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Fig.2  Cathodoluminescence characteristics of carbonate rocks
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Fig.5 Box plot of major/trace elements and REE contents, and Fe/Mn across different luminescence groups
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Fig.7 Relationship between cathodoluminescence and Fe, Mn contents in carbonate minerals (base image from Huang, 1992)



St A 2 S = 23
53 ZE PHAE BRIRER T W IR KOG e R A5 1125
ol @ 8000{ (1) ® 225{ () ..
7000 200
50 6000 .75
Qp % L ]
< 10 = 5000 . P % 150
330 : 18 4000 ﬂm 125 ° o
& ) o © 41 ° o 4 °
2 3000 S i & PY
©
20 ®9 oy *
Fad 2000 o & ® O
@} e oo . 2 G0 o L B °
10 .. 1000 ® ® o
° ) 50
(1) [ [ ]
0 [ ] L ]
-1 =2 =30 1 2 3 -1 -2 -3 0 1 2 3 -1 -2 -3 0 1 2 3
LDAiﬂﬁE)&? LDAiHEn&? LDAiHEmi‘
ol @ ) 8000{ ) .. 225 (p) ..
7000 200
50 6000 LTS
Co ¥ ) ®e
£ 40 E 5000 < < 150
3 o & 4000 Wy o®
30 ) 41 o & ° @
2 » . & 3000 °® 3 100 ° o @
° ® 2000 o, . ° PY
° ® o0 o, ® ° () 75 °
10 g o 1000 < ° 50 o
5 [ ] .. o0,
-4 =2 0 2 4 -4 =2 0 2 4 -4 -2 0 3 4
LDA?&!E?»M{—E# LDA%’m!f:f:ﬁi—f:i LDAFﬁiﬁ:ﬁ‘lﬁfﬁ_f
O WHEEA o BEOLH PR [BAUKR/MREEFe/Mn

P8 T2 0 ol o A B B 358 A DG 2L L 585 K e 4L AN R RO ALY o 2 LR

Fig.8 Classification of the extremely weak, weak, and moderate luminescence groups based on linear discriminant analysis
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W FEIEAS  Mn™ Fe™ DL R H + & s hn, kiR b a4
43 #i 2k rh LREE 5 5 Al HREE & S5 EZ 8 2
HE T Ce 5% (Chen et al, 2015; #% 2 = ¢,
2019)(&19).

[F) 46 A o B, i T K P Fe Mn &5 42 A4 i
REOCBAR , (A5 AR AR R TR AR 5™ 1 T Fe \Mn 7%
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2015 ; Xiang et al., 2021) .
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e, TE IR R 2 T BB AOGI B G (18] 2p) | [l 23
P Fe 2 B 5 10 000X 10° 1 5308 &6 (F 20,
45 ) A7 B9F 1 TC R AL o3 i 2 2B A9 g Y
457 (18 4b [ 6a) , Hosl R AT RE 55 55 AL B FL B K
H LREE #¢ Mn U ALY WM, 17 HREE $ Fe S AL
P B i H B AT R 4 MREE B9 R#1iE (Alibo and
Nozaki, 1999; Haley et al., 2004; Kim et al., 2012;
Prakash et al. ,2012 ;X EZ 45 ,2019) .
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Factors Influencing Cathodoluminescence in Carbonate Minerals: A
case study from the Lower and Middle Ordovician of the southern

margin of the Ordos Basin
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Abstract : [Objective] The cathodoluminescence (CL) characteristics of carbonate minerals are closely related to
their major/trace and rare earth element (REE) contents. Existing studies primarily focus on the effects of Mn and Fe
on CL, often neglecting the role of REEs. This study aims to investigate the influence of major/trace and rare earth el-
ements on the CL characteristics of carbonate minerals, thereby providing geological evidence for inferring mineral
genesis, depositional environments, and diagenetic processes.[ Methods ] CL and laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS) were used to test carbonate rock samples from the Lower and Middle Ordovi-
cian on the southern margin of the Ordos Basin. Statistical methods and classification algorithms were applied to ana-
lyze the test data, and common REE indicators were used to evaluate the properties of diagenetic fluids. [ Results ]
The study reveals that matrix dolomite exhibits weak to moderate red luminescence under CL, with both zoned and
uniform luminescence. Dolomite cements, with high Mn and Fe contents, are often zoned or non-luminescent. Analy-
sis of variance (ANOVA) and Tukey’s Honestly Significant Difference (HSD) post-hoc tests indicate that Fe, Mn,
La, Ce, Pr, Nd, Sm, Eu, Gd, and Tb contents, and the Fe/Mn value significantly influence the CL of carbonate
minerals. Non-luminescent and strongly luminescent groups are relatively easy to distinguish : non-luminescent miner-
als have Fe contents greater than 10, 000%10° or Mn contents less than 40x10°. Additionally, the non-luminescent
group with Fe contents over 10,000x10° displays REE distribution patterns enriched in Middle Rare Earth Elements
(MREE) , whereas the strongly luminescent group shows Light Rare Earth Elements (LREE) depletion and low Fe/
Mn values. Using comprehensive dimensionality-reduced parameters of major/trace elements and REEs, in conjunc-
tion with Mn content, effectively distinguishes the extremely weakly luminescent, weakly luminescent, and moder-
ately luminescent groups. The nature of diagenetic fluids during diagenesis impacts carbonate sediment composition ,
mineral content, and major/trace element and REE variations, directly influencing carbonate mineral CL. [ Conclu-
sions] By combining in situ major/trace element testing with various data processing methods, this study provides a
more quantitative understanding of the impact of major/trace element and REE contents on CL intensity. These find-
ings offer valuable insights for scholars studying the factors affecting CL.
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