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Details of reference materials and their organic carbon content.
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Table 2 Lithological information of samples and measured results of TOC, 6"°C,,, §"°C,;q and 4"C.
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TUH 59 0.87 ~35.33 11.73 —34.6~-21.8 -26.3 —34.5~-20.0 -26.2 —2.8~1.8 0.1
Migie= 12 6.53~21.94 14.25 -258~-21.5 —24.0 -259~-21.1 -23.8 -0.6~0.5 02

— 849 —



Ao Wk
http: //www. ykes. ac. cn

5 6 1]

2024 4F:

<0.6%o, 93.64% FE 5 1) A C AH YT EHI7E 1.0%038
FEl 2 P9, it 2 A T A 1 7 s v 6 Tk TRl 67 28 D 1Y
MM EIRETER, XSHrFESE P LT
TURLA AN DU S8 ML [R) A2 28 43 B B4 iy A B
S PO AE IR 45 SR B A A0 — B0, RS TR A
Qb 3R T3 A A R e TR 7 2R (E LA R AP YT LE
P 1220300 SR R AR A TR LA
TR I A, (8 A R R b BEAE & ] LA B
TRk, M SE BT R T A ML AL 53 1 A 3057
B, M AR R B A HLRR L Rl R
2T ST RARE A, BRE 2 EAIR
BB, AH 2SR T R4 JeHILAs , 00 5 ik 1) 437 25 i
ARSI T AAS R (R

2.2 ASEFGAEBRTT T RIS A I R 2 Wi 53 B
221 R[REAPERE S R0 22 00 (A% E

kT 304016 B R Ak B 7 =S FH I, AR S X
AN LA A O R 0 5 I R T % B B . S5 2R
7N, MR T I AR Ak [ 67 3R 8 43 A 7 —27.5 %0 ~
—22.2%0Z [B], TU A B T 1 AR ke [] 437 28 {8 20 A5 7
~34.6%0 ~ —21.8%0.2Z [B], 1 L 75 14 B AR A [ 15 A
AT AE—25.8%0 ~ —21.5%0 2 [0] o X AS [ 25 PR AR 2R
JFH R o Ach B XA 0] %) ke ) 7 28 i Je T % EL 4y
Hr, B 2 R F IR, PR b A 4P C (8
O3 A 95 B =03 %0 ~ 1.1%o, 1% 28 JK 25 FE fh v 4"C
<0.3% W RE S i L 87.18%, A43C<0.6%o I FE i
Lt 94.87%, AC<1.0%FIFE i (5 b 97.44%; it F T
ol s R s W I A O (= 1 o el
—2.8%o ~ 1.8%o, TUAFEM: T 4 C<0.3%0 AR 5L 7 LL
57.63%, 4" C<0.6%MIEES 15 L 83.05%, 4'°C<<1.0%o
(AR i 7 B 89.83%; 117 X T3 L, WA A #1052
(K A C AE 43 #i 15 Bl M —0.6 %0 ~ 0.5 %o, H: b 4"C
<0.3%oFFE N 5 L 58.33%, A" C<0.6%oFUFEN (5 L
iKF] 100%.

SRS, DUAFE 532 AN A A AL 2Ry =X 052
BN, B 6 FRRE S I 22 I T FRAE SR
RS, 250 BTN Ty X — P 4 A D R T S
TUA RS 0P i, 1K K S B0 b 3
BOCR AN B0 R X S T TP AR — B
T AR AT BB, X LE 2] 7 ) A7 A6 3 i T PR i Ak
BT SJERE R R A R 2 5 2 BT,
H R 3 N I EE 3 0, AT Ja SL 4k 2 4h 78 5%
56, DAVER AR 7R H B R 22 S A TR AL
— 850 —

222 AN[A] TOC 5 sA St [l 40 28 00 5 {ELAY o) HE
R Tk B R Ak 3L 9 XA RS LR

H (TOC) K ShAYIE FIPE, X TOC &8 AN [A) B RE i 17

BLAEFT T XFE (8] 3). ASCHESERE i ) TOC 404

_19 -
721 -

08Cial%o)

1=0.9703x-0.6141
R=0.9667

8°C, (%)

Bl BEfh 0°C 5 0VCh RMEX R

Fig. 1 The linear relationship between 6C,q and 0°C,,, of

samples.
60
| EECRSK
50 ¢ |4"Cl: 0.6~1.0
® |4C|: 0.3~0.6
1307
sl l ® [45CJ: 0~0.3
= )
o2
# 20
0t ]
0 [
W& UH A

B2 ARFEETERESEAR 4 CRERBI RS T
Fig. 2 The quantitative statistics of samples with different

lithology in different |4'°C| value ranges.

60

® [4°C): 0~0.3

50 | m|4°CJ:0.3~0.6
141C|: 0.6~1.0

| m |45C:>1.0

[ |
1 1
BRI O S
Q ’\/Q NS NS NS
5 Q&
TOC & (%)

El3 AR S BAESEAR |4 CREFRER ST
Fig. 3 The quantitative statistics of samples with different TOC

content in different |4"°C| value ranges.


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

5 6 1 Wk, e OBV WL R 22 20 B0 52 A i A B 7 v R 5543 %
1A 0.83% ~ 35.33%, XF i PRI RTAC B VLA BRAGRE 78 49 32 fiok /e W B9 BR 42, F 1T S 30000 22 &5 5% 81

il AC A A Ak 5 9 —2.8 %0 ~ 1.8%0. TOC 5
<2.00% HIRE S 8 14, XKLL Fh i 4 C<0.3 %0 FE
i EE 75.00%, 8 14 FE & APCAE AR /N T 0.6 %o0;
TOC & & £ 2.00% ~ 5.00% B #£ & 1244, H
ABC<0.3%o AL 5 HE 66.67%, A4C<0.6%of K i
HiH 91.67%, 12 FFE fh 59 APC LA /N T 1.0 %0
TOC & & 1£ 5.00% ~ 10.00% [ £ & 17 £, Hh
ABC<0.3%o AL 5 L 58.82%, A3C<<0.6%0fKIHE i
Hi EE 76.47%, A°C<1.0%fHE & % . 82.35%; TOC
& HBAE 10.00% ~ 15.00% B FE & S0, Mo
APC<0.3%oIAE 5 HE 70.00%, 4"C<0.6%0f IR i
di HE 90.00%, 4°C<1.0%oHIFE i 4 HE 94.00%; TOC
& BE 15.00% ~ 20.00% B FE 1548, H o
APC<0.3%o AL 5 HE 60.00%, 4C<0.6%of IR
i 93.33%, 4"°C<1.0%o L b i b 93.33%0; TOC
B >20% WIRESL 71, 7 HERE S T 4P C<0.3%0f1)
BESL H . 87.50%, 4C<0.6% L i i b 87.50%,
SRR APCAEF/ T 1.0%00

BT, FEASCIFSE Y TOC & =LV N, Y
b 7 V5 B R — 30k, BRI SR A, P
I A 5 3 I Ak TR) A7 2R (%) 25 (E 24 AT 3 e
1.0%0 LA T o FHerpr, PAN 7 5 0 K 25 5 i A i
TOC 4 Bl 2 AE 5.00% ~ 15.00% Z [i], Hrh 4 6 1
B i Rl 7 R A 22 EH KT 1.0%0, it M5 7
BT, Je BRI A ot 3 EL AT 550 45 T 1 Y 6, E R A BE
TE AR, 2 o ST R A TS R TC I S R
23 ZPMBRIBACEESI 0" C MEss R

(e
2.2.3  FRACFHAS 28I IR 6Bk [R5 2 000 %) S e

XAE A AT IR AL BRI, (T2 de B i, B
BUAEAE ZFPAE 8 S, L R0 X BIE T KK
B KRR ER R I W5 i 1) SO N ) 2 I
R, PR EOCL R B R AR (B TE
TK AR R A 23 Wik [7] 57 28 (1 38 AR el Fg ) A2, I
WA ARSI . B, T TR G
SEBRERAE, ASCHFSE R T B = FPAS [R5 K
AR (T RS, TR, M2, = FhaH oKk sl R 1
23k 430 1) FFREXTLLEL S, AR E FRAL TS 45 2
TSR Al B Rl 2R ™ AR 52

NS YT 5 A b P B AL 10 R4 o T
JRXT e S, g A A it AT ] = M 0 0 A7 R Ak L
FEXT b B B R i IE SR B (R A 3R 40 B o Bk Rl o &
{E I 4551 (55 3) KW, JIr A FF 5 LEXTE5 R 1 2218
BI/INT 0.3 %o, T A S B A MR . X
RS HEAT B R O 28 40 A, 45 SRR W [R] R i
Gt 0°C FEASNS T = A ARG H R BN 2 R
B FE (p>0.05), MR E AR FE G 45 6°C FEAR
Xf T =R A A R — Bk, R W
255 . AT DL, M B A 0 K 25 N 4k
A AL [R) 7 28 (B0 45 2R 7 A B R R, A )
7K 3R ) B 28 AT T T AT A AL [ 2R I
AT AL BE

Table 3 The measurement results of 6°C obtained by acid treatment with three crucibles.

SBC PSE(E (%o)

B 3UC i THHE iS‘ic A
1 A T e (%) PAvlE(Ri2E (k)
T 1 -33.8 -34.1 -34.1 -34.0 0.2
T2 -328 -32.8 -32.9 -32.8 0.1
T4 3 -31.3 -31.4 -31.3 -31.3 0.1
TUE 4 -30.7 -30.7 -30.8 -30.7 0.1
JUA S -30.3 -30.5 -30.5 -30.4 0.1
TUE 6 -295 -29.4 -29.5 -29.5 0.1
TUE T -29.4 -29.3 -29.2 -29.3 0.1
A 8 -28.4 -28.3 -28.4 -28.4 0.1
K1 272 -27.3 -27.3 -27.3 0.1
S W) —26.5 —26.6 —26.6 —26.6 0.1
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A Pre-Treatment Method for the Determination of Organic Carbon Isotope
Composition in Sedimentary Rocks

YANG Zongcai', XU Xuemin'", YANG Jiajia', SHEN Bin', YUAN Kun®, ZHANG Xiaotao',
XU Zhichao', ZHAI Jia'
(1. National Research Center for Geoanalysis, Beijing 100037, China;

2. 0il and Gas Resources Survey, China Geological Survey, Ministry of Natural Resources, Beijing 100083,
China)

HIGHLIGHTS

(1) The organic carbon isotope test of sedimentary rocks should be based on the extraction and preparation of
kerogen, which has a long preparation process and requires the use of a significant quantity of hazardous
chemicals. Therefore, more convenient and environmentally friendly pretreatment methods need to be
developed.

(2) A pre-treatment method for effective separation of organic carbon components from sedimentary rocks based on
dilute hydrochloric acid was established, which has the advantages of simple process, easy access to
experimental consumables, and less sample consumption.

(3) The influence of the traditional kerogen extraction method and the pre-treatment method established on the
determination of organic carbon isotope values of samples with different TOC values and different lithologies is
compared, which proves the applicability of this method for common geological samples such as shale and

limestone.

ABSTRACT: The organic carbon in sedimentary rocks is mainly in the form of kerogen, and it is necessary to
extract kerogen from samples before obtaining the organic carbon isotope value. The extraction process requires a
significant quantity of hazardous chemicals and a long preparation process. Therefore, in daily work, there is an
urgent need to develop a more convenient and environmentally friendly pre-treatment method. A simple acid
treatment method was established, and 110 sedimentary rock samples with different lithology (limestone, shale, oil
shale) and different organic carbon content range (0.83%—35.33%) were selected for comparison experiments of two
pretreatment methods. The results show that for 94% of the samples, the difference of carbon isotope values

obtained by the acid pretreatment method established in this study and the kerogen extraction method was less than
— 852 —
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1.0%o, which met the deviation requirements for repeated measurements, indicating that this pretreatment method
can be used to accurately obtain the key geological parameter of an organic carbon isotope value. Furthermore, the
organic carbon content and lithology of the samples does not influence the results, demonstrating the applicability of
this method to typical geological samples and fulfilling the requirements of geological exploration and investigation.
The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202403

110038.
KEY WORDS: carbon isotope; sedimentary rock; pretreatment method; acid treatment; kerogen

BRIEF REPORT

Significance: The carbon pool in sedimentary rocks comprises both organic and inorganic carbon. Organic carbon
predominantly exists in the form of kerogen, which accounts for over 80% of the total organic carbon in these rocks,
while inorganic carbon primarily occurs as carbonate!' . There are notable differences in the isotopic values of
organic and inorganic carbon, each bearing distinct geological significancel®®!. Currently, it is widely accepted that

[7-9]

the stable carbon isotope value of organic matter is largely determined by its source' ™, remaining relatively

unaffected by thermal evolution. This characteristic renders it a valuable tool for distinguishing types of organic
matter in the field of oil and gas geochemistry!'*'*.

Since organic carbon in sedimentary rocks primarily exists in the form of kerogen, it is necessary to extract
kerogen from samples before obtaining the organic carbon isotope value**>%.

The preparation process of kerogen is complex and time-consuming, which limits the rapid acquisition of
organic carbon isotope data from sedimentary rocks and affects the geological research and exploration evaluations.
Furthermore, a significant amount of chemical reagents are utilized in the kerogen preparation process, which can
have considerable environmental impacts. Consequently, some researchers have proposed a pretreatment method
that only uses hydrochloric acid to replace the pretreatment process of kerogen preparation”>>%. This method is
simple and efficient, and it has garnered significant attention from scholars in recent years. However, the current
application objects of this method are mainly modern sediments, while the data for ancient sedimentary rocks are
very limited. There is also a lack of systematic comparison of the impact of the two pre-processing methods on the
organic carbon isotope value determination of rock samples with different lithology and TOC values. It is not clear
whether this simple pretreatment method can completely replace the kerogen extraction method™* ",

This study established a pre-treatment method for effective separation of organic carbon components from

sedimentary rocks based on dilute hydrochloric acid, and experiments were conducted using samples of various
lithologies and organic carbon contents, including shale, limestone, and oil shale. The results demonstrate that the
organic carbon isotope data obtained through this pre-treatment method are comparable to those acquired via the
traditional kerogen extraction method. This research offers a more convenient and environmentally friendly pre-
treatment method for isotope research in sedimentary rocks samples.
Methods: 110 typical profile rock samples were collected from Qiangtang Basin, including shale, oil shale and
limestone. Each crushed sample was divided into 3 parts for pretreatment and subsequent experimental analysis. The
Part 1 sample was used for extraction and preparation of kerogen, with the sample weight of about 100g. Part 2 and
Part 3 samples were used to carry out acid treatment with about 5g per sample, and the organic carbon contents and
isotope values were measured respectively after treatment.

The total organic carbon (TOC) content of sedimentary rock samples was determined by a Leco CS-744 carbon
sulfur analyzer. The EA-IRMS combined system was used to determine the carbon isotope value of the sample. The
combustion tube temperature of the element analyzer was set at 950°C, and the reduction tube temperature was set at
600°C. During the test process, the test results of standard substances and repeated samples need to meet the quality
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requirements of standard methods, and the carbon isotope test error of repeated samples is less than 0.5%o.
Data and Results: The research results indicate that the 4"°C value (9"°C,;—0"°C,.,) of the samples processed by the
two methods ranges from —2.8 %o to 1.8 %o. A correlation analysis was conducted on the isotope values obtained
using these two pre-processing methods, revealing a strong consistency between the two datasets. The correlation
followed the linear relationship described by the equation y=0.97x—0.61, with a correlation coefficient of R*=0.97 (Fig.1).
Notably, the proportion of samples with 4°C values less than 1.0%o constitutes 94% of the total samples. These
samples satisfy the repeatability error requirements for carbon isotope determination based on current standards,
indicating that the carbon isotope values obtained through different pretreatment methods are highly comparable!®>'2*3%,
The study conducted a comparative analysis of carbon isotope data obtained through two pre-processing
methods applied to samples with varying lithology (Fig.2). It was observed that shale samples were significantly
more influenced by the different pre-processing methods, and a total of six shale samples exhibit 4°C values
exceeding 1.0%, significantly higher than those of other lithologies. Analysis indicates that this phenomenon may be
attributed to either a relatively high clay mineral content in the shale or the presence of non-kerogen organic carbon

13321 However, there is currently little data in this part, and additional experiments are still needed

in these samples!
to accurately reveal the reasons for this difference.

In addition, the article compared the conditions of samples with varying total organic carbon (TOC) contents
(Fig.3). The results indicate that the TOC content does not consistently influence the differences between the two
methods. Specifically, only six samples exhibit differences greater than 1.0 %o, with their TOC values primarily
ranging from 5.00% to 15.00%. Notably, these samples tend to have a high oil content. During the acid treatment
process, an oil film forms around the samples, which hinders the acid from fully contacting and reacting with them,
ultimately leading to discrepancies in the measurement results.

The study selected three crucibles with varying water permeability rates to conduct comparative experiments.
The results indicate that the differences in water permeability rates of acid treatment containers do not significantly

impact the organic carbon isotope values.
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