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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 Cui et

al.B); (b) outcrops of the Xichagou section; (c) columnar lithological section of the Gangchaigou Formation in the Xichagou section
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Fig.2 Typical laminae pictures of the Shangganchaigou Formation from the Xichagou section
( a )field sample images of XCGO051 { b )field sample images of XCGO053 { ¢ )field sample images of XCG063 { d )field sample images
of XCGO65 ; ( e ) field sample images of XCG067 ; ( ) field sample images of XCG070 ; ( g ) field sample images of XCG072 ;( h )

field sample images of XCGO078 ; ( 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 XCGO050, single polarization; (b—c)
Argillaceous siltstone, the lamination is composed of calcite and silty sand layers, (b) is sample XCGO050, orthogonal polarization, (c) is
sample XCGO052, orthogonal polarization; (d) argillaceous siltstone, composed of aragonite and silty sand layers, sample XCG054,
orthogonal polarization; (e) argillaceous siltstone, the lamination is composed of dolomite and silty sand layers, sample XCG064, single
polarization; (f) argillaceous siltstone, composed of aragonite and silty sand layers, sample XCGO068, orthogonal polarization; (g—i) The
siltstone is composed of dolomite and silty layers; (g) is sample XCGO072, orthogonal polarization; (h) is sample XCG074, single

polarization; (i) is sample XCGO078, orthogonal polarization;
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Table 1 X-ray Diffraction (XRD) and carbon and oxygen isotopes of the Shangganchaigou Formation from

the Xichagou section
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XCG044 22.7 1.1 12.3 41.3 0 0 14 21.5 -2.97 -6.79 27.96
XCGO053 23.9 1.4 12.6 12.3 224 0 1.3 26.1 -2.87 -4.03 30.72
XCG054 % 223 1.2 11 17.9 1 21.8 0 24.8 1.74 -6.93 27.82
XCG059 " 27.7 1 11.6 17.2 13.6 4 0 24.9 -1.96 =178 28.97
XCGO61 33.1 1.5 11.6 14.9 1.4 0 0 37.5 -1.47 -7.69 27.06
XCG063 ? 16.9 2.1 7.3 10.5 4.2 44 0.6 14.4 2.46 5135 29.4

XCG065 B 34.6 2 17.9 13.6 33 0 0 28.6 -0.8 =2'59, 32.16
XCG068 13.9 0 8.7 19.3 4.1 37 0.5 16.5 2.89 =5125; 29.52
XCG072 18.7 1.1 13.2 14.6 30.2 0 0 222 -2.96 -3.75 31.00
XCG074 18.9 0 6.8 11.7 41 0 1 20.6 -3.97 -2.69 32.06
XCGOo76 EH 23.5 0.6 9.1 20.1 233 0 1.3 22.1 -0.76 -5.6 29.15
XCGOo77 ,Ez{ 16.7 1 9.4 44 4 0 1.8 23.1 -0.96 -4.87 29.88
XCGOo78 233 22 10.7 20.6 4.4 14.8 1.2 22.8 0.38 -6.41 28.34
XCGO079 18.1 1.1 7.5 10.1 26 19.8 0 17.4 -1.11 -4.09 30.66
XCG080 %f 21.2 1.7 10.9 13.6 28.7 0 0 23.9 -4.07 -3.35 31.40
XCGOo81 B 25.7 1.7 11.3 25.1 9.7 3.1 0 23.4 -2.98 -4.16 30.59
XCGO083 39.2 1.8 16.8 11.3 2.7 0 0 28.2 -1.3 -3.16 31.59

32 WEPIRERELT MFHFE

s MR RN RoR, ETSMARARRIRHIVZ (B 4a) USCAHERNE,
U EERRAR, FAEBERE, SAFHRKRLA 3 um, KEHLADY 51, RIEREAAER
BUAE VTR (Bl 4a, b). AnAgUEP AR MEEENT 5 um (B 40, HFD /D
T lum. EEMETAZAEERE THREAREENEA (K 3g~D, EREEAMBE
A EES TR LT YRR (B 4d), FEAE A A MENE L0 mHe, A
SARERAERTEETRE LR (K 4e), EETAHSARENERE LT Y (K 40,



PIIESE: SEIEAR IR Gt LTS ZHARIR Eh 802 MR B ol U X

EARMMCH)E, KHERSCH SRR LT el (B 4g, b, HEEXASAE

-_—

™,

O RN WA B O u®

Energy [keV] Energy [kevV] Energy [keV]
B4 ANEIBRER S5 A0 B RFAE
(a) BREZFLSUE UARIRSCA T, XCGO78 Fffh, Hffimg: (b)) BRERELG WA ER & KEAHR, XCGO78 £, i Hf:
(¢) 5HMELZELENHBELETRE BN A Ak, XCG078 i, HfilEE: (O sRBRAETHEAFEIHT
R T, XCGO72 #dh, FRHE; () BIEA DA REER L WY, Baf s m A KaF R IRE £, XCGo72
Feah, B (D AASBER LT W EEK, XCG072 #idh, Hffits: (o) MRCAME LI MEE, XCG063 £
m FREEE (b A REYURAEE, XCG078 FEM, HfimE: () R 5A AL, XCG063 FEf, HiHE:: D
F = A0 PIRE % 3 EDS $fii, XCGO78 Fffh, F3EE: (k) SCHA YHRHE &S EDS #d, XCGO78 ££hh, HRiHE; (1D
Jr fRAH R K 3L EDS $ifl, XCGO78 Kl HfFHIGE;  (EDS By X GTkfgil o)
Fig.4 Scanning electron microscope (SEM) images showing different carbonate mineral phases

(a) carbonate grain layer dominated by columnar aragonite in sample XCGO078; (b) development of large amounts of organic matter



around carbonate minerals in sample XCG078; (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 XCG072; (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 XCGO078;(i) coexistence of aragonite and rock salt crystals, sample XCG063;(j) mineral
characterization of dolomite and its EDS data, sample XCG078;(k) characterization of the minerals below and their EDS data, sample

XCGO078;(1) characterization of calcite minerals and their EDS data, sample XCGO078; (EDS is X-ray energy spectrum analysis)
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Fig.5 Relationship between carbonate minerals and organic matter
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(a) sample XCGO078 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 XCGO078, is
unipolar; (c) is sample XCGO078, the raw debris fluoresces strongly; (d) samples of algal-rich bodies dominated by calcite as a carbonate
mineral, sample XCG077, orthogonal polarization; (¢) Algae-rich samples dominated by dolomite as carbonate, sample XCG072, single
polarized light; (f) samples of algal-rich bodies dominated by aragonite as a carbonate mineral, sample XCGO063, single polarized light;
(g-h) algal bodies fluoresce yellow under fluorescence microscopy in the same field of view, (g) is sample XCG068,(h) is sample
XCGO068, 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 XCGO078, strong fluorescence from raw debris
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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 Yuan ez a/.** and Talbot et al.>*), other carbonate sample

data from Yu et al.?4, Nianl**l, Jian et al.*%, Zhao et al.’"), Ji et al. B8], Xiaol*?1)
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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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Formation of Carbonate Laminae in the Oligocene
Shangganchaigou Formation of the Qaidam Basin and Its

Paleoclimatic Significance
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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
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particularly 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, research on lacustrine carbonate laminations has been relatively limited. By
studying the lacustrine carbonate laminations in the Qaidam Basin, particularly the genesis of aragonite and calcite
in the carbonate laminations and the mechanisms of their formation, we aim to reveal the climate and
environmental changes in the northern Tibetan Plateau during the Eocene. [Method] 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 variations of carbonate mineral content and carbon-oxygen
isotopes in the Gangchaigou Formation of the Xichagou section. [Result] 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 laminations. 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] Based on this study,
the following conclusions can be drawn: (1) The Upper Gangchaigou Formation in the Qaidam Basin contains
various types of lacustrine laminations, 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 environment, 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 abundance 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) During 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 experienced 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
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