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Accumulation of sediments with extraordinary high organic matter content .
Insight gained through geochemical characterization of indicative elements

Qiu Zhen', Wei Hengye’, Liu Hanlin' ,Shao Nan®, Wang Yuman',Zhang Leifu' ,Zhang Qin'

(1. Research Institute of Petroleum Exploration and Development , PetroChina , Beijing 100083 , China ;
2. School of Earth Science and Technology ,Southwest Petroleum University , Chengdu ,Sichuan 610500, China
3. Science and Technology Management Department ,CNPC , Beijing 100007 , China )

Abstract ; Organic matter (OM) accumulation plays a key role in the development of sweet spots in unconventional oil
and gas plays, especially in shale. Fine-grained sedimentary rocks containing or associated with sweet spots generally
have TOC content of higher than 3. 0%. We define these sediments or sedimentary rocks with TOC =3. 0% as the
extraordinary high organic matter (EHOM) deposits, and propose conceptual hypotheses for the accumulation process of
EHOM. We suggest that high primary productivity provides prerequisites for OM accumulation and that the anoxia is
prone to enhance large scale accumulation of EHOM. We use the Wufeng-Longmaxi formations in the Sichuan Basin to
carry out a case study for the discussion on the elemental bio-geochemical cycles during the EHOM accumulation
processes. The conceptual hypothesis for EHOM enrichments constrained by elementary geochemistry is verified. Our
result shows that the EHOM enrichment in the Wufeng-Longmaxi formations was the results of dynamic evolutions of the
high primary productivity and the redox conditions jointly controlled by high primary productivity and water circulation.
As one of the research targets of unconventional petroleum sedimentology, this study could help better understanding the
forming mechanism of the “sweet-spots” and further support unconventional petroleum exploration and development.

Key words : extraordinary high organic matter content, fine-grained deposits, shale oil and gas,unconventional petroleum

sedimentology , Longmaxi Formation, Sichuan Basin
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Fig. 1 Distribution of unconventional reservoirs and organic matter enrichment in typical basins, China
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Fig.2 Three conceptual hypotheses for accumulation of EHOM
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Table 1

Geochemical data of trace elements and Al ( modified after reference [26])

P SR R A/ 5K 3y EHFE e WA T S5 Koty i P S TH T3 T 88 -9

- (107° mol - L71) Fif ]/ ka (UCC) ez /10 ~° (PAAS) e jiz/10 ~° (WSA) Hiif E/10 -©
Ba 109. 00 10 550.0 650.0 650.0
cd 0.62 50 0.1 0.1 0.3
Cr 4.04 8 83.0 110.0 90.0
Cu 2.36 5 25.0 50.0 45.0
Mo 105. 00 800 1.5 1.0 1.3
Ni 8.18 6 44.0 55.0 68.0
13.40 400 2.8 3.1 3.0
% 39.30 50 107.0 150.0 130.0
Zn 5.35 50 71.0 85.0 95.0
Al 80 400.0 100 024.0 88 900.0

1000 -

Moy,

i m %0
UEF
4  HHE Uy Ml Moy, B AR AL (88 A SCHk[26,90] )

Fig.4  Authigenic U, and Moy, enrichment patterns

(Modified after references [26,90])
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PHZTUA)Z B S S A HUR VU & e e, DL IR
A HUR LR B SEHLBEA G,
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Fig.6  Cross plots of Moy and Uy vs. C, /P ratios in the Wufeng-Longmaxi formations in South China and

org

identification of redox conditions
a—c. 43 51| Ry AR HH I A AR AL MK 7 XT3 AN T Moy 5 Upp 28 S35 d—1. 435 SRy AR HH AL A AT 8 3 R 72 0T 3 N1 1T 19 Moy 5
Cor/ P HABSE 22 P s g1 4300 Ry AR FH L A7 LB FIHE T80 3 AT Upe 5 C,, /P HLABESE 22

PR — B UTBUK RS0 T LMO JZ B i Moy, Uy
5 C,/P HWAHRAR, P E 9 0.4,1.1 F15.6,
TR HO A AL TIRARE (R 25815, 181 6) .

3.2 RERHENREERMREBKGEREVNRE
=7

BRI S Fe £ P, Cu Ml Zn 55 DL R S5 A HL
FUUR S DAY Bay, 55, BATT & B AR el & AR A
FStedg 7~ HURR I K AR R Z R R AE 7= 1 eIk, 3 A4
A AN ]2 BE () Bay, Il P &4 & Cu 5 Zn X1

MR R Cug 5 Zng AABRZESR (R 285,
K7) o FERTACGTHAAERIL, 55w A VLU E R B

(AW WF3 -4 F1 LM1—S5) ) Ba,, F1 P 4 Cuy 5
Ing Bk B+ WFL -2 BB BT H1E 5 5 R
(537 ~1269) x107°,(293 ~572) x10°°,1.7 ~3.6
0.9 ~10.7, XELHFAEFE /R S50 = A DL & 48 Bt
DURH S - B s ) Gk 7= . 7 AR
W, SR AU & B (A WF3 -4 F1 LM1—5)
(1 Bay, & i [ FHMH (1 749 ~2 370) x107°] J Cuy 5
Zng, CFEMEHO0.8 ~3. 7M1 1.1 ~1.6) W alk L& T
WFL -2 JZB, e P& 0 B B AR [ S35

(146 ~161) x 10T (£ 2;E5) , X ULW] P 7 532 5
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IKAERE AR A W2, — 7 P EB R 2
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940 A E KRR MR %42 %
F2 L£EMXAIEA - EDZEASELZMIKUFHES GSEIT (S EERE XE[92-96])
Table 2 Main elements geochemical data in the Wufeng-Longmaxi Formation, South China (some data are
from references [92 -96] )
- A WFL -2 A WF3 -4
- R FH AHERIL i) AR VE 3T AL IS e
1.7 2.9 2.5 4.3 6.9 3.8
0 — — — — — —
roc /% (0~5) N=22 (2.6 ~4.3) N=6 (0.1~6.4) N=16 (1.1~16) N=34 (2.8 ~14) N=15 (2.3~5.7) N=3l
1536 753 523 1749 748 537
Ba,, /107¢ =21 = =1 = = =
Abio (611 ~3 153) N (697 ~824) N=6 (327 ~930) N=16 (885 ~2930) N=34 (563 ~878) N=15 (226 ~925) V=3
284 189 355 146 319 572
-6 — — — — — —
P10 (87 ~829) N=20 (131 ~393) N=6 (175 ~567) N=14 (44 ~786) N=33 (87 ~698) N=13 (218 ~916) N=3t
1.5 1.3 3.0 3.7 2.7 3.6
C =22 = =1 =34 =1 =
e 02~61) 0.8~23 N 6 0.7~55 6 ©s5-07) N 3 0.3~55 5 (1.6~6.6) =
0.7 0.2 3.1 1.6 1.9 3.7
In - - = = = =3
e (0.2~5.3) N=22 (0.1~0.4) N=6 (0.5~12.4) V=15 (0.3~7.2) N=34 (0.2 ~8.5) N=15 (0.3~12.4) N=35
15 4.1 17 7 162 87
M = = = = = =
Ok (0.3~77) N=22 (3.0~7.9) N=6 (0.7 ~53.6) N=16 (11 ~234) V=34 (109 ~282) N=15 (7.1 ~231) N=31
5.2 2.9 5.1 15 13 14
Uge = = = = = =
B (0.9 ~16) N=2 (1.9 ~4.4) N=6 (1~8.4) N=16 (6.9 ~24) 34 (9.7 ~17) N=15 (4.3 ~44) V=31
184 497 188 950 723 190
C,. P =1 N = N=14 N= =1 =31
(7.4 ~591) N=19 (177 ~848) 6 (10 ~343) (59 ~3 154) 3 (277 ~1 804) N=13 (105 ~325) N=3
e A IM1—5 A LM6—38 A LMO
- AR T AFERAT KT Xm] AR T AR T
5.6 6.3 5.1 2.9 0.1
" 0 —_ —_ — — —
10C7% gsesay VY Gsees) VM Galss) YR g2 M o000 V7
2370 1269 638 382 1901
Ba,, /107¢ = = = =
Abio (1704 ~4 173) N=19 (988 ~1 882) 14 (513 ~887) N=2 (2393 ~5 497) N=24 (1652~2302) 3
161 293 451 343 528
D 76 = = = = =
P10 (44 ~742) N=19 (131 ~339) 14 (305 ~1 135) N=2 (98 ~983) N=24 (500 ~548) N=3
0.8 1.7 3.4 0.8 0.8
C = = = = =
e (0.2~1.8) N=19 (0.1~6.5) N=14 (1.4 ~12.7) N=23 (0.1~2.6) N=24 (0.7 ~0.9) N=5
1.1 0.9 10.7 1.2 1.2
Tngp = = = = =
e (0.2~7.5) N=19 (0.2~1.5) V=14 (2.4 ~100.6) N=2 (0.3~3.7) N=24 (0.9~1.3) N=3
80 164 251 21 0.4
Mo, = = = = =
Ok (7.7 ~332) N=19 (38 ~264) N=14 (112 ~859) N=23 (2.6 ~42) N=24 (0.3~0.7) N=5
17 18 2 5.0 1.1
Upr = = = = =
B (8.3 ~53) N=19 (4.5~32) V=14 (9.2~93) N=2 (1.4~8.7) N=24 (1.0~1.1) N=3
1299 622 304 289 5.6
C,,/P N=1 14 N=2 N=24 N=5
(278 ~2 661) ? (394 ~1 695) (172 ~461) 3 (108 ~1 078) (3.8~7.7)
(EARHE 12, )34 LM6—S8 I LM9 2Bt Cuge 5 Znge PP IR KIARAT (BRI IR 2544, X0 He oo b 5 v

SEEHESR 0.8 F L2, BT HADZ B HEATHARL
E5i Bay, 1 P &, SEIE A58 (1 901 ~3 822) x
10 "°F1(343 ~528) x 10 ~°, #5/5 % HUTBUK Mt 7] B
HAR S IR BT T

3.3 REHANELREETRET

T - o IR R R A YL E B (B
WF3 -4 F1 LM1—5) 1§ TOC &8 (SFXE R 3.8% ~
6.9%) W] B T HALE B (WF1 —=2.1.7% ~2.5%;
LM6—8:2.9%;IM9.0.1%) (% 2; & 5) . th TAMLK
FAEM G R R TP RN E, BIKIRRZ 09 E

AP E B AT (WL -2) 5 /5 15 (1LM6—S8
FTIMO) FFEH R A B TIR AR TR & A

A WFl -2 EE%E WF3 -4 2B, Ba, fl P &
K Cuge 5 Znge iR B g @iy im (& 5) i g
ATV KRR BRI B A a2k
2 PR R RSB AK AR Gl 20 BT 15 B B, A PP BRI
WE3 -4 JZ B TR B SR IR RZ IR A= 1
A U = Mo 3823 B (Bl 6a—c) 7R 3 A I 7E i
WEEZH — T TR A TR S I AR R A X o Vg R DR
5 X 58 7 R R S AT 4
TN B ATTUTRR A Ry AT 553 ) PREL 28 5 416 21 18 7K
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Fig.8 Crossplots of Moy, Uy and C,,/P ratios vs. TOC in the Wufeng-Longmaxi formations, South China
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