[GEREE URDES I F G D
MARINE GEOLOGY & QUATERNARY GEOLOGY

541 5 1
Vol.41, No.1

ISSN 0256-1492
CN37-1117/P

DOI: 10.16562/j.cnki.0256-1492.2020071701

A X XRF 3R B A GF BN 7 i 73 IR R T 154

N N ST 2
wEF, FEA, TR BN, BRI
1. AR GE IS =M v E 5T BT, JE 1] 361005

2. v Ml 5T R A R T VR ML SR ST T, R 266071

WE:REOART 1L WG B2 . S LE P 2B BRRAYER, LEET T FRIZU O F b B, 5T BT HRE .
AL BRI REZFN AR T2 TR, AFRZA MR XRF ST EARA S S B LEE. . §L 5 o 3 RFELR
SR TR R ARY S AEZR s AN, SR BT T RARAALTAIA LA T Py T 0 5 4F4E, @idxt
MBI —F AR RAREA AR, TARFREAZTET YT ELETHHF A, FXFREALTET W E 05 A6 £ 575 HFe
AR % P HEAT P T, AT S S — A R T LA GK K E A K RARS P LR RAL S S H k.

FARIR): A 4 5 BORBRAL Y X XRF; LE A RAZ; A

FE 525 P744 SCHRFRIZED: A

Application of micro-XRF technology to rapid and nondestructive detection of inorganic elements
in ocean minerals
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Abstract: A great amount of solid minerals, such as ferromanganese nodules, cobalt-bearing crusts and polymetallic hydrothermal sulfides,
occur in the deep ocean. The in-situ distribution of the contents of various elements in the minerals are important indicators to their genesis,
identification, grade and evaluation of economic value. In this study, three types of mineral samples, including ferromanganese nodules, cobalt-
bearing crusts and polymetallic hydrothermal sulfides, were analyzed with micro-XRF technology, and high-resolution, in-situ and non-
destructive multi-element mapping analysis was adopted to reveal the difference in spatial distribution of different elements in different types of
mineral samples. Through the analysis of test data and the optimization of mapping process, we can compare the correlation and difference in
specific element distribution and semi-quantitative content, so as to establish a new method for disclosing the visible deep-sea mineral element
distribution psatterns.
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Fig.1 Multi element distribution in nodule sample

a. image of sample under optical camera, b. Distribution of K., Ca. Si. Al and the image overlap of the four elements,

c. Distribution of Fe, Mn. Cu. Ni and the image overlap of the four elements.
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Fig.2 Correlation and distribution of iron and manganese in a nodule sample

a. region 1, low Mn intensity, in the core, b. region 2, the intensity of Fe and Mn is positively correlated around the sample,

c. region 3,the intensity of Fe and Mn is negatively correlated in the lamina area of the sample.
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Fig.3 Multi element distribution in crust sample

a. image of sample under optical camera, b. distribution of Al, c. distribution of Cr, d. distribution of Cu, e. distribution of Fe, f. distribution of K,

g. distribution of Mn, h. distribution of Ni, i. distribution of Si, j. distribution of Ti, k. distribution of Zn.
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Fig.4 The ratio of Fe (wt%) to Mn (wt%) in a crust sample

a. image of sample under optical camera, b. Colormap of the ratio of Fe (wt%) to Mn (wt%).
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Fig.5 Co distribution in a crust sample

a. image of sample under optical camera, b. heatmap of Co(Ka), c. heatmap of Co(Kp).
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Fig.6 Multi element distribution in polymetallic hydrothermal sulfides

a.Overlap of S, Zn and Cu, b. distribution of S, c. distribution of Zn, d. distribution of Cu, e. image of sample under optical camera,

f. linescan for S, Zn and Cu from the sample red line position.
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Table 1 Verification of parallelism of micro-XRF in nodule and crust samples

SEIGRE LEFERE A ZETERE R 2
R TSmE SR FREE AR S SUGEEARRE X RIE S SUOREIRRE ARXARHE
BIE% W 2/% 1% BIE/% 1% W%E/% BHE/% /% W 2/%

Mg 0.098 0.035 353 0.113 0.023 20.0 0.063 0.046 74.1
Al 0.597 0.020 33 0.320 0.018 55 1.820 0.107 59
Si 1.873 0.013 0.7 1.961 0.050 2.6 7.834 0.303 3.9
P 0.252 0.004 1.8 0.382 0.009 23 0.286 0.036 12.7
S 0.222 0.006 2.7 0.259 0.002 0.8 0.170 0.017 10.0
cl 2.296 0.019 0.8 1.348 0.028 2.1 1.569 0.012 0.8
K 0.788 0.004 0.5 0.682 0.005 0.8 1.354 0.039 2.9
Ca 4.011 0.012 03 5.147 0.017 0.3 5.857 0.026 0.4
Ti 2.391 0.006 03 2.668 0.008 0.3 1.777 0.009 0.5
\% 0.258 0.006 2.5 0.329 0.009 2.8 0.281 0.022 7.7
Cr 0.286 0.008 2.9 0.245 0.009 3.7 0.499 0.010 2.1
Mn 50.880 0.037 0.1 44.081 0.049 0.1 34.971 0.461 13
Fe 32.746 0.069 0.2 39.651 0.079 0.2 41.289 0.154 0.4
Co 1.269 0.007 0.5 1.066 0.012 1.1 0.506 0.031 6.2
Ni 0.761 0.004 0.5 0.534 0.003 0.6 0.594 0.008 1.4
Cu 0.303 0.004 1.5 0.170 0.004 2.2 0.252 0.005 1.8
Zn 0.157 0.008 5.0 0.150 0.010 6.4 0.142 0.007 52
Sr 0.081 0.002 2.4 0.104 0.002 23 0.107 0.003 2.8
Pb 0.730 0.014 2.0 0.788 0.014 1.7 0.629 0.012 1.9

R 2 WX XRF EHRB IR P ITEITHRIE
Table 2 Verification of parallelism of micro-XRF in hydrothermal sulfide

PR 5 IR 22 TR 3
TR TSomE SUORFIRRE AR SR SUGERRRE X RAE SUGRHE SIkAbRME X RRME
BIE% 1% 1% BIE/% /% /% BIHE/% /% 1%
Al 0.484 0.065 13.5 0.178 0.022 12.3 0.180 0.022 124
Si 1.076 0.242 225 0.102 0.013 12.7 1.045 0.021 2.0
S 26.594 0.917 3.4 42.930 0.424 1.0 34.685 0.084 0.2
cl 1.954 0.279 14.3 0.671 0.419 62.4 3.446 0.021 0.6
K 0.161 0.008 4.8 0.066 0.005 7.0 0.324 0.015 4.8
Ca 0.067 0.034 49.8 0.008 0.001 7.2 0.034 0.003 7.6
v 0.098 0.013 13.3 0.204 0.038 18.8 2.422 0.031 1.3
Cr 1.102 0.200 182 54.463 0.681 12 19.171 0.059 0.3
Fe 39.325 0.472 1.2 0.017 0.001 8.1 0.023 0.002 7.1
Cu 27.629 0.633 23 0.223 0.005 2.4 6.521 0.133 2.0

Zn 1.511 0.235 15.5 1.138 0.106 9.3 32.146 0.240 0.7
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Table 3 Accuracy verification of micro-XRF in pyrite standard sample

PR FRREK LS Fi1/% F2/% 1i3/% 3R R R AR AR 2 /% 3R AEHEBE % FREEESE/ % RER 2%
Fe 43.01 4351 4336 43.29 46.64 7.18
S 53.38 53.32 52.93 53.21 53.19 0.04

4 X XRF 7E NS0 FR 4 o B0 30 E

Table 4 Accuracy verification of micro-XRF in sphalerite standard sample

[NEET FRFE KS2 /% H2/% Hi3/% 3 s HMXS R AR 2/ % 3 A% FREEF B/ % A5 22/ %
Zn 62.96 62.33 63.62 62.97 66.96 5.96
S 33.68 33.72 33.41 33.60 32.71 2.72

#5 TE#SFENETAMEX XRF @R L3
Table 5 Comparison of micro-XRF area scanning results under
different point dwell time

JLHE 100ms/% 50 ms/% 30 ms/% 20 ms/% 10 ms/%
Al 0.11 0.13 0.10 0.12 0.12
Si 0.52 0.53 0.52 0.52 0.51
S 43.35 43.24 43.34 43.23 43.33
Cl 4.00 391 3.90 3.94 3.95
K 0.02 0.02 0.02 0.02 0.03
Ca 0.10 0.11 0.11 0.11 0.11
Cr 1.67 1.67 1.70 1.67 1.67
Fe 45.90 46.06 46.02 46.07 45.99
Cu 1.39 1.40 1.38 1.40 1.38
Zn 2.86 2.87 2.84 2.86 2.86
As 0.05 0.05 0.05 0.05 0.05
Cd 0.02 0.02 0.02 0.02 0.02
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JEWCER R 2 JC R W REIE 5 2, NS BIAE 5 R T Y
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