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Fig.1  Location of the study areaand lithological column
(a) sedimentary facies diagram of the Ganchaigou Formation on the regional geological mag of the Qaidam Basin (modified from reference [30]); (b) outcrops of the Xichagou sec-

tion; (c) columnar lithological section of the Gangchaigou Formation in the Xichagou section



5434

2 VY T S 2 MR A B2 R F T
(2)XCGOS1 BFAME AR IEL 5 (b)XCGO53 BFAME AL 5 (¢)XCGO63 HFAME ik 1 i (d)XCGO65 BFAMAE Al T 15 () XCGO6T BFAMFE it [ 5 (1) XCGO70 BFAMF: i 4]
J5 (g)XCGOT2 PG E J 5 (h)XCGO78 BFAMAE S & A 5 Frh 21 (7 S48 ] 415 2

Fig.2 Typical laminae pictures of the Shangganchaigou Formation from the Xichagou section
(a)field sample images of XCGO51; (b)field sample images of XCG053; (¢ )field sample images of XCG063; (d)field sample images of XCG065; (e)field sample images of

XCGO067; (f)field sample images of XCGO70; (g)field sample images of XCG072; (h)field sample images of XCG078;with red arrows indicating the gypsum layers
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Fig.3 Mineral composition of rock laminae in the Shangganchaigou Formation of the Xichagou section

(a) argillaceous siltstone, the grains are composed of argillaceous and silty layers, sample XCG050, planed-polarized light (PPL); (b, ¢) Argillaceous siltstone, the lamination is

composed of calcite and silty sand layers, (b) is sample XCG050, cross-polarized light (XPL), (c) is sample XCG052, XPL; (d) argillaceous siltstone, composed of aragonite and

silty sand layers, sample XCG054, XPL; (e) argillaceous siltstone, the lamination is composed of dolomite and silty sand layers, sample XCG064, PPL; (f) argillaceous siltstone,

composed of aragonite and silty sand layers, sample XCG068, XPL; (g-i) The siltstone is composed of dolomite and silty layers; (g) is sample XCG072, XPL; (h) is sample

XCGO74, PPL; (i) is sample XCG078, XPL

FERRU R To RIS, 1 2 A 802 h A HLTURAE 2
U s S I N A R S Bk SR R e
(E5d), =AY E TAVLUSE R (& Se) , 3CH
WAL A E (B 56)
34 HIKULFEHFE

VG 20, 34 1 DX T 456 ) 4 ik R TR) o7 25 1A i £
(F 1), 24 8CHEN T -4.07%0~2.89%o0, - I {H
K =1.29%0, 4= 7+ 8"0 {H ¥ W L , /v T —7.69%0~
~2.59%0, Y18 —4.88%0, 8"0 {H 1 6"C A 5 1 4

55 AHAHT LAY, 8" C B 1E AU RE i 140 h B SO
i, QIR XCG054 . XCG063 . XCGO68 . XCGO78 (4]
6) o FELTF L & 2= A IRE L 80 {8 17 I A2 2 AL
HRE ARG FR L 6 T, P 22008 b DX e L T 4898
AR R 5 e S R 5 22 A3 S VR 7R TF IO T A
BPATEBIIAZ ] o AT REAARSY , AR5 T
B 1) A B R 6 4R 52 2% ) Al A ik [ 67 2R TE B
AR U R BT T TR T AR AR R 2R i
TESE R YR AN B R L



1024

A

S

5434

*1

A E L FLAEXRD SHEARNESTER

Table 1 X-ray Diffraction (XRD) and carbon and oxygen isotopes of the Shangganchaigou Formation

from the Xichagou section
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Fig4 Scanning electron microscope (SEM) images showing different carbonate mineral phases

(a) carbonate grain layer dominated by columnar aragonite in sample XCG078; (b) development of large amounts of organic matter around carbonate minerals in sample
XCGO78; (c) development of authomorphic dolomite crystals in the detrital grains interlayered with carbonate grains of sample XCG078; (d) dolomite dispersed in clay
mineral matrix with the cloudy mélange texture of sample XCG072; (e) authomorphic dolomite crystals bridged by clay minerals, growth of dolomite crystals extruding
flaky clay in sample XCGO72; (f) dolomite crystals growing on clay minerals in sample XCG072; (g) columnar aragonite in sample XCG063, surrounded by clay minerals;
(h) calcite developed in blocks, sample XCGO78;(i) coexistence of aragonite and rock salt crystals, sample XCG063;(j) mineral characterization of dolomite and its EDS
data, sample XCGO78;(k) characterization of the minerals below and their EDS data, sample XCG078;(1) characterization of calcite minerals and their EDS data, sample
XCGO78; EDS is X-ray energy spectrum analysis
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Fig.5 Relationship between carbonate minerals and organic matter

(a) sample XCGO78 has a large amount of organic matter in the Chinese lithosphere, sample XCG078, single polarized light;(b-c) the same field of view under a fluorescence
microscope, indicating that the aragonite layer fluoresces yellow , (b) is sample XCG078, is unipolar; (c) is sample XCG078, the raw debris fluoresces strongly; (d) samples of
algal-rich bodies dominated by calcite as a carbonate mineral, sample XCG077, orthogonal polarization; (e) Algae-rich samples dominated by dolomite as carbonate, sample
XCGO072, single polarized light; (f) samples of algal-rich bodies dominated by aragonite as a carbonate mineral, sample XCG063, single polarized light; (g-h) algal bodies fluo-
resce yellow under fluorescence microscopy in the same field of view, (g) is sample XCG068,(h) is sample XCG068, strong fluorescence of biopods; (i) fluorescent photographs
indicate that the carbonate layers all fluoresce, but the intensity of the fluorescence varies from one carbonate layer to another, sample XCG078, strong fluorescence from raw
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Fig.6 Carbon and oxygen isotopes and depositional environments for the Shangganchaigou Formation of the Xichagou section

in the Qaidam Basin (modified from references [32-33], other carbonate sample data from references [34-39])
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Table 2 Research status of various carbonate laminae in lacustrine sediments
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Fig.7 Relationship between aragonite content and carbon isotopes
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Fig.8 Lake evolution (modifies from reference [66]) and climate changes of the Shanghanchaigou Formation in the Xichagou section
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Abstract: [Objective] Laminations are sedimentary structures that result from the slow deposition of fine-grained
materials under stratified conditions in lakes. Among the various types of laminations, carbonate laminations are par-
ticularly sensitive indicators of changes in water salinity, alkalinity, and biological activity. They supply important
evidence for reconstructing past continental climates and hydrology, and the study of lacustrine carbonate laminations
can provide valuable information on the evolution of lake systems and associated environmental changes. However, re-
search on lacustrine carbonate laminations has been relatively limited. By studying the lacustrine carbonate lamina-
tions in the Qaidam Basin, particularly the genesis of aragonite and calcite in the carbonate laminations and the mech-
anisms of their formation, we aim to reveal the climate and environmental changes in the northern Tibetan Plateau
during the Eocene.[Methods] Taking the Upper Oligocene Gangchaigou Formation in the Xichagou section of the
Qaidam Basin as an example, we conducted observations using conventional thin sections, fluorescence thin
sections, and scanning electron microscopy, as well as X-ray powder diffraction and carbon-oxygen isotope analysis.

Based on the analysis of petrological and carbon-oxygen isotopic characteristics, we investigated the vertical
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variations of carbonate mineral content and carbon-oxygen isotopes in the Gangchaigou Formation of the Xichagou
section. [ Results ] The Gangchaigou Formation in the Xichagou section consists of three types of laminations : silt,
carbonate, and clay. Among them, aragonite, calcite, and dolomite are alternately enriched in the carbonate lamina-
tions. Samples with high aragonite content have relatively positive carbon isotope ratios, whereas samples enriched in
dolomite have relatively higher oxygen isotope ratios. Moreover, there are certain regularities in the vertical variations
of carbonate mineral content and carbon-oxygen isotopes in the Gangchaigou Formation in the Xichagou section.
[Conclusion] (1) The Upper Gangchaigou Formation in the Qaidam Basin contains various types of lacustrine lami-
nations, primarily interbedded carbonate and feldspar laminations. The mineral compositions of most laminations are
impure, with a mixture of terrestrial debris and authigenic carbonate minerals. (2) The formation and preservation of
aragonite, calcite, and dolomite in the laminations of the Upper Gangchaigou Formation are related to the chemical
composition of the water (such as the Mg/Ca ratio) and algal biological activity. Under the overall brackish water envi-
ronment, when the external water supply exceeds the evaporation rate, the Mg/Ca value in the water decreases, the
salinity decreases, and the nutrient input increases. As a result, calcite and aragonite minerals begin to precipitate
and transform. The preservation of aragonite in the Eocene strata is related to the blooming of algae and the abun-
dance of organic matter. When the evaporation rate exceeds the water supply, the Mg/Ca value in the water increases,
the salinity increases, and dolomite forms through the replacement of calcite or aragonite or by precipitation. (3) Dur-
ing the Eocene, the climate in the Qaidam Basin was consistent with global climate change, with a humid climate
prevailing in the early period and a semi-arid climate prevailing in the late period. The lakes in the Xichagou area ex-
perienced an evolution from low to high water levels and then back to low water levels. The early low water level stage
represents shallow, brackish water sedimentation with a high input of terrestrial debris. The middle high water level
stage represents brackish water sedimentation with well-developed calcite and aragonite. The late low water level
stage represents shallow, saline water sedimentation with a low input of terrestrial debris.

Key words: lacustrine lamination; aragonite; dolomite; algal bloom; paleohydrology



