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hydrocarbon resources(after Zou Caineng et al. , 2012a)

1.1 £REFNHSYRER

AR s A ERAE H B A BT R B — R 5
HREM., BE M2 HM P EDEFEC A
A BRAR R LA R AR B BT R 0 R T
SRR A BRAR ALK AR A BRI R A S B
Ry A R AR H AT R TT & 0 e i, 4
BRAE ORI ™ P B KL AR A KRR VR AR R T Y
AT H 280 f . 2008 4F A BRAE F B A 0 G U A AR
K 4495 X 10% t, 5 5 B A I BT R LA AN Y s 2 ERAE
LR RIS 3921 X107 m*, J& % FL R 4R
SURVERY 8 AF AR E MR AR A R BT #
FIRS 1 18% (EIA, 2013; 4B A Rg%E, 2010b,
2014a) ,

10 AR Rk 36 [ TTA AR BUR I O T R R
8 8 4 T AR 7 T S I R DR 2 P R BT
WA IR P20 7R 0 M XA T SE B R SR AR R R

Jig o R AR B 0 AR I 2014 AR DU R R
ik 3637 X 10°m’, 2y £ E RAAL T EW
50. 0% 5 508 T H AL M X ) B 31 B T X )
T o P 380 2 0 1 X1 G 8 R 3% B AR A R S A
AR M K R SE R, 2014 AEEUE I R B Gk
2.09X10%t, 24 (5 35 = A1 9l B4 7= 119 36. 226 (EIA,
2015) (B 2) . TS 808 il 45 R 5 B <P &
Jeg o fef A 5 1 3l A0 MR A JBE R IE R B L 2014 4E R
SRR FEARTT UL A %, 4 X AMK A BB R
39. 100 FESEHE 3l 3¢ [ B IR A 57 K s S, 95 [ R
AR AT RE 3 TR EE 55 U 2 B 5812 7 S0 B Y RE VR
AL

HEWES: 1927 IE R T R E W8 L4
b, 1976 AF7E I 5 K By JR AP 3 4 b VG 30 TR 34 B X b
PR BT R 35 IR IR o S b o RO S e
HEAT Tl A R g AE 8 LR AR BT, it 2 60
AR 2 70 400 BUE KRR B ESMA R &K
SRAIEE A EESUR . HAr, 2R & B e
A 70K BURI AR WIRE 2 209. 6 X
10%m?, RE A AEALDE BT R MANE Kb X, 5%
F & SR b A ST & e B IR BB L X, 7R 23
LB 900 Z A4 BUR Y A A LRI R it i
5X10%m’, 2014 FEFUE A7 'L R 1400 X 10°
m’, 7 95 H AR ==Y 19. 2% 5 Wit 2040 425
WA A0 B R HFAE 2380 X 10° m®, i Ji B 5 [H]
RIRA BT 22%

AR EERIUEARE RN 456 X107 m’,
T EEAMER R E RN, Al dbE 2
SEERME—SEEL U R Tk A IF & 1 b X, HoHp 92 [
C7E 20 2425 b 47 DU B IR JF & . 2014 4R 7
35 3637 X10°m* (EIA, 2015), i 25 H KRS A -
T 50. 0% 5 AR T A i AP A PR 4R P 3 K
AP T 2040 4 50 A S R 8 #5610 X 10°
m? , (4 J i 25 R AR AR R 53 %0,

BES MR 5 A FEGHER ), CH 354
FHETHZRANW L., 2FRHEZIEBEELN
256. 110" m* , 32 B 47 A 78 |ij 75 BK « Ik 3 707K #b
XA GEIR R E . Hil, 2R R FEE
J2 26 [ N R AR KA, 2013 4R 45 2 < it il
1t 600X 10°m’ , Horpr 36 [ 2 A 1 20 450 X 10°
m’ fITEE R 80X 10°m’ 2 47 (I K 50 X 10°m’ 22
Ao 45 EIA B, 356 2 A7 ok R R AR
S T 2040 AEBEZ S REZY N 483 X 10° m® , i
B 55 [ RAR AR =R 5%,



o BT

Eiid
982 http://www. geojournals. cn/dzxb/ch/index. aspx

2015 4

2 Ju e DCE LS AR H LA R 32 2R B AN 43 A 1 (IR AR A RESE . 2014b)

Fig. 2 Assessment and distribution of conventional and unconventional oil &. gas resources

for theacross North America (after Zou Caineng et al. , 2014b)
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1—Tight carbonate oil; 2—Tight sandstone oil;3—Shale condensate oil;4—Shale gas;5—Conventional gas;6— Tight gas; 7—CBM;8—Basin

ES QAN AR A T = e Wl =l o > | 5 Ve
AR IT A T AR A T Tk B R AT, R
EESICETIFRBEAR G K RAELR I LW T
BT & =g . B &k B Williston, Gulf Coast £
Fort Worth 23T 20 >3 %5 i 45 #1 . Bakken, Eagle
Ford. Barnett, Woodford, Marcellus-Utica % £ &
FRE SR E RS 24 E R A R T BB HRE
2008 A AR IR R Bl T, 2014 AR SEEBUE M B2 E
1K 2.09X10% t(EIA, 2015), (5 35 [ 7 9 & 7= B 1)
36. 200, Bt 2020 AR IR F] 2. 4X10° ¢ i, 2013

AL EEBEVR (5 B (ETA) W 55 [ 8508 3 AR nT
KRBT 79. 3X10° t, 7 1 R I M R JT & 1Y
RAFAT R . BREESINER THE JE KL IR 5
] AR 2 37 45 [ KA R T BRI .

Bl AR E KA 1079 X 10%, FE A
TR 56 A h AR b X g ) o A BROE R O =
76. 3% M1 11. 0% . Z& N Fi P 3R] B (Orinoco) B
T A A B A K Y HE R AR XL HE g A T ARG
18220km” , v F Z& PN &ty P i b o AR A K9 DL AR 4
M ——7R 2% N B P A b e S O A S A



5 6 34

AR A RS < b A R BRI RTT &5 B R 983

A= X (USGS, 2013b) . 4§ BP A4l /23 ] 2014 4F
Se it SR v B E R A PR B AT SRfif i ik 354 X 10°
t. H A7 R o B AN R, 2011 AR T iR #)
6800 10" t, (5 2 P &y A1 I B 7™ o 1 L AN 2
40%.,

KAFE (SLRRMA): T RFEFEE KLY N
1066. 7 X 10°t, 81. 6 Yo 43 At AL KX, n & K1Yy
BT JR A G5 48 A2 A BRI D fe & AR b X . % BP A1k
ANEIGETE L BE 2013 AR g I D il g Ay 2%
AL RAE B R 273X 10° t, 5 HL AR A A T R BH S 1Y
97% . EH. g KR A b AT R Rl
A2k Pl W il B [ 5% L 2013 AF gl R0 R Rl
113X 10%, A A0 AR 56 & JF & 4 7=, I K
AR ALK T 0 R BT REAR AR 2 S R 2 o E B
SEEREE DU KA A e

NI = R DT S s . S/ (R O 1 g
S A5 © T 46 vl I il A A 7= B ad 70~90 AR
W BT 3 KRBT & ) T 1980 4F g 06 7 it 8 34 %)
4500 X 10"t 247, EHT, 0 A T B 8 A &
A AN LI S IR S LA E e sl )
2000X 10t AR, 2ERE &I 600 & 4bih A H,
TH DU T AT R BE R R 290 1501 X 10° 5 Horfr, 38 ] vl
TR0 1005 X 10°% ¢, 2 5 By 67 26, (H 55 [ 4 &
RAIEAT I VUE MR Tolk A 7=, JEA 21 e, fi 4 [
I T A 10 AN DRI 288 S R A o R R T IR T O G S
FEEZT 2005 Fid 7 REARTAREIRAY LS,
S A AT I TUS TR R S T . AR AR
K E eI T 2007 4 9 H AR MBI 5 R, 2020
A 3 [ Y DU T ™ 50K 35 31 0.5 X 10% 1, 2030 4F 3K
F 1. 2X10%t,

KRS KEW: H A L F 9 05 98 A Ak 56t
FER W B RS Tk TF & . AL E N, 2
27 Yo 1) ki LA 90 26 1 38 AR A AE R IR SR B W
HEftih A& e kM 120 24 KR KEY
(Collett et al. , 2009) , ¥ Z R EXERGEEL T A
THR T KA 0 08 U5 B A OF 0 5 K 56 M TR L e R
AR B 2015 ARG A R SR L IR
REUK AW R TF % . 2030 4E /i J5 . A RS B
WK A Wl P T SR . 2013 4F, H A FE Daini-
Atsumi Knoll, 2R F i H HE R L AK A i AR 77 05 =0
LT RIRSOK AW E R 28, 3545 H = 2 X 10
m’ RIKK . AL FINK A K GV IT LHEARM
BTSRRI R B SRR AT R RE R KR

1.2 FEIFENHMSERER

H ] TR A b 1 T AR S R R D 4 Ty AR AR A
55 i A AR T AH T A B39 AR 5 R SR B BT
FAF ol o BOE R U TR R
I WIS R N S S NS W S 7/ 0 R
SIRAR R EE (AR A RESE, 2009, 2012a, 2013a),
WA PEH A [ R R AT R BT U R 29 O (890 ~
1260) X 10t A Y &t B2 H AW 3 A . H
AR R TR AT SR BRI A 29 (223 ~263) X 10°t,
55 R BT R E RBOM Y 5 R R R AR AR R R
P52 R (84~125) X 10" m® , J&# #L K SR S 98 U5 =
M5 RS RIS IR K .

U 10 A5 Rk H I BOE R BUR I IR & R
MARE TR, SRR BN KRR L= &
TG, IR 10 A S S48 3 R W] 808 SO H T A
2760 X 10°m” , 24 (4 [F] % B R AR A< BB et 11 45 005
2014 AR AP R D 3K 360 X 10° m? 247, 2 5 4
B RAR AR R 27 %0 s BT H i 4 B 5 K 95
FLAR SO RX L, 2014 A TR BE A R WY b o it A 5K
4.2X10%m’,2014 4EE B 5 5 235 X108 m®, 3K
BN AE SRR 22 i L HE TR K AN I A A R B 5~10 X
10° t A 1t MUASE DX o 76 1 V5 D 1| 56 4 b A A
R EZA A R K A R L SRR 2 A
7R % P S b T A SR, 2014 A Hb T2 AT R
HIA 36 X10%m’ , T ASLE DY )1 75 b R 30 A 8 A
A 2 T SR AL AT U B0 S B Tk 2k, 2014
RO 13X10°m’ . BUE L BUE C o
L I T K R B W AR DU R BB R S
BB A = (P 3,36 D

BES RAE 20 g 60 4R AR, 76 [ U 1| i
PG M DX 2 2 B AH PR AROR 3, KA K
K. AR Bl KR R 2 B R A R AR
TR0 - 803 0 A SR T R A B R L R B
T VLSRR 22 4 b I HUA L D )1 2805 A ol AR 3R B
B H KRR IRE 2014 4R, 90 AR TR W] B A
TEHGE A8 410 m®, 2014 4R B8 S P2 o 235
X10°m® , FEASIL ik W 38 HLOR 39 1 7 45 A b R 3
T W ECE R A S R E SR AR
SIAR)TIZ S BIEA Y R . SO T EBUR D
AR SREERA9~13) X10%m®, E 2013 4F
s o BUR D A AR TR B o 4.0 X107
m? , Ky 42 B R IR BRI ALY 412652014 4
FEm AP RRA R 360 X10°m?, 4 E R AR ET”
W 270 A . T 2020 AR LLRT, o E BUR D A



o BT

984

o
P

http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2015 4§

Kl 3

o [ i A I S R DX 0 A T (IR AR A RE A . 20130)

Fig.3 China’s onshore unconventional oil & gas sites for prospecting (after Zou Caineng et al. » 2013c¢)
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1—Tight carbonate oil; 2—tight sandstone oil; 3—tight sandstone gas;4—shale gas;5—CBM;6—basin
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Fig. 4

Isopach map of the Lower Cambrian Qiongzhusi Fm. black shale in the Sichuan Basin
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Fig. 5 Sedimentary facies model of the Silurian Longmaxi Fm. in the Sichuan Basin
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Table 3 Comparison of the Sichuan Basin’s Paleozoic marine shale gas and U. S. marine shale gas
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Fig. 6
1— AR 2

Isopach map of the organically rich Lower Silurian Longmaxi Fm. shale in the Sichuan Basin
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1—Basin boundary;2— Thickness(m) ; 3— Formation erosion line
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Table 4 Microscopic characterization of reservoir space in an unconventional reservoir
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B9 Rl ARRL — ok oD B 2 1 (R AR A BB 55 . 2014 b & IO
Fig. 9 Distribution model of fine-grained and coarse-grained sedimentary environments (after Zou Caineng et al. , 2014b, revised)
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1A% s 12— W AR B BR 2 5 13— AR AR s 14—y WP TR 5 15— T U4 5 16— & A HL BUA 5 17— 1l ik

1—Basement; 2—alluvial fan; 3—flood plan; 4—channel sand body;5—deep lacusrine; 6—shore shallow lacustrine; 7—delta front lobe; 8—

sheet silt; 9—sand debris flow sandbody; 10—turbidite sandbody;11—lacustrine current; 12—lacustrine carbonate rock;13—lacustrine gybride

rock; 14—silty mudstone; 15—carbonaceous shale; 16—organic—rich shale; 17—mountain range
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Fig. 10 Typical microscopic photos of nano-scale pore throats for China’s unconventional tight reservoirs

(a) + (b)— P I 3t B 201 HF 5 RITUEA IR AL (O — SRR ZH MK 2 I E Z /G ERKH 7 B UE R A 3 B FL s (D — |
WA L IR D RRLFEHRTUEA DT : (o — SR Z I AT 78 IE K H 6 BRI AR AR A AL (D —HEE /R &35 174 JF
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M SHRZE K E s () — SR L W4 o5 37 1 K TR BUR b8 A L i AL

(a)—Inner pores within organic matter of Siliurian shale in Well Wei-201 of Sichuan Basin, pore throat diameter between 100 ~ 200nm;
(b)—Matrix pores within flaky chlorite of shale, Member-7, Yanchang Formation, Upper Triassic Series in Well Zhang-2 of Ordos Basin,
pore throat diameter between 40 ~ 300nm; (c)—Oil found in nano/micro-sized porethroats within tight dolomitic sandstone, Lucaogou
Formation, Permian Series in Well Ji-174 of Ordos Basin; (d)—Intragranular pores within quartz of tight sandstone, Taiyuan Formation,

upper Palaeozoic Group in Well Su-37 of Ordos Basin, pore throat diameter between 50~250nm
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Fig. 11  Evolution map of the pore throat of the Chang-7 mud shale in the Ordos Basin(after Wu Songtao et al. , 2015)
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Fig. 12 Reservoir space controlling the hydrocarbon accumulation type(after Zou Caineng et al. , 2014b)
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Fig. 13 Types and accumulation modes of oil &. gas resources (after Zou Caineng et al. , 2013a)
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Fig. 14 Sequential distribution model of conventional-
wconventional oil & gas (after Zou Caineng et al. , 2014b)
I—WE 2— R 3—HEE X 4—AHMERE;
1—Sandstone; 2—mudstone; 3—shale developed area;

4—hydrocarbon accumulation
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Fig. 15 Unconventional “man-made reservoir” development workflow
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Abstract

The new century has witnessed a strategic breakthrough in unconventional oil & gas. Hydrocarbon
accumulated in micro-/nano-scale pore throat shale systems has become an important domain that could
replace current oil &. gas resources. Unconventional oil &. gas plays an increasingly important role in our
energy mix. Tight gas, CBM, heavy oil and asphaltic sand have served as a key domain of exploration &
development, with tight oil becoming a ‘bright spot” domain and shale gas becoming a "hotspot” domain.
China has made great breakthroughs in unconventional oil &. gas resources, such as tight gas, shale gas,
tight oil and CBM, and great progress in oil shale, gas hydrate, heavy oil and oil sand. China has an
estimated (223~263) X10* t of unconventional oil resources and (890~1260) X 1012 m® of gas resources.
China has made a breakthrough for progress in unconventional oil & gas study. New progress achieved in
fine-grained sedimentary studies related to continental open lacustrine basin large-scale shallow-water delta
sand bodies, lacustrine basin central sandy clastic flow sediments and marine-continental fine-grained
sediments provide a theoretical basis for the formation and distribution of basin central reservoir bodies.
Great breakthroughs have been made in unconventional reservoir geology in respect of research
methodology &. technology, multi-scale data merging and physical simulation of formation conditions.
Overall characterization of unconventional reservoirs via multi-method and multi-scale becomes increasingly
popular and facilitates the rapid development of unconventional oil &. gas geological theory, method and
technology. The formation of innovative, continuous hydrocarbon accumulation theory, the establishment
of the framework of the unconventional oil &. gas geological theory system, and the determination of the
implications, geological feature, formation mechanism, distribution rule and core technology of
unconventional oil & gas geological study lays a theoretical foundation for extensive unconventional oil &
gas exploration and development. Theories and technologies of unconventional oil &. gas exploration and
development developed rapidly, including some key evaluation techniques such as “sweet spot zone’
integrated evaluation and a six-property evaluation technique that uses hydrocarbon source, lithology.
physical property, brittleness, hydrocarbon potential and stress anisotropy, and some key development &
engineering technologies including micro-seismic monitoring, horizontal drilling &. completion and "
factory-like" operation pattern, "man-made reservoir" development, which have facilitated the innovative
development of unconventional oil &. gas. These breakthroughs define a new understanding in four
aspects: (Dtheoretical innovation; @) key technologies; ) complete market mechanism and national policy
support; and @ well-developed ground infrastructure, which are significant for prolonging the life cycle of
petroleum industry, accelerating the upgrade and development of theories and technologies and altering the

global traditional energy structure.

Key words: Unconventional oil and gas; fine-grained sedimentology; unconventional reservoir
geology; “man-made reservoir” development; micro-/nano-scale pore throat; tight gas; tight oil; shale

gas; shale oil



