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Mayuko Fukuyama, Masatsugu Ogasawara, Hinako Sato and Daizo Ishiyama (2007) Trace element
analysis of gem garnet by LA-ICP-MS: Preliminary evaluation as micro-beam standard. Zu//. Geol.
Surv. Japan, vol. 58(3/4), p.93 - 103, 6 figs, 3 tables.

Abstract: Major and trace element concentrations of garnets were obtained to evaluate the homoge-
neity in the samples for possible micro-beam standard materials. In this study, we investigated five
natural garnets, which is four gem garnets (GA1, GA2, GA3 and GA4) and one optically homoge-
neous garnet (GAS) in the skarn from Adirondack, USA. EPMA was used to obtain major element
data to examine in detail the chemical homogeneity of the samples. Two garnets (GA4 and GAS)
show compositional heterogeneity and are not suitable as the standard. Concentrations of 39 trace
elements of garnets were obtained by LA-ICP-MS analysis. Evaluation of the REE and other trace
element data indicates only one gem garnet (GA1) with a grossular composition has the potential for
being a standard mineral.

Keywords: gem garnet, trace element concentration, LA-ICP-MS, Adirondack skarn, micro-beam

standard
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WFMCWEAELELTHBIh Ty ran
4l (GA1, GA2, GA3, GA4), HIIRIZH W TR
WEEEEDID Y7 ol 1l (GA5) OFF5EIZDOW
TR ICR O WU NGE I A I O FERESURE & L T AT hE
PEBEI L7z, GASIZKREI T T a4y ZICHET S
ZAANYHOFE IO/ THD., ¥ ahahoFEKSy
D¥BEMEIZDOWTEPMA# W THRE L7z, GA4L
GASIZ DWW T FEBE 2B 2 AWEMEIED 6 1,
e L CoE LWy, —FF, LAICP-MS % H
WL 39DTMBILRKRD 3 & iT 72, ZORR, EH Y
U HD D HGALD A HEEHEER & U T U] 2 45 3R
L7z,

1. IEU®IC

F o u ORI A A O ARG & BIfREE 72
O, < 2o FEAMB T b TEZ, ZREICHED
TEY v af e 4 2o fiit o &5 6 & Rl
U 7= W IR B At 0 WUV E T8 2 & Z B - O E T
FMEERD B Z T MRNICITbhTED, BT~
4 2ua7ua—7 (EPMA) &3 1LE0hn&<irb
N3, ZOWET,L—H—T7TLb—v gV -7

A~ moHrEE (LA-ICP-MS) (2 & 0 §ivrh o)
IR O E R K &R B Z EnuRgE n ), ¥
DEOMERS W EERERONS KI5 T
% 72 (Fedorowich et al., 1995; Kosler, 2001%). ¥
A4 L EHET B s u P OYIRE & V2 E
g El (Pyle and Spear, 2000) , ¥ 2 v 44 H O Nijg&
ARV 7z BRI G (Canil, 1999) , T X4 & 45
3% uphofm EICE (REE) fRIC K 5 E T
J1Gt (Bea et al., 1997) Z& &, %27 v OMEK Y
M2 SR 5N A MWMEENEIEME I TS, &
7o, o uahOMERMBOZEL» S, MERT
DOHIHUZB T 2 2K, ZRAIEMIZHE T 2 KBGO
Tat Z20MPHIZHWS R Twa (Pyle and Spear,
1999). F7z, ZRAEICBWTET Cld AL, #Ex L
JLE (HREE) IZMiB L7227 &4 NVE~ 2~ DKIHT
&, Y RT3 G RO B Sy o o
hhEEn3 &5 %250 (Defant and Drummond,
1990), v 27 VKI5 T A REED HEICY 7 afy
BRELSEELG5 25, 20X, ¥270 /3720
TR R T I AR AL 2 B Rk 4 B B R ICB Y %
BWMELSZ TS MB8MTHS. L2rLERS, 7
O OMEILREDO B NE AT 2T 518H 720, »
FEV O u OB 2 CORBIRTH B, 7272
U, B RIF A D P NS o3 B FHASEHE 4 & & 4513 Valley

bR 2288 P (Institute of Geology and Geoinformation

,GSJ).

PR K T2 8 (Faculty of Engineering and Resource Science, Akita University, 1-1, Tegatagakuencho, Akita City, Akita,

010-8502 Japan).
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etal (1995) IZ&kD¥Efiixh, A<HVWSLNR T3,
S O B TR D U INEIR 53 T 12 D T LA-ICP-
MS & SIMS A EA 5 Fihe LTHEIFon5. LA
ICP-MS D5 #Hi Tlid — %12 NIST O fEHE 5 5
(NIST612%) WS N2 H, $iiaRkt o 25 b 0 724
k& BRGET 2 IR CHEO S A WS Z &M1&
LWy, &7 5 ICP-MSANOGREBE ARG L — 5 — 0D
MG E 72 T <, B O O@EWIZ S IKTFT 5
N6 THD (K- f&H, 2003) . I EKE O SIMS
EHWZEMO R TIE, b)) v 2 2RO ED» S,
W7E §E & 3 b 2R & 45 D [l i oD R G5y 7 6 FH
TEHEDBEND S, 22T, KL TIEREMNITHE &
FLEL TG I T B2 a4l WIRIZH W T
TR E 22 L b B u A EOFE S EIZ DWW
THREHERURE & LT BEME & MGt L 72, EPMA & FH
T, ERALEMR OB AR L, ¥ 2 afhdho
R o % LAICP-MS & O 3Rk |, fmK D E Z 0
oD EAUERFLE L CHEM AL RILIZH 500K
FEEAT 572, Sk, BRI E L CEYEELOND
PFrua[Ii oL, 20O —#EEEIZ&L 5 ICP-MS
BMETS ZEEHWIZAR TS, ZO 7200
BRI EBED ZENARRLOENTH S, Thb¥Frn
LOBER T ORBBIZOWTEETHRET 5.

2. B rEF

Sl BEHERRL & U OGS U 72 S5 I3 SRR & L
THEA L7292 vy GUEHES:GAL, GA2, GA3, GA4)
VB BEAREE T OV 2 u i GABES:GAS, AR
5:GS] M17406) DiEt5iKTH 2 (1K) . FEkE
AKOFruvREZThEEAHELTH Y b EWER
BEINTH3, YMaiORBERIZ0.17¢ 72564503 ¢
Tdh -7z, mhadkehEE A Lo Ui 7 Wi 2 8]
DH LA, GA3IE Bfiicx LRz 2 Wi &
Kolz. GASRKE =2 -3 -2 MN7T10r592
B3 KBGO HICREh 22 Ly & LTHET 5.
BINEICSEARABNOEREZ/RY., Y270 hlZAETH
D, SHROFIKGEIZET S, ZhookhidEnd
BEHIZHA S 2T d 540, FREUGATRREL VERITZ X<
o TR,

FouhoOpER, @, PR E L THWSEAIC
P Ccx2EEABIRICE LD, iR E LTH
WA, SR O S AR O SIER O TR
WL, ZEOMNREM & U CREHEGR & 3 5.
D K 9 iR B2 SIMS 12 & % U-Pb O - {RHIE
DY VR TEiITbNTH D (Wiedenbeck
etal 1995), BAEK I N TV A3 uROERT, 4
INREUSS 3 M PR HE R & L C B 2 0100 o m F O i
M & 2 BICHEMCX 5.

-
—

3. ¥ 70RO bFEERK

Z¥ [z o0 TEPMA (JEOL-8800) 12k %%
B AT o 72, SR E E 15 KV, B 12
nAT®H 5. RO EMAMERT 5720, 5B L2
KD FN=A%k LD 50 pmEETGALIZ DWW TIZ
29351, GA213179 55, GA3 122105, GA412 208 K1, GAS
1384 R DKREF 920 5D T E AT - 72

REME B ZFH 2RI Fr oGO o S h7-4
TOLFMBR A BE2HIR T, GALE GAS %R, &
DHF o fm e bEMRIEY —Thbsb. GA4 I1Z
GrsssAdriiSpsi & GrssrAdriiAlmiSps: D 2 FfiFH D 1L 224
& D,

I TRENBABREO F 53— 2 12DOWCERS
W %47 > 7285 R &2 H3XNTR Y. GALGA2, GA3IZDW
TIEHEICB U2 Lid R o i, GAADF 7 afy
20T, HEAMRAY—280 6025 (E3XD).
Fou oI 2EHs D, yuy 27—k
TV VT 4 VIRAICERRENEHR I N, GASIZ
JixEicoray 27 —Wlor, T YT 4 VRS DY
mu, 7V 87384 MRS, AN PILT 4 VRGN
WAHT 5 REMELROE NS (FIXE).

4. Y7 OR/HF OB ER D

4.1 SHRF&E

o a g i O P B A3 o B 2 R R K %2 O LA-1CP-
MS & (Nd-YAG L — ¥ — % %fii L 7z Newwave
Researchft#® MiniLase Il L —% =¥ 257 4 K O*
VGElementaltL 8o U E &AM ICP-MS &K E PQ3) % H
Wiz A REOREHNIZ O W TIEREIE A (1999)
EREIZ A (2001) TIHER ST W5, HIEEERIZ 151
DF1pME LA V=¥ —JLERIEHNES5 umTH D F
SIIIB0 ymThH -7 (FAN) . ZOLREEE 25
L—HF—itkoon=kEzeRKe, ¥ aho Yy
WHEEHNC IMOPEICH I Y7 oaOERE%
K7, ZOHERIIN0.15,gTH O, SHIHE S i
F RO PR MR, 2 9 40.15 pg O F-HLK %
RLTW5B, D729 DGR & LT National
Institute of Standars and Technology TE/& L T\ 3%
NIST612 % 7z, NIST612 D #lHK % Pearce et al.
(1997) Difi & Al 72, F - NEBFEHE LR & L CSi % Fl
MUz, SHREOHRD 2%, NIST610 % KAk
ELTHOM L. fEEIEH (2001) (IMIEIRAE % £ <
DILHFT0.01~0.06 ppm & KD T3, ARG TiTMHh
HBR % 0.01 ppm & L72AY, 0.1 ppm BL FOMKIZD
WTIRRENKELS KD,

MRS R A EIRIC WEREZHIXORKID 2 + %
YR PIIRT .
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A B GA2-1

AR BREE L 2R 2 % v ViR & GASD Y Y TILEE. (A) GAL. (B) GA2. (C) GA3. (D) GA4. (E) GA5
OH Y FIVEE, o afy (GrY) (3B (D) & & & ICEIKA (Wo) FIZPET 5. (F) GAS.

Fig. 1  Scanning images of polished samples and photograph of GAS. (A) GA1. (B) GA2. (C) GA3. (D) GA4. (E) Photograph
of GAS. Garnet (Grt) occurs in wollastonite (Wo) with diopside (Di). (F) GAS5. Abbreviations of mineral names are after

Kretz (1983).

B1ER oHElE.

Table 1 Sample description.
Sample name Locality Color weight (2)
GALl Sri Lanka pale green 0.0500
GA2 South Africa reddish brown 0.1020
GA3 Sri Lanka brown 0.1390
GA4 Namibia yellowish brown 0.0820
GAS5S Adirondack, USA red 0.0034
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Sps 1 08 06 04 02 oAIm

4.2 YyOoRboFIETEHER
LA-ICP-MSZHiDER2» 5, 3V F 54+ THIEIL
L7=¥ 2 a0 REE /S % — v & 85K,
GALZ¥ 7 u IR TR DN -V %
Fio T3 GES5XA). S Eh7z3mioMaiziziE—
HLTHY, A CREEDHIE S ETH .
+Hit%E (MREE) » 5 HREEDHHTI Y FF4 b
DF100fEDIRE %D, EuDOEFIZED Sk,
GA2IXGAL L AMRICE TR D DI — ¥ ZBRT
Eu & 87 HMHICE (LREE) O — ISR RAL T &
%% (55K B). HREEOMEIZGAL XD &<, TV

F2X o RO e,
A Z7uay 27— (Grs)- AXyHILT 4V (Sps)-
TV T 4 Y (Alm) 4 727 7 LR L72GA1D
Yo a0 H ORI,
B)AXyHILT 4V (Sps)- T~V T 4V (Alm)-
34 a—7 Pyp) FA T2 T LI LZGA2DH
=REIOk (A= il
C) ARy BT 4V (Sps)-TNLY VT 4~ (Alm)-
54 a—7 Pyp) £A 72T LIZRL7ZGASDH 2
EREYON (=il
D)7y 27— (Grs)-AXy ¥ LT 4~ (Sps)-
T3 VT 4 Y (Alm) &4 727 F LI L 72GALD
Yo a [ OLFERK.
E) Z7ay 27— (Grs)- AXyHILT 1V (Sps)-
T VT 4 Y (Alm) &4 727 LI L72GASD
Yo a0 RO,

Fig. 2 Chemical composition of garnets.
(A) Grossular (Grs)-Spessartine (Sps)-Almandine (Alm)
diagram showing compositional range of GA1.
(B) Spessartine (Sps)-Almandine (Alm)-Pyrope (Pyp)
diagram showing compositional range of GA2.
(C) Spessartine (Sps)-Almandine (Alm)-Pyrope (Pyp)
diagram showing compositional range of GA3.
(D) Grossular (Grs)-Spessartine (Sps)-Almandine (Alm)
diagram showing compositional range of GA4.
(E) Grossular (Grs)-Spessartine (Sps)-Almandine (Alm)
diagram showing composition range of GAS.
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Zoning profiles of garnet.
(A) GAL. (B) GA2. (C) GA3. (D) GA4. (E) GAS.
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Fig. 3

C). LREEDEAMK <L , £ 22Profl AR ALL T &
Bol2720, M EREIIH S 2T AW, Celd A
DREREEZEDZENLafl & DB, S PHEN 5,

GA4D /IS8 — Vi s a e Bix 5 LR D %
AR (ES5XD). FIZPra 5 SmiZE . LREEXAHN
FIZiZEng oo, Lak CeldPr&tbigd 3 LK<,
LREED S5 %, Lan 6 PrE TOEHBDHIILETHO D
WH—vehd, FLWHELAOEURTE 21T,
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55 um

83 um

Garnet

A V-t DfEShes L -2 DR, s L —
2 =DK% 7 7 — 3D L — ¥ — BRI & 0 il
L, Zv =2 Dbzl sz mL 7z,

Fig. 4  Shape of laser crater. The crater profile was obtained with

laser microscope.

4.3 OO ERK S HEKDYFH

BEIZ/R X M2 REE LA D 26 DR I2 DWW,
sa APl B g AL FMR ORI AR NS (ZE6X) .

YRIA#HTOR/mIFILRIZE LN, REE & 7-1L¥
2B &R, FHZZ DA F VR EOMMA & Ho & i
WEE A L 5, HEXAIIR S N7 Y-HoMHBX Tid, 4
iz a2EE L, HoOfE2 1 ppm L FTdh % GA3-3,
GA4%ERL &, KV o7 u g CIEOMHBER L, £ 72,
ETCOF 7 afTE WL EOHBE 2D 501 ,Y/Ho
1£24.1~335& %%, ZOfEidMcLennan (2001) T
He® X7z ERBezR DY & Hofl ik » 53Kk 7-Y/
Ho=27.5123i< , YE HoDMIZ K E &Ml A Z - T
WEWZ LRSS,

Y-Ze B (556XIB) (28T, # 7 afaakkhgic
B BY/Zrftiz & 5. o a2 3R
B sfResB >z AL LTEA6NS. &
i, LA-ICP-MS 2 X3 HEMo e irbh
(Abduriyim and Kitawaki, 2006), T X FJ)L K25
VELAPOMBERS AR EESE AT RE, ®
AFIZBWTHLAICP-MSAHWO B K HiZh > T
ETCWB, EAVYsuRiEm7T IV AL, r=Y, 2
SVh, B4, TIVIL, A VE, TAYAH, avT
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U FROEIRE N TS, Y-ZrHBEXIZ, 5H%
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O, I eI\ TSck YA 22268 &R
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For the plot of the data less than the detection limit, 0.005
ppm which is a half of the detection limit, was given.
Although, the data are plotted in outside of the figure, the
patterns are possible to indicate the data less than the
detection limit.

Fig. 5
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Fig. 6  Trace elements diagram. (A) Ho content of garnets vs. their Y content. (B) Zr content of garnets vs.
their Y content. (C) Y content of garnets vs. their Sc content. (D) Li content of garnets vs. their Cs

content. Symbols is shown in Fig. 6-A.
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