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Abstract: The determination of trace concentration of U, Th and Pb was carried out for chemical dating
of zircon and monazite by electron microprobe. Detection limit and error range should be considered to
measure characteristic X-rays of M-line from those minerals, which are low in the ionization of atom and
low peak intensity in the spectrum. The element of U, Th and Pb were simultaneously measured with 3
spectrometers equipped with PET crystal to reduce a total counting time and error due to drift of
instrumental operating condition. Detection limit could be improved from increase of the peak/background
ratio through adjusting pulse height analyzer about 1000 mv baseline. Under permissible maximum
analytical conditions, theoretical detection limit of U, Th and Pb is down to 30 ppm (99% confidence
level). The analytical result was maintained at a relative error +10% (26) in 800 ppm Pb, *5% (20) in
2330 ppm U and £10% (20) in dating from a single measurement of zircon at 15 keV and 100 nA.
However, for the precise dating of zircon and monazite, if it is considered a 3 pum spatial resolution, <
100 ppm (30) detection limit and <+ 10% (20) relative error, optimum analytical conditions are given as
15~20 keV accelerating voltage, 100~200 nA beam current and 300~1200 sec total counting time. To
reduce material damage by high current, there is need to be up to 3~5 pm of electron beam diameter, or
to use arithmetic average of multiple measuring at a shorter counting time. A younger or relatively low
concentration rocks can be dated chemically by lower detection limit and improved precision resulted from
increase of current and measuring time

Key words: electron microprobe, dating, detection limit, relative error, analytical condition.

*Corresponding author: Tel. 042-865-3443, E-mail. shlee@comp.kbsi.re.kr

179



180 o] A &

M B

ulolAE Z7] Y] 3 YA B R o8
o] AP P29 (electron microprobe analysis)o] 3
< BlFEA BATE S BEle slehe AEd
W(chemical geochronology) 4o &£5x2 gt}
(Suzuki and Adachi, 1991a, b). AA}e} A|HA}e]e] b
<o) & FHEEAUe] AUy G ARE I&
T Ue B8 AFAY FAY S B} W yRo
THEAHE B FAHE 7 e dolgEF
A H(thermal ionization mass spectrometric method;
TIMS)e) 3] A2 <fe] A2 #A4o] 7hgsla, A
8 AAz g BAo] LojgiH, AulFoz EAMAZ
o Hct md uUT ARG ool W YRAH
(secondary ion mass spectrometric method; SIMS)|
Hja] JojHes 2k o | uym7iAle] FHEEeE
< 7 3len, vy B4oz gERAo] sh5sta,
A A8} Fopol] ol L5 AAHRENIE o] &
st vy fA HE ¢ Ut wd siaby 2

sl A
o]

AEE e ARy vjE JoFes FUxr)
HolR) oL, Fg3iste] & WHol oot 2 v
HAEBAY 7EE B8 A8x 9 Admrt
3 EFAEEe] = 4 ppmeZ ol (Merlet and
Bodinier, 1990; Fialin er al, 1999) ith&42] &-8-9)
Bo} gojHoh

AAEN R4 71E o] &5 334 AAniEAHS
thkst dAdlA FAE AER 22X, U-Th-PbE
¥3Hele=  EUAFo]l E(monazite: Suzuki and  Adachi,
1991a, b; Suzuki er al, 1994; Montel er al, 1996;
Braun er al, 1998; Cocherie, 1998; Crowley and
Ghent, 1999), A ©Z(zircon: Suzuki and Adachi,
1991a, b, 1994; Geisler and Schleicher, 2000), #|>=E}
A (xenotime: Suzuki and Adachi, 199]a), & }olE
(allanite) & OGO E &P, tH&o] Ea)A] oot A
Aozl AW U AtsgE<] $-#huho] Euraninite:
Bowles, 1990, Cheong ez al., 2001)& °[-&-3}71% d),

AE7HA BAE el AFEL EXxtE 4
o] ghpojr Qlo] AHAFA<Q ety AAAY
o] Aol B ofFHFol Bt &, HA 4F
o] W& A3 HE/ Bt wEtA o] =i
o8] 7H fHxH o AHE FEST A
2

2
s

JEE

g
o

el o

)

o) e} ol 27 Adete Zlo] Wad
e Fol B AAd) te) FHHoE 4

2o 2 N e

OlEH HiZ

si&ty sz el XEAY

FEo) FHEHUE U, Th © = Pbe] BEE o
3 AAAY 2L FEo) AAE FAld XFEY
H Uzt The] ¥AMY B3l o8 AFZ o2 pprt A
Ase FAA o5 Y4BT AuAAA 2 RE
=¥ HSuzuki and Adachi, 1991a). AFFAE A
&3 iAol Ed 3 The] 5995 P2Tho)
o, U9 S e U PUR ALY B3l s
o3 7bo] PbE WIET}

Th — 6 + 4B + “Pb
YU — To + 4B + *"Pb
U — 8o + 6B + ™Pb

EF ¥ $ohwe B30 9% @A WA gl
TFE B olF Ao Ui IR ogH o] F
z

2%pb = *Th{exp(Ay, 1) — 1}
P = U {exp(Ayt) — 1)
*%Ph = U {exp(h,,T) — 1}

A AHAA Ay Ayt Ay ¥Th, U 282
Zpe] WA B2 72 4947510y, 9.8485
X 10"%yr, 1.55125X 10"%yr(Jaffey et al., 1971)°]T}.

A SHE Yol A8k A9 Pbel ok 9 B
Ao ziy 2z} FoAdse] oz vepd 5 Ao

Total Pb = (*™Pb + *'Pb + *®Pb)

= *Th{exp(,,, 1)}

+ U {exp(A, 1))

+ U {exp(A 0"}

2 AP ol d 74 FHYLE Jdne 4
e 9azke] A ulE 7 Qi) Fro FEle
g}, 2pAAElol U B919ae] & v PUSt 238U
o z}z} 0.7196%2 99.276%°) 22 o] & H|g FRa}
o Artet,

232

Th
Pb = — -1 8
232[exp(k T)-1]20
U 235
0.00719 -1]207 (@
+238.04 07196 x [exp(A" 1) — 1] )
U 238
99276 - 1]206
+238.O40 9276 X [exp(A 1) - 1]

J. Petrol. Soc. Korea



AT RS 0|8 e Aol W ujrolEe] Hshy o) 27 181

8V
Trigger \
T2 3

T sup. 3V T sup.
sup n 3V
Tinf. 1V
123 8v
”AA'?'j’ r——->[ ”
Trigger |
1.2 3
Tinf.
1V,
o SV[ ”n

1 2 3

Fig. 1. Schematic diagram of pulse height-analyzer and
its procedures.
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Fig 2. Spectra acquired from a zircon target at 15 keV
and 100 nA. (a) is a spectrum of no pulse height ana-
Iyzer (PHA) adjustment (integral mode); (b), (c) and (d)
is spectra adjusted by PHA (differential mode) at a 1000
mV baseline. The continuum background of low angle is
reduced by PHA. Solid circles present a peak of each
spectrum.
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Table 1. Analytical condition for quantitative analysis of Pb, Th, U and Y on the zircon and monazite.

) Peak Background (sinf)
Analytical PHA . Interference
Element N Standard Energy O
crystal mode X-ray line X-ray line -offset +offset
(keV)

Pb PET differential PbS PbMa 2.346 YLy, ThMC, *Lalx 0.010 0.015
Th PET differential ThO, (syn.) ThMo. 2.996 - 0.007 0.007

U PET differential U0, (syn.) UMp 3.337 ThMy, KKa 0.007 0.007

Y TAP integral  Y,ALO,, (syn.) YLa 1.922 - 0.006 0.006

syn. = synthetic compound
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Fig. 3. X-ray emission spectra in the region of U-MB,
Th-Ma and Pb-Mo. after pulse height analysis in the zir-
con (A, B, C) and monazite (D, E, F). This zircon con-
tains 0.518% U, 0.063% Th and 0.112% Pb. The
monazite contains 0.402% U, 7.341% Th and 0.785%
Pb.
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Fig. 4. Variation of peak/background ratio of U, Th and
Pb as accelerating voltage in the zircon. Solid circles
present P/B ratio in the differential mode and open cir-
cles present those in the integral mode. Note that P/B
ratio increases with accelerating voltage at the differen-
tial mode, but it decreases as HV increases in the inte-
gral mode.
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Fig. 5. Detection limit of U, Th and Pb as a function of
counting time, accelerating voltage and beam current in
the zircon grain. The detection limit of 3 elements can
be down to 30 ppm at the working condition of 30 keV,
300 nA and 1200 sec.
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Table 2. Analytical resits of zircon and monazite from the Buncheon granite.

Time Pb U Th t
(sec) N Conc. =+ 2Int. *2s Conc. *2Int. +2s Conc. *2Int. *2s Age =*2nt =£2s
50 5 786 278 132 2297 336 112 471 304 128 1876 732 221
100 5 813 198 59 2359 251 124 483 228 176 1892 509 131
200 4 805 138 75 2332 168 131 454 152 109 1896 358 89
300 3 801 113 63 2313 137 25 423 124 69 1906 299 113
400 3 803 98 63 2321 119 83 433 107 63 1902 256 119
500 3 791 88 47 2296 106 92 442 96 53 1894 233 40
600 3 794 80 44 2343 97 31 447 89 53 1870 206 98
20 5 7087 652 591 3903 581 275 66631 1509 1314 1879 174 125
50 5 8278 446 495 4181 379 326 77182 1042 1305 1918 101 122
100 3 6745 287 254 3283 253 202 63427 668 661 1916 82 88
200 3 7784 215 338 4242 187 222 72054 523 713 1905 52 86
300 3 8155 181 301 4083 152 258 76851 425 740 1905 46 55
600 3 7541 124 157 4007 108 152 72188 326 569 1865 30 72

N is the number of measurments at a same counting time. Pb, U, Th in ppm. T is the age in Ma.
A £ 2Int. is an internal deviation and * 20 is a standard deviation of multiple measurments with 95% confidence level.
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counting time in the peak position. Error bars show the
limit of a 95% confidential level (120).
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