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Introduction: Laser-induced breakdown spectros-

copy (LIBS) has gained recognition among planetary 

scientists through its operation on the ChemCam instru-

ment on Mars Science Laboratory. However, the merits 

of LIBS extend beyond stand-off spectral acquisition. 

Commercial LIBS units like the SciAps Z-300 portable 

LIBS provide a hand-held analytical tool capable of out-

putting geochemical predictions seconds after data ac-

quisition. Such tools are well-suited for use on terrestrial 

field geology and also hold potential for astronaut sor-

ties on planetary surfaces. Here we investigate accuracy 

of multivariate analyses (MVA) of major and minor el-

ements in geologic samples using portable LIBS 

(pLIBS) spectra. 
Both MVA and univariate modeling techniques 

have been used for data reduction of LIBS spectra col-

lected on laboratory-based instruments [1-3]. MVA 

models generate predictions by utilizing all or a subset 

of channels over a limited wavelength range, eliminat-

ing the need for peak-fitting as required by univariate 

models. Utilizing a larger region of the spectra in this 

way can reduce matrix effects that plague univariate 

LIBS models. This study assesses accuracies of multi-

variate models that quantify trace elements using both 

the full pLIBS spectrum and a limited range centered 

around peaks correlated with each element of interest. 

Sample Selection: This project used 835 samples, 

a subset of the 2,900+ rock powders in the Mount Ho-

lyoke College Mineral Spectroscopy Laboratory that 

cover a diverse range of geochemical compositions. 

Chosen standards had measured concentrations of B, 

Ba, C, Ce, Co, Cr, Cs, Cu, Ga, La, Li, Mn, Mo, Nb, Ni, 

Pb, Rb, S, Sc, Se, Sn, Sr, Y, Zn, and Zr below the mean 

of all standards plus 1.5 times the inner quartile range, 

per element. Standards were analyzed with a SciAps Z-

300 pLIBS instrument on loan from Goddard Space 

Flight Center. 
  Spectral Acquisition: Rock powders with a grain 

size <<10 µm, many times smaller than the laser beam 

diameter of 100 µm, were pelletized in 1.6 mm alumi-

num cups. The pLIBS firing window was held flush to 

the surface of each pellet and three 4×3 arrays were ac-

quired at random locations on each target. Those 36 

spectra were averaged to create one spectrum per stand-

ard. Baselines were removed from averaged spectra us-

ing AirPLS [4] and then normalized to the sum of inten-

sities over the entire spectrum. 

  Peak Selection: Spectral channels correlated with 

sample concentrations were identified using the value of 

the r2 correlation between spectral intensity and concen-

tration. Standards doped with higher concentrations of 

each trace element (up to 10 wt%) [5] were also used to 

identify correlated peaks. Correlated peaks (Table 1) 

were cross-checked against the NIST LIBS spectral da-

tabase [6] for feasibility. B, Nb, Pb, Se, and Zr had no 

well-correlated peaks in the 190 – 950 nm spectrum. 

Multivariate Analyses: Two multivariate regres-

sion methods were tested: partial least squares (PLS), 

and the least absolute shrinkage and selection operator 

(lasso). For each element, PLS and lasso models were 

made using either the entire spectrum (‘full’) or a subset 

of each spectrum focused tightly around the peaks in 

Table 1 (‘limited’). Models were assessed with root-

Table 1. Limited range multivariate model peak locations. 

Element Peak centroid Transition1 

B no peaks – 

Ba 
455.4 nm 6s – 6p 

493.4 nm 6s – 6p 

C 193.1 nm 2s22p2 – 2s22p3s 

Ce 394.3 nm 4f5d6s – 4f5d6p 

Co 238.6 nm 3d74s – 3d74p 

Cr 
359.4 nm 3d54s – 3d44s4p 

360.6 nm 3d54s – 3d54p 

Cs 852.1 nm 5p66s – 5p66p 

Cu 213.6 nm 3d94s – 3d94p 

Ga 
403.3 nm 3d104s24p – 4s25s 

417.2 nm 3d104s24p – 4s25s 

La 394.9 nm 5d6s – 5d6p 

Li 670.6 nm 1s22p – 1s23d 

Mn 257.6 nm 3d54s – 3d54p 

Mo 
313.3 nm 4d55s – 4d45s5p 

379.8 nm 4d55s – 4d55p 

Nb no peaks – 

Ni 239.5 nm 3p63d84s – 3p63d84p 

Pb no peaks – 

Rb 
779.9 nm 4p65s – 4p65p 

794.8 nm 4p65s – 4p65p 

S no peaks – 

Sc 
361.4 nm 3p63d4s – 3p63d4p 

363.1 nm 3p63d4s – 3p63d4p 

Se no peaks – 

Sn 190.0 nm 5s25p – 5s26s 

Sr 
407.8 nm 4p65s – 4p65p 

421.6 nm 4p65s – 4p65p 

Y 
324.2 nm 4d5s – 4d5p 

371.0 nm 4d5s – 4d5p 

Zn 
202.6 nm 3d104s – 3d104p 

206.2 nm 3d104s – 3d104p 

Zr no peaks – 
1Information from NIST Atomic Spectra Database [6] 
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mean square errors (RMSE) of cross-validation (-CV) 

and calibration (-C), and r2 correlations between pre-

dicted and true values. The most accurate models for 

each element among regression methods and spectral 

ranges are listed in Table 2 except for CO2. 

 Results and Discussion: RMSE-CVs from Table 2 

are recast in Figure 1 as percentages of the standards’ 

average concentrations. These values, where high val-

ues imply worse accuracy, are compared to the models’ 

r2 value, where lower numbers indicate better accuracy. 

Preferred spectral range inputs and regression meth-

ods for portable LIBS quantification in geologic stand-

ards are clear from these results. Table 2 shows that 

nearly every element studied here was most accurately 

predicted using PLS on the full spectrum. PLS may take 

more processing power than the univariate methods 

most often used by these instruments’ internal calibra-

tions. However, PLS avoids the need for decisions on 

the choice of specific peaks or wavelength ranges for 

each elemental model, simplifying the models. 

Conclusions: Trace element quantification in geo-

logical samples can be made from portable LIBS spectra 

with now-quantified accuracies. PLS regression on full 

LIBS spectra consistently created the most accurate 

model. These results provide compelling evidence that 

multivariate analysis applied to many/all channels of 

LIBS spectra create more accurate models than those fo-

cused on specific peaks by accounting for matrix effects 

from coexisting elements and exploiting subtle plasma 

interactions. 
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Figure 1. RMSE-CV and R2 results of best MVA models. RMSE-CVs expressed as percentages of average standard concentra-

tions. RMSE-CVs over 100%: B, 119%; CO2, 159%; Cr, 118%; S, 154%. 

Table 2. Best MVA model parameters and accuracies. 

Element Range Method RMSE (ppm) 
r2 

-CV -C 

 B full PLS ±50 ±45 0.09 

Ba full PLS ±215 ±142 0.77 

CO2 wt% limited PLS ±1.17 ±0.96 0.37 

Ce full PLS ±36 ±25 0.65 

Co full PLS ±15 ±12 0.57 

Cr full PLS ±144 ±72 0.82 

Cs full PLS ±2.6 ±2.2 0.46 

Cu full PLS ±30 ±27 0.28 

Ga full PLS ±4.4 ±3.3 0.67 

La full PLS ±16 ±11 0.65 

Li limited PLS ±25 ±18 0.75 

Mn full PLS ±483 ±405 0.51 

Mo full PLS ±1.5 ±1.4 0.30 

Nb full PLS ±7.0 ±6.5 0.31 

Ni full PLS ±49 ±47 0.31 

Pb full PLS ±8.1 ±6.6 0.50 

Rb full PLS ±50 ±40 0.69 

S full PLS ±338 ±308 0.20 

Sc full PLS ±9.2 ±4.8 0.90 

Se full PLS ±0.23 ±0.18 0.77 

Sn full PLS ±2.4 ±2.0 0.44 

Sr full PLS ±119 ±104 0.49 

Y full PLS ±11.7 ±8.2 0.65 

Zn full PLS ±32 ±24 0.66 

Zr full PLS ±65 ±61 0.30 
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