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Fig.1 Study area and distribution of the calcareous root tubes
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Fig.2 Classification of the calcareous root tubes

411 ¢. rhizocretion defined by Klappa'”l ;

The figures cited from [ 4, 7-8].a. rhizocretion defined by Barta'®); b. root cast defined by Cramerl
d. the structure formed by loose sediments or sand which was gathered by root exudates and secretion secreted from microorganisms; e. calcareous

sheath; {. root mould; g. root tubule; h. root cast
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Fig.3 Abundance of n-alkanes in the calcareous root tubes
a.sample point coordinates is ( 39°30'31.1” N,105°38'40.4" E ) ;b.sample point coordinates is ( 38°47'14.5" N,104°17'8.9" E )

F1 WHEDREYSRRE ST

Table 1 Morphological characteristics of calcareous root tubes from the Alashan Desert

SRR S ) R IEMGEE R B BRIRE  SUR%
Hb X cal yr B.P. (20) " i,
L (N) 2] (E) AEXT=E /A HAYKE O EHAY
s BLYDEE 38°46'42.1" 105°1428.9" 2259 (2 061~2 457) PR AR 34 76% 24%
38°44'30.4" 105°16'7.4" 3150 (2 971~3 328) FRE BAK 8 50% 50%
38°45'22.2" 105°05'13.1" 3573 (3 455~3 691) FRE BAK 20 75% 25%
38°47'14.5" 104°17'8.9" 4192 (3 980~4 404) PR (0 BAK 20 90% 10%
37°54'59.9" 104°52'13.0" 4 630 (4 438~4 821) FRHA A% 14 86% 14%
38°24'1.7" 104°34'50.3" 5462 (5 326~5597) TR BAK 20 10% 90%
38°48'58.9" 104°56'43.3" 5523 (5333~5712) FEH AR 10 60% 40%
38°48'53.5" 104°16'24.5" 6 154 (6 004~6 305) KE =1 10 40% 60%
38°12'48.4" 104°3450.3" 6829 (6 670~6 988) PR L= 17 29% 71%
LAV 39°34728.7" 105°52'23.3" 3570 (3 448~3 692) IEREN B 6 100% 0%
39°50'18.5" 106°39'14.1" 3879 (3 698~4 060) IEREN L= 16 75% 25%
39°41'36.5" 106°33'7.1" 4137 (3 929~4 345) A=K A 10 0% 100%
39°52'51.6" 106°32'6.3" 4617 (4 420~4 813) KHf B 25 96% 4%
40°17'29.7" 106°35'25.7" 4.631(4 440~4 821) IEREN g 5 0% 100%
39°34'40.4" 105°50'30.6" 4791 (4 617~4 964) FRE B 26 62% 38%
39°39'1.8" 105°53'17.9" 6382 (6280~6 483) IEREN B 26 31% 69%
40°10'41.2" 106°40'58.4" 6451 (6301~6 601) KA B 23 74% 26%
39°30'31.1" 105°38'40.4" 6 534 (6 404~6 604) KEA® B 22 18% 82%
39°59'59.8" 106°37'34.5" 7102 (6 946~7 257) IEREN B 25 0% 100%
ELFH AR 39°5127.13" 102°05 '15.44" 2553(2 378~2 728) YIEREN BAIG 15 73% 27%
39°46'29.41" 102°10 '42.45" 3237(3 083~3 391) PR =1 47 79% 21%
39°46'7.9” 102°2834.8" 5256 (5 062~5 449) KA B 30 33% 67%
39°56'13.9" 102°36'20.1" 6353 (6218~6 488) ke B 11 82% 18%
39°57'19.4" 101°50'17.12” 31 190 (30 902~31 478)  MiBa A% 20 0% 100%
39°39'14.2" 102°09'26.3" 33276 (32 708~33 843)  MBiEf i 25 64% 36%
39°39'12.6" 102°09'26.2" 34 084 (33 652~34 515) B, BAK 16 56% 449%

T ARG RG],
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Fig.4 Morphological characteristics of calcareous root tubes from the Alashan Desert

a. calcareous sheath without carbonate cementation in it but with the carbonate thin layer attached outside; b. calcareous sheath with remnant root

hair; c. calcareous sheath with brown-black appearance; d. rhizocretion with double-layer structure and thick carbonate cementation within it; e.

brown-black and solid rhizocretion cemented by sand gravel; f. solid rhizocretion cemented by carbonate completely, arrow points to the circular

holes.
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Fig.5 The percentage of rhizocretion of calcareous
root tubes in the Alashan Desert

a.Tengger Desert; b.Ulan Buh Desert ; c.Badain Jaran Desert
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Calcareous Root Tubes in the Alashan Deserts: morphological characteris-
tics, classification and environmental significance

GAO YouHong, LI ZhuoLun,HAN Lang, LI RuoLan

College of Earth and Environmental Sciences, Center for Desert and Climatic Change in Arid Region, Lanzhou University, Lanzhou 730000, China

Abstract: The definition and classification of calcareous root tubes which have been used in different studies are still
unified. However, it remains uncertain that whether different definitions of calcareous root tubes indicated the same
morphology or not. At the same time, there were disagreements over the formation mechanism and paleoenvironment
significance of calcareous root tubes. Some research results suggested that the formation of calcareous root tubes in this
area indicated relatively humid climate conditions, while others argued that they were formed by recrystallization of
calcium carbonate required the presence of underground water. In this study, 26 calcareous root tubes samples collect-
ed from the Alashan Desert are classified using morphological method, which was based on previous studies about the
definition and formation mechanism of calcareous root tubes. Then the paleoenvironment significance for different types
of calcareous root tubes was discussed. The results showed that calcareous root tubes were products of terricolous plants
and were formed by encrustation of plant roots by secondary carbonates, including five subclasses, namely calcareous
sheath , rhizocretion, root mould, root tubule, and root cast. Calcareous sheath and root tubule have hollow tubes in
morphology, and then rhizocretion and root cast have structure of double layer cemented by calcium carbonate or solid
construction filled with coarse gravel or sediment. Root mould is simply tubular voids left after roots decayed. Accord-
ing to whether the formation process is under the influence of plant growth and rhizosphere microorganism activity or
not, the formation process can be divided into two patterns. Calcareous sheath and rhizocretion were formed by the in-
fluence of plant growth and rhizosphere microorganism activity, while the formation of root mould, root tubule, and
root cast were not influenced by them. Thus, the classification of the above five subclasses can be distinguished by
morphology character clearly. Results from n-alkanes indicated that abundant short chain alkanes which indicate the
influence of plant growth and rhizosphere microorganism activity occurred in calcareous root tubes. Therefore, calcare-
ous root tubes can be divided into calcareous sheath and rhizocretion in the Alashan Desert. Both of them occurred at
the same sampling point. However, the quantity percentage of rhizocretion was variates in the Holocene. During the
middle-Holocene, the quantity percentage of rhizocretion is significantly higher than that in the late Holocene. The for-
mation of rhizocretion were jointly controlled by calcium solution leaching, CO, produced by the rot of root, and rhizo-
sphere becoming alkaline. Calcium solution leaching could be resulted in higher effective humidity. Therefore, chan-
ges in the quantity percentage of rhizocretion could indicate levels of effective humidity, higher quantity percentage of
rhizocretion could be interpreted as a humid environment, and vice versa.

Key words: Alashan Plateau; calcareous root tubes; calcareous sheath; rhizocretion; secondary carbonate; desert



