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Fig. 2 X-ray diffraction patterns of raw sediment samples

and mixed samples at different ratios, along with the COD

cards for each mineral. (A : the original sediment sample,

B: 1:9 mixture, C: 3:7 mixture,
D: 1:1 mixture)
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Comparative Analysis of Mineral Quantification Methods in Lake
Sediments: Application Assessment of Rietveld and RIR Methods

HE Xin', YANG Xiaoyi', LENG Mingrui', ZHA Shunyin', NIU Tingyu',
NIU Haoge', ZHANG Hucai', ZHANG Xiaonan'*

(1. Yunnan Key Laboratory of Ecological Protection and Resource Utilization of River-lake Networks, Institute
for Ecological Research and Pollution Control of Plateau Lakes , School of Ecology and Environmental
Science , Yunnan University , Kunming, 650500, China; 2. Key Laboratory of Western China’s
Environmental Systems, Lanzhou University, Lanzhou, 730000, China)

Abstract: Lake sediments serve as fundamental archives of environmental evolution, preserving detailed
mineralogical assemblages that reflect paleoenvironmental conditions. The precise quantitative analysis of
sedimentary mineral phases, however, presents significant analytical challenges due to the complex coexistence
of crystalline phases and amorphous components, coupled with the intricate peak overlap patterns in multi-
phase mineral systems. This study presents a rigorous evaluation of two analytical methodologies - the Ref-
erence Intensity Ratio (RIR) method and the Rietveld full-pattern fitting method - using sediments from
Lake Bam Co, a closed saline lacustrine basin in central Xizang. The experimental protocol employed high-
purity a-Al.Os (corundum) as an internal standard reference material, with three precisely controlled mix-
ing ratios (1:1, 3:7, and 1:9) analyzed via X-ray diffraction (XRD). Quantitative phase analyses were
performed using both methods in conjunction with the Crystallography Open Database (COD) , while si-
multaneously developing a systematic approach for amorphous content determination. The results demon-
strate the marked superiority of the Rietveld full-pattern fitting method across all concentration ranges. For
major mineral phases (>20wt% ), the relative standard deviation (RSD) was consistently below 3%, while mi-
nor phases (5wt% ~ 20wt% ) exhibited RSDs between 5% ~ 10%. Significantly, even trace phases ( < 5wt% )
showed substantially improved quantification compared to conventional RIR method. The Rietveld method
exhibited exceptional performance with heterogeneous samples, demonstrating robust linear correlations
(R? > 0.95) between measured and theoretical phase concentrations. In contrast, the RIR method showed
considerable limitations, particularly at elevated internal standard concentrations (50wt% and 30wt% ) ,
where relative deviations exceeded the acceptance criteria established by SY/T 5163-2018 standards. These
limitations are primarily attributed to the method’ s inherent dependence on single peak intensity ratios,
making it particularly susceptible to matrix effects and preferred orientation. A significant advancement of
this study was the successful quantification of the amorphous fraction, determined to be (31 + 1) wt.% in
the original sediment samples, with exceptional reproducibility across all mixing ratios (RSD < 3%) , fur-
ther validating the robustness of the Rietveld method. This study not only systematically evaluated the appli-
cability of two quantitative methods, but also, for the first time, achieved the co-quantification of crystal-
line minerals and amorphous components in the analysis of complex lake sediments. The results of the study
are of significant importance and application value for improving the quantitative analysis methods of min-
erals in lake sediments and enhancing the accuracy of environmental reconstruction.

Key words: Reference intensity ratio (RIR) ; Rietveld full-pattern fitting; X-ray diffraction (XRD) ; Min-
eral phase analysis; Amorphous phase quantification





