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Table 1 The development information of rock-eval pyrolysis and total organic carbon standard materials
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Fig. 1 S, vs. TOC cross-plot for the source rocks detecected by different laboratory
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Table 2 Sample collection information

. . TOC(%) S, (mg/g) Tmax( C)
/ = DA Ai‘m[ﬁ\ }:I AN = =
AHS RE R SH P P
20| BN R NI A doom | BORIEE | el 27.8 1,00 651
712 ST 4 B A 57 S S5 BUR BT 200m Sl 66. 0 6. 16 613
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Table 3 Analytical results of the homogeneity tests
BE 7J-1 7)-2
i 2 4 S, Tonax TOC S; Tinax TOC
L (mg/g) ) % (mg/g) 4 %)
S (X 1. 00 632 27.2 6.16 613 64.6
£ /ME (min) 0. 99 629 25.9 5. 80 610 62.8
% KAH (max) 1.17 636 27.9 6.57 617 66. 1
A% 22 (RSD %) 5.52 0. 26 1.29 2. 20 0.22 1. 09
HIGH T % S, 2 0. 0033 2. 8922 0.1543 0.0247 2. 4144 0. 6159
HIEH T E S, 0. 0029 2. 6267 0.1085 0.0154 1. 4400 0. 4327
F S e 1. 14 1. 10 1. 42 1. 60 1.68 1.42
u, 0.011 0. 30 0.23 0.056 0.57 0.25
feast, DL Z]-2 R, & 2 45 F R, AE — 18°C Al ®4 EREGTRKUBEUHRRER
60°C 4N & Hr R KT MEZ L 15 it Table 4 Analytical results of the stability tests at
IR 2 SRR R RRE . room temperature
{4 TIF 1343-2012, th B i 1 512 M0 R Wl 72 WE Fibr S, (mg/e) | Tun(C)_ [ TOCCH)
- . . 2017 4£ 11 A 1. 07 630 26. 8
ig L= M A YA
FEE wy =s(b) X TR U 0, FR LA HL 2017 4 12 fi 112 632 26. 5
BRSO FOR b MR FoRBEE S | sssza | Lo 31 27.3
i
N 2018 4 5 A 1. 06 630 26.5
[19% € )
8 2018 4£ 11 A 1. 07 632 26. 4
= AP YN
3.3 EEHEZRITFERR 2019 4¢ 11 A 1. 07 631 26.5
(D IER A5 K 56 . oF 17 8088 40 11 40 B3 F0 A6 56 by —0.00061 | —0.0026 —0.013
e ¢ Ko t0.05 = s(b1) 0.0031 0.13 0. 046
I L R T
T T IR w 0.027 L 14 0.39

MIEZS I3 A1 o a9 IE A PEAS B0 25 2R Yo T g (4K
PEGETH AL B A o A AN 10 5 JBE I E
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BRI ERYE 4 WRIE LR 2 DM S,
T 8PR35 8 KW LI 128 %, TOC
AT 9 KR I 72 A K L o0 B XA Bk
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N FRALZ (B A RLE S i e W, p) it 5
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Fig. 2 Stability tests for ZJ-2 at 60°C (a,b) and —18C (c.,d)
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B EL n B AEMEAR P A CIEE, PTTEAH G R
AR, S8R AR LR S.BRT Z)-1 MR
T B 2 DL TR 2SS0 A0 HoA 3 RS 0 A7

(2) nJ BEE AT S0 3 R0 S5 5 B8 4Gz 36 < 0 3] >R I A% L
A B3 (Grubbs) A1k 5338k 2 (Dixon) v W X} 2 B (H
HEAT G 56 » e 30 o W R 36 Ty 9 4 R R SR A Y
BAEA 8 A S5 J7 PR 5 R S A A
B AT AR, &R, RPFIA LR E4HH
() 5E B R AT & e i 2K A B . SRR
FLAE (Cochran) ¥ W)X 4 41 5048 19 - 39 (B 2E 17 56 K
JEEAG 50 o 30 2ok A B v A A T I A 3R L 3k BRI 3 M K
a2 0.01 B, C<<C(0.01,m,n) ., 156 4% 2H %k
PP B S AE R, 25 R RVILER 5 Y EFM
R O9VOHE KES Sy T 1 TOC 4% 2H $i 45 - 24 1 1]
SR BE L A2 A PT He SERG B A P

*5 ESHHREHERR

Table 5 Normal distribution and equal accuracy test

B | R S 5 EEI KL %%Eﬁqﬁ
W [Wo.o5 (as p) [Wo. g9 (ns p) C  Cw.01omm

S, (mg/g) | 0.938 0. 930 0. 904 0.3604| 0.481

Z]-1| TrmaxCCH | 0. 919 0. 930 0. 904 0.3038| 0.481
TOC(%) | 0.957 0.935 0.912 0.3303| 0.369
S; (mg/g) | 0.933 0.930 0. 904 0.3964| 0.481

ZJ-2 | Tmax CC) | 0. 932 0. 930 0. 904 0.1803| 0.481
TOC(%) | 0.959 0. 935 0.912 0.2455| 0.369

KN Uaw =k X w0 A wg HRIIFE M 5w A
EWRENE e A EN T k=2,

G JJF 1343-2012, 2 (i F251 AR AS 6 € B
Uaar I3 TIPTS5 — 0 I3 AL B3 T R TR
A JENTHE BE g » 55 AR 0 I Xob M 2 52 Wi R 3R 19
Br LARGETH o0 A 9 07 15 02 19 B R T E L o
MR bk A 52 LY 52 5 78 (JJF 1059. 1-2012)
M 1 o3 B S5 T IR R e IR BT B RN i
JEPFE LAE K AR AED) L A A% B R R AR 5 1A
ANl 2 JEE A BLER 73 A B AN SE B I E 4
KA AR HEY) o B AR v it 2R S0 B2 A 3 a2 7K R
FIABIARREBE . KA RS HURK 23 A7 3 o
AN [V A ) 0% 22 K R L TR AR v Tl AR
B BEVEE . UL 5 A i 2 B B9 B AN B E L
2l A R AR 9 W T T B AN B R 5 A BIL
Bk 73 A B 2 A Wi s B Sy s o ) R oA it £
FIA BT R B AR AR SR A
e /N T A R E R 1/3 B, A) 20 B k51 A
WA E L. Zad 5 BLVEAL . 2 AR E D) A i
JEPFELE R ILFE 6.

x6 EEERRIHWEE
Table 6 Certified values and expanded uncertainty of

reference materials

R ) —Bh J5 vk 22 9% 92 0 =5 UM 8 fE B L 24 4
TS K el S o I 0 1 e o IR S E R = 4 7
HADT 8 ZESLH 5 S, I LA AR - 25 Rk
B, HARAE B 2 WS H (., SRR, 2 MhRAEY R
Sy T Fl TOC 45 b5 52 1E 25 43 A3 A3 BN 1E 2550 47
FEAELE AR LA SR BCT- SIEAE S br v W) 5T 1 O € {H» 45
RILFK 6,

3.4 AHEEITESIEMG

X AN 5 BE A T SE PR A RN BE A9 A7 3T X B oE
A5 & R AR T Y . RN
AR T o ol A o L BT 0 11 B DX IR AN B ek 5 L
B o XA E BE Al T3k R BEAR T b o 9 S5 1 L A
K B2 5 B R BE S K BN IR AT . PF
AN 5 AR T DR AN B 2 B2 7 A 5 I b A K Y R B
IR 2 T2 32 o 2 1Al 3t /KO

PRUEY) T (45 R AN 2 B, B3 5 s A
AIANH A2 B () FRE MEBI AT 2 B (u) FHE
AR AT E JE Qg ) = FBATH B A A B
Cucen)) THEA XN waen = Vg™ Fon” Fu” +u”
e R B DAY R AN E S (Ura) 7w s TR

71 712
e S, T max TOC S, T ax TOC
we (mg/2)| (O | (%) |mg/w)| O | %

INEE 1. 09 633 26.8 6. 31 613 63.1

EHERERA| 8 8 9 8 8 9
up 0. 025 0. 55 0. 20 0.078 0.78 0.63
up 0.016 1.1 0.18 | 0.088 1.1 0.42
Uy, 0.011 0. 30 0.23 0. 056 0.57 0.25
uy 0.042 1.1 0. 40 0.13 0.71 1.5
U 0.098 0. 75 0. 37 0.12 0.73 0.70
UCRM 0.11 2 0. 65 0.24 2 1.9

Ucrm (£=2) 0.10 4 1.3 0.48 4 3.4

3.5 WEMEREIL

) S5 A DA A 2B ) A AR A A S B
S5 W DA DR AIE TN R 5 A B[R] A0 25 ) Y %
Sk K nl e L E T A PR E A R 00 v A A L AT R
P K I B s O ) LA O TR B B
T ORI AIF S AR o S5 A DR L 4 B
P 3 SR HCLAT 45t R f UE (LA £ 3

DA e A AR P 242 [ 5 i R 1T A e M
E HEAT G RE A U

(2) P (R 22 A T ] ] 50 1) ] 5t 2 v A
PrEA Az ST,
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Fig. 3 Traceability of measurement
(3D HR A 55 o =8 A 4k 3 b B R gt & A e
AT M 28 TA I AR 8 S 3 =5

CAD I 255 2R AT A7 oMb PR T o ] Y 2 A 0
br AE A UE AR E W0 BB UL b ME B B B
IFP160000 #1 NIST SRM122i,
3.6 FRAEY BN

O T S AR YRR ) A 7 T ) T A A
P B B A RS (I 50 U BRRE 27 2 B A1 i
Jot S 6 = P A A TG B A i AT 5 BT R S 4R K
FIYG DR 7 52 56 BF 5 i A0 A il A8 2R 3l U 2\ 4
LR EXE 2 ABR ) 0 R 45 A R E kAT
KU SCHG % 7 KU Labl ~ Labd, 45 R K W]
(WL T ARUEY) BN € (B SR 4 - ELYE AN o 58 B2
Y12 P AL 2 (L A AT 5 o o 00 Jo 2 PR LB

RT MEYMRBIEHESR

Table 7 Verified datas of reference material

711 7]-2
3 F8 bR S A -5 G AE OBD - — - —
A Y S S48 RSD(Y%) | HR AR K A o 3 BE S 4 {8 RSD( %) o 4 (L B R T 5
Labl(n=6) 1. 05 2.03 6.15 0.52
S, (mg/g) 1.09+0. 10 6.3140. 48
Lab2(n=4) 1. 07 3. 00 6. 49 0.77
. Labl(n=6) 633 0.12 610 0.07
Tmax (C) 633+4 613+4
Lab2(n=4) 635 0.18 610 1. 24
Labl(n=6) 27. 4 1. 48 65. 2 1.98
TOC(%) Lab3(n=6) 26.9 0.22 26.841.3 62.8 0.82 63.143.4
Lab4 (n=26) 26.5 0.91 62.6 1.28
4 sE gt b E R RIS B 4 bR ) o
“alo

(DWFH ) 2 DAY FEREE A S,
1.09+0. 10mg/g,6. 31 £0. 48mg/g; Tww N 633 £
3C,6134+4C;TOC K 26.8% +1.3%,63.1%+
30400 . AR UEY) BT A AL RE 2 A A R
AR A 1 HE L 23 BT O R Ot 2 it R S ) B Sk A L w)
Iy =R i A TN = = o R il AR

(2)ZARUED) BTAT: oKL B /N T 0. 15 pm, B
a il # 10kg % 10g/Jf 73 %, 7T 4 3% [ 3 16 53 i 52
WEMHZED S FL L,

() EGE T 43 BT A5 HE ) T 18 59 1k A e 1k R
U 38 B R SRR T RO Z R LR ER S EME
S5 RW] L A R AT A B A 5 A FUEAE S 210
B 20 (0] SR B2 P S (8 HO @M A E R R
PEAN AT G B 25 48 A Al W R 58— 2 [A] — ki IR
P B P A% 3 1

() IZARMED) 5T 2 T [ 1 URBT XoF v v 1k R 1
an I S T AT RN o R B b E A A AR P
T A HE ) 5T 3R 5] A ¥l A< JB R A R U T A AL 5
AW SCHE

Ze AR E R e AR HEY R & AR
G AL FAGI 1 % bn HE W) Y R (R PR AT T
PR AED) ST AT A 41 5 K R RSP AF 5 B X
AHE R T T AR Z 18 S A B . Sk
SE fEL A 09 52 8 A b [ A il AL TR A R F
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Abstract

Marine shale in the lower Paleozoic is generally characterized by old age and high thermal evolution,
which is the key stratum for exploration and development of shale gas in south China. At present, the
reference materials (CRMs) of rock-eval and total organic carbon (TOC) analysis based on conventional
conditions are difficult to meet the analysis of high thermal evolution samples, which severely restricts the
progress of exploration and development of shale gas. For this study, mudstone and coal samples in the
Longtan Formation are collected from Zhijin city in Guizhou. According to national primary reference
materials specifications, two postmature sourcerock CRMs (GBW07499-GBW07500) have been developed,
which give the certified values of S;, T,.x and TOC. For the homogeneity test, the calculated F values in 2
rock-eval and total organic carbon CRMs obtained by analysis of variance (ANOVA) were less than the
critical F values at the 95% confidence level, indicating no obvious differences between units and within
units. The results showed that 2 CRMs had good homogeneity. The calculated test statistic b, of 2 CRMs
during the 24-month observation period was statistically insignificant, indicating that 2 CRMs were stable.
All the datas that 9 qualified laboratories were selected to give are in accordance with normal and
approximate normal distribution and also equal accuracy. The standard materials provided certified values
of S,y T,x and TOC with uncertainties: S,=1. 09+0. 10mg/g, Thx=633+3C, TOC=26.8%+1.3%,
S,=6.3140.48mg/gs Tm.=61314C, TOC=63.1%=+3.4%. The CRMs can provide material basis for
solving the problems of instrument calibration, method evaluation and data quality monitoring in the

process of rock-eval and total organic carbon analysis, which effectively improve the quality of test datas.

Key words: reference material; rock-eval; total organic carbon; high thermal maturity



