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Abstract: Natural gas contains a large amount of hydrocarbon gases but only trace
amount of noble gases. To measure concentrations of noble gases in natural gas, the
active gas components (CH,, C,*, CO,, etc.) have to be previously removed. The
device of noble gas analytical system was designed for the purification and enrichment of
noble gases in natural gas, and their element and isotope ratio were analyzed by quadru-
pole mass spectrometry and isotopic mass spectrometry, respectively. Dynamic vacuum
of this system was better than 1. 0 X107% Pa, The natural gas was firstly introduced to

the analytical system and then exposed to a Zr-Al purifying furnace (held at 350 ‘C) for
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20 min, during which the hydrocarbons, CO, and other active gases could be absorbed,
aliquot of purified noble gases were transfered to the gas getters for the second purifica-
tion (10 min), then *He, #Ne, “Ar, ¥Kr, " Xe were measured by QMS. At last,
separation of He+ Ne, Ar and Kr+ Xe were basically successful by temperature modula-
ted cold finger, and then noble gases isotopic compositions could be measured. Because
the noble gases concentration and isotopic ratio in air were well determined, the air
could be employed as a standard sample to determine. The degree of purifying noble
gases can reach to 99. 9%. The relative standard deviation of He, Ne, Ar, Kr content
measured by QMS is less than 10%5, isotope ratio has a better accuracy generally less
than 5%. Although noble gases are ubiquitous in natural gas, they are more accurate
and sensitive than stable carbon isotopes for tracing hydrocarbon formation and evolu-
tion because of the chemical inertness and time-accumulating effect. However, isotope
compositions of noble gases have only been previously used to study tectonic move-
ments, the age of source rock, and terrestrial heat flow, concentration of noble gases,
which is good at determining the geochronology of hydrocarbon accumulation, has not
yet been published to our knowledge due to the restriction of analysis method. This
analytical technique established for noble gases in natural gas could provide abundant
geological and geochemical informations containing 23 data about concentration and
isotope composition of He, Ne, Ar, Kr, Xe, which will be a powerful tool for studying
the geochemistry of natural gas. Natural gas samples from six wells (T813-1H, T814-
1H, T820(K), TP37, TP313H and YK17) of Tahe oil field and YAKELA gas field in
Tarim Basin were collected and stored in stainless-steel cylinders. These samples were
selected to measure concentration and isotope ratio of noble gases, and the results
further clarified the regional tectonic activity differences between Tahe oil field and
YAKELA gas field, and the differences on source rock characteristics.
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Fig.1 Mass spectrometry analysis system of noble gases in natural gas
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Fig.2 Ion current of purified natural gas sample
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Table 1 Concentration of noble gases measurement in air standard

i H ¥k BF Concentration
Item ‘He 2 Ne OAr 84Kr 182Xe
BHE (n=6) 5.3X1078 1.7X1078 9.6X1073 6.4X1077 2.4X1078
NNE 5.2X10°¢ 1.7X1078 9.3X1073 6.5X1077 2.3X1078
RSD/ % 4.3 6.0 9.3 5.9 16.1
F2 ZEHHFASEECELESAER
Table 2 Isotope ratio of noble gases in air standard
i o AN i sy AN
Ratio Average value  Standard RSD/ % Ratio Average value Standard RSD/ %
(n=6) value (n=6) value
$He/*He 1.39X10°6 1.4 2.4 T Kr/%Kr 2.99X1072 3.02X10"2 6.4
*1Ne/?2Ne 2.91X1072 2.9 2.4 124X e/130Xe 2.12 2.18 10
0 Ne/??Ne 9.8 9.8 0.3 126X e/130Xe 2.58 2.56 2
O Ar/3¢ Ar 296 295 1.7 128X e/130Xe 6.62 6.61 1.1
38 Ar/3¢ Ar 0.188 0. 188 3.5 129X e/130Xe 5.22 5.21 6.5
86Kr/8 Kr 1.52 1.52 0.5 1B1Xe/130Xe 6.55 6.5 6.2
84Kr/8 Kr 4. 96 4.97 0.7 182X e/130Xe 0.472 0.471 2.6
82Kr/3 Kr 0. 997 1. 004 2.2 184X e/130Xe 2.17X1072 2.18X1072 4.2
80Kr/%Kr 0.196 0.197 4.1 186 Xe/130Xe 2.37X1072 2.34X1072 4.2
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Table 3 Inter-laboratory comparison of He and Ar isotopic ratio in natural gas

R F S HIE 3He/*He $He/*He 40 Ar/%8 Ar 40Ar/3 Ar
No. Depth/m (48 Wuxd (22 M Lanzhou) (T4 Wuxi) (224 Lanzhou)
JeM 3 4160 1.68X107¢ 1.66X10"¢ 542 526
Jolt 7 3461 2.34X1078 2.50X107¢8 523 563
Jeldi 5 4084 2.16 X108 2.16 X108 413 393
F4 ETHERUSERH HeNe Ar Kr Xe REMBE L EILE
Table 4 Concentration and isotope ratio of He, Ne, Ar, Kr, Xe in some gas samples
B A X BHEHEE FE TR
MH Tahe section 8 Tahe tuptal Yakela
Item
T813-1H T814-1H T820(K) TP37 TP313H YK17
HE/m 6804 6927 5025 4870 5705 5306
=3 A LACES LGB HIRE =Z8BF LY GES HER
‘He(V/V) 3.60X107* 3.23X107¢ 3.09 X104 4.80X107¢ 1.09X1074 5.91 X104
3He/*He 1.40X1078 1.32X1078 4.03X107¢ 4.77X1078 1.82X1078 1.70X1077
ZNe(V/V) 6.92X1078 3.10X 108 1.48X1077 2.42X1077 1.22X1077 1.70X1077
21Ne/?2Ne 4.43 X102 3.58 X102 3.37X1072 3.37X1072 2.96 X102 3.15X1072
20Ne/% Ne 9.59 9. 30 9. 700 9. 80 9. 49 9. 84
WAr(V/V) 3.86X107° 3.55X107° 7.69X1075 1.30X1075 1.11X1075 2.19X1075
OAr/3 Ar 661 646 493 499 363 3. 18EX10?
38 Ar/3% Ar 2.07X107! 2.20X107! 1.89X1071! 2.07X1071 2.05X1071 2.07X1071!
B Ke(V/V) 6.67X107° 3.34X10°¢ 2.20X107¢ 2.04X1078 1.26 X108 1.01X1078
86 Kr/%Kr 1. 57 1.51 1.53 1.51 1.51 1.52
84Kr/3Kr 5.24 4. 95 5.18 5.01 4.96 4. 95
82Kr/3Kr 1. 29 1.23 1. 06 1.11 1.17 1. 22
80Kr/3Kr 2.88X107! 2.54X1071! 2.36X1071! 2.35X1071 2.3X1071 2.43X1071
Kr/3Kr 9.94 X102 3.24X1072 7.60X1072 4.00X1072 3.74 X102 4.00X 1072
1B2Xe(V/V) 2.54X107° 8.86X107° 5.67X107° 1.69X10°° 1.86 X107° 1.24X107°
24Xe/130Xe 3.20X1072 2.99X1072 3.26 X102 3.16 X102 2.83X1072 3.09 X102
126X e/130Xe 2.64X1072 2.45X1072 2.77X1072 2.67X1072 2.39X1072 2.82X1072
128Xe/130Xe 5.98X107! 5.83X107! 6.38X1071 6.11Xx1071 5.64X1071 5.34X1071
129X e/130Xe 6.73 6.69 6. 84 7.08 6. 36 6. 67
1B1Xe/150Xe 7.86 7.26 8. 00 7. 86 6.62 7.15
182Xe/130Xe 6.61 6.75 6. 54 6. 64 6.56 6. 79
184X e/130Xe 2.47 2.59 2.56 2.51 2.56 2.23
138X e/130Xe 3. 26 2.99 3.38 3.26 2.78 3.08
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