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Origin of nitrogen in marine shale gas in Southern China and its
significance as an indicator

Su Yue', Wang Weiming'*, Li Jijun', Gong Dajian’ , Shu Fang’

[ 1. School of Geosciences,China University of Petroleum ( East China) ,(Qingdao ,Shandong 266580, China;
2. Shandong Provincial Key Laboratory of Depositional Mineralization & Sedimentary Mineral ,Qingdao ,
Shandong 266590, China; 3. China Energy Reserve and Chemical Group Corporation ,Beijing 100107 , China ]

Abstract ; Marine shale gas resources are abundant in Southern China,and nitrogen (N, ) content accounts for a larger
proportion in the composition of some shale gas. Analytical data of the geological and geochemical characteristics of shale
gas in southeastern Sichuan,Three Gorges Region of Yangtze River,and Cengong in Guizhou Province,and the thermal
simulation experiment of gold tube, are integrated in the study of the origin of nitrogen in shale gas and its indicative sig-
nificance. The results show that N, in shale gas is typically of organic crustal origin,shale gas with higher N, content is
mainly derived from the late pyrolysis of kerogen,and the higher content of N, is just an embodiment of the early gene-
ration of crude oil cracking gas under no migration and accumulation or under destruction after accumulation. Therefore ,
the fact that shale gas resources are limited may be verified by the following three aspects. First of all ,the shale kerogen
is typically of saprolite. Under good preservation conditions , the shale gas is supposed to be dominated by crude oil crack-
ing gas. However, the identification of shale gas types indicates that the shale gas with higher N, content belongs to the
kerogen pyrolysis gas or a mixture of crude oil cracking gas and kerogen pyrolysis gas. Secondly,the carbon isotope value
of shale gas with higher N, content is significantly heavier than that of the secondary cracking gas of crude oil obtained by
thermal simulation experiment,through the gold tube thermal simulation experiment of the crude oil samples taken from
the Cambrian. Finally, with the growth of organic matter evolution, the N, content keeps increasing, and the shale gas

wells with better preservation conditions are usually lower in N, content but better in gas-bearing properties. Therefore , the
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N, content is of indicative significance to the preservation conditions.

Key words: nitrogen (N, ), organic crustal origin, kerogen pyrolysis, gold tube thermal simulation experiment, marine

shale gas,Southern China
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Fig.1 A schematic diagram showing the location of the study area
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Table 1 The index discrimination of source characteristics of N, >4 -%]
A BT R R A M A R
LA KRAKR AP B - JR — e A R I B IR AR SR IR
T = AAE MR iR (2 Tea
35 C, /%o — < =55 -55~-30 -30 ~ -20 — —
3" N/ %o ~0 < -10 -10~ -1 >4(5~20) 1~3.5 -2 ~1
N,/ Ar <84 — >84 >84 =84 —
40 Ar/% Ar 295.5 295.5 ~300 >300 >800 300 ~2 000 >2 000
*He/*He 1.4x10°° — <0.5x107°¢ <0.5x10"°° (0.1~1)x107° >1.4x107°
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Table 2 Geochemical characteristics of N, isotope in gas and associated gas recovered in Southern China

TIX BE G G B 813C, /%o R/R, 3He/*He 4O AL/ Ar 8" N/%o B e IR
2L IX TX1 - Q1 -35.9 0.012 1.65x10 8 724 1.7
AL X TXI - Q2 -35.8 0.008 1.15x107" 732 -2.4 N
AP HIX TX1 - Q3 -36.4 0.012 1.72x10"8 898 -2.4 X
AU X TX1 - Q4 -36.1 0.010 1.44 x10 78 815 -2.4
JTE Hb X 8 201 - H3 -35.4 0.030 4.35x10 78 — —

o Sfh,2014127
JRIE 1l X 201 - H3 * -35.6 — — — —
FhIAHLIX 7D -01 -28.8 0.020 3.12x10°% — 5.7
FhUA H X 7D - 04 -29.9 0.020 3.36 x10 7% — 6.8
FhUAHLIX 7D -09 -30.8 0.020 2.76 x 10 7% — 6.2
FhIA H X 7D - 18 -31.7 0.020 2.18 x107% — 3.2 Liu 45,2016 %
BRI 4 X ZD -19 -30.3 0.020 2.24x10°¢ — 4.8
FhIAHLIX. 7D -20 -29.2 0.010 1.86x10°8 — 3.8
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A He/ " He = Ar/* Ar 1R HI 50 BT N, AL TCHL
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AT AR AU X R AL 1 H AR U i X (R A
RV AE LAY P FE VR A AL X (B 2) o s Hb X 0T 2
S He/*He (B} 4.35 x10™* /NT 1.4 x 10° | R/R,
B4 0.03,/NF 0. 1, WJE FAelA LA
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Table 3 The organic maceral content of kerogen

in the Niutitang shale in Cengong area

AL s %
FE 5 TI/ %
JERA e
TMI - N - J15 90.0 10.0 95.0
T™M1 - N - J18 97.5 2.5 98.8
T™M1 - N - J21 92.0 8.0 96.0
TMI1 - N - J24 9.0 6.0 97.0
T™M1 - N - J26 99.0 1.0 99.5
TM1 - N - J30 95.0 5.0 97.5
TM1 - N - D98 9.0 4.0 98.0
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Table 4 The comparison of shale gas composition and carbon isotope in various regions of Southern China

RS %

RE L2 iC,/nC iCs/nC 3¢, /% lg[C,/(Cy +C5) ] sk g
AR~ CH4 CZHG N2 4 4 5 5 1/ /00 1 2 3 ﬁlE*
TX1 - Q1 42.29 0.40 48.51 0.722 0.909 -35.90 2.01
TX1 - Q2 71.13 0.73 26.80 0.588 0.826 -35.80 1.98
TX1 - Q3 71.66 0.79 26.06 0.473 0.760 -36.40 1.95 A
T™M1 =N -J22 - Q 3.60 0.16 95.37 — — — —
TM1 - N - J26 - Q 2.50 0.23 96.94 — — — —
& 201 - H3 96.52 0.35 1.75 — — -35.40 2.44 )
25,2014
&% 201 - H3 * 98.53 0.35 0.08 — — -35.60 2.45
ZD -01 27.53 — 70.34 — — -28.80 —
7D - 02 61.02 — 37.19 — — -30.20 —
7D - 03 58.42 — 38.77 — — -29.40 —
ZD - 04 16.02 — 79.03 — — -29.90 —
7D -07 15.80 0.11 80. 47 — — -31.50 —
ZD - 08 21.29 — 75.81 — — -28.60 2.16 Liu % 20162
7D - 09 9.58 — 86.43 — — -30.80 —
7D - 16 77.59 0.69 19.91 — — -34.80 2.05
7D -17 69. 61 1.60 26.47 — — -31.10 1.64
ZD -18 83.24 2.13 12.73 — — -31.70 1.59
7D - 19 86.30 1.70 10.87 — — -30.30 1.71
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Table 5 The comparison of conventional natural gas composition

. . . . « [37
and carbon isotope in various areas of the Sichuan Basin'"]

o ARG % Y
CH, C,Hq N, (G +GC3)]
&2 85.07 0.11 8.33 -32.38 2.88
& 27 87.07 0.09 6.02 -31.96 2.98
& 30 86.57 0.14 7.55 -32.70 2.79
2 39 86.74 0.12 7.08 -32.42 2.85
2 100 86. 80 0.13 6.47 -32.40 2.82
%1 93.59 0.12 1.22 -37.10 2.89
%3 92.20 0.35 0.97 -38.00 2.42
%6 82.05 0.03 9.67 -35.50 3.43
=1 82.65 0.04 2.12 -33.75 3.32
A2 97.85 0.04 1.84 -33.22 3.39
BV 8 92.16 0.04 1.76 -34.60 3.36
BEIE 9 92.36 0.05 0.10 -33.73 3.27
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Fig.5 The comparison of crude oil cracking gas in Well
Tazhong 62 and methane carbon isotope of shale gas in

Well Tianxing 1 under different heating conditions
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