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The difference of source rocks in source-reservoir structure of tight
sandstones of Chang 71 submember and its influence on hydrocarbon

enrichment, Longdong area, Ordos Basin

CHENG Ming'?, CHEN Dongxia'?, LEI Wenzhi'?, YAO Dongsheng'?>,  WANG Fuwei'?,
XIE Guangjie'*
(1. State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum, Beijing 102249, China 2.
College of Geosciences, China University of Petroleum, Beijing 102249, China;)

Abstract: The Member 7 in the Longdong area of the Ordos Basin mainly develops semi-deep lacustrine-deep
lacustrine shale, which is an important exploration strata for tight oil. Based on the sand-ground ratio and lithologic
thickness, the source-reservoir structures of submember 7; were systematically divided. Based on the rock pyrolysis,
hydrocarbon generation thermal simulation and logging data, the source rocks’ differences of different source-
reservoir structures of submember 7; were evaluated, and the influence of source rocks on the oil bearing of tight
sandstone was explored. The results show that the submember 7; of Yanchang Formation can be divided into three
types of primary source reservoir structures, namely reservoir sandwiching source(Type 1), source reservoir
interbedding(Type 2), and source sandwiching reservoir (Type 3). The black shale has better hydrocarbon generation
and expulsion ability than the dark mudstone, which leads to the Type 3 structure with high source-land ratio has
the best Hydrocarbon generation and expulsion, followed by the Type 2 structure and Type 1 structure. The oil
bearing of tight sand in different source-reservoir structure is mainly controlled by the coupling relationship between
source rock quality and reservoir physical properties. The high quality reservoir and medium quality source rock in
Type 2 structure make it have stable and high oil-bearing. For the type 1 structure, the coupling between the high

property sand bodies (>6%) and the adjacent poor source rocks results in the large variation of oil saturation
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(13%~53%). The poor properties of the Type 3 structure’s reservoir limit oil enrichment.
Key words: Ordos Basin; tight sandstone; source-reservoir structure; hydrocarbon supply capacity; oil-bearing
differences
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B R A RRAE T AU AR R I — K, EERAE 66 MNEHUIRAA A S, HEE LR YNIA
B4 Niobrara. &AM X EINIF K, FEEEM~®HMT, 2020 H 12 HEE MW 2k 5
700.7x10/bld CFA KM, 2021; Johnstone B, 2007). FEECEM A AMAFEEFE, HEEHEKX, F
] R 50 Vi ) R R VS B 9T DA BRI R SR AR, H 20 tHed 60~70 SRR, TESR/RZ Midiih =
BREKH., MEE/REM =S R EA, W)ZEHP-TRP S, M@ AERET L OH—RkAHE R
AR T REBHE MR (BURESE, 2012; XSS, 2015; FMVRMESE, 2019; BHESE, 2022; 404 RE
&, 2022). HASiRZEZMBEEE R (fE&%%, 2015, EKAK 7 BB #ERRTIA 30x10° t~
50x10%t, IR ELIN 1003108t (fF 4464, 2021).

TR 2 W A M A K A [ N B — A REABUE AP A X, 2021 SEPRIBH K 7 I E 4L Rk F
131.6x10% (fJ4&45%, 2022). =S REKMAK 7 BJE TWIHIIBRER, . TUE T SRANE RS
W, RIS RERUT, N R AR AR R SR A T AR W ACRIE CEWENE, 2021 A5, 2019),
T2 R B WD S I A SRR AL T RIF I, WD EENIIRE R ((f&%5%, 2015 7
RS, 2020; BREFISE, 2013). BT AREEHK 7 B & EMEHE R e 2R EEAE . I
A A AR SR EE TR B IR (RS, 2017). (HETHK 7 Bodriivanisk i i 7t A
%, RIEAE A EARS s, B NG R 2 (WhRRISE, 2013; BRAEFISE, 2019; P
&, 20160, SEHEBN B S DRSS RN IR BRSO . B, VRS R IX —
HURMER T 5IN, N AEURR B AR T H TR ST K 7T BRRAMHESE . Fig—k
FRAREAE , BT A B 5% )5 P o R o0 17 VR e R R L2 70 5 g R R 3 IR i 405 M 2R (b I 1) 25, 2019
BhEESE, 20165 V555, 2019), (HAEIRMEEMRI 7 Z SOt 2. SEWE S MEZ
FIRIRA AR ILR (855, 20200, K 7 BEUCERD A A E 5 X SRR IR A 5 R A R 0 A
Z A BA — 3 (B 5, 2013). 2810, W BRI AT P 23 ALK 7, 2B N 3008 D0 5 35 T PR R 52
BT NEE XS BUR D 5 AR BRI S AU E B2 (A 08 R AT T AHM I ER T U FHEE, 2023). {HE, AN
TG AR IR RS 56 Z A T RSt Z R Z NI REH . I H, IR A R IR
FHRAUAGAF YA I A BB D5 S I R R AE B I B A (O TRRSE, 202038 VLSS,  2020).

K 7 BEUE A PRI AR EZRIE T K 7 WEERERICE, B 70 WEH K& R k5 VU
IR e R e, DRI I AT PRV DU 0] SO D S ol AR SR SR B A k. IR EL, K 70 B R A
EREERBEERIK (RS, 2017, BUEMALS MK 7 WERTUAFA/E— 2, Kk, K7, W
IBUE DA 1) R B DT H SRAE S M R A MRS, TR N o B fid 46 4 v e R 22 S 0t 2 e M 4 okl 4
FH R ERARIT 50 2 B o AR URBIT FEAR IR KRR 5 i J2 A B2 A 0% 28 DA SR i B 6 508 7R 22 B b B R b [X 4 7, W Bt
IR A EE A REAT RISy, IR TR IRA R, 25N IRV g &5 P Hh R 1 22 5 DL B R A A B R B b o
RIS, TR B R IR 2 W 2 AR R S BRI R SR LR A

1. Xt RN

SR Z Wi gk R BB AT . PRSI AE 6 NI R AR, AR TR EI R AR SR KU it . Bl AR
X ARLE LRI N G, JbZ AR, mMETE, VWHREEMLT (B la). P =SHEKAK 7 BEMRAK
HREY, BTRR—RMARTE, FEKENEEWE, TRAXKEEREERE TEKH 6 B
—8 B EBA R — IR I E . AN AT G R IR R B EE T, R 2 5TUA. A
HAFE (CEREHEE, 2022).

K 7 BORFOUR Z e KA ) F BERRIRE BB, FES b by FREAE, Hb RE R, W
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K7 UBBEDAKE, FAERERIE (B 1b). BHTWKMEARE, K7 BREIEE S5tEZEEN N
ERHERARE R (WEEFSE, 20190, PEELHFIRIRID AU, 1A R G S5 el0a 2 57 2 Ui ik =
B

K1 BRI iEhiE () SERAK 7 BGatERE (b (Bt A A& arss, 2020)

Fig. 1 Structural location of the study area and the stratigraphic column of the Chang 7 Member
2. W\EERHE

2.1 JRAEIRAFE

Tt 500A BAAFERTURAE, TUEBA R EAMSME (GR). mHfHZE (RO LLKEE (DEN)
SR AL (SP) FURHIE, TMYE% GR 5 DEN #E, Rt 5K (4464, 2020). KAKFEHT 7T X A O M EE,
SEA ERIN IS 5B S P T B A U 5 A R34, GR>180 API, DEN<2.4 g/lcm?,
AC>240 us/m BT %, GR<180API, DEN>2.4 glem®, AC<240 ps/m M NiesE (B 2).

K2 BT 70 MEBG)E T I H: i L
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Fig. 2 Logging response of mudstone and shale in the Chang 71 Submember of the study area

22 BAMRBEES TOC NE

AU TR IR A L0 A 32 HFFR) 56 Me s fein S 12 MIUERE G, Hd 25 DRSS JEaih
HERAE ZERHAE O R B B PO A F], 7 DR 25 AR PRI AR TR 5 ER 00 [ 5K TS0 = 58
WA PR S & (TOC) 5 A A (il e, bl 2 & 1 E B A BB U € A (CS-230HC) H#EAT
WE, WEEE (S IS M s RIS (Tma) FIH RIS PAEPEN X Rock-Eval-T B g 4T
Wi, PATFRHEN GB/T 18602-2012.
2.3 HRAIEHASIIE

AU TR A Y oule s 5 TUS PR ANE i AT TR ICAEE RS2 5G , 2 /N FE a ok B A 140 J: 5178 233 I,
HUREEBONK 70 B, BUREIRTE 1834 m 5 1944.3 m. AR R AL, S 6 18 I A% U5 5 40 [ ¢ B s =
SER, K Rock-Eval-ITH (& AL RE > BT AR B34 7 5256, 7E 10 °C /min. 30 °C/min 1 50 °C /min [ i
A TR TR, TS 2R 5 Bt AR
24 FLBRESEER

K 70 WEEUER AR FERER B 2330 7 245, JE 140 %% 8 UL JE, JEiF 52 BRIk, RAER
Coretest 2~ () ZFLBREEAL phi220 M E A FEALBREE, BiE R KA A-10133 SRZBERANE, LS a
TR IR SAT AR AE SY/T 336-2006. A FE il T I7E 105°CF 2 EE, AT RS H CAATR K
FRfESUEAT IR IE . 4, W 75, 1E 70 FE 206 55 13 MK 70 W B ZW 1 2 H0ek B T A KR
W52 .

3. IRfELEAXI 5 5 2 FFFHIE

5N A, AR A R LN, B S A R 2 R ORI R R IR e, A
i JZ AR PSR ARG (RERAE, 2015; BaFarss, 20200, Kk, RIEE 5682 I E X R EEY
i 2yl IR TR O )= 0 Fe T R, AT S i S0 i J= P vl R R BGRR. 5 JRREE 202000 X
PRl — R R B 26 A, B USRS — R B TRl ANl 2 F i o RN RIS 4R b, AT AAE T R
B IR IUTRE 7 By AN SR R 2 B i Sk XK 7 BeBCE A T S S RAFRIRCR. ORISR, 2018).
Pait, EMH . FOFMRRIEAL E25 & BIFRb I EL, R 70 BRI IRt Y L ek L= TR AN il e R R
= MGG AR (& 3D,

K3 SRR ZHr b Bl 2R s XA 70 3 B f 5 X
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Fig.3 Source-reservoir structure of Chang 71 submember in Longdong area, Ordos Basin

PSSR AU T IE 52 ] B A AR OC &, Bk T ARV S (5378755, 20200, K
71 BURE EEOERENe s, MRS R IR S N E, TR REKE. JER, =SS
Fe o B SO D 5 BN R TR, BRI RS A AR SR s (BUKIESE, 2012). K 7
N BGURA R W 2 25 4, AR P FH I 0, K = N AT S TR B AR R J P AN W [ 8 iR AL AR, JRAE
JIVE R SRR T B, (8459 F AR DO UK AR 22 318 B A0 AR B Ak CSRIEIESE, 20205 ARIRA 745,
2016). B, & 70 SEBEGESS B AT S UTARIE R A AR B AT 70 SR R o PRI BUYS it 45 A 0 3l B AT
10%~40%2 8], s an, HEHttE s (8 4a), TFER BV X PIRT S5RILE (400, N
IR IRERMAR, RIONES T B R AR AE, MR TR e A s A R R Y T 40% ~
60%, TR P A b AR, DO BT ERD S AR 5, 5 Ye A < [A) 4 A g 4% a] fE & B TR
FORRAL s i R I S5 AP HB EUAE 60% AL, K B IR R BUE M A, FEREFE X b i 52 4K B —PH AL ) 26 iR 20 A1
DAL JE ) N BESBEHE 1] N W SR RO AR DA, FEI AR ) MR S8 E, RIS
i, BABARMIELL CRACESE, 2013) (Bl 4b,0). 534b, FLBRE . A= 55 Uik 45 F~F T 2 A (138
BRATER T MG AT SURE R AT B VIR, AEfl IR S I B2 PRk 450 R LK R BCE A
TR, IR I B G S K B (B de,d, B 5D, X PR 7RSS S SR R — i
PER e BLEXSIRAE S RRAAE BT 18, S i) IR ) 73 75 SR BB & B WO B 25 MBS, D9 SR i i
GERL AP0 72 e B kAl

K 4 SORZ B AR X A 7 WBURIES TR L (a), DUBUHI(D), AP HBLE Szl A X (c),  FLEEEE 557K 7 1 i & (d)
Fig. 4 Thickness of source rock (a), sedimentary facies map (b), sand ratio and reservoir distribution (c), and porosity and oil production

(d) of Chang 71 submenber in Longdong area of Ordos Basin



5 ¥{/RZ 7B AR IX K 71 B AAL (2) 5 BBu(b) IR £ S M 2 A

Fig. 5 Distribution of AAz (a) and BB1 (b) source rocks and reservoirs in Chang 71 submember, Longdong area, Ordos Basin
4. BEEMRIREFHERES

4.1 & 7, L RE STUEHHE

AHUTZ MR ER, ARE R E AR RIS Rl A H B A E AR, K
BRI AT 5 R B MRR Bz T bR AR ) (JEAIVEAE, 2021 #HEFI5KSCIE, 2005).
BRI, W 70 B R IR S AT KRG TV, BRis o At s 5 RO TUA TS, 25 R R
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B iR E TOC N 0.27% ~ 4.12%, “F¥) TOC 1 1.42% (¥ 6a). BETE TOC /T 0.61% ~ 19.97%2 [a],
BIE N 5.96%, AL 70%MFE 5 TOC S&EET 2%, BRI FUEIRAEE (B 6a). MHEH: TOC 1)
SAKE, O WeE 5IUAR TOC EEAAEREZES (B 6d). 17 1A MU RIR 32 B SE KAL)
HEEAYURMILFETTER (PR, 2015), BEERAAIURERLIL 808 E, BETUA R B BRI
AR FHE4E, 2020) (F 6b). BRIRA FIIRIER X A, K 7 BRA S TUET R, 730N T
0.65% ~ 1.04%F1 0.65% ~ 1.01%, AT R EB (K 6¢). Mk LRE, HTRA5IUE G YR AT
BEER, FHAEARGYICREN TR, SECERSHAENERET, WA NAEHREREAEZER.

B 6 51K 2 W b Bl AR X K 71 Boije o U AL RFAE R EE
Fig.6 Geochemical parameters of mudstone and shale of Chang 71 submember in Longdong area, Ordos Basin
(VA TOC 73 4is (b)) RIAA PR (c) JeTUE Ro 73 (d) T 49 K 70 MBZEAHEIRE

Hl, A R G RS TR E S IUE AR ), SRR OIS MR e s B BA
IR, (HROTUE AR RREY, &REHERE 600mg/g (B 7a); WIS LI irELn |
K, HEHARERTRATUE, &ALH 230mg/g (B 7b). BT ERESREEA AR TOC % J1HH
5%, HUEHRYE Hou %5\ (Hou et al.,2020; Hou et al.2021) 44 58/R Z #izh K 7 B i psk B R it 51
ARGEH R RE RIS AFE TOC KA 1L S B N EHE R, 3EE &0 B G
HEEOITUA Z RN ZES, R ERESHHERETE AT .

RQoy = Qigo X RP, = (fy X €2*Ro X R(*) X TOC + f, X e2*Ro x R;? (D

Qeo=Qtgo — RQoyq 2)

o, Qo NS A M E R K EME, mg/g: RP, NIRRT, %: Qe NEFEE, mg/g: Ro N
BERARIT R, %; RQoe NIRREME, mg/g; TOC ATUEBAIIREE, %; e o3 fis L AEEL
A IN-5.23. 1.87. 419.02. -169.81; e 42 R EIIE

HRAERE RS AERE LR RAE BRIRE R BT =B Egmn, e B
(R,<0.68%) I, BOTUS M AEAREIRTIRSE, (HATHRAMB (R>0.68%) I, BEOITUAHEARE
MR EYEE TR OeE, RN BIUS Rt ERREZ R A 1) 2~3 £ (& 7c, o). XU M
EHBROITCEREREEA B, JEHP BB ERR, HIFE R AR 2 7S B0 KR BE L RE
mTeE, TUA AR DRSS KA N T, AR RARREE ). WERHEE SIS TOC Kk ZK
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A, BAESICERRIHESRES TOC WAGYEMIEMHRRKR, A BEEHRERT RO, &Y
It e P A AL 22 B B R TR A, AR RE IS, 0 TUE R RS A B RELE BB B
RNV, BRERAERER D 5 (B 7d, . fEXSGERIITTEER F, K 7 B Ao = A
KeRE IR AL G A HERRE IR 1.8 £ (k5. 2019). Bz, Btlea 5RO e A
KeRE )22 R L e FIDTARI S I TR g 1), REEAEAS 7, S B R 25 SR 4 b (R el R 2 e 4
ki3 A E LN ICE S

B 7 RS TUA R () AR HE R B RAE
Fig 7 Hydrocarbon generation and expulsion of black shale and dark mudstone
() 140 IF,1834 m, & 70 MEE, 2R (4 DU TGS Sete it Ak & (b) 1P 233,1944.3 m, K 70 B I 0 Jig T IR Sk
W RIERE: (o) MEIITHEARF R BIHE R ERE: (d) ABHUTEAR TOC BIEE R ERER: () MERIEA
[F] R, SR BotHEE: () P EAF T0C BlES RitHEE

42 BIEEHREEFIERESR

HFAFREMES R E ARG, B ERREE S BEMRRSFEER. Fit,
TERAR T RS s 5 B VU RHIE 2 RIS AL L, 3 — BRI IRAE S5 N SRR A IR BYFIE. %k, W
it G5 2 AR B R A R BT 2 R i 2 (8 8a,b). YA T & B iR -iw A, Hg
A BEEAT 99m~272m, ¥MEN 152m (R 1), BARERRIR S SEEMEZE R, HICNEE
HER, RN TRA S RIEE Y, BEJGRIEE R Iz s (K 8a, b, K 4a), figJeiI A
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AR S BEESRRER (R 1, K 8a,b). ETa 5IUAHEAKRE N L ER, B Gt & U
GERRAI PR EL (e sa BE RL/EAE S b 2 R AT LE (U a5 BE AR Ak S5 A 1 2 508 SR
SR SR EE R AR RETT, 45 R PRk Z5 A IR Je 3t LU AN T LE A v B HE R g PRt Ak
JER IR (R 1), REIIIAH I A IECA 78 B LB 2 7e ik R rh RE SR TE 2 IR, T i e
AR IR T A D A R (AR e RN e 5 o (R, 25 SRR S5 40 RIS YR 24 (TOC S1+8: A HD
fgeit 45 R R I AL LEAR R AP R &R, RIS i B>k L2 Rt i (8 8e,de, R 1D, IX
VLR S5 44 TP el 1R PR DU KA BRI AN il 5 R A B A A — 2, RV At B fid 4
ARIEM VRIS, TR ICE R s, HIFRERGE. DI, IR e s Fil 2 7 =
FOMABUE DA S, (EEANFIREST T, NI ECE s R T 2 B SRR A T S IR
HHEREI R &R AR

Kl 8 SRR 2 W s Bl 2R M XK 70 0 Bl 45 by Kl AL

Fig.8 Source rock thickness and pyrolysis parameters of source-reservoir structure of Chang 71 Submember in Ordos Basin

AR 7 W RFREM ST () BIEE SRR, (b) BRESHRZEERE; (c) T0C; (d)Si+S2: (e) HI A E T

1 SRR Z W A XA 7 S B it 45 40 72 7

Table 1 Differences in hydrocarbon supplying ability of source-reservoir of Chang 7: Submember in Longdong area

o WA EE Vet PigiiNae TOC S1 S HI Si+S2
(m) (%) (%) (%) (mg/g) (mg/g) (mg/gTOC) (mg/g)
1.6~14 8~36 0~23 0.52~3.00 0.09~3.42 0.33~5.80 63.5~287.8  0.42~6.74
it YR A
7.1 26.5 3.1 1.20 0.80 1.68 125.11 2.48
5.4~15.7 22~50 0~13 0.52~3.60 0.09~1.25 0.33~11.30 63.5~311.8 0.42~12.54
SIE A =t
IR IR 10.69 40.2 3.6 2.40 0.40 3.10 140.8 3.50
9.9~27.2 13~83 0~40 0.36~15.30 0.16~7.40  0.09~27.20 66.7~319.6  0.34~30.8
PRI AR
15.2 67 5.6 4.60 2.30 8.30 161.3 10.50

e, RAME-FAA
T

5. HiEM A IREEMRIREZERX MRS

5.1 NEIRfEER MM
RUH AR MR RERE L) (BHEFIEE, 2019). FlAIEE (So) A= Huib 2 HERAEAH
9



VG H G B A WA E R, Hoh L FatE AKX T

1,; = (k x H,)/H, (3)

H, kAR SRR, ETNIEREIATIE, W2, SHKE. ZHEMTENRE L 75
AA1, 0.5, 0.3F10.2; Ho NMZSJEE, my Ht APZESJEE, m.

KA 25 V0 A0S I I SR AE S BO I 7E X 1) B i PE AT 8 ERAE M RRH, ARSI
MM EREE . FRMERSFHFEERE N 029, FHIEWMEE S, N 24.9%, FHMAZEES HE AN
0.85, HMEHL LA 13%, ZMZEEH N 44%, TEE0H T 32%; Jifg 2B P ek st &N 0.31,
MR S, AN 42.59%, FESEE S SRR E N 52%, HalmgE R RE . ElZEAT S8
B 21%. 42%H01 26%; iR RLJRAH 2 A3 R BN 0.36, PSR S, 8 35.23%, Silib ik
R 52%, HamZEEG T 23%, ZEMESTE000 0 21%F 48% (B 9).

K9 SRR Z W Ble 2R M XK 70 S0 Byl 25 1 25 I PR AR AL

Fig.9 Difference in oil-bearing of source-reservoir structure of Chang 71 Submember in Ordos Basin

52 REERBEEH THREAMER

=RV S R B I R AE T HUSRR Al VR AL I 7R v E SR FE IS =y T H R RIR M 45 28 8, (A2 REL
/N, I 2 S Z R 7 B E B T SRR B P e R SR FE AR R R S T R B RN 22 SR B, R A
HEBUEAR - BAARGE S B AN R o TR A B S R A B R, (R BRI ZEEH, X2
THJE R RIS AT S AR ERAL T 78 R MR IRUR, Bl YR LB, (RIS R il R S R
IR, JEA B R R SEE B, TEiE R I I A SR bR, 5 B i 24 3 iy s 28 v 2y i
JEH SRS PR A

H T B A il S R EALBR S, 82 B S0 SO i S B A R . AN [RIE AR 25 1 S
WPER A, IR ARSI R LR BCA R B, FLBRERN 4.2% ~11.7%, ¥IMEN 9.4%, FLBE KT 6%
HIREA 5 90%, BIEF AT 0.02mD ~0.53mD, “FIJ{EN 0.16mD. figdi B2 h g EVER 2, FLIRE
KT 6% HEEH 80%, FHAPXIFLERANSIE R A4 8.6%M1 0.12mD. Y5 it BURD 5 it 2 1 S FL IR B A
T 4% ~ 8.6%, 1AL 60%HIFE M FLBE KT 6%, FHHHBIERIIME N 0.09mD, fEEVIMEH SR THR
RN o 12285 B T A KHZ AN [RIVER i 285 14 FR AR ) 1 ) o0 4518 — 8, R ISR B il 2 e AR
Pl EERR Y, R 2 (EARESE, 2022). @ EUE A BT is 20k fe S At 78 2 1
G A, AHNIRAE S AINE S SR G R RRE, i IR BUE 2 HUR I AR AL A 2 0
MRFTTETREE . A B I VURR B A S v DA o LU AR AR, B an v 245, 72 11, 1E 70 55 (& 100, X Ui B GE
SER PRI B PEA U BRI  ], IE RE S R N RV AR HER AR T

Rlk, JEHUHD A S B AR S, WA FLBREE o FURIRE S TOC, &S BRSSP ER T~
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PRAE, &5 FRUINFIahE BRI LS, AP A MZ LM . 305 R0 R B8 el s i & (B4R
%, 2022) (E 10a,b), WHEBEHEALEHERE I HE (R D, RS TOC BALK, S, I3 INEE o 1358
DR PERNS, T SRR SRR, S, I INEE o s EA R, 76 ¢ > 6%, TOC > 1%, —#[H
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Fig.10 Reservoir physical properties and oil-bearing characteristics for the typical wells of Chang 71 submember in Longdong area,

Ordos Basin
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Fig.11 Coupling relationship between So, TOC and ¢ of tight sandstone of Chang 71 submember in Longdong area, Ordos Basin
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Fig.12 Oil enrichment pattern of tight sandstone of Chang 71 submember in Longdong area, Ordos Basin
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