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Table 1 Standard and reference materials for carbon and nitrogen content and isotope ratio analysis in this experiment.
bRl 5 . TR A A 2
" ﬂﬁ%’}\ K P S Cuon(%0) 5 Numa(%o) ttziﬁé ) ‘
Urea Element Microanalysis Ltd JRE —37.02+0.06 —2.91+0.2 -
USGS4la USGS KA 36.55+0.08 47.55+0.15 -
USGS40 USGS KA —26.39+0.04 —4.52+0.06 C: 40.8%; N: 9.52%
IAEA-600 IAEA I A —27.77+0.04 1.0£0.2 -
. s ~8.22+0.17 3.99+0.22 SBR A AR 2
[ F R B e ALY .
GBWO4701 HblE B ! —20.79+0.14 3.8+0.24 BB HLA R R 3 LA
. s ~18.68+0.15 6.25+0.23 SBR A AR 2
[ F R B PRI .
GBW04702 Rl PRI 223.63+0.11 6.48£0.28 A WU BRI R 26 Hofi
. s ~10.64+0.15 4.68+0.23 JEBRANE AR 2 L
[ F R B PRI \
GBW04703 AN PRI —22.57+0.14 4784029 A WU WA R 26 Hofi
GBW07424 EF ) 5 +3 - - TR BRIE, N: 0.126%+0.011%
GBW07107 [ Z AR HEA SO - - EATRSIPRIE, N: 540£60pg/g
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e J5 2 e 5% 4 T A B SAMPLE-1 Al
SAMPLE-2 1% [R5 2 HLAE 73 At : OS2 58 43 51 % 1T
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FMSE 6" N (FL KA R 5 TN AR BT I 0 8 0 T2
W= . GBWO07424 73 #1 , Toit BL/AUE A /N T
Tmg (4 0N I 52 (5 A A7 e I d 25 53, 1 B 2 R
BERE BN, OVN (E#E T — 5, [R5 A 05
P AEAF A, 22 WAL 00T X 43 A 0 52 il 5y 1
8, R RV ARY 6N I 22 (L HH X6 T 2230 1 R 11
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] 5s Z5F T lE B GBWO04701, GBW04702,
GBW04703 H R L3 3, H AR R -M vk ik b
L, 2% 3 o a5 R SHEAAEW) A, [R]BRE AR
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2.2 TRIR-FRUETEAC BRI E & 1

S 7 22 0k R FR-TR Ve 1 b B GBWO04701 .
GBW04702 fit) 6"°N L3 3, HiZe b kb3 %. 6mol/L
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23k ER R -FR VL AL LS A AR i [ 67 R 2 A L 3% 4,
HAE PR AL B 23510 - A ET AL BEAN 6mol/L R
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Table 2 The results of nitrogen content and isotope ratio under different oxygen injection time and single/double tin cup condition.

B \ Fikesk N #hE (7) 7 Nawsalth)
. 5 4 (mg) - — — —
HEAE(E MEMH(n=5) HEFAE MEME(n=5)

O: 3s+EB MR - - - -2.93 40.13

Urea O: Ss+EB AR - - - ~2.910.2 -3.03+0.13

O: 5s+XUHE - - - -3.16 £0.29

O: Ss+HEHR <7 0.1060.009 5.47+0.16

GBW07424 O: 5s+AUHM <7 0.100+0.010 6.09+0.27

O: Ss+EB AR 15~20 0.126:0.011 0.119+0.004 - 6.80+0.16

O: 5s+ELEHR =20 - 6.85+0.12
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Table 3 The results of nitrogen isotopes for reference materials and samples.

L 5" N aimna (%0) 0" N oz (%0)
FRUED) B o AIR-N2 L AIR-N2
/ﬂng%t, Heah AL EE R p s
A i) M (n=5) A MEME (n=5)
GBW04701 ENIphEL 3.99+0.22 3.82+0.08 6mol/L HCI 3.8+0.24 3.73+0.07
GBW04702 ENIphEL 6.25+0.23 6.30+0.07 6mol/L HCI 6.48+0.28 6.29+0.09
GBW04703 KRHTALHE 4.68+0.23 4.65+0.1 - 4.78+0.29 -
SAMPLE-1 ENIphEL - —1.40+0.17 6mol/L HCI - —1.34+0.17
SAMPLE-2 RATALHE - ~1.69+0.13 6mol/L HCI - 0.62+0.12
W RN S B ERARAEN T
E R N AN 71 E ST ) AT LV FARTEE S
Table 4 The results of carbon isotopes of reference materials and samples.
o 5" Cypps (%o) 6" Cypps (%o)
h‘ {E% ﬁ%*ﬂ ) . VPDB . . VPDB
’# o zﬁt FE St b B P i
AR WA WEE (n=5) HEFHE WEH (n=5)
GBW04701 AL ~8.2240.17 —8.39+0.02 6mol/L HCI —20.79+0.14 —21.03+0.05
GBW04702 AL ~18.68+0.15 —18.71+0.1 6mol/L HCI —23.63+0.11 —23.65+0.12
GBW07107 A RTAbER - —30.47+0.12 6mol/L HCI - ~30.34+0.07
SAMPLE-1 AL - —28.68+0.15 6mol/L HCI - —29.53+0.11
SAMPLE-2 ENipsL - -30.69+0.02 6mol/L HCl - -30.75+0.11

— B, [RIB A X R 22 384 (SD ZNTF 0.1%0), 3X P
WEZURIAAHLA 01N 22 (H A 22 5 AR HE AR (AT
S FEE TR PN, T AR OS2 6 D 45 SR A AT 5 IR Ao
T [R5 28 EUAFL 20 BT %) S ) 5 {5 2 1B — 2, B
T GBWO04701 A #Lk 5 A (A A 22 7, H I A
R — 298 . GBWO7107 HrAmi & 5 A Bl &
T 350 M 0.19% i 0.16%, X ¢ B Hipw 40
IREEAS A HL A, S5 E 1) GBWO7107 Hr 4k 11
A WLBREY 0" Cyppp 22 5/, 13X 5 H R A A — 3K .
2.3 TUERESARIIE S

AR S B E SAMPLE-1 #1 SAMPLE-2 1 4
Fiss )5 22 20 o0 50l WL 3 i 4, SR ARRAL R 5
f) SAMPLE-1 fi "N A —%{, 1 SAMPLE-2 |
LTI A AR AR, —1.69 %075 4k F] 0.62 %0, 3X 5
SAMPLE-2 FRUEFA G, AR S5 SAMPLE-2 7
e — UKV, B0 i JE 43 B H VBT 1 T A
3% AR AR AR R 25 OKVERER . B0 S B0RI E])
Ao B HC A A o R & BT ARV A R R, B 23—
AR BET80 1R (30 min) R TCVE S AS T 1) |
W, BE S FZ AR BT TS, /N0 IS 5%
BE W) 3% o B 013C 1 6N 43 0 R - —30.89 %o Al
—0.88%o, 1% 0" C {H5 BRALFRRT J5 AR 5 22 S AR X458
/N B ON S EA BB RARR, A THEZ

8], X # ] SAMPLE-2 H 0N {H 1284k 5 /K Peid 72
oo B R A O, T R R A R i — 2R
SAMPLE-2 7E4 ) 43 B h K A i A = A, 58
55 SR FH 3% B2 I Wi R vk D 2 T H A B ) 467 2% 4 ol (52
B 7 VAR DL SCiR [42]), 45 54 B L 5 A i 1R IR
h, HIGHURR 6°C 629 H-3.76%o, i SAMPLE-2 )
OVC HAERR AL AT G 22 AL 48 /N, W] BE S B R 6 & 1t A
XTEARA 5 SAMPLE-1 HA3 HLRR & 5 5 5, 7640
YA kLR B R R R, A6 X LR R
ER A SR 57 R A B AR ) 1 ERUE, i R b PR
SV CAEA f/IME BT 251K (0.85%0 ), 3% 1T g 5 H &
AFEHEA LI R AT G AR 325K XRD 43
M7 SAMPLE-1 A1 SAMPLE-2 [i2 kb 3 /ij J5 05 4
5, WAT K IR IH i 25 57

3 g
3.1 EA-IRMS I ¥ 5% 1 0 &) o 2 bE A 79 B i)
Al

N T HE R ABERLRE, EA-IRMS 38 5 43 BT s fin
V,0s, 15 V,05 16 AN [/ B fly o 488 58 2801 A7 7 22
Sl Han %Y 5280 R BIASIN V,05 X434 5T
FrhRiE SGR-1 A W BN, [T A58 4 AR
[l 3R AT RE 2 32 81 V,05 1R B35 3%, AT RS [R] 437
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FEAMPY, i FHEA G, LR EREE R,
PRI A A 5 ) sl TS0 o b 2 85 i, i O 2 T 5 R
ARG R REARMER, P 225, R
)R 5 SR 224 SR A 1 S i R 2R AR A AE R T, T
3ot 22 1 T A 2 o AR D 114 2 55 A B T BB R L
2o AT iR OBV ARG ZE I S 14 i 4R
B Ia] i 2K, DA s R el g . AN IR SE g R
XU AR 7 20 i 245 5 108 R X i 25 38 KT 0.2%o0 LA
o TR T, RZO LIF A 1E . Langel
VS T EA-IRMS 20 M ip &S LR TR, & R
FLE R E | OV IR AT AR L
K AR B AT G, AN TR 1 25 1 [ 67 38 2 A%
FRART, B 5 W50 BT AR i P i R 6 3R
HEAE BT, FRAR A S FOR B 20 SR . AR HT i)
AR A EHES AR L A S SO ATE ]
LS NETR ARG m/z 44 4350 /T 50mV; KT 50
{H/NT 300mV; 7F 420~520mV Z[H] . X F
Fr A — R Ak, kR 2R I B 75 A s AR OE, (H
& m/z 28 /T 50mV, iX T SLEG R & LA
BRI O A SE R R DL . AR YR S5 XU
T 2ORE X O 22 55 it DR A D T i 5 A 2R A it T
T AUZ BRI B 5 3 R bR e 25 57 A K | A%
A K. IE Y B N AR A 2T GBW04701
GBWO04702, GBW04703 Huf% 1 Hhissii B AU 251, 3=
A% 5 =X BB A% A7 200 b B8 w5 12 R 1 A P FORS B
1M 7 2% Urea 9 0N A 59 b o O 22 1A I 2 A1)
P, XA RE SRS PR G,

EA-IRMS fE[a] Hll e S v iy C N & R0l
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Nitrogen Isotope Analysis Method of Organic-enriched Shale

HUZhizhongl’z, YANXiongl’z, JIN Lu"?*, ZHAO Ankun'?, XUGuodongl’z, DU Gu'?
(1. Chengdu Center, China Geological Survey (Geosciences Innovation Center of Southwest China), Chengdu
610081, China;
2. Key Laboratory of Sedimentary Basin and Oil and Gas Resources, Ministry of Natural Resources, Chengdu
610081, China)

HIGHLIGHTS

(1) The optimization of oxygen injection, measurement method and carbon adsorbent addition in EA-IRMS analysis
conditions is helpful to improve the accuracy of nitrogen isotope ratio analysis in shale.

(2) When the samples are treated with the acid rinse method, the ultrasonic method promotes the reaction between
acid/water and the sample, which helps to improve the washing effect and reduce the influence on 6"°N.

(3) The direct analysis method is recommended for the analysis of organic-enriched shale samples by EA-IRMS.

(4) GBW04701, GBW04702 and GBW04703 are applicable to the analysis of carbon and nitrogen isotope ratio in

shale and the monitoring of acid treatment process.
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ABSTRACT

BACKGROUND: Shale, as an important component of sedimentary rocks, is also a valuable source rock and
“reservoir” of shale gas. The study of nitrogen isotope distribution characteristics can provide geochemical indexes
for judging the sedimentary environment and oil-source correlation of crude oil. It is helpful to understand the

4171 Nitrogen isotope ratio

organic matter enrichment mechanism of black shale, shale oil, and gas exploration!
analysis in sedimentary rocks is faced with problems such as low content, and the influence of pretreatment on
analysis and the reference materials, which affect the accurate analysis of nitrogen isotope ratio in shale and restrict
the development of this technology in related studies. First, the low content in rocks will affect the analysis results
by elemental analyzer-isotope ratio mass spectrometry (EA-IRMS)!'*'®]. Second, the method of direct sample
analysis is often used to analyze nitrogen isotope ratio of whole rock, to improve the relative content of nitrogen and
remove carbonate to meet the requirement of organic carbon isotope analysis; samples treated with acid can also be
used for analysis. There are differences in treatment methods in different laboratories, which can also increase the

(132125 Finally, there are

variation in content and isotope ratios, as well as the difficulty of data comparison
relatively few international standard materials based on rocks and minerals for nitrogen isotope and there are still
some problems and limitations in these standards'”*'***%!, Therefore, the accurate analysis of nitrogen isotope ratio

in shale is affected, thus restricting the development of this technology in related studies.
OBJECTIVES: To improve the precision and accuracy of nitrogen isotope analysis in shales.

METHODS: (1) The analysis was carried out by EA-IRMS, with the use of MAT253 Plus gas stable isotope mass
spectrometer, Flash 2000 HT element analyzer and ConFlo IV interface. The furnace tube was filled with the
recommended scheme of the instrument, and the water removal trap was adjusted according to the measured object,
that is, only magnesium perchlorate was used or carbon adsorbent was added on this basis (the main component was
sodium hydroxide), which accounted for 50% each. Carbon and nitrogen isotope ratios were measured separately.

(2) Carbon and nitrogen isotope standard materials included: USGS40, USGS41a, IAEA-600, Urea,
GBWO04701, GBW04702, GBW04703, GBW07424 and GBW07107 as calibration, monitoring and experimental
study (Table 1). Typical shale samples of the upper Yangtze Longmaxi Formation were selected as the research
object. Both samples are rich in organic carbon. Combined with hand samples and XRD analysis, their mineral
composition is mainly as follows: Quartz, potassium feldspar, illite and pyrite in SAMPLE-1, SAMPLE-2 are
similar in mineral composition in general, but there is obvious dolomite in SAMPLE-2.

(3) The experiment consisted of three parts. First, the impact of increasing oxygen injection time and using
double tin cup encapsulation on nitrogen isotope ratio analysis was studied. Urea was applied to determine 6'°N
under the same conditions but with different oxygen injection time (3s or 5s) and the differences were compared.
Urea and GBW07424 were used to encapsulate the sample with double tin cup (two layers of tin cup for the same
sample) and conventional single tin cup for comparison under the same conditions. The composition of total
nitrogen and total carbon isotope ratios in GBW04701, GBW04702 and GBW04703 was determined by single-tin
cup encapsulation. Second, the influence of acid rinse method on the analysis was conducted. Standards were
weighed and gradually added with an excess of 6mol/L HCI to remove carbonate minerals. During the reaction, the
centrifuge tube was placed in an ultrasonic cleaner for ultrasonic treatment for 3 to 5 times, 10min each time.
Centrifuge was used, acid was discarded and deionized water was added. After ultrasonic treatment in ultrasonic
cleaner, centrifuge treatment was continued. This process was repeated until it reached neutral. The samples were
then compared and analyzed with unprocessed samples and recommended values. Finally, the shale samples
SAMPLE-1 and SAMPLE-2 from Longmaxi Formation were analyzed. The isotopic ratios of total nitrogen and
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total carbon were determined respectively. The samples were treated with the above acid rinse method to analyze the
ratio of organic carbon and nitrogen isotopes, and the mineral composition before and after treatment was analyzed
by XRD. Nitrogen isotope difference and total carbon and organic carbon isotope ratio were analyzed before and

after treatment.

RESULTS: The results of single/double tin cup method showed that the accuracy of ¢"°N value determined by
double tin cup method were obviously worse than that by single tin cup method at the same oxygen injection time
(Table 2). GBW07424 analysis showed that nitrogen amounts had more obvious influence on the analysis. The
results of total nitrogen analysis in GBW04701, GBW04702 and GBW04703 measured under the condition of
oxygen injection time 5s were consistent with the recommended values (Table 3), and the standard deviation of the
samples was improved (SD=0.1 %o). After acid rinse, the nitrogen values of GBW04701 and GBW04702 were
consistent with the recommended values (Table 3), and the relative deviation was better (SD<0.1%o). The overall
carbon isotope ratio analysis values were consistent with the recommended values (Table 4). The difference of
0" Cyppp between total carbon and organic carbon determined by GBW07107 was small and consistent with its
carbon composition. The 0'°N values of shale samples before and after acid treatment were basically the same in
SAMPLE-1, while the 6"°N values of shale samples after acid treatment were obviously changed in SAMPLE-2,

which was related to the composition loss in the wash acid process of SAMPLE-2.

DISCUSSION: (1) The optimized measurement conditions of EA-IRMS. Attempts were made to improve
combustion efficiency by using double tin cup wrapping and increasing oxygen injection time. The relative
deviation of double tin cup method was greater than 0.2%o and obviously higher than that of single tin cup method,
indicating that this method is not suitable. The reason may be related to the difference in combustion efficiency
caused by the gap between double tin cups and the introduction of air when the sample is wrapped!"’. Appropriate
increase of oxygen injection time in the analysis of GBW04701, GBW04702 and GBW04703 obtained satisfactory
results, indicating that this method can effectively improve the accuracy of the technique, while this method did not
significantly improve the standard deviation of 6"°N value of Urea, which may be related to the matrix of the
sample®. It may be the abundant carbon in shale. Therefore, it is necessary for nitrogen isotope ratio analysis in
shale to be determined by carbon and nitrogen separately and adding carbon adsorbent.

(2) The acid rinse method. The acid rinse method adopted has no significant effect on GBW04701 and
GBW04702 on 6"°N analysis and can effectively remove carbonate components. Ultrasonic was used to promote the
reaction between acid/water and sample in the process of acid reaction and acid washing in the experiment, and the
centrifugation time was appropriately increased in the centrifugation stage, which was conducive to the preservation
of fine particle components. Compared with static reaction, the addition of ultrasonic reaction could improve the
washing effect. The less washing times were thus contributing to the accuracy of §'°N analysis!*”.

(3) The shale sample analysis. Although the acid treatment method adopted in the experiment has no obvious
effect on the 0'"°N analysis of standards, significant composition loss and ¢'°N change were still observed in the
analysis of shale samples. Moreover, the nitrogen content of shale samples of Longmaxi Formation was relatively
high. Therefore, in order to accurately analyze the nitrogen content and 5'"°N analysis, direct analysis of samples is
recommended for the whole-rock nitrogen isotope analysis of such samples.

(4) The standard and reference materials. Carbon and nitrogen isotope reference materials with different
characters and compositions were selected as calibration, monitoring and experimental study. USGS40, USGS41a
and TAEA-600 standard samples were used for calibration and quality monitoring, and no obvious influence of
matrix difference was found. Although they are Marine sediments, GBW04701, GBW04702, GBW04703 provide
— 686 —
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isotopic compositions of total carbon, organic carbon, total nitrogen and organic nitrogen. They are suitable for the

analysis of carbon and nitrogen isotope ratios and the monitoring of acid treatment processes, especially the analysis
of EA-IRMS technology™. In shale analysis, GBW04701, GBW04702 and GBWO04703 were selected as

monitoring to meet the requirements of nitrogen and total carbon and organic carbon isotope ratio analysis.

KEY WORDS: shale; nitrogen isotope ratio; EA-IRMS; pretreatment method; standard
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