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Figure S1. Mass concentrations vs. net X-ray intensities for all analyzed elements in all recognized mineral species. The lopes of the red lines 
are estimated by least square regressions are equivalent to αi

phase.
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Figure S1. —Continued
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Figure S2

Na2O K2O

MgO CaO

FeO MnO

Al2O3 Cr2O3

SiO2 TiO2

0 20 40 60 0 1 2 3 4

0 50 100 150 0 100 200 300

0 30 60 90 120 0 1 2 3 4

0 100 200 300 0 2 4

0 100 200 300 400 0 100 200 300
0

100

200

300

0
1
2
3
4
5

0

1

2

0

100

200

300

0

1

2

3

4

5

0

200

400

600

0

100

200

300

400

500

0

50

100

0

50

100

150

0

20

40

60

Peak intensity [cps/nA] from X−ray mapping

Pe
ak

 in
te

ns
ity

 [c
ps

/n
A]

 fr
om

 re
fe

re
nt

ia
l s

po
t a

na
ly

si
s

Phase
Amp

Apt

Di

Grt

Hem

Ilm

Omp

Pl

Rt

Spl

6

Figure S2. Comparison of peak X-ray intensities from referential spot analysis to X-ray mapping for all analyzed elements. The black lines 
and gray dashed lines show regressions. The black lines were obtained from weighted least squares regression assuming that data points from 
fine-grained phases (amphibole, diopside, hematite, plagioclase and spinel) are weighted to 0, and the others by Xphase. The gray dashed lines were 
calculated using ordinary least squares without weighting. Note that “Phase” in the legend indicates the phase identified by referential spot analysis 
and does not necessarily correspond to the phase targeted by X-ray mapping, owing to possible multi-phase pixels. 
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Figure S3. Relationship between actual mass concentrations determined by spot analysis and corresponding background X-ray intensities 
for all analyzed elements in all recognized mineral species. The red lines indicate average values and blue dashed lines are obtained from least 
squares regressions.
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Figure S3.—Continued
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Figure S4
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Figure S4. Schematic of CV. A sample dataset is divided into a 
training dataset (black points) and a test dataset (red points). A calibration 
curve (black line) is calculated using the training dataset. Validity of the 
calibration curve is evaluated by RMSE. A small RMSE indicates the 
calibration curve reasonably explains the relationship between variables.


