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Abstract: In the Loess Plateau of China, carbonate minerals are important proxies for paleoclimate reconstruction. However, relationships
between carbonate mineral characteristics and climatic factors remain poorly constrained in the arid region of the Central Asia, concerning
particularly the discrimination between different genesis of calcites and their crystallinity as climatic proxies. This study focuses on the climatic
significance of calcite crystallinity in topsoils and loess in the arid region of Central Asia, aiming to assess its potential for paleoclimatic
reconstruction. A total of 48 topsoils of loess sediments and 6 samples from two loess profiles deposited since the last glacial periods were
collected from northern Xinjiang, China, and southern Kazakhstan. X-ray diffraction (XRD) analysis was performed to analyze the
mineralogical characteristics of calcite. The crystallinity was quantified using a peak shape parameter (height/area ratio, //4 value) of the calcite
(104) diffraction peak. Generalized Additive Models were employed to systematically evaluate the relationship between various climatic factors
and calcite crystallinity of topsoils. Results demonstrate that secondary calcite exhibited significantly lower H/4 values (4.21+0.62) compared to
mixed-origin calcite (6.25+0.82). The H/A values show a significant negative correlation with annual evapotranspiration, suggesting their
potential as a proxy of paleo-evapotranspiration intensity. Except for winter, the separate introduction of precipitation and temperature factors in

other seasons did not significantly improve the explanatory power of the model.. However, non-linear interactions between annual
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evapotranspiration and mean annual temperature accounted for 76% of the variance in H/4 values. The H/4 values were closely related to the

evapotranspiration as a single factor in the cold (0~2°C) or warm (6~ 10.5°C) thermal regimes; however, there was a threshold effect of the

H/A value change with the evapotranspiration in the transitional thermal regimes (2.5~ 5.5°C or 11~ 12°C). This research provids critical

insights into applying calcite crystallinity for paleoclimate reconstruction in the Central Asia, which deepens understanding of the paleoclimate

characteristics and offers a novel mineralogical tool for deciphering Quaternary environmental evolution in arid Central Asia.

Key words: calcite crystallinity; topsoil; evapotranspiration; loess; arid Central Asia
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Fig.2 Linear regression model comparison between observed precipitation data and reanalysis precipitation data at sites from 1985 to 1995
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Fig.5 Box plot of the distribution of H/4 value (height-to-area

ratio) for calcite (104) diffraction peaks in different samples

Topsoil I: samples with dolomite, Topsoil II: dolomite-free samples.
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Table 1 Results of single-factor Generalized Additive Models (GAMs) for H/A4 values
BRI AR B E S HWE P T7 FE SRR Y R IE RHR
AR 1.00 1.00 <0.000 1*** 59.54 0.59
HREHE 1.00 1.00 <0.000 1*** 4321 0.42
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Fig.6 Effect plots of climate variables on H/4 values in the GAMs

Solid line: Estimated smooth effect curve, pink band: 95% confidence interval.
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Fig.8 The response of calcite crystallinity to annual
evapotranspiration variations under different

temperature conditions
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