakes. For 
instance, gypsum-bearing rock systems are several hundred metres thick inthe Kumukuli basin; 
gypsum deposits are widespread along the margin of the Turpan Basin, with a single layer of about 
5 metres thick extending several kilometres discontinuously. The salt domes develop well, with salt 
layers more than one hundred metres thick extending tens of kilometres. The thickest is 127 m in 
the Aksu region of the Kuqa basin. Tertiary salt-bearing layers of various thicknesses spread in the 
Qijiaojing and Hami basins and other places. These salt-bearing rock systems supply salts for 
modern inland salt lakes. After the salts have been washed and leached by rain and ground water, 
the soluble ions of alkali metals and alkali earth metals, such as Na +, K +, Mg z+, C1-, SO~-, and 
so forth, are dissolved and then transported by surface water (water melted from ice and snow) or 
ground water into the salt lakes (Fig. 7). The salt sources are redissolved salts that often undergo a 
selective process of dissolution--precipitation--redissolution--repreeipitation, after which they 
are transported and moved many times. They are the most important direct substance origins of 
the salt-forming elements in the salt lakes of the region. 

The salt lake basins are mostly surrounded by ranges of various rocks with different kinds of 
beds. Under the changeable natural conditions, the source rocks of the lake basins were strongly 
weathered physically and chemically. Soluble salts were carried to the lake regions by surface water 
(runoff) or ground water. This is another material origin of the salt-forming dements in the salt 
lakes here. 
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~ . 7  A profile of Bogda-Qotag Mr. (from Xinjiang Oil Bureau) 

1. Lacustrine sediment 2. Sand and gravel sediment 

3. Salt-bearing rock systems 4. Coal-containing strata 

5. Sandy "shale 6. Basic rock 
7, Supplying direction of water 8. Faults 

Xinjiang is complicated in landform. It has many ice and snow covered peaks towering into 
the clouds, and basins and depressions below sea level. The cycles of ground water develop well. Its 

various springs (cold springs and hot springs) are very important sources of salts supplied to the 
salt lakes. 

3. Paleodimate and Salt-formation 
An arid climate is an important factor that speeds up lake water evaporation and 
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concentration and promotes salt-formation. The Xinjiang salt lakes were largely formed in 

Holocene of the late Quaternary. From analysis of data available, their salt-forming period was not 

very long. Their main salt deposits emerged from late Holocene up to the present. The ranges of 

the salt deposits were not so broad, and single cyclic sedimentation occurred in most salt lakes 
while multi-cyclic sedimentations emerged in some intermontane basins Ill. The vertical 

differentiation is clear in the salt deposits. From the bottom up there exist gypsum, mirabilite, and 

halite deposits. This is historic evidence of continuous Paleoclimate evolution from a humid to a 
dry climate. Generally speaking, under the inland arid climate, the humid environment is 

favorable for the accumulation of salt-forming elements whereas the arid environment is good for 

salt-formation. 

Based on the analyses of the Xinjiang salt lakes' paleogeographic environment affected by the 

rising and faulting of the earth crust, two obvious paleoclimatic evolution cycles emerged during 

Quaternary, i.e. from a warm-humid to hot climate (from early Pleistocene to early Holocene) and 

from a wet to dry climate (in late Holocene up to today). 

As the humid climate of Pliocene continued, freshwater lacustrine sand mudstones and 

conglomerate rocks were deposited in the beginning of early Pleistocene. This warm-humid 
climate was lasting and it became warm-dry only by early Holocene. The salifieation of the lake 

water started and the appearance of mirabilite and thenardite in some lake basins characterized the 

first climatic cycle. The Paleoclimate turned humid in the middle and late Holocene and lake water 

was relatively fresh. The occurence of sandy clay in lakes indicated the beginning of a new climatic 
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cycle. The arid climate appeared over the whole o f  Xinjiang only in recent times (Fig. 8). Intense 

evaporation and concentration of the lake waters resulted in the existence over vast areas of salt- 

formations of mirabilites, halite, tronas, etc. that spread extensively in various dry basins over the 

whole of Xinjiang in the period. 

IV. CONCLUSION 

The salt lakes that spread all over Xinjiang made the region one of the important salt lake 
zones in China. The lakes can be divided into carbonate, sulfate and chloride types according to 

origins (mainly sulfate types and sodium sulfate subtypes). The brines can be divided into surface 

and interstitial brines. They are highly-mineralized and have reached the stage of crystalizing out 

salts. There are carbonate, sulfate and chloride salts in the salt deposits, among which sulfates 

(such as mirabilites) and chlorides (such as halites) are widely distributed. The brines are 

principally composed of Na, K, Mg, Ca, CI, SO+, HCO 3, and C02. They also contain the rare and 
scattered elements B, Li, Th, I. It is evident that the above salts were formed by evaporation. 

The Xinjiang salt lakes were formed not too long ago and the salt-forming period was quite 

short. Most of these salt lakes were formed from Holocene of the late Quaternary to the present. 

They are still in the stage of salt-formation. The differentiation of salt deposits is apparent and the 

sequence is clear. 

The salt lake origins are chiefly structural. The new tectonic influence is particularly obvious, 

as shown by the many terraces along the lakeshores. The salt-forming elements of the salt lakes 

come from inland, and mainly from the redissolved salts of the Tertiary salt-bearing rock systems. 

Weathered rocks and natural water in the substance origion regions are the secondary sources. 
There are two cycles in Quaternary paleoclimate, i.e. from warm-humid to hot between early 

Pleistocene and early Holocene. (although the lake waters tended tO be salified, most lake waters 

did not crystallize out salts; ) and from wet to dry from middle to late Holocene to the present. The 

lake waters are intensely evaporated and concentrated, and the salt-formation occurs over a very 

vast area. The regions with arid to semi-arid climate are the favorable zones for the formation of 
most salt lakes in Xinjiang. 
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