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Carbon and Oxygen Isotope Analysis of Calcite and Dolomite Mixtures
Using Selective Acid Extraction by Gasbench-IRMS
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Abstract: Carbonate cements formed at different stages in sandstone have different min-
eral compositions, structural characteristics and carbon and oxygen isotope composi-
tions. Carbon stable isotope compositions in cements can be used to indicate the source
of carbon in diagenetic fluids, while oxygen stable isotope can be used to estimate the
temperature and the source of fluid at the time of crystallization. In order to obtain the

carbon and oxygen isotope compositions of different kinds of carbonates in sandstone
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cements, off-line selective acid extraction method was usually used to extract and test
the carbon and oxygen isotope compositions of each carbonate. In order to overcome the
shortcomings of the off-line method such as cumbersome process and low efficiency, the
temperature and time experiments of the reaction of the mixture sample with 100%
phosphoric acid were carried out for the first time by using Gasbench-IRMS with differ-
ent ratios of quartz, calcite and dolomite mixture samples in this study. When the parti-
cle size of the sample is mainly about 63-75 pum, the reaction temperature is 25 ‘C and
the reaction time is 2 h, the generated CO; represents the carbon and oxygen isotopic
compositions of calcite. When the reaction temperature is 25 °C, there is almost no CO,
generated in reaction of dolomite with 100% phosphoric acid for 1 h, and the yield of
CO, is only about 3% for 2 h. The mixture experiment showed that this method is only
suitable for the mixture samples with more calcite than dolomite. When the content of
calcite is higher than that of dolomite, Gasbench-IRMS can be used to separate calcite
and dolomite mixture samples online, and test C and O isotope compositions. The
carbon dioxide produced at 25 C for 2 h represents the C and O isotope compositions of
calcite. The CO, gas is removed after another 2 h of reaction, then the carbon dioxide
produced at 50 “C for 18 h represents §°C and 8O of dolomite. The precision of §*C
and 8O is better than 0. 15%, (1) and 0. 20%, (1s), respectively.

Key words: calcite; dolomite; carbon and oxygen isotope compositions; selective acid

extraction
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Fig.1 Schematic diagrams of flushing, acid dosing and testing
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Table 2 Experimental results of the mixture of quartz, calcite and dolomite

JoT = L
S S AT FE CAR = A s A f) , +SD
Experimental condition Sample Proportion O Cuvon /1 01 Oven /4 (n=75)
(quartz * calcite * dolomite)

T WAL B, SN E] 1 h, Mix1 400t 95+ 5 0. 60 0.05 —26.16 0.06
2R EE 25 °C Mix2 400 : 80 = 20 0.58 0. 04 —26. 14 0.11
Mix3 400t 60 40 0.54 0.08 —26.09 0.11

Mix4 400 : 50 ¢ 50 0.51 0.13 —26.06 0.09

Mix5 400 : 40 : 60 0. 46 0.13 —26. 01 0. 09

Mix6 400 : 20 = 80 0. 24 0.08 —25.76 0.12

Mix7 400 : 5 ¢ 95 —0.67 0.12 —24.58 0.14

TG 5 ToAL B f % B ] 2 b Mix1 400 : 95+ 5 0.79 0.05 —25. 62 0.12
2B 25 °C Mix2 400 : 80 : 20 0.76 0. 06 —25.57 0.12
Mix3 400 : 60 = 40 0. 68 0.14 —25.48 0. 06

Mix4 400 : 50 ¢ 50 0. 62 0. 05 —25.41 0. 06

Mix5 400 : 40 t 60 0.53 0.13 —25.31 0.08

Mix6 400+ 20 : 80 0.13 0.12 —24.83 0. 09

Mix7 400 : 5 ¢ 95 —1.57 0. 06 —22.84 0. 10

T WAL B, S BB A 3 hy Mix1 400t 95+ 5 0.79 0.13 —25.61 0.08
2R EE 25 °C Mix2 400 : 80 = 20 0. 74 0.05 —25.56 0.07
Mix3 400t 60 : 40 0. 64 0.13 —25. 44 0. 06

Mix4 400 : 50 ¢ 50 0.57 0.14 —25.35 0. 14

Mix5 400 : 40 : 60 0. 46 0.13 —25.22 0.08

Mix6 400 20 = 80 —0.05 0.13 —24. 62 0. 14

Mix7 400 : 5 ¢ 95 —1.98 0.06 —22.35 0.07

T ToAL B S % ] 4 b Mix1 400 : 95+ 5 0.78 0.14 —25. 60 0.11
2R BE 25 °C Mix2 400 : 80 : 20 0.71 0.13 —25.52 0.08
Mix3 400 : 60 : 40 0.57 0.12 —25.36 0. 10

Mix4 400 : 50 ¢ 50 0. 46 0. 09 —25.23 0. 07

Mix5 400 : 40 t 60 0. 30 0.05 —25.05 0.08

Mix6 400t 20 : 80 —0. 40 0.14 —24. 24 0. 06

Mix7 400 : 5 ¢ 95 —2.71 0.07 —21.57 0.11

Jo i WAk B, K2R E] 5 by Mix1 400 95: 5 0.78 0.11 —25. 60 0.08
2R EE 25 °C Mix2 400 : 80 = 20 0. 69 0.09 —25.49 0.06
Mix3 400 : 60 : 40 0. 50 0.08 —25.28 0.15

Mix4 400 : 50 ¢ 50 0. 36 0.14 —25.11 0.09

Mix5 400 : 40 : 60 0.16 0.07 —24. 88 0.13

Mix6 400 : 20 = 80 —0. 69 0.05 —23.90 0.09

Mix7 400 : 5 ¢ 95 —3.18 0.08 —20. 99 0.10




216 B E R A3k
gik2
iig qia
S A i CH¥ERY  fRA : A , +SD +SD
Experimental condition Sample Proportion O Cuvon /1 (n=75) 0 Oven /6 (n=75)
(quartz * calcite * dolomite)
25 CRW 1 h S A5k Mix1 400+ 95+ 5 —0. 88 0.13 —24.09 0.17
W 18 h, )2 i E 50 °C Mix2 400 : 80 * 20 —3.38 0. 08 —20. 96 0.16
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Mix6 400 : 20 * 80 —6. 25 0.12 —17.54 0.16
Mix7 400 ¢ 5+ 95 —6.52 0. 09 —17. 60 0.11
25 C R 2 ha Sk LK, Mix1 400 95 5 —2.94 0.13 —21.11 0.20
JRE 18 by | R i BE 50 °C Mix2 400 ¢ 80 : 20 —5.33 0.04 —18. 36 0.15
Mix3 400 ¢ 60 : 40 —6.06 0.13 —17.52 0. 08
Mix4 400 = 50 * 50 —6.23 0.13 —17.32 0.18
Mix5 400 = 40 : 60 —6.35 0.07 —17.19 0.17
Mix6 400 : 20 * 80 —6.50 0.16 —17.02 0. 08
Mix7 400+ 5+ 95 —6.57 0. 06 —17.03 0. 10
25 CRW 3 ha SR E£, Mix1 4002 95+ 5 —5.38 0. 04 —18. 31 0.10
F R 18 h, 2 i BE 50 C Mix2 400 : 80 * 20 —6. 30 0.13 —17.15 0.15
Mix3 400 : 60 * 40 —6.48 0.12 —16. 84 0.19
Mix4 400 : 50 = 50 —6.52 0. 04 —16.79 0. 10
Mix5 400 : 40 * 60 —6. 54 0. 14 —16. 87 0.09
Mix6 400 : 20 * 80 —6. 57 0.09 —16.93 0.16
Mix7 400+ 5 95 —6.59 0.15 —16.91 0.16
25 C R 4 h, LW Mix1 400: 95: 5 —6.52 0.06 —17.00 0.19
W 18 h, )2 i E 50 °C Mix2 400 : 80 * 20 —6.58 0.15 —16.93 0.09
Mix3 400 : 60 * 40 —6. 60 0.09 —16. 96 0.12
Mix4 400 ¢+ 50 * 50 —6.62 0.13 —16.92 0. 14
Mix5 400 ¢ 40 : 60 —6.65 0. 06 —16. 98 0. 14
Mix6 400 : 20 * 80 —6.49 0. 10 —16.93 0.15
Mix7 400 ¢ 5+ 95 —6.59 0. 09 —16.91 0.13
25 “C N 5 h. Sk, Mix1 400: 95 5 —6.62 0.07 —16. 92 0.12
S 18 hy, v i 50 °C Mix2 400 : 80 * 20 —6.58 0.11 —16. 90 0.16
Mix3 400 ¢ 60 : 40 —6.57 0. 14 —16. 97 0.12
Mix4 400 = 50 : 50 —6.68 0. 04 —16.91 0. 14
Mix5 400 : 40 * 60 —6. 64 0.12 —16. 82 0. 25
Mix6 400 : 20 ¢ 80 —6.59 0. 10 —16.97 0. 14
Mix7 400 ¢ 5 95 —6.55 0.09 —16. 90 0. 10
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Table 3 Results of C and O isotope

composition of carbonate cements

- SN Ik
Reaction 0" Cveps /o 8" Ovpos/ %o
Sample 1D
temperature/ C
Y1 25 —11.234+0.08 —18.3640.19
Y1 50 —9.2040.05 —18.394+0. 15
Y2 25 —12.9840.15 —21.2040.12
Y2 50 —10.54=40.07 —19.7040. 08
Y3 25 —11.7540.14  —23.50%0.13
Y3 50 —10.6640.15 —21.9740.11
Y4 25 —10.7340.11  —19.2340.09
Y4 50 —8.99+0. 10 —23.484£0. 10
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