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Y BV FREDE X #HT 3 Delta Premium DP-6000 12 & 2 BBEH O &G LA G IC oW TRE 2 7o 72 %
For B H0b X #Ar 2 E CRULDSE L 72ACIRBEA SEHT D W T DP-6000 12 & 2 5g AT Rk IE, WV ESRMEZRL,
B AR E L PR ZHVZHIEZ S 2 212X o T, WESBREOE X MO ERE L WIITRRSBON D 2 L
HHIL 72, WICE—OAIRBRG 2 VT D BELOREEICOWTRE 217072, 28R, Tlo Rl i
R ICHE D IIHRER DAL 026 % ~ 81 % TH Y, HWEIL Y ELWEPICHWLEELZ R L2 &I, A
AR DICIRDFEEIZ OV THGT L7z, BURERE B L C, A@IEEEHIE 15 Si0: O BEHEMR 22 S HCIRERL &
WL T39Il LaL, ZOMoERDeHE oM ERERSEZ 58 ~ 7.3 ORI 0, s O
EREARIIEAEZLL 2d o7z, TROEDMRE A S, DP-6000 12 & 5 FBIREA BB O )70 O w7 Wi A & Hv

T, BEHIEER EOENFENERITRADLLEZONS.
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2. KELIRE

Meat 2 H v 72 Delta Premium 12X $ 5 547 7
V=2 a R EDMABRIZ L > TW L DODDETF I
S 5%, BRAOEY Y ¥ —2ME4E T 5013 Rh &k
% fii 2 72 DP-6000 TH 0, AERICHERI MR T 0
25 A& [Mining Plus] T& %. DP-6000 i¥/\ ¥ K
VIETOMHERARE L, KK v F XAV T, 55
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DETREOKE BILEICOVTIIEEIE 40kV, FEK
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TB I o 72l TIREITEOMWE L 60s, HILE DM
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DP-6000 Cld K&UE S F CHMlE %179 25, KEA5F
PAS T O W TIE AT B 2 6 84 L 72 R X id &
B FICHINS NEEL, KAIEOREEZKE %
%. ZDO72% DP-6000 (25 ¥ =2 WNE S, K
RICL WO BEELMIEL TS, T2, KRIET
THMZEAT) L OMERE LT, NaDERNIITR %
WZEP PSS, NaldBBEAIZ4 wt. % BRESE
NLZFEILETH DD, TORFEXHOTA NV F—I1T
MNEL, GERGFICE o TEBIIBINENE 20, K
SEBRTIIERT 2N TE R\, DP-6000 Tlx FP
(Fundamental Parameter) % CTERFH %179 2%, Na
DR SN VEEIIOW TN TR D 2 4%
BdHb. —), RAFEATUETSAY v ME, HZ%E
ZMCIBB T 2 BN B 2 a5 AR O FEBIE ST ]
BERZETHD., $, HEEIIMOLILEDTE R
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3. BERXSTOEEM

HOh X MU & 2 @B TR ICE OWIL - ihike
RO 7= DI REBOEAEDSENZ LD TH 5.
Ol EARHOYE, Bl 2 VT2~ 11 5
WAL CHMTT 2 2 e —MITHY, BRAEEY
DL IZHBIETHRETICWET 5 2 Lidfrbh s

1 HRREMCAVWEREREY XA FOLELFEER
Obsidian Sanukaite

Hoshigato Koshidake Shirataki Taku Goshikidai
MgO (wt.%) 0.07 0.04 0.03 2.13 1.62
Al:Os 12.53 13.07 12.89 14.34 17.09
SiO: 77.7 77.38 77.71 63.13 66.51
P:0s 0.01 0.01 0.01 0.13 0.2
K:0 4.6 4.36 4.36 3.34 2.77
CaO 0.5 0.64 0.55 3.39 3.75
TiO: 0.11 0.03 0.03 0.63 0.48
MnO 0.08 0.05 0.05 0.08 0.08
Fe:0s5* 0.59 1.01 1.12 4.3 3.81
Rb (ppm) 144 191 162 135 126
Sr 38 41 27 206 277
Y 23 21 25 13 14
Zr 77 68 71 130 212
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N ROV REIESE X 55T

it Delta Premium DP-6000 |2 & % BWEfT O IEBE 4 E LML T

2 DP-6000 & WD-XRF (C & 2 MREROEIFMNAR, 1EREMRE, EREHLUHRERR

element regression curve correlation coefficient accuracy detection limit
MgO (wt.%) WD = 2.6957 * DP - 0.55492 R2 = 0.9786 0.19 0.03
Al:Os WD = 0.68005 * DP + 4.0379 R2 = 0.9684 0.38 -
SiO: WD = 3.2741 * DP - 190.08 R2 = 0.9558 1.38 -
P:0s WD = 0.79994 * DP - 0.041617 R2 = 0.9997 0.0017 0.004
K:0 WD = 0.33583 * DP - 1.0435 R2 = 0.9893 0.094 -
CaO WD = 0.77107 * DP + 0.14767 R2 = 0.9994 0.046 -
TiO: WD = 1.1776 * DP - 0.098614 R2 = 0.9932 0.027 0.05
MnO WD = 0.81859 * DP + 0.00045803 R2 = 0.8984 0.0060 -
Fe:0s* WD = 0.87586 * DP - 0.027772 R2 = 0.9995 0.047 -

Rb (ppm) WD = 0.94359 * DP - 9.5651 R2 = 0.9783 4.4 2

Sr WD = 0.95750 * DP + 20.094 R2 = 0.9999 1.3 1

Y WD = 0.95051 * DP - 2.2816 R2 = 0.9066 1.9 1

Zr WD = 0.93488 * DP + 1.8454 R2 = 0.9986 2.7 1

WD, analytical result using WD-XRF; DP, analytical result using DP-6000. Fe2Os* means total iron calculated as Fe:0s.

Detection limits are estimated from 30.

x3 {BoNERMIRICE > THETEL /- DP6000 IC& 2 REREY XN 1 FOMTHER

Obsidian Sanukaite
Hoshigato Koshidake Shirataki Taku Goshikidai
WD DP WD DP WD DP WD DP WD DP

MgO (wt.%) 0.07 0.03 0.04 0.07 0.03 - 2.13 1.95 1.62 1.81
Al:0s 12.53 12.55 13.07 13.00 12.89 12.69 14.34 14.89 17.09 16.80
SiO: 77.70 76.51 77.38 79.03 77.71 77.07 68.13 67.69 66.51 67.48
P:0s 0.01 0.01 0.01 0.01 0.01 0.01 0.13 0.13 0.2 0.20
K:0 4.6 4.51 4.36 4.41 4.36 4.35 3.34 3.45 2.77 2.70
CaO 0.5 0.51 0.64 0.65 0.55 0.54 3.39 3.33 3.75 3.80
TiO: 0.11 0.08 0.03 0.03 0.03 0.06 0.63 0.63 0.48 0.48
MnO 0.08 0.08 0.05 0.05 0.05 0.05 0.08 0.07 0.08 0.09
Fe:05* 0.59 0.58 1.01 1.05 1.12 1.09 4.3 4.26 3.81 3.86
RDb (ppm) 144 138 191 191 162 162 135 138 126 129
Sr 38 38 41 40 27 27 206 208 277 276
Y 23 22 21 20 25 25 13 12 14 17
Zr 77 75 68 71 71 69 130 132 212 211

WD, analytical result using WD-XRF. DP, recalculated analytical result using DP-6000. Regression curves shown Table 2 were

used for recalcuations.

L—YaridfrbhTs67,
HEL/EEZONS.

LA L, BUGHROMEE SR 2 HWT, BERHIE
119 2 LIk » T, WDXRF TEHNM72d DIZiEw
SN 1S Z LA KA. DP-6000 & WD-XRF (2 &
B oA AE R o UG AR, AMBIAREL IEREREE B & OHm

B % 2 2 1Z/R L7z, DP-6000 D44l 5 & WD-XRF

DGR Z KT 2 &, FIINERE 10kV Tlle L7z

TLHETH o TH P05 % CaO 1 ZHBIEREA0.999 DL L&

IHTRER DRI D

D, MBS TRV, —J5, SiO: (EHE M S
BThb, MR 09558 TRRENMETH L. W
WAV Iy F) T Mo A4 T THD0, dFHRD
SiBEE X IS X BEIC X o T, BRIHERN T SR X
BBFELTnB72000 LNawD, FFlIIAHTH
5. 72, MnO OMPAREAY 08984 L7y, Thid
Mn O X O Y — 27 LT 5 Fe O X i o
DHFBEBRELEN TV RWZOZEEZ SRS, FIN
L A0kV Tl L7z FeRITOW T, HBREDZ

—113—



14
_ 135
)
4
= ] au
. 13- (]
5 ]
Q ]
2 ]
12.5~_ AVG = 13.05 wt.%
1 SD = 0.05 wt. %
RSD = 0.41 %
12 J —_— T
0 5 10 15 20 25 30 35
Number
78
AVG= 74.53 wt. %
77 SD = 0.20 wt. %
| RSD = 0.26 %
;\3 76
é m
S 75
= " n - [
& 74m n
73
72 ™ T T 1 L !
0 5 10 15 20 25 30 35
Number
5
AVG = 4.39 wt.%
SD = 0.028 wt. %
RSD = 0.63 %
X
o 45
3 o g g . u L
Q n -
¥4
4= T T T \ T
0 5 10 15 20 25 30 35
Number
1.2
PEERE
Q ]
% [}
S | ey N
Ly 1] [ ]
*
[22]
(@]
o
L
(118
0.9 AVG =1.03 wt.%
SD = 0.012 wt. %
RSD=1.0%
0.8 ] \ | R T
0 5 10 15 20 25 30 35
Number

b
i
ki

210

AGV =190 wt. ppm
SD = 2.4 wt. ppm
2004 RSD = 1.3 %
£
o u ]
£ . " n .
2 1 - "y
180~
170 ‘ ‘ — EREmm
0 5 10 15 20 25 30 35
Number
55
o AVG = 39 wt. ppm
50 SD = 1.3 wt. ppm
’g RSD = 3.3 %
5 45
e |
i 40 | Rl | am | |
N mE [} [ |
)
35
30
25 T T T T | |
0 5 10 15 20 25 30 35
Number
35
30
E | n
25
oy [ | [ -
€ 20-
z g™ m - am
> |
15
AVG = 21 wt. ppm
10 - SD = 1.8 wt. ppm
| RSD = 8.1 %
5 T T T T T T
0 5 10 15 20 25 30 35
Number
85
1 AVG = 68 wt. ppm
80 SD = 1.6 wt. ppm
’é\ RSD =2.3%
2 75
E
S "m s e mm .
N - g
. -
651w [ ]
60
55 . T — ‘ ‘
0 5 10 15 20 25 30 35
Number

2 DP-6000 I & 3 [EEEREARIRGEFIO 33 B VR L HMTOER
AVG, SD, RSD idZhzh, FIofl, HEEEMNEEREZ ZhEhERT

— 114 —



AO3 (wt.%)

Si0y (Wt.%)

K20 (Wt.%)

Fep03* (wt.%)

INY BV FRIESE X 5012618 Delta Premium DP-6000 |2 & % BEEA O BRI 4 LA BT

15
{1 AVG= 13.33 wt. %
SD =0.31 wt. %
1RSD =2.4%
14 ™
| | | | ]
]
5w =
- n
5] ] ]
] ]
12 T T T T T 1 T
0 2 4 6 8 10 12 14
Number
95
AVG= 80.37 wt. % =
SD = 7.52 wt. % | |
%01 RsD = 9.4 % "
85 L u
]
80— W -
754 m
E =
g "
70 T T T T T T T
0 2 4 6 8 10 12 14
Number
5
. mEgm
4.5 - " gu ©¢
| - g B E —
| |
4
]
AVG = 4.38 wt.%
3.5 SD = 0.20 wt. %
RSD = 4.6 %
3 T T T T T T T
0 2 4 6 8 10 12 14
Number
1.4
AVG =1.03 wt.%
1.3 SD = 0.058 wt. %
RSD = 5.8 %
1.2 ]
1.1
| |
_.._._._l_._l._._
1| [ | [ ]
0.9 u
0.8 T T T T ] T I I

Number

220
[
210
200 u
£ R =L
[] [ ] [ ]
% 190i u - - | |
) ]
E 180 n
0
o 170 AGV =194 wt. ppm
| SD = 7.6 wt. ppm
160 | RSD = 3.9 %
150 T T T T T T T
0 2 4 6 8 10 12 14
Number
55
AVG = 40 wt. ppm
30 SD = 1.2 wt. ppm
= RSD = 3.1 %
£ s
a ]
o [
I B T ATy =
= ] -m
A
35 |
30_
BT 71 T ] T T
0 2 4 8 8 10 12 14
Number
35
30
é 25—
= : [ ] u
3207.' ll.l. el Balle
>
15
AVG = 21 wt. ppm
10 SD = 0.81 wt. ppm
RSD = 3.9 %
5 T T T T | T |
0 2 4 6 8 10 12 14
Number
8
AVG = 69 wt. ppm
80 SD = 2.8 wt. ppm
’é\ RSD =4.1 %
2 x5 = "
o
E/ _ un [}
- Pl a= - -—n -
N | | | | |
65— = -
60;
55 T T T T T T
0 2 4 6 8 10 12 14

Number

3 DP-6000 I & 3 BEEEREADERAERHMC OV TOHMIRER
AVG, SD, RSD idZheh, FIofl, HEEEMNEERLEZ ZhEhERT

—115—




N Z 1 Fe:0s" (0.9995), Sr (0.9999), Zr (0.9986) & w5\
HIBHEATRS 57z, Rb OAMBIREL (0.9783) %%
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581%THh D, TANF—4HIMMEZHv25 XRF
ELTRTHRMETHLEEZONS. SHOHEITE
MA—EDBENTIT->THED, 20X L5t CidE
DEEWTHNEFTZ L. B —E BT 5L,
BR7Z b7 27 h0F v )7L =23 vy %479 )k
Eh, WBEZMLoREELZITEwE Iy 7 MITITR
ENTWA5,

AR E ORI E M

Ko B A REY OWE KA, FHTidZk ke
RIEEEALTEY, PRI L Lzt & 0k
DFEEVFERBTLICEL L. ZORBESOENIIEDS
N HEME X BRI E 2 5 2 5720, HWIESLET
bbb Z£IT, BEREEBRAOEOGEZNY<—THDY, 15
LMD ERREOWEEITo72. TOMEEN
3IWRT, AEEABTIRERSITLHED ) H Si0: DH]
SR ZAEAT94 % TH Y, PG & B L T 36 fi%
EEHIIREL BTV E., ZDOMOERFILETH
% Al:Os, K20 Fe:0s* 13 58 ~ 7.3 f5 DX EEHEZ L D

i
b
ki

BINTdH 5. 2 SiO2 DA BRIE R 7 721 A5 Hsi i |2 3
M3 22OV TORKIZFEZMIATE T,
HILHETHARD, Sr, Y, Zr 2oV T 31 ~ 41% O
SHERHER AT ), SFAGURHE TR L TR & B2
oMol THEMETEROEXHOL LV
F=WREL, RRICEBZWEHEEZZITIZ W ELE

DP-6000 Tl L A ) —#ifil s L2 flio THREIR S 2 &,

ARERBOBEPHESN TR0 EEZ LN, —
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NV ROV FEEESE X #55HT45 8 Delta Premium DP-6000 (2 & 2 SBIEAT 0 Mg 4 L= ML AT

OHEHEIIR SN TVWE DT, 4%, BERIEIE %17
I EIZE ST, MBI REORRE % D LRREH S =
ENTEDLLEEZOND.
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AR L 2017 45 BE WA K 2237 USRI R BT 2 D B K % 5%
F72b0THDH. KinOWHEIE, BLOEHE L REHYLD
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Nondestructive analyses of bulk rock compositions of
obsidian using a handheld XRF Delta Premium DP-6000

Hidehisa Mashima *

Abstract

This study examines the accuracy and precision of the analyses of major and trace elements in obsidian samples
using a Delta Premium DP-6000 hand-held X-ray fluorescence spectrometer (XRF). Results from the DP-6000 correlate
directly with those from wavelength dispersive XRF for plain obsidian samples. This finding suggests additional
correction using these results to get more accurate analytical result. Repetitive analyses of a plain obsidian sample show
relative standard deviations (RSDs) of 0.26% to 8.1% for major and trace elements, indicating that DP-6000 is stable.
The RSDs of major elements in irregular-form samples are one digit larger than those of a plain sample. However, the
RSDs for trace elements (e.g. Rb, Y and Zr) in irregular samples mimic those in a plain sample. The results suggest that

quantitative analyses using DP-6000 could be applied for archacological inquiries such as locating sources of obsidian.
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