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Abstract: Portable X-ray fluorescence spectrometer (pXRF) enables rapid and non-destructive in-situ analysis of major and trace element
compositions in common rocks. To improve the accuracy of pXRF in geological sample analysis, 39 geological reference materials were
selected, including igneous rocks, carbonate rocks, clastic sedimentary rocks, and sediments. Olympus Vanta pXRF was used to analyze
their powder pellets, and calibration curves were established based on the correlation between the average values of multiple
measurements of the actual element contents and the recommended values of the reference materials. This study confirmed the good
precision and accuracy of TiO:, Sr, Zr, Y, Nb, and Cu themselves. It was found that the contents of SiO: and CaO were significantly

affected by matrix effects between carbonate rocks and igneous rocks, as well as between clastic sedimentary rocks, stream sediments,
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and soils, requiring the establishment of different calibration equations for calibration. In addition, through regression analysis, this study

significantly improved the measurement accuracy of elements such as Al:O3, Fe:O;T, MnO, K.O, Rb, Zr, Pb, Zn, Cr, Ni, and Nb.

Subsequently, the first 150 m core of the Lingyuan drill hole (YSDP-4) from the Yanshan Scientific Drilling Project was selected as

the research object, and the pXRF data before and after calibration were compared with the fusion method. The results confirmed that

the calibrated data were more consistent with the whole-rock powder data. The results demonstrate that this method can effectively

improve data accuracy and expand the wide application potential of pXRF instruments in rapid core scanning analysis.

Key words: handheld XRF; major and trace element analysis; geological reference materials; Yanshan Scientific Drilling; geochemistry.
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TR X LA (pXRF) J& —F H T T
B AT RN RERE 2 B 5 A A, R A i R T X
SR A TG . 2 e X G 2k B RE e R A
JEF B9 N2 H 8k R JE 7S 79X (Jenkins and de
Vries, 1970) , B J5 4b 2 B F % A2 BR A DL AR 1% 28
78, IR EL A R R AR IR X BT G st g
2R 1) BE i h o0 B R T 45 A P AR A B SE S
(West ez al., 2013) ,B:1F X P28 R (S e &) 5
JC R R T F E00 7 O BLIE L, AR OT R A Il RE Y
FRAE 15 £k . A I 5 S8 R AE % 2k, XRF A 6% 31 51
FE i o O R R R B aE AR A A AR Y 2200
XRF 7] 43 Jg 9% K (0 8 X 5 28 9¢ )6 06 3% AL (WD-
XRF) 5 B8 & 4 8 X 5 2 28 6 1% L (ED-XRF) ,
pXRF — i ED-XRF , Hfiff A A8 £ €5 #5000 2% (an
REVEAS I 2% , SDD) M B R AF X TR A e it . B4R
K B Ll GEAS D T &5 A WD-XRF B4, {H H A #5
PESR R I TC B L A b R TARIR SRR E AR
U 1 25 18] 43 B 232 55 0] 43 B 23240015 & i o 9 3 1D
i B f B A 3k $E (Steiner ez al., 2017). 8% ifij
pXRF 7 43 H7 32 o o 47 76 Ja BR A 481 o R X 0p 2k
fE A BRI, Tk /W Li B . Be S R0 £ 5 A fig
PEAL 5 XRE FH I 56 0K % B2 AUEGR B2, 2 TR
gt R M X & & W A8 b (Piorek, 1994; 5% 4 # ,
2023) s NERHEME N &8 Aa LS L
Ty ST T, /0 B A R PR L R TR
&, S pXRE e, £ 4 (2025) 1 5 #F
i AR AL RSB S 2k E A 45 A ICP-MS
B X B BE AT R OE BRI, OF PP AL T pXRE R
SE TR 5 HEA M 5 RAK R S5 (2025 ) M 3K 11 i 1 005 A
THEAE RS M pXRF A 28 A2 M, I 78 W0 3 s 42 i) )
MICE MR 2 (2% & +£20%) 75 XX pXRE
PEAT 8 7 ; Richards (2019) i F #5 #E 2 2% ¥ i R 17
£R R ] U K o, 9 5 ICP-MS 8 WDXRF 28 X 6 iIE .
4 = pXRE 3 B 5 A0 A S ) o i B2 RS2 R, A

SCE A 38 1o o3 B b oW T A S AR it 2 B T IR
pXRF 2 70 & {1 KOs 2R A7 1o I A AL MR 22
T 2 T AL S B R E 5 VR T T S B Al AL A O R
dnn R, R T4 R pXRE 75 2 N O PR i AY 52
Atk

1 pXRF Wy FH BLR

11 pXRFEEREERTHARFMEA

pXRF 165 K & 5 Wi v g iz, h
M BT WA R A A A28 T A R R B T
75 R HE 1 23 B - BE . Palumbo ez al. (2015) {fi H
BrukerTracer3 #l 5 pXRF, 43§71 X & & Baru X 11
R AR Rt N ast ik v i X s, & B Baru 2k
% s R St HUAT 43 2 8 Nb AR Nb P2k i st bk
FE iR A — K H &R NI St ¢ 1iE , A1 4 Baru X
AR, PEMTIA A 28 78 300—900 47 8] 12 &= 55 A
MO &5 E R AR IR TR 5 Ac# . Adams
et al.(2021) f# Jf} Bruker TRACER™5ipXRF % 7 i
ORI Yilgarn 5 417 38 b X fr) B 2R o R RR 6 4k o
A Ca ALNIJCR & & #4720 07, R AT iR e
A (P Ca/AD S AR IR ARG i 1 Bk A Ak
1 A KA1 O . pXRE 70 7= 3B A 450 358 1 FH T 18
2% S DB DL R A4 i 2 19 43 B . Konstantinov
and Strujkov(1995) 7E % W AL &R A9 Ducat 4 X
W9, W& 1T &0 Ak Y Au.Ag.Sn.Pb.Zn
M CufE LR MWK . IR pXRF £t Ag 1 5+
HAEE I FLE— 20 B R A B 3k 6 5 K B O A7 A
1= ah A B9 B8R B4 . Urbano ez al. (2020) ffi A Olym-
pusVanta™ & 7] pXRF X [ 7§ QuadrilateroF errifero
BRW X BB B S B Fe Al P oG R HE47 2007, IFAR 48
Fe & 8 X0 40 — BORMBEAT 73 28 4 1 Rl i o2
05 T B 43 S WER M . Ryan ez al. (2017) % [ PR oK ¥
& BRI (IODP) %5 352 fil Y s T 5 — /N4 Jil —
) B3 44 (1zu-Bonin-Mariana ) Rij 9% & BCAY 387 A2 18 2k
WA SO RE ST 3 B . AR 4 pXRF 251 5
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M2 ICP-OES M 2 B8 i K 8 B XRF £ods & B —
B, UE B AE K b i R T AR
Ti/Ze V/TioC R WWH G bR, 0 8 T A0 X R
P 2 1 b i R 0 T, U A 8 T
1.2 pXRF 7EiTfR #b Bk 4k S 49 K2 B

pXRF BB 38 i 5 43 P 340 M R 2 JT R 19 & =
AR Ak, DTTRE B U0 A Bl R AR S T T
PO TER R s L ER PRI T BRI
J1 XA R 2 A, B i A5 (2016) R
H Bruker S1 TURBO SD pXRF X % FH 4 g 75 ] 5
MR TUA AT R R EREICR A, CaO/
ALO, 5 SiO,/(ALO,+Fe,0,) lL {8 25 5 X 73 K i I8
#r (CaO>15%) ¥ i1 K 7+ (Si0,/ALO,<<3) 45
PE VRS (2017) DA SR 7 b 75 VG 19T B L 1 i
IRGEIRTSN i =N S P [T e =S 1 i hOU - ik es
AUARRE TR IR A TR E S5 ALRY I (A K/
Al .Ca/Al%) , R Wk E ML AT RS AL E
I — 14k, I 45 A 4% 2 0 W B AT [ — ) 300 04 b 23 5
BE L VR AS IR i 4 — B (SQK1gl) b JZ Ji Al 1
FHH S K SCE [ B A G N G & 5 BE A A
(2022) % P4 R EQBE V4 e A XA DORR D 00 & o
It % (Ca0, Si0,, K0, ALO, %) . & @ W #" t %
(Cu,Zn,Fe, Mn 4§ ) #1743 M1 45 S R B WF 58 X 19 00
F LA B U AR o 2, A0 3 FA R T 3 R
TLRE AU B A B & CuZn . Fe Mn ,As
FEICEM & &, 0T RESZ B T PTG 3 1Y 5 5 K R
85 (2024 ) LA 2 AR 22830 F A 4G AL (MLX-S) 4 B
FEXT A il 3 XRF A0 34 M2 ICP-OES Jt & 40 #
3 K/ Ti A A R0e sk TR 0 R i A2 4k, MLX-
S fL 7 £ 8.8 ka Hij BY K/Ti i &b F & 18 ( fx & ik
31.6) , 1M Ji 32 30 Ui 3 1k 7= 40 R0 A U5 240 A ) 5T Y
TRA MR E R, K/ Ti e KRR E 8 4.9,
BT 8.8 ka LA H IR £H B 1) B 3 AR Ak .

2 WIS

F A1 ] OlympusVantappXRF X FH - 5 i %
L XRFE 1Y [ AR ) Bk R e v #6471 0 b, T ik
PERE AN — PR L 2 U 39 1 Ml B AR 1E = B W)
B, AL T 15 KO R G R e B e 7
e xR ) AR Y (A S ib s ol T
DU b S TR Y T R DUAR W ) 5 0 TS AR
i, LA 10 PR R R EL A AR S . BT R P ikiR L A
(AR HERE SH 1 Si02 . ALOs \Fe.O5" b A ¥ i & 1

D

T CE KT KR R R S T RLA R T MgO Al
CaO B & WAL & . KA 2 7% FE i S10. 8 i3
[BlHh 34.3% £ 76.4%. ViBY T GSRA(H /P #)
SIO. & 5 89.3%. kR £ %4 h iy CaO & &t K
33.1%~55.5% .Si02 AlO5, TiO M A7 X} k1§ A &
BRI R T, KOSCA 9 Rb F i (5~466 pg/
@) ST (16~470 pg/g) ML B BR R A B9 Rb &%
i (1~19 pg/g) WA X 8415 ; Cr(3~10 742 pg/g) .
Ni(2~2 515 pg/g) JC & 768 M i & £ (DZ2-1
) Cr Ni &4 8 10 742 pg/g .2 515 pg/g; D73~
20 Cr Ni & 5~ 2 874 pg/g .2 347 pg/g) ; Sr
JC ) HEFEAE & B 26~1 198 pg/g, Bk IR 1h A
(85~688 pg/g) KA (33~1 198 pg/g)SrIm R &
R T UT Y (26~236 pug/g) s Y \Nb.Cu,Co
JCER A5 HAHEFE A 43 0 ol 0~67 pg/g.0~95
ng/g.2~147 pg/g .0~102 pg/g; Zr . Ba JL E 1£ A [
Wy b s B ARkl 5~2 800 pg/g.0~13 300 pg/g.
As PbEE G R ITRWTEVIRY (As: 1~242 pg/g.
Pb:8~339 pg/g) i R E 4, As 7E K Rl ik TR
R 05 A6 4y ) ok 0~25 ng/g .0~10 pg/g; Pb 1E k
B R R 3 0 43 A 43 5 R 3~196 pg/g 1~156
pg/g. ERICE T, IR A 1Y SIO, ALO, . Fe,O,"
B 38 AR T AOSCE MUTELA i MgO Fl CaO &
AL U TR P OSCE TR B Rb % i AH
fBL, T Bk 2 46 5 19 Rb & fE 4K . Cr Al NiAE 8 3k 1
HE L SrIOU R E R IR AR O E T B
L EAEICE As PO VLR b E S AT E
BairEake

3 AR S i A

31 BN E

AR YR IR BUAL S 24 OlympusVantaElement-S
RIS 1) pXRF, R IR HA 4 W XS &E S
50 KV 445 B AR SEAF . 4 W R X 52845 AT DU AE 55 6
B B[] PN 38 B 22 I 9O AR 5, I 6 I [A) 45 DL
55 AR TR 4 W Bl 3R i/ A8 B ]
AR AT T R TR i 15 55 e T i ] SEE
FURE BE . 50 KV A AR B B 8 A e 2 268 o 1) X 03t
R, AT LA A s B ELVE T X SRS S X
PE R R 0 R AN E T R A I R R R A RS B L OF A
BRBA M A2 50 KV A5 F T AR, A M s A%, A
BT 25 45 5 10 355 T 82 RS I ) T
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32 LBAHE

AR S0 A AR RE A ANES R RS AT 34
R AERE A, O HEBRAE A T s
R TP R R AR 2% S TR I T, T e
JE R 2% 39 1 6 G b ) o by oK 14T e v Ab B, T
FIR R BT, 2 3 em, 529 0.5 cm. 7E4Y #81% B
By B, A B 5E R FH AN 10 T R R R T
NONE, & & W B Boot i, Hih ol i 1 40 kV i
J&, 4341 35 s, A M ot R AL 4% Ti.V .Cr.Mn.Fe.Co,
Ni,Cu.Zn,As.Se . Rb.Sr.Y.Zr,Nb.Mo,Ag.Cd,
Sn.Sb.Ba.W Hg .Pb.Bi. Th fU; % 2 4 10 kV
B, 20 B 25 s, B 46 Mg AL1.Si.P.S.Cl.K.Ca.Ti.
DL K Mn. 78 43 B b B v, S 7 AT DL 0 30 R
F4 [ Bsf o B 75 Qe AR AR FF pXRF #83k (9 1 5 5 AR b
2 6] BE B AR 4 AE 1~2 mm 22 6] . 0 5 X 45— 1 A
FEA BT 50, LA 5 A 088 1 °F 308 B b i 25 (SE)AE
o3 BT 25 B UL Koy BT 45 SR R 2

4 Sriras R

41 BEREWEVYRSTER

KSR A B FE RO R T A R R, SIO, Al
5. Fe,O5" 2 A G [l 73 BITEAE 21.27 % (DZ2-1) &
52.54% (GSR-18) ,0.69% (DZ2-2) % 11.60% (GSR-7)
50.17% (GSR-18) % 20.59% (GSR-10) ; MnO ik 2%
AR 0.01% % 0.17% ; MgO ,CaO K20 A 5 {5
7 FBl (MgO:0.00~34.85% ,Ca0:0.00~10.54% ,K-O :
0~6.88%) 45 #f 7 fH 1 [l (MgO: 0.12%~40.13%,
Ca0:0.10%~12.40% ,K-0:0.001%~7.59 % ) & hy 4
T AETEFR 43 B il v B A7 AE AR A9 1 0 5 THO, 55 U
H(0~7.39% ) SH#EFEH (0~7.69% ) 3t [l #2230 , ] 4n
GSR-3H#EFAE N 2.36 % , SCIAE N 2.01% .

¥ & € % vh Rb(1.6~407.4 pg/g) .Sr(1.4~1
084.2 pg/g) 'Y (0~57.6 pg/g) B 52 M AH 4 ) 32 3T
HCHE 77 1B 90 Bl (Rb: 5~466 pg/g; Sr: 43~1 198
ng/gs Y: 0.1~62.0 ug/g) , Bl tn 7€ GSR-3#E fh v,
Rb [ #E 218 Ry 37 pg/g, SLMAE N 34.4 pg/g; Sr iy
WeAAE A 1100 pg/g, SMAE A 1 029 pg/g; Y 4
17 5 4 20.6 pg/g, SE M fH N 22.0 pg/g; Cr(0~7
229.6 ug/g) 5 Ni(0~2 131.0 ng/g) 7 M I A &
(AN DZS-1FE ) Cr & 53K 7 229.6 pg/g Nir i
2 131 pg/g) ; Zr 1 Co 1 M X 75 [l 43 51 A 0.6~1
317.2 pg/g 5 0~477.4 pug/g; Nb Pb, Cu iy Il it 45
B (Nb: 0~63.2 pg/g; Pb: 0~174.8pg/g; Cu: O~

85.8 pg/g) S e (Nb: 3~68 pg/g Pb: 2.8~196
pg/g Cu: 2.0~82.6 pg/g) B Wik, LR TR BA
T4 JC R ARG, BRLALAS R Y HE R (/N T 10
re/g.
42 HRBBRENEVMERITER

Wi R 5 FE Y pXRE M HT 45 SR IR, 2R H
T Si0, . ALO, . MnO % I 3 285 52 43 51 o 0.11% ~
7.54% .,0.11%~1.89% .0.01%~0.19% 35 Bl = " 5
Fe,0," (0.04%~1.43%) . TiO, (0.00%~0.42% ) #
W4t 3 PR 55 4 7 48 Ol 32 0 5 CaO It 45 21
27.4%~53.8%, 5 M # ¥ {H & F (30.93%~
55.49% ) £ 3 , £ GSR-23 £ §h i, Ho sz il {5
53.76 % By [a] i #E #7485 R 55.49 % 3 76 MgO ik v,
F A (] (0.24 96 ~20.14 % ) {5 I K 4 Bk 1R
AR AR SR 5 R B KO CHfE 7 V8 il 0.01%6~
0.88%0 ) LAE 11> 2 £ 4 bR fERE i rp R A 1

G & o, Rb ., Sr. Y JG & By I35 F 4 3k
0.4~16.6 pg/g. 68.4~589.8 pg/g. 0~19.2 pg/g;
Cr.CuJC &R W8 43 A7 440, HAE 1 43 51 hy 23.6~
190.2 pg/g.0~34.2 pg/g; Zr(6.2~2 890.8 pg/g) .
Ni(0~59.2 ug/g) .Zn(0~36.2 ug/g) Jt % 1 ik 45
TS A O 23T, N AE GSR-24 B 5 o Zr (4 4
FA{E R 6.0 pg/g, MIXAE K 6.8 pg/g, Ni HfE ##{H 51
ng/ g i H 3 25 5 8 59 pg/g; Nb . Co ot & K H: 4
A& AL (ND: 0~2.2 pg/g.Co: 0~6.4 pg/g),
530 1 A T R A e R AR 5 DU b o B B L 1 R
e N oAV ECE S
43 BERRE-KRLBRY-TEREMRSTER

TERE B ULBUA — K RUTEY) — + B ) i
D v A 14 AN TURR W A i, TR 5 — S 2 RE
GSR-A(f S ib 45 ). 8 5 R b 1y 52 B A8 K8 43 o8
% B R — S (41 Fe,05" . Sr Zr) , D EICE
A BE R TR 25 0k 3l (A S0, 3 A 5 &2 3 ) A
YEb AR Al (GSR-4) 45 2 28 68.744+4.03 F1 60.50+
5.86) ; E LK MK F, Si0,, TiO,  ALO, I i {5 45
B 21.55% & 68.74% .0.19% & 2.80% 5
2.79% F 18.97% ; Fe 03" \KoO 5L 45 R (Fe, 04"
1.16%~15.44% K»0:0.00% ~4.06 % ) 5 #E# i 7
Bl (Fe 03" :1.50%~18.76 % .K>0:0.20% ~5.20% )
3 5 CaO, MnO 3K 25 21 43 5l B 0~6.90% .
0.01%6~0.19% 5 H #E 77 {4 18 [ (CaO: 0.02%6~
8.27% Mn0:0.02%~0.23% ) # 3t , . HfE GSR-4
(R I 25 SR o CaO AR R 0.21 %6 55 4 45 (%



760 HiBERBL2%  http://www.earth-science.net

51 %

AT MnO Ay 38 45 SR 5 4 47 8 5 8 0.02 %6 s MO #E
PR 0 % 3.40 % HILSEMIE y 0 % 21.61%.

¥ HE 9T % v Rb(14.3~405.8 pg/g) . Sr(20.8~
200.7 pg/g) .Y (8.2~60.3 pg/g) . Zr (89.0~469.3
ng/g) W I 45 B 5 e (E AR 4 o H23  7E GSR 5
T3 45 JE o Rb, #fE 7218 R 205 pg/g  SLMAE K 187
pg/g Stk ST AE Ky 78.8 pg/g, HEFEMH N 90.0 pg/
g Y (A 24.6 pg/g, HEXFIE N 26.0 ng/g Zr 1Y
SR A 89.0 pg/g, HEFF A M 96.0 pg/g; Ni Cu,
Zn Pb % 5 4> J@ o0 R AR 245 A0 R - Nioo Rk
5 53R 0~277 pg/g . 16~136 pg/g.6~606 pg/
g54~472.5 ug/g.

5 Hig

51 KIEMZ#E

TR 23 B 45 S 26 W], pXRE 3 45 S 3 5 77 78
i 2% , 15 Ti0,.Sr.Zr .Y \Nb 5 Cu,pXRF (55 1E 3%
ZR A TSR e R 5 P S AR B S I RE X, H5 AR
1N = N v 1 A S RS R S S S R o T
pXRF M3 £ 4% (B Ti0,.Sr.Zr.Y .Nb.Cu4l) 55
HEY) BT HERA (2 M AF AR 25 5 AP R T R/bh
Tk 7k, W R ITE(Si.Ca. TiFe) M & T &
(4n Sr.Zr Rb %) #FEAT LA, W%t T4 W 58 Jn 25 £ 1
] 9 77 2 5 4 S A9 C K (AL Mn K) , Fo AT 2% H fafd
[l 9 5 B (RANSAC) . H: 32 22 % o8 X 5 (E 5%
M 2558 K1) e /s 3 el U b i H b R BRI AT B L 7
HEAT U B 00 53k i 2 i 4 P 0L 4 1 B AR LA
T A 2 1 T 2 1 o R T A ST R A D 1
JT7R
511 FExE FEOEpXRFEESSHH
(BfF2e 1) Z () 805155 L AT A 40 Sk 4 Fp 2080 2 5 — 2k
JE T PR pXRF W RAAE 335 2 A5 T A3 25 i 7 -5 48 U
i RO R Y RE DXl I S e R, U
G 2 Je 0 AR R AR R A BR L 491 4n THOL LA 25 2R
y=1.072 7x+0.056 6 (& 1b, R?>>0.99) ; 5 2K N
i I AU E T DUAT S4B A R, HL UL G B R
(R">0.9) 41 ALO, . Fe,0," . MnO K,O, HAfEFE{E ()
590 E () B 26 LA J7 B2 4 0 o8 ALO,: y=
1.534 20—0.268 0 ( & 1c, R°=0.99) , Fe,0,": y=
1.195 22+0.120 9([& 1d, R*=0.99) .MnO A9 £ i )7
FE o y=1.2492+0.002 (El le, R*=0.99) .K,O:y=
1.0620+0.675( & 1g, R*=0.98) ; 4 = 2 0 & % 4t
AR 1 52 ) A 22 -5 S mT e B LA I R ik

m CaO . SiO,, ik R £5 7 (CaO #E 4% fH 7€ 30.9%~
55.5%0) M HEFEH 5 S0 ME I LG 25 Rl y=
0.890 42+7.990 7 (R?*=0.98) , 1M X W = /UL R Y
(CaO HEAAMEAE 0.1 % ~12.4%) By HEFAE (y) 5 52
B (2) i LA 25 R 0 y=1.121 5x+0.435 4(R?
=0.99), iR WA HLE #2128 5 (2=28.41, y
=32.30) , [ b 7E B S IR 45 S/ T 28.41 % B R
M y=1.121 52+0.435 4 HEATRME s Bk IRFh 5 5 O
Fr REFR ER TR Y S10, 70 F e 7 8 -5 S it
Moy B A (E la) , Bk B2 3k 2 (SIO, #E 75 (5 16
0.3%~11.1%) W HEFEME (y) 5 2 ME (o) B MG
2L, LA SR N y=1.721 20— 1.558 0(R*=
0.93) , K B A /U B (SIO, #E 7 {8 78 32.7% ~
89.3%0 ) W HEFAH (y) 15 SLMIME (2) AN R HE X R R
AzmAMa, HE &4 R N y=—0.010 72"+
2.146 20—7.325 4(R*=0.96) , B§ A 4014 1 £ 19 32 45
J (x=24.33, y=40.32) , 76 #£ & W i 1 D F
24.33% W, % y=1.721 20— 1.558 0 AT AL 1 5 46
VU pXRE MR 5 HE 77 (0 2 B A A7 7R 25 2k
KRBT E , W MgO Hl P.Os% , i T 5 T FF 50N,
WOR RN AT R T 1 3 AR 80N BR
i, EOCR G X FHR B, pXRF 267 4 b 2
& (Weindorf ez al., 2014) , Joik 7 Ok H 58 @ i $
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