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Abstract The sedimentary environment of salt—bearing strate is more advantageous than the source rock, and there are many kinds
of other minerals. The vertical continuous 551 hydrocarbon source rock continuous geochemical data for Well Zhenjial are obtained
by the pyrolysis experiments, and by the degradation ratio method after restoring the organic carbon, combined with a comprehensive
analysis of the single well facies display, it is shown that the geochemical indicators of Majiagou Formation source rock in Well
Zhenjial are in overall low, a part of the samples are in normal— good level, mostly in the 5" Majiagou member. The organic
abundance as well as the TOC averaged value are 0.18%, the TOC of the 2" Majiagou member is the highest, with the average value

of 0.28%, and the 5" Majiagou member has the highest value of 1.04%. The types of organics in Well Zhenjial are mainly type III
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kerogen, with type I and II kerogen, distributed in the My and Ms in the source rock in some parts of the well. On the whole, the

maturity of the source rock of Majiagou Formation is over—high, and the main production is gas. The lagoon facies is most conducive

to the development of hydrocarbon source rocks, and the open platform facies takes the second place. Relatively high TOC value is

usually seen in the dark grey micritic limestone—(gypsum) penecontemporaneous gray dolomite—in smoke gray halite evaporation cycle,

which is a common phenomena in the 5" Majiagou member. With respect to the vertical variation characteristics of organic parameters

of hydrocarbon source rocks, it is shown that the 5" Majiagou member is the most favorable strata for development of source rocks, at

the same time, this layer is also the most favorable strata for potash and halite deposits. Coupling of multiple potential mineral

resources indicate that the 5" Majiagou member is a favorable metallogenic strata for gas, halite and potash, which provides some

hints for future investigations of mineral resources.

Keywords Ordos Basin; Ordovician; Majiagou Formation; salt—bearing strata; hydrocarbon source rock; favorable metallogenic strata
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Table 1 Analysis results of the effective hydrocarbon source rock geochemical data of Well Zhenjia1 in Ordos Basin

2 TOCI% Si+S/(mg-g™) T..J)°C I(mg-g™) DI%
BB 0.1~1.04(0.18) 0.01~0.36(0.07) 298~575(469) 1~645(49.93) 0.17~89.25(7.17)
Iy B 0.1~0.44(0.16) 0.03~0.34(0.08) 362~568(467) 6.11~502(80.74) 0.86~85.32(12.84)
=B 0.1~0.31(0.18) 0.02~0.09(0.045) 419~537(494) 3~23(14.29) 0.44~3.89(2.24)
B 0.11~0.92(0.28) 0.01~0.06(0.03) 346~568(503) 1~19(7.75) 0.15~3.13(1.06)
-1y 0.20 0.06 483 38.18 5.83
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Table 2 Geochemical data restoration calculation results of the effective hydrocarbon source rock of Well Zhenjia1

in Ordos Basin

= A AR FREL TOC j BRSSPI (S1+S:) e/ (mg - g™)
HH B 1.00~1.83(1.02) 0.10~1.04(0.18) 1.00~1.54(1.11) 0.01~0.38(0.08)
Ui 1.00~1.41(1.03) 0.10~0.44(0.16) 1.00~2.00(1.33) 0.03~0.35(0.08)
=B 1.00 0.10~0.31(0.18) 1.00~1.04(1.02) 0.03~0.09(0.046)
B 1.00 0.11~0.92(0.28) 1.00~1.03(1.01) 0.01~0.06(0.03)
-1 1.02 0.18 1.14 0.08

KA W AL DL AR I D RE , L IE AR R i R A G 3
A, R AR R R A AT LT =E B AR TR A A AL
FERAR 2 , AR US04 T30 IR 27 S 1 S5 2% A (9 B R
AR AN BRUE > B TOC > 0.1% N RIE IR A IR,
FREIRTRS TOC > 0.5% , [FIR IR 4 TOC > 1%, 447 1 IR,
BE R £ 551 HURE S 0 190 HekE S A U IR £, TOC -
PIME R 0.18% . AT HLER K & )5 B 45 FK T, PP &5 51
B R R IR AR AN R A A 22 Ay b A
YU R a] ULk 2O R IR A, T — I g R A
MR D 1B, DR S B, A P A ok
MR N TS —B > T B=Th = B > TP B (R 2 R 1 ik
2) AHEE A IR IRA TR T TOC Fe KAE % 18, T AL BRI A
o=k e 2 0] =3 A

A LR 1 25 AL B A — 5 UURRAR PR B8 13 fh 5 R 2
Yl 190 A RUEIR A 1Y TOCAE AL BT IR 1 A8 fb S B
AR (B 3) B I AR IR S R B 7 D B
PUBL, o BRI = B/l s FF i 5 b VS AR H A 8K
RIRE R, FEMAXTR R . nE 2 FE 3 s : B
BURFER B, P RIS LABRIR R 5 oh R R B R
AT A EEAH , TOC - HIE R K 0.25% , AH 434 Jy B 5 Ho
TS AT 8 5 HAH , TOC VYA 53512 0.19%F10.17% ,
AR — 2 B e e iy B e — SRR (@ e fh K (B 1 5 W
BE) 70 MR ) T AR DX 8 ) L RTRE E EE A AR TR
BT SRR B AR 2 AU 0.12% , S IU BRI LR
B—RIK GRS K AN, FERE EE WA ST & H
AL FTE TOCSE-HIE N 0.19% , J5 7 19 TOC F-H4E 0.16% ,

03ra% B o B=5 o 5B a DL

025 I
i M
i

0.2
E3 SBREETRHEANT 1 HEFHPAENRAEE TOCKX &R
Fig. 3 Relation between sedimentary facies and TOC of
Majiagou Formation of Well Zhenjia1l in Ordos Basin

SEHTOC!%
(=] (=)
oL =
G =

(=

EW JFRAH
el

TES S HEBRM, S =BORARIE R R E R AT
DU AR B, RECA M M G MAE RIS U R TE TS
WA R AR IR R 50 oy, TR K CURk R b 7 IR B /N, HL TOC -
PIEEAR AU 0.17% . 5 — B PTRIREE 5 5 U B AL, LU
Tr &l RIRE R 2y BRe—RBIKEAJ KSR E,
TOCFHIEIERN T 0.28% , R T 8- 1A ML FERRAE (2
TR R/, R oM R TS WA 35 e A5 ) TR R e &
BLREKR, TOCHE: =, JFNE & I, P TOC e , 047
SRTR AR /N

PE— B SR 1 M TOC A PEB: I R A4 R &
B : TOC WA 22 W T R 508 i I — O B0 e R A= Kt =
MR A A R A e I v (1 2) , RIS A AL A e
TEA FIF AN AP IR IR A K E o X R AR A R e
T )R BR—2% & W UTRIA B T AL RAE IS VK A 3 1
K ER B i, (AR B H A AR A DURL Y B 5 B %5 7% & IR BE 4k
LAl JE AT — R IR A LS SRR A AR, K
EABHSR CARERIZET . Rk, A R IR 2 R &
B ER Y SR BR A K AR A vh—— 5 i A TR A S
22 BILRER

HR A A TSR v ) o s PR L ( 7) VA B (1)
B3 AR REAE AR A HLIT 23 TRY I R A T 50 K TIT A 4 2%, H:
oL T B DL AR b 3 T LA LR A AR S gL il
F T, A ECE A e A YU EZ S, SR E0 K,
FHUFZA G Sl A 1 R IR A B 1,5 T
KR (EL4) AT B 1 I 28500 TR T BAR 7547 3553 1
RUFNIL LR EE A, H 3 A6 26 E DRSS B Horp 1o R T
350 mg/g B JEF VR TR FE AR AL - e A AR AR S EEL A D
FLBL, HRCN S UEE s 1M 150~350 mg/g 1) I8 — i 4 01 1%
MEES B2 A 5B & B S = Be IR TR A AL Y L
MFEA/NF 150 mg/g, MIEHIAIT AR . kSR, %
T LH R R B RS IR R YR A R T 2 J85 e 280 I AR A X 42
2, RBA—E 'R SRR ERA . XER
B H IEERE T A AR A A AR 22 | 32 B R A R OK A AR IR
B e AL R B A2 28022 A A O g AR DL
HH S A SR AR AR, 000 T 780 AR 1T %) 1l R 2 2 4

R RARACTR BE RS R o A, IR A AT o 2 e
WAl R R
75



—t

www.kjdb.org

B 54K 2014,32(35)

SCIENCE & TECHNOLOGY REVIEW

800 _ _ _

-“\\ JOHB
s N enmg
60t 1o+ \,.m=
500 p 4 o \ OB

Iu/(mgg™)

E4 SRREHTAMET 1 HEFHGARESE Tk R
Fig. 4 Source rock in l—T.. diagram of Majiagou
Formation of Well Zhenjia1 in Ordos Basin

2.3 BHRBEE

T FH Bt 2B Ve W R, T 7T LA BT IR R PR
A L AR A LT TG g i T e, B
VU B Y5 R 20 470°C I~ B, B = B 494°C TR
B, E I T BGRE] T 503°C TR 5 8 YR AR B Ak
- LAY B AR ik B A B, AR C A T
AR, 383 TR A KA HE R B B
24 BRAEEZDEFGAY =HIEITIE

IR HLEA VNN A T B A U A A LR
PR I I LR A A B WA AN R Z UL
B BE R A D R AL [ i IS B B R A
B RImS 22 (R WL e, S0P S BOR TS 1
B O Y B AT ML S BT R i 2 (A AT R E
BRUIERA , & = BRI A BB . BRI
JRUR A WL S BN ) A8 AR AE A R Y« R ey
MR IR H R B FE SR AR B R M ZE R A DU T, ¢
FULBL G AN A #2128 R AR R AR R e e
YR BHE , BARFPE B — B A P | LRI 200 A A
FHVURARAFE R FIAEE P, A R RIS & A . A
Y By — | Ey =R B R 2R A B (R B AR A
A HOEAIRIEA R E , SIAFEAR X 5 TAEBAFAIAR
— g T BN T = B2 B T R R R, A AR RS
REHA . I SRR 22 8 A b B34 B v 38 S 2 1 4
TR IR IR A A T RE R B /e D LB, S DU BN T B
K2

PEAh AR X L BE TR & & AL , FL -1 -4 fif 45 1Ak &
RH L AER AN BRI R TE R F AR A g5 R
A RNZ0L 5 D BRI A A DU AT R 5 R kg
R Z GBS e I RIRA R TOC 0 A&
iE S8 B BUA SO RAMER 2 T, R TUA SRR
BITEAEAT R X s T LB PR SR BRI R w28k
TACRERE &, DR A 3, EFR X B A 3 O#3IHE

Il 76

R BOR BT A= 5 ol S A B R L BE
ARITIE AR R ER A2 o el i, S T BOANMEA F
TRERRE S, AR T — 2 MU R IR A
AT FIVEAE A A AR ER LR A, Je— D ZBHR  20 M A
FEL

3 &ig

1) BB IR 0 h SR - 2250, A LA A 2=
SRASALRRIE R - D B AR AR IR A, S 0 B
HBBIRZ

2) S LA AR R ZH0) AT RAR B L B
— 7 i ) TR L BB AR , HL AR 5 R S DU B

3) SWIHIMSA R TR T RIES, JF MG AR Z ;B
TR A b — OB 50 e [R) A K 8 = 5 — MR K G b i 7%
e H R AR G TOC s, 2 0 T H B

4) DR BUE— A Eh RIS 2R A 2
A, AR DU A S PR A A Z L

By R SORA G TR T R
$ A FHH P BT TR
ZRFEGHPLT RIS L5,

JLAS BEBL K IT K
SR NN ]

L

230k (References)

[1] AR, FRAT-, WRSCTY, 45, Bt i 7 B B 20 )0 B 4R 480 0 54 3 #r
[J]. M4, 2010, 84(11): 1554-1564.
Yuan Heran, Zheng Mianping, Chen Wenxi, et al. Potash prospects in
the Ordovician Northern Shaanxi salt basin[]J]. Acta Geologica Sinica,
2010, 84(11): 1554-1564.

[2] Bl AR T, =, B S, S5, V4 I 1M b DX DA R B A Al
I LT, 2009, 29(4): 38-43.
Lu Junze, Ye Jiaren, Huang Shengbing, et al. Characteristics and hydro-
carbon generation—expulsion histories of source rocks of Pingbei area in
Xihu Depression[]]. Offshore Oil, 2009, 29(4): 38-43.

[3] BERAR, K30, 1 AT, 55, B BB (0 B IRa Rk B it /it
B Z A HT()]. Hb2FmiT 2%, 2008, 15(2): 137-146.
Hou Dujie, Zhang Shanwen, Xiao Jianxin, et al. The excellent source
rocks and accumulation of stratigraphic and lithologictraps in the Ji-
yang depression, Bohai Bay Basin, China[J]. Earth Science Frontiers,
2008, 15(2): 137-146.

[4] i, AROCAT, EAH. AL U IA B S A ] A
KeFeEl: HARBERR, 2008, 32(4): 19-23.
Jin Qiang, Zhu Guangyou, Wang Juan. Deposition and distribution of
high— potential sourcerocks in salinelacustrineenvironments[J]. Journal
of China University of Petroleum: Edition of Natural Science, 2008, 32
(4): 19-23.

[5] 425, AOCA . = o A AR F A U5 OB A Il 3 R A DGt e
[J]. FRHL B4R, 2006, 12(4): 483-492.
JinQiang, Zhu Guangyou. Progress in research of deposition of oil
source rocks in Saline lakes and their hydrocarbon generation|J]. Geo-
logical Journal of China Universities, 2006, 12(4): 483-492.

[6] BN, XI5, 7 Rk, 4. o RS I 20t ih O ey SR
ISR IV RS XA ). FAR IR, 2013, 24(4): T01-711.
Shi Hui, Liu Zhen, Lian Liangda, et al. Enrichment regularity of litho-

PES



—t

B SR 2014,32(35)

www.kjdb.org

2,

logic reservoirs in plateau Saline Lacustrine Basin: Taking the south-
western Qaidam Basin for example[J]. Natural Gas Geoscience, 2013, 24
(4): 701-711.

[7] sk Az, KRR, Gk, S5 BRALER A 20 AL TLBOS T By LR N Y
T 43S %o A TH B s 0. b B4R, 2013, 87(1): 101-109.
Zhang Yongsheng, Zheng Mianping, Bao Hongping, et al. Tectonic differ-
entiation of O.ms® deposition stage in salt basin, northern Shanxi, and its
control over the formation of Potassium Sag[J]. Acta Geologica Sinica,
2013, 87(1): 101-109.

(81, b, T KT, 2. i R IR DA M. JE st £ Tll i
Jizkt:, 1996.
Hao Shisheng, Gao Gang, Wang Feiyu, et al. High mature marine hydro-
carbon source rocks|M]. Beijing: Petroleum Industry Press, 1996.

[9] 2 5 W], B 6 il AR MRS 15 S BRI, bt i Toll th piat,
1996.
Cheng Keming. Theory and practice of oil and gas generating in carbon-
ate[M]. Beijing: Petroleum Industry Press, 1996.

[10] ZR e, FBAE2E, Mo R, AR i i LI S AT HILBR K B2 R BRI 5

[J]. HuBRRl v b SR 252541, 2007, 32(6): 853-860.
Qin Jianzhong, Zheng Lunju, Tenger. Study on the restitution coeffi-
cient of original total organic carbon for high mature marine hydrocar-
bon source rocks[J]. Earth Science: Journal of China University of Geo-
sciences, 2007, 32(6): 853-860.

(1] AT 2R BRI 2R i B A LS B2 B AR IR BB . A7
SCHHLIT, 1984, 6(1): 67-71.

Hao Shisheng. Discussion about organic matter abundance of carbon-
ate source rocks and its evolution characteristics[]]. Petroleum Geology
and Experiment, 1984, 6(1): 67-71.

[12] VERERr, JrAHME, WREE I, H sk ok AR h (A A HLST 5 i Al S H
B AR, 1988, 9(1): 17-24.

Pang Xiongqi, Fang Zukang, Chen Zhangming. Ancient abundance of
organic matter and its calculation method[]J]. Acta Petrolei Sinica
1988, 9(1): 17-24.

[13] B4 2, FRF Rl A S R R R IR
IS KARS, 1996, 1(2): 25-32.

Hao Shisheng, Wang Feiyu. Evaluation of the high and over matured
lower Palaeozoic source rocks[J]. China Petroleum Exploration, 1996, 1
(2): 25-32.

[14] ZE b, XS IR, AAE2E, 55 ANBRIR #h A IR A AL HFE RE I AF Y
[J]. A5 RER A HT, 2006, 27(3): 348-355.

Qin Jianzhong, Liu Baoquan, Zheng Lunju, et al. Study on capability
of hydrocarbon generation and expulsion from marine carbonate source
rocks[J]. Oil & Gas Geology, 2006, 27(3): 348-355.

[15] Tissot B P, Welte D H. Petroleum formation and occurrence[Z]. New
York: Springer—Verlag Berlag, 1978.

[16] Jones R W. Comparison of carbonate and shale source rocks[M]//Petro-
leum Geochemistry and Source Rock Potential of Carbonate Rocks,
AAPG Studies in Geology #18. Tulsa: AAPG, 1984: 163-180.

[17] Palacas J G. Petroleum geochemistry and source rock potential of carbon-
ate rocks (AAPG studies in geology) [M]. Tulsa: AAPG, 1984: 71-96,
127-134.

[18] Durand B. Kerogen[M]. Paris: Edition Technip, 1980.

[19] Bjolkke K. Sedimentology and Petroleum Geology[M]. Berlin—NewYork:
Springer—Verlag, 1989.

[20] Desbruyeres D, Almeida A, Biscoito M, et al. A review of the distribution
of hydrothermal vent communities along the northern mid—atlantic ridge:

Dispersal vs environmental controls[J]. Hydrobiologia, 2000, 440(1-3):

SCIENCE & TECHNOLOGY REVIEW

201-216.

[21] 322, XUHIK, Z8H, 45 AR ER A IR A TR A BLaRk T R
[A]R ). HiBRIE 2, 2008, 37(4): 415-422.

PengPing’ an, LiuDayong, Qin Yan, et al. Low limits of organic carbon
content in carbonate as oil and gas source rocks[J]. Geochimica, 2008,
37(4): 415-422.

[22] Ze kb, SR, AL, 45, S0 TRRIRE S IRUA AN AR L. A1
SCER T, 2004, 26(3): 281-286.

Qin Jianzhong,Liu Baoquan,GuoJianying, et al. Discussion on the eval-
uation standards of carbonate source rocks[J]. Petroleum Geology & Ex-
periment, 2004, 26(3): 281-286.

[23] EIbz, BOCE, M. o B ARmR R A I E PR R AR S
A SRBLAEHERE, 2004, 14(11): 1236-1243.

Wang Zhaoyun, Zhao Wenzhi, Wang Yunpeng. Rearch on China’s ma-
rine carbonate source rock evaluation index|[J]. Progress in Natural Sci-
ence, 2004, 14(11): 1236-1243.

[24] McKirdy D M, Kantsler A J, Emmett ] K, et al. Hydrocarbon genesisand
organic f acies in cambriancarbonates of the Eastern off ices Basin,
South Australia]M]//Palacas J G. Petroleum Geochemistry Andsource
Rock Potential of Ccarbonate Rocks[C] . Tulsa: AAPG, 1984.

[25] Jones R W. Organic facies|M]//Brooks J, Welt e D. Advances in Petro-
leum Geochemistry. London: Academic Press, 1987.

[26] ZHT, B FLRI, s, rh R RR TR ER A A LB A i) A
M5 RAR IR, 2001, 22(4): 287-292.

Xia Xinyu, Zeng Fangang, Hong Feng. Hydrocarbon—generating poten-
tial of organic matter in epicontinental sea carbonate rocks in ChinalJ].
0il & Gas Geology, 2001, 22(4): 287-292.

[27] Connan J. Time—temperature relation in oil genesis[J]. AAPG Bulletin,
1974, 58(2): 516-521.

[28] 25K S, A A, A AR B IR TR R B S R P R 43T ).
TR R, 2008, 27(6): 63-70.

Li Tianyi, He Sheng, Yang Zhi. The marine source rock formation con-
ditions and control factors[]]. Geological Science and Technology Infor-
mation, 2008, 27(6): 63-70.

[29] %4 JLRI, A& e . 71 ol A P AR B AR Eh A U s R Ak 2 5 SR
[J]. T ERfE 2, 1998, 26(3): 1-8.

Zeng Fangang, Cheng Keming. Present situation of lower paleozoic
marine carbonate source rocks geochemistry research[J]. Geology—Geo-
chemistry, 1998, 26(3): 1-8.

[30] f B3, BRER K, 5KR, 45 SRR A s AR B B M R 3R T R
JAEAF)]. RARA T, 2011, 31(2): 39-42.

Miao Zhongying,Chen Jianfa, Zhang Chen, et al. Gas pooling condi-
tions in the Ordovician subsalt layers, eastern Ordos Basin[J]. Natural
Gas Industry, 2011, 31(2): 39-42.

[31] AR AN, 5K FFRE. TR 2300 4 o G 08 LR o AT HLTRAE A Js
PEAETT). REREE T 2 B4z SRR E AR, 1999, 26(3): 217-220.
Zhu Chuangye, Zhang Shouting. A study of the characteristics of the
organic matter in carbonate rocks and source rocks in the lower Ordo-
vician Majiagou formation of Ordos Basin[J]. Journal of Chengdu Uni-
versity of Technology: Science & Technology Edition, 1999, 26(3):
217-220.

[32] AN Bt 7 F i T RS B 5k 28 2T U MU RAE S
UE 53], DURRZEIR, 2000, 18(1): 57-62.

Zhu Chuangye. Characterestics of sequence sedimentary organic facies
and distribution of source rocks of Majiagou Formation, lower ordovi-

cian, Ordos Basin[J]. Acta Sedimentologica Sinica, 2000, 18(1): 57-62.
(%% B%)

77 I



