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Abstract: Reaction temperature and reaction time are key factors for the determination of oxygen isotopic composition of oxides
and silicate minerals by BrF; method. This work aims to study the effect of the higher temperature (550—800 °C) on the oxygen
isotopic composition analysis by BrF; method. The national standard sample GBW04409 for oxygen isotopic composition were
prepared and analyzed at high reaction temperatures. The results show that sufficient yields of O, could be achieved when sample
was reacted with BrF; at 550—675 °C, under which condition the 6O value fell in the range of 10.4%,—11.8%, with high
accuracy. However, when the reaction temperature was higher than 700 °C, the yields of O, were low, and the 6O values were in
the range of 10.8%,— 26.8%s, which had a significant positive deviation to the given 6O values. To solve the problem due to effect
of the higher temperature, fractional fluorination was conducted. The results of oxygen isotopic composition obtained were
consistent with the recommended value when the oxygen liberated after each time fluorination was all collected. The consumption
of BrF; by the nickel reactor at higher temperature results in the insufficient amount of BrF; reacted with the sample, which causes
the low yield of O,, thus the fractionation of oxygen isotope.
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Schematic diagram of oxygen isotope extraction device in BrF; method
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Table 1 The measured pressure of O, liberated from quartz standard material GBW 04409 and yield and 6"°O values at different

reaction temperatures

g PR R CUREE K 0"Ovaon L R R UK PR 8Oy

FE(C)  (mg  (Pa) (%) (%) ECC)  (mg  (Pa) (%) (%)
1 762 10.4 743 66.3 21.14 56 595 11.6 1258 100.6 10.49
2 742 11.8 1145 90.0 12.98 57 593 10.5 1148 101.4 10.90
3 730 10.1 564 51.8 24.34 58 583 11.6 1264 101.1 11.12
4 730 11.2 681 56.4 23.04 59 592 10.7 1131 98.1 11.29
5 720 10.7 505 43.8 26.83 60 587 11.8 1286 101.1 11.12
6 760 11.6 1008 80.6 12.87 61 616 10.7 1165 101.0 11.10
7 720 13.1 1053 74.6 15.27 62 596 11.3 1248 102.5 11.29
8 710 10.2 845 76.8 16.96 63 596 11.6 1263 101.0 10.89
9 805 10.6 704 61.6 19.85 64 592 11.6 1244 99.5 10.50
10 724 13.7 878 59.5 22.94 65 620 10.9 1208 102.8 11.39
11 714 11.0 1100 92.8 12.38 66 597 11.3 1302 106.9 11.68
12 703 12.8 868 62.9 21.85 67 613 10.3 1127 101.5 11.36
13 702 12.9 816 58.7 23.74 68 601 11.7 1270 100.7 10.42
14 701 12.9 977 70.3 18.76 69 599 11.4 1228 99.9 11.33
15 723 11.9 666 51.9 21.15 70 574 10.8 1147 98.5 11.09
16 720 11.3 1112 91.3 13.08 71 583 11.8 1265 99.4 11.59
17 726 11.7 710 56.3 25.03 72 622 10.0 1107 102.7 11.26
18 710 11.5 902 72.8 19.26 73 588 9.9 1068 100.1 11.48
19 620 12.3 1320 99.6 11.67 74 590 10.3 1117 100.6 10.92
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FE(C) (mg) (Pa) (%) (%o) JE(°C) (mg) (Pa) (%) (%o)
20 622 12.1 1309 100.4 10.62 75 602 10.9 1157 98.5 11.28
21 624 11.8 1260 99.1 11.18 76 605 10.8 1165 100.1 11.38
22 618 13.2 1414 99.4 10.60 77 571 11.9 1283 100.0 11.66
23 640 12.4 1321 98.8 11.18 78 580 11.8 1292 101.6 10.78
24 648 12.2 1324 100.7 11.88 79 641 13.7 1471 99.6 11.58
25 650 13.0 1395 99.5 10.58 80 650 15.1 1563 96.0 11.34
26 630 12.4 1267 94.8 11.58 81 667 10.4 1111 99.1 10.67
27 660 11.9 1275 99.4 11.37 82 703 11.0 1175 99.1 10.79
28 663 10.6 1126 98.5 10.80 83 655 9.8 1046 99.0 11.50
29 658 10.6 1122 98.2 10.39 84 670 12.9 1412 101.5 10.61
30 643 114 1213 98.7 11.11 85 548 9.5 1018 99.4 10.84
31 660 11.5 1226 98.9 10.59 86 552 11.4 1226 99.8 11.18
32 627 12.0 1299 100.4 10.39 87 557 13.1 1385 98.1 11.38
33 656 10.6 1150 100.6 10.70 88 574 8.3 887 99.1 11.09
34 669 10.6 1133 99.2 11.45 89 597 8.8 967 101.9 11.38
35 671 11.3 1043 85.6 16.37 90 597 12.8 1384 100.3 11.68
36 635 11.0 1212 102.2 11.25 91 595 10.8 1150 98.8 11.18
37 633 10.4 1114 99.4 10.78 92 566 12.1 1370 105.0 10.59
38 655 11.1 1220 102.0 11.14 93 620 13.4 1455 100.7 10.99
39 680 10.9 1194 101.6 11.06 94 570 11.2 1196 99.1 11.48
40 645 11.4 1190 96.8 11.68 95 571 10.9 1207 102.7 10.69
41 652 11.3 1216 99.8 11.82 96 597 12.0 1299 100.4 11.78
42 660 12.6 1341 98.7 10.96 97 556 11.1 1203 100.5 11.28
43 600 11.7 1284 101.8 10.91 98 550 11.0 1184 99.8 11.09
44 596 11.1 1208 101.0 11.00 99 552 11.2 1226 101.5 11.09
45 576 11.6 1246 99.6 10.69 100 593 11.5 1273 102.7 11.28
46 626 10.0 1086 100.7 11.78 101 612 11.6 1237 98.9 10.69
47 600 13.4 1455 100.7 10.96 102 565 11.6 1232 98.5 11.18
48 598 11.7 1285 101.9 10.59 103 561 10.4 1151 102.7 10.49
49 556 114 1237 100.7 11.09 104 570 12.5 1331 98.8 11.28
50 542 12.0 1301 100.6 10.78 105 620 11.8 1295 101.8 11.68
51 627 11.1 1223 102.2 10.99 106 581 10.1 1083 99.5 11.28
52 615 10.6 1179 103.2 10.68 107 594 10.5 1140 100.7 11.48
53 610 11.0 1201 101.3 11.01 108 563 10.4 1148 102.4 10.79
54 608 11.4 1219 99.2 11.23 109 561 10.4 1122 100.1 11.48
55 605 12.0 1374 106.2 10.92 110 565 10.1 1077 98.9 11.68
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Fig.2 Diagram of relationship among reaction temperature and yield of O, liberated from quartz standard material GBW 04409
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Table 2 The measured pressure of O, liberated fractionally from quartz standard material GBW 04409 and yield
B O, U O, =IO, IR O,
Jrs Biht(mg) A% | e Bk (mg) TRE()
JE 3% (Pa) JE 3% (Pa) JE i (Pa) JE i (Pa)
1 10.8 1076 89 100.4 15 11.5 1108 118 99.3
2 11.2 1092 120 100.8 16 10.5 1082 36 99.1
3 11.5 1052 170 99.0 17 11.8 1152 116 100.1
4 12.0 1169 102 98.7 18 10.6 1110 57 102.5
5 12.4 1227 89 98.9 19 11.3 1065 142 99.5
6 12.5 1246 93 99.8 20 10.3 1098 8 100.0
7 11.6 1197 41 99.4 21 10.9 1166 35 102.6
8 11.6 1144 93 99.3 22 11.4 1155 78 100.7
9 11.6 1186 46 98.9 23 11.0 1060 154 102.8
10 13.9 1350 159 101.1 24 11.3 1169 27 98.5
11 10.4 1084 67 103.0 25 11.2 990 204 99.3
12 12.5 1107 224 99.1 26 11.5 1123 153 103.3
13 11.8 1195 26 96.3 27 11.5 1185 73 101.9
14 10.9 987 164 98.3
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Fig.3 Diagram of relationship between yield of O, liberated partially from quartz standard material GBW04409 and

0"Oysuow values

B0 AL S ik B AT e A R o 4
;T 5 5 £ 19 BrF, 2 i i, i 4 T A AR BE % 5 R
64, T AE S — ORI RN T B R O, T &
26 00, Pl A R b N T 8 RO, 5 S0 B s i
8" Oy swow 4 A T AT .

ETU ESLmAE, &R KT (700~
750 °C) T X AN A 5 i (1) GBW 04409 Fr i 4 it 2t

11 A R 7 2R S B AR SE B R v 6 R4k B R
A5 4 T B O A AR A LRE , e id SR O, 1Y
Fs s, I 38 o 50 B 0 BAE AR O, , P X6 48 S 17 i T
B 1R FHT I B iR BE AT 2 R AL RO
FRUCIE & BT BT O, B Hs 3, 4 19 U 9] Ak B g
O, B TR 58 2 AT R (K 2). ik 2T L
A USRS BT R O, 19 He 5 2 A5 5 2 4k



i Ll A g S U R X TR A TR R e T A 3R L I R Y 5

%12 ) 4477
20
F a b
@) 20000} (®)
15}
15000}
% 10 &
2, = 10000k
(o]
sk Ni
Ni A 5000
i - J
0 k/\ IA\IL 1 1 1 1 1 1 1
0 5 10 15 20 10 20 30 40 50 60 70
E (keV) 260(°)

P4 B RN i A BE i 7% 490 S5 0 AR 0 A i 1
Fig.4 Spectrograms of phase analysis of falling substance in nickel reactor
a. WEHY TRETE S T 3% 1A 5 b. V4 W i X 2 AT AT

D7 FEVT A R W) A B A, B 48 R ER Ar R O, 1 ™
AP A AE 98.3%0~102.8 %6 i [l , B W AE £ 2k 5% — K
SR B R R SECRE S A5 DL TS A B K R
WAL T R IR O, 4 I 7E — 2 I 22 48 TR 7
ALK, S BT 45 WL 8 3.GBW 04409 A i 4 5 28 1t
PR AL S 050y aow T E 4 A6 TE
10.79%0~11.38%, i [l , *F- ¥ {8y 11.07%,40.23%,
(n=27) , 5 HAHEFH 11.11%,£0.06% MW 4 .

RS 2 BRI AR Y RN TR E R B
i 45238 RE 52 4 R B T 5 A% 09 BrF i m v 9k £
HH PR RE TR R AN 52 4 R O R 3% i 4
BRI A A HE AT AR A BT BEAT SRLAE AL B O
A 2 25 B R0 7 N 2= 3T, OF HL BrF 35l 5 81
N g K HE RN AR B RN 7% N RE TR B NF, DR 47 B, B
1k 337 % 2 0 #8225 B T R OFF U 45, 1986
KA AF, 2019) . FE SE AT URE SR A7 28 FE o A 2o
P vp 24 R 0 3 B O e, 2 S EOR BRI
X BN #5148 95 P 1E AT 4 PR B B I 4 BT B X
L AT S W AR A b (L 4) L 90 AR 43 B 45 SR 4E 52 1 v
Y1 R NiF,. g1 F NiF, $f 5 5 0 75 I, 520 4 8 & 7
BE B B HE T BrF AU SR AR L BIF 5
BT R RS — A N RE L OE S BT BrF k) 5 A
AN FE 15 R BT T A A B BOA R
oI AE AN BE RS I 8 4, B O, 7 28 e IR T 5 1 7 4
EEAE 7 i

3 e

K FH BrF vk %t F A A fw oy b TR 2R Al
A AT AT BT R W AR B B UHE ) BT GBW 04409 #E 47
S TR AL 28 R it o B LA BT, RGO T A 1
S i AR O, 7 6 R AR RV 26 A B 1) B

B T 5| Ak 4 TR 57 28 4048 0 T R, 6 1 4 =5 BrF 4
[] 57 3 20 1 7 0 TE i SO0 I BE SR AF T B K 9 RE e
WA B S H M E R RV (1) O, 77 B4 T4
[] 57 2% 20 U2 e B ., AR T B TR 7 R 20,
8O 43 Hr 4f M o B A 25 5 (2) S LI BB AE 550~
675 °C, Al ARG #5 B HE 0 O, 77 3, 010 {1 Uk i i 45
5 (3) BT B T 700 CJ L ik ke O, 19 77 R
AR, 01O {H 5 T AR MY BT HEAE(E 5 (4) 55 L
T BE 25T BrE iR 5 B R I A 0 3 — 2B T
FE , 1 B T 5 A K R BN 2 L BUEE O, 7 R
NI = ER A i

K FH BrF - ik 0 52 5 4 A ) i 4R TR A 3R Al
I ARG S R 5 T b7 k= SN IR =i N (A U=
4 20 L 2 398 A 3 R0 5 B R I A RN T A
S BR 2 5 R RN B IR = SR T BOARE
A9 SN BB B B8 4 T 7 A A T 6 38 4 08 L 0 T IR
MERE ) IR A OSSR A R S T
S 0 YR AL A IR 1 O R AT )4 2 4 AR 43
BT, LA 55 43 A I RS 2 8 S o B

Bt AL EF R PRI T THNEE
E[ I ELBFRFEY B FFE R @S F A
L, B TN A e BB AR AR K LR e F
DA - S IR LR

References

Chen, Z.M., 1990. Preliminary Experiment in Analyzing Oxy-
gen [sotope in Minerals and Rocks by BrF; Method. Geo-
logical Laboratory,6(6):377—379(in Chinese).

Clayton, R.N., 1986.High Temperature Isotope Effects in the
Early Solar System. Review in Mineralogy and Geo-
chemistry,16:129—139.

Clayton, R.N.,Mayeda, T.K.,1963.The Use of Bromine Pen-



4478 HIERRL2E  http://www.earth-science.net

46 %

tafluoride in the Extraction of Oxygen from Oxides and
Silicates for Isotopic Analysis. Geochimica et Cosmochi-
mica Acta,27(1):43—52.https://doi.org/10.1016/0016-
7037(63)90071-1

Ding, T.P., Wan, D.F., Li, J.C., et al., 1988. The Analytic
Method of Silicon Isotopes and Its Geological Applica-
tion.Mineral Deposits, 7(4):90—96(in Chinese with Eng-
lish abstract).

Gao, J.F., Ding, T.P., 2008. LLaser Microprobe Oxygen Iso-
tope Analysis Method and Geology Applications.Geolog-
ical Review, 54(1):139— 144(in Chinese with English ab-
stract).

Garlick, G.D., Epstein, S.,1967.0xygen Isotope Ratios in Co-
existing Minerals of Regionally Metamorphosed Rocks.
Geochimica et Cosmochimica Acta, 31(2): 181—214.
https://doi.org/10.1016/s0016-7037(67)80044-9

Gong,B.,Zheng, Y.F.,2003.A CO,-Laser Technique for Ox-
ygen Isotope Analysis of Silicates. Earth Science Fron-
tiers,10(2):279— 286(in Chinese with English abstract).

Hao, G.M., Xie, H.Q., Liu, Y.S., et al., 2020. SHRIMP Zir-
con U-Pb Ages, Geochemistry, Nd-Hf-O Isotopic Com-
positions of the Huai’ an Complex in the Northwest of
Hebei Province and Its Geological Significance. Earth
Science, 45(9): 3353—3371(in Chinese with English ab-
stract).

Jiang, J.S., Zheng, Y. Y., Gao, S.B., et al., 2015. Genesis of
Chazangcuo Cu-Pb-Zn Deposit, Tibet: Constrains from
C-H-O-S-Pb Isotope Geochemistry.Earth Science ,40(6):
1006—1016(in Chinese with English abstract).

Li, Y.H., Wan, D.F., Zhang, G.B., et al., 1992. A Study on
BrF;Method of Oxygen Isotope Analyses of Oxides and
Silicates: Progress of Analytic Methods of Stable Iso-
topes. Science and Technology Publishing House, Bei-
jing, 37—43(in Chinese).

Liang, W., 2019.Characteristics of Ore-Forming Fluids in Hi-
malayan Au-Sb-Pb-Zn Polymetallic Belt: Constraints
from H-O Isotopes. Earth Science, 44(7): 2308 —2321(in
Chinese with English abstract).

Liu,X.,Deng, W.F., Wei,J.X., et al., 2016.Analysis of Triple
Oxygen Isotopic Compositions of Silicate Minerals by
Using Laser Fluorination System. Bulletin of Mineralo-
gv.Petrology and Geochemistry, 35(3):448—453(in Chi-
nese with English abstract).

Lu,Q.Y.,Zheng,Y.,Wang,C.M., et al.,2018.S-Pb-Sr-Nd-C-
H-O Isotopic Geochemistry of the Wulasigou Cu Depos-
it in the South Altay:Constraints for the Fluid and Metal
Sources. Earth Science, 43(9): 3141—3153(in Chinese
with English abstract).

Mattey, D., MacPherson, C., 1993. High - Precision Oxygen
Isotope Microanalysis of Ferromagnesian Minerals by
Laser-Fluorination. Chemical Geology, 105(4):305— 318.
https://doi.org/10.1016/0009-2541(93)90133-4

Pan,Z.1.., Zhao, A.X., Pan, T.H., 1994. Crystallography and
Mineralogy II (Third Edition). Geological Publishing
House, Beijing, 50— 102(in Chinese).

Sharp,Z.D, 1990.A Laser-Based Microanalytical Method for
the In-Situ Determination of Oxygen Isotope Ratios of
Silicates and Oxides. Geochimica et Cosmochimica Acta,
54(5): 1353—1357. https://doi. org/10.1016/0016 - 7037
(90)90160-m

Shi, X., Liu, H.B, Zhang, J.F ., et al., 2018.Study on Reaction
Temperature of Oxygen Isotopes Composition of Refrac-
tory Minerals Using BrF; Method. World Nuclear Geo-
science, 35(1):52—59(in Chinese with English abstract).

Valley, J.W., Kinny, P.D., Schulze, D.J., et al., 1998. Zircon
Megacrysts from Kimberlite: Oxygen Isotope Variability
among Mantle Melts. Contributions to Mineralogy and
Petrology, 133(1—2): 1—11. https://doi. org/10.1007/
s004100050432

Wan,D.F.,Li, Y.H., 2006. Analytical Method of Oxygen Iso-
tope Composition in Sulphates. Geological Journal of
China Universitis, 12(3): 378 — 383(in Chinese with Eng-
lish abstract).

Wang, R.,Chen,J.B.,Zhao,L.S. et al., 2013.In-Situ Oxygen
Isotope Analysis of Conodonts by SIMS and Its Implica-
tion for Paleo-Sea Surface Temperature. Global Geolo-
gy, 2013, 32(4): 652—658(in Chinese with English ab-
stract).

Yuan, W. L., Pan, F. Y., 1996. Experiment Study of BrF;
Method: An Analysis Method of Oxygen Isotope. Miner-
al Resources and Geology, 10(5): 356—361(in Chinese
with English abstract).

Zhang,J.F.,Liu,H.B., Shi, X., et al., 2019.Study on Influence
Factors for Determination of Oxygen Isotopic Composi-
tion of Silicates and Oxide Minerals by BrF; Method.
Rock and Mineral Analysis, 38(1): 45—54(in Chinese
with English abstract).

Zhang,J.F., Liu, H.B.,Jin,G.S., et al., 2021.Improvement of
Analysis Device and Method of Oxygen Isotopic Compo-
sitions in Rocks and Minerals. World Nuclear Geosci-
ence,38(1):97—105(in Chinese with English abstract).

Zhao, R.Y., Chen, Y.C., Chen, Y.J., et al., 2020. Geological
Characteristics and Its Genesis of the Jiling Na-Metaso-
matic Uranium Deposit in Longshou Mountains, Gansu
Province. Earth Science, 45(1): 90— 107(in Chinese with
English abstract).



12 1 IR AR L RN

R T AL IR

ST 2 4H BN E 1 52 4479

Zheng, S.H., Zheng, S.C., 1986. Stable Isotope
Analyses of Geochemistry.Peking University Press, Bei-
jing,194—216(in Chinese).

Zhou, L.Q., Williams, I.S., Liu, J.H., et al., 2012.Methodolo-
gy of SHRIMP In-Situ O Isotope Analysis on Conodont.
Acta Geologica Sinica, 86(4): 611—618(in Chinese with
English abstract).

Mo, Z.C.,

Bt e 32 5 & ST ik
W i B, 1990.BrF 3% 43 Mt A 0 4 vh 48 TR) A6 25 1) 25 43R0 56
i T 5206 28, 6(6): 377 — 379.

TR, TR A A b, 4, 1988 Gl [F] 3 20 7 s K o
JRE R LB AR ML, 7(4):90— 96.

e T, TR, 2008. O il i SR AL 2 A AT 1k B
bR BRI, 54(1):139 — 144.

SRR R TR, 2003, fik R k) 8 RIS 2 AL O A T
HiZETT 2%, 10(2):279 — 286.

S WY, AR 5 L X A, Z5 2020, FE PG Jb M 2k i AR AR
2 M ER A2 ONd-HI-O [R5 38 241 S H b i 728 3. b
BRAR2£,45(9):3353—3371.

LW A A, =0 5 2015. Eﬁﬁm%!ﬂﬂ% FER IR AL
P :C-H-O-S-Pb [FI {37 % il 25 . #h BR Bl 2%, 40(6): 1006 —
1016.

ARGE] 7RI K E A, 55,1992, EAL Y RERER T 1 R
) 37 22 43 BT J5 0 - BrF vk R [l 2 43 BT 1 0k 5l
i A mt B eE R R R AL, 37— 43.

o 2019, FRAR 0T B S h0AE A BE AR 2 A R R A R i
RARAE 5k B H-O [6) 0 28 (1 29 30 . M BR B 2%, 44(7)
2308—2321.

XIEL XB S B ER N 45, 2016. I FH O SR 2 S50 B ik g

Py = AR R AL s A R s 4R L 35
(3):448—453.

PR B S, TR, 4, 2018, B SR #E R 2 1 i 4 R A R
S-Pb=Sr-Nd-C-H-O [f]{v; Z FEAE Bz HoS 5™ Hy Joa F i 4k
VR BRAE BBl ,43(9):3141—3153.

IR A B R T, 1994, 45 523 R 2 RO =
). Ab BT s 1 BT s A, 50— 102.

A, XUTUME |, Bk dt 4, 45 2018 . BrF, ik 43 Fr X 4 0 1 4 ) ot
F Ay N AR Lt B Hh T R 2%, 35(0)
52—59.

Ji 855, 245 ], 2006. B R R 119 SR 7 22 0 5y vk . e AL b
JF A AR, 12(3):378— 383.

T BRE D, BRI, 452013, TR B T B X LA
1 SR R 43 AT B LA T i 2R KR T S g R A A
FH T, 32(4):652— 658.

FYERY T K, 1996, S R L S A 7 ik B, 2k AY SE 5 F
T PR 5 %, 10(5):356— 361.

R XM, 4 Dt a 45 2021 5 A AN b AU TR 0 4

TR BT R 2 O R B O L A R 2 38
(1):97—105.

S NN, A1, 45, 2019, T0 R Ak T8 1k 0 2 1k R h M 4R
A0 1 48 T) A6 3% L 1 % o R R 9 A K, 38
(1):45—54.

B R BREAS 4, 2020, H 7R A8 e 1 1L LA B A2 AT
TVAh ™ R H R RRAE 5 B PR sk RE 2%, 45(1):90— 107,
HOUBUIE 07, B RS M, 1986, B IR A R s ER Ak 2 2 L L

ot Ab R KA A, 194—216.

JHTE T, Williams, LS., X €, 55, 2012, F ¥ A SHRIMP fi

XA 48 S 28 43 BT 0 k. LT 24 42, 86(4):611 — 618.



