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Formation mechanism of varved sediments from Rena Co, central Tibetan Plateau
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Abstract: Varved lake sediments serve as critical archives for high-resolution paleoclimate and paleoenvironmental research.
Because they preserve seasonal to interannual signals, these sediments allow the establishment of precise chronologies for climate
reconstruction. Understanding the mechanisms behind varve formation is essential for interpreting depositional processes and for
extracting reliable climatic and environmental information from these records. In this study, we examine laminated sediments
from Rena Co, a lake in the central Tibetan Plateau. Through combined analyses of 210Pb/137Cs dating and varve counting, we
confirm that these laminations are true varves. We conducted microscopic inspections of varve thin sections, micro-X-ray
fluorescence (u-XRF) elemental mapping, X-ray diffraction (XRD) analysis of bulk sediment, and scanning electron microscopy
(SEM) imaging of coarse particle surface textures. These methods allowed us to systematically characterize the structural,
compositional, and morphological features of the Rena Co varves, and to investigate their formation processes and primary
controls. Our results indicate that the varves consist of alternating light and dark layers. Light layers are formed during summer

and are composed mainly of fine-grained, Ca-rich authigenic carbonate (e.g., aragonite) and abundant cladoceran fossil fragments.
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Dark layers accumulate in winter, after the development of lake ice. These layers contain fine-grained Fe-rich clay minerals that
settled slowly under the ice cover, as well as coarser Si-rich acolian materials (e.g., quartz and feldspar). The aeolian particles
were first trapped on the ice surface and later released to the lakebed during ice melt.
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Fig. 1 (A) Location of Rena Co on the Tibetan Plateau (red pentagram); (B) Topographic map of Rena Co; (C) Bathymetric contour map
of Rena Co and sampling site of core RNCS-2019 (yellow circle); (D) Meteorological data from Gaize Station,1967-2022
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Fig.2 (A)Comparison between varve chronology and 2!°Pb/'*’Cs dating results from Rena Cuo; (B) The excess 2!°Pb decreases
exponentially with increasing depth.
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Fig. 3 (A) Varve thin section under optical microscope; (B) Coarse-grained particles in the dark-colored layer; (C) Light-colored layer;

(D) Cladoceran fragments in the light-colored layer.
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Fig. 4 Varve thin section of the sediments and p-XRF elemental mapping images of varve thin sections from Rena Co. (A) Varve thin
section under optical microscope; (B) Elemental mapping image of Ca; (C) Elemental mapping image of Fe; (D) Elemental mapping
image of Si; (E) Elemental mapping image of Ca, Fe and Si.
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Fig. 5 The XRD analysis results of core RNCS-2019.
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Fig. 6 The XRD mineral diffraction pattern of Rena Cuo.
Mineral names and abbreviations: Aragonite (Arg), Calcite (Cal), Dolomite (Dol), Hydromagnesite (Hmg), Quartz (Qz), IIlite (III),

Albite (Ab), Clinochlore (Cln), Thenardite (Tht).
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Fig. 7 SEM images of the surface of quartz grains in the coarse layers of varved sediments in Rena Cuo.

(A) Rounded outline, low relief, bulbous edges and upturned plates ; (B) Rounded outline, low relief and upturned plates ?; (C)
Rounded outline, low relief, bulbous edges, dish shaped depression ?, medium conchoidal fractures (10-100 pm) °, adhering particles ©
and solution pits 9; (D) Subangular outline, medium relief, arcuate steps ?, large conchoidal fractures (>100 pm) , medium conchoidal
fractures (10-100 pm) © and upturned plates ¢; (E) Medium conchoidal fractures (10-100 pm), parallel striations * and adhering particles

b ; (F) Straight steps ¢, crescentic percussion marks ® and medium conchoidal fractures (10-100 pm) ©.
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Fig.8 SEM images of the surface of feldspar grains in the coarse —grained layers of varved sediments in Rena Cuo.
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(A-D) Well-developed rounded outline, low relief, bulbous edges and upturned plates.
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Fig. 9 Comparison of quartz grains in the coarse-grained layer from varved sediments of Rena Cuo(A) with surface feature frequencies
of quartz grains in typical acolian activity®®! (B-C).

Serial numbering of quartz grain surface features: 1, Angular outline; 2, Subangular outline; 3, Rounded outline; 4, Small conchoidal
fractures (<10 pm); 5, Medium conchoidal fractures (10-100 um); 6, Large conchoidal fractures (>100 um); 7, Arcuate steps, 8, Straight
steps; 9, Meandering ridges; 10, Flat cleavage surfaces; 11, Graded arcs; 12, V-shaped percussion cracks; 13, Straight/curved grooves
and scratches; 14, Upturned plates; 15, Crescentic percussion marks; 16, Bulbous edges; 17, Abrasion fatigue; 18, Parallel striations; 19,
Imbricated grinding features; 20, dish shaped depression; 21, Oriented etch pits; 22, Solution pits; 23, Solution crevasses; 24, Scaling;
25, Silica globules; 26, Silica flowers; 27, Silica pellicle; 28, Crystalline overgrowths; 29, Low relief; 30, Medium relief; 31, High relief;

32, Elongated depressions; 33, Chatter marks; 34, Adhering particles; 35, Arcuate/circular/polygonal cracks!**!,
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Fig. 10 The formation process of varve in Rena Cuo.
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