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Table S1.  Elements selected and their wavelength for the K-means analysis. 
	Species
	Wavelength (nm)

	Al
	309.27

	Ca
	393.37

	CN
	388.33

	Cr
	425.43

	Fe
	404.58

	Mg
	280.27

	Mn
	403.08

	Na
	328.56

	Ni
	341.48

	Si
	288.16

	Sr
	460.73



A comparison of elemental constituents found in the Ronda peridotite using both LIBS and µ-EDXRF is shown in the Table S2.
Table S2.  Elements found in the Ronda peridotite sample by LIBS and μ-EDXRF.
	
	
	Elements

	Technique
	Al
	Ba
	C
	Ca
	Cr
	Cu
	Fe
	Mg
	Mn
	Na
	Ni
	Si
	Sr
	Ti
	V
	Zn

	LIBS
	
	
	
	
	
	
	
	
	
	
	
	
	
	-
	-
	-

	μ-EDXRF
	
	-
	-
	
	
	
	
	
	
	-
	
	
	-
	
	
	



In the figure S1, it is shown the relative presence of the major elements along the sample. The colour intensity of the images is directly correlated with the concentration of the elements, the higher the colour intensity, the higher the concentration. On the contrary, the black areas represent the lack of the elements. In this sense, the relative presence of the major elements ordered from the highest to lowest presence was Mg, Si, Fe, Ca and Ni. In terms of the distribution of the elements, it can be seen in the Figure 1, Si was present in the empty spaces of Ni, Mg and Fe. On the other hand, the distribution of Ca did not coincide with the distribution of the other elements.
[image: ]
Figure S1. The optical image of the μ-EDXRF mapped area and the elemental distribution for Ni, Si, Ca, Fe and Mg. These elemental maps were performed at 50 ms and 1 cycle/frame counts.






Figure S2. Manganese vein distribution in the analyzed peridotite sample.
The elbow method was utilized to graphically represent the relationship between the number of clusters and the model's inertia, where inertia (I) denotes the dispersion of data points within each cluster, equation (4). The resulting plot highlights an inflection point, or 'elbow,' offering a potential guide for optimal cluster count determination [1, 2]

Where, n denotes the total number of data points, χi represents data point, μj signifies the centroid of the j-cluster, C denotes the set of clusters, and ∣∣⋅∣∣ denotes the Euclidean norm. The resultant plot highlights an inflection point, or 'elbow,' providing a potential guide for optimal cluster count determination. (SEE) WCSS
On the other hand, silhouette analysis evaluates the quality of clustering by assessing both cohesion and separation of clusters based on individual data point distances, as shown in equation (5) [3].

In this context, a(i) denote the average distance from the point to other points within the same cluster, while b(i) represents the minimum average distance from the point to points in a different cluster. The silhouette score ranges from -1 to 1, with higher scores indicating better clustering quality. A plot of silhouette scores for varying numbers of clusters may help identify the optimal number of clusters by selecting the peak score. However, it is important to recognize the complexity of data clustering, as demonstrated by the occasional presence of multiple inflection points in the elbow method and varying silhouette scores. This indicates the need for careful examination and interpretation when determining the appropriate clustering configuration.








[image: ]
Figure S3.  On the right, the k-means curve of the elbow method; on the left, the plot of the silhouette method.

Table S3. K-means centroids, which are the average of the normalized intensity of the points within each cluster for 11 selected elements.
	
	Species

	Cluster #
	Al
	Ca
	CN
	Cr
	Fe
	Mg
	Mn
	Na
	Ni
	Si
	Sr

	1
	0.19
	0.14
	0.03
	0.02
	0.45
	0.34
	0.05
	0.47
	0.26
	0.43
	0.00

	2
	0.16
	0.13
	0.02
	0.01
	0.39
	0.51
	0.03
	0.34
	0.22
	0.52
	0.00

	3
	0.35
	0.27
	0.02
	0.15
	0.35
	0.52
	0.03
	0.32
	0.12
	0.66
	0.00

	4
	0.44
	0.30
	0.04
	0.27
	0.42
	0.34
	0.06
	0.37
	0.16
	0.53
	0.01

	5
	0.22
	0.35
	0.04
	0.17
	0.39
	0.27
	0.06
	0.46
	0.17
	0.40
	0.01

	6
	0.38
	0.13
	0.08
	0.44
	0.41
	0.18
	0.05
	0.40
	0.17
	0.22
	0.01
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