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Abstract: The shape and dominant spatial orientation of soil particles are the important cause of macroscopic soil anisotropy. Based
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on Quanta FEG scanning electron micrograph, the late Pleistocene Malan loess with obvious anisotropy was studied to reveal the
difference of the microstructure in the horizontal and vertical directions and the anisotropic cause of the microstructure. The results
show that the roundness R, of the particles in the horizontal and vertical slices has normal distribution characteristics. Subcircular,
circular and very circular particles are the main types of soil particles in both vertical and horizontal directions. The azimuth of the
particles in the horizontal slice has a certain dominant direction of WN—ES, while the long axis of the soil particles in the vertical
slice has the dominant orientation parallel to the ground, and the deeper the buried depth is, the more obvious the trend is. The
isotropic nature of the soil particles in the horizontal section is more significant, while the anisotropic properties of the particles in
the vertical section are more prominent, and the anisotropy increases with the buried depth. The total probability distribution of
particles in horizontal and vertical slices is basically disordered. The quantitative advantage of the particles is a major reason for this
disordered distribution. Compared with the fine particles, fine sand, to some extent, has the preference of a certain orientation in
alignment. The analysis shows that the azimuth and anisotropy of the particles have a good indication to microscopic anisotropy of

the loess. At the same time, the direction of particles also is of significance for the study of paleoclimate of the Loess Plateau.

Key words: loess; microscopic anisotropy; roundness; azimuth distribution; anisotropy index; probability entropy; geotechnical
engineering; Yanan; Shaanxi Province
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Fig.1 Prevailing wind direction of the Loess Plateau and location of the study area (modified from Zhang et al. ,2010)
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Fig.2 Particle size distribution
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Table 2 Classification chart for particle shapes
[BA P 5 2 AL Btk B V¥ WY A [
(Roundness Grade) (Unnatural Particles) (Very angular)  (Angular)  (Subangular) (Subrounded) (Rounded) (Well rounded)
Cox (1927) <0.50 0.50~0.65 0.65~0.70 0.70~0.75 0.75~0.77 0.77~0.80 0.80~1.00
Russell & Taylor (1937) / / 0~0.15 0.15~0.30 0.30~0.50 0.50~0.70 0.70~1.00
Krumbein (1941) <0.10 0.10~0.20 0.20~0.30 0.30~0.50 0.50~0.60 0.60~0.80 0.80~1.00
Pettijohn (1949)* / / 0~0.15 0.15~0.25 0.25~0.40 0.40~0.60 0.60~1.00
Powers (1953) 0~0.12 0.12~0.17 0.17~0.25 0.25~0.35 0.35~0.49 0.49~0.70 0.70~1.00
Al-Rousan et al. (2007) >2.00 1.54~2.00 1.43~4.54 1.3~1.43 1.29~1.33 1.25~1.29 1.00~1.25
Alshibli & Alsaleh (2004) / >1.50 1.40~1.50 1.30~1.40 1.20~1.30 1.10~1.20 1.00~1.10
Arasan et al. (2011) 1.70~2.00 1.55~1.70 1.40~1.55 1.30~1.40 1.25~1.30 1.15~1.25 1.00~1.215

FE *5| FH SCHk Powers(1953).
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Fig.4 Statistics of the roundness in the horizontal and vertical slices in the different buried depths
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Fig.8 Section grain—size index(a), Burial depth and absolute
geological age of Luochuan Malan loess (b) (Dr is the
deposition rate, and data from Li Huhou(1986))
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Fig. 9 Conceptual model of the soil particle rotation and
deformation
I—Particle rotation; II-Particle and coating rotation and deformation;
II1-Aggregate deformation
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