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ABSTRACT: This paper reviews the geological characteristics of unconventional hydrocarbon plays from shales,
tight formations, and coal bed, which are gaining much attention and are being commercially produced in significant
amounts recently due to the modern development of directional drilling and hydraulic fracturing technologies.
In fact, the hydraulic fracturing techniques are being increasingly adopted by the petroleum industry, and thus the
distinction between conventional and unconventional hydrocarbons becomes less meaningful than before, leading
to unconventional hydrocarbons becoming a new type of conventional hydrocarbons. The unconventional
hydrocarbons trapped in tight reservoirs have much different characteristics than the conventional hydrocarbons
stored in structural and stratigraphic traps. The unconventional hydrocarbons have the following geological
features: 1) the hydrocarbon source and reservoir rocks coexist; 2) porosity and permeability are very low; 3)
nanometer-sized pore-throat are widely distributed; 4) hydrocarbon-bearing reservoirs are continuously
distributed; 5) no obvious trap boundary occurs; 6) there is little effect of buoyancy and hydrodynamics; 7) Darcy’s
law does not apply; 8) there is poor separation of water; oil, and gas; 9) there occurs no clear interface among oil,
gas, and water as well as pressure system; and 10) oil and gas saturation varies. In summary, continuous accumulation
of hydrocarbons over a large area is the most distinguishing characteristic of unconventional petroleum.
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Fig. 1. Schematic diagram showing the geology of con-
ventional and unconventional oil and gas (US EIA,
https://www.eia.gov/).
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UMY wEE 7 ek @MY EA
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5 70 54 SH9AR oUALOR 4AX T
itk 7hastolEdol 2ol Sof gl Hezkit o]
T oot ohE 2579 ArkA(olsh RE 5=
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A WAL A5} A% B2 R4 f71B0] gHos
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o|t}. 7hsstol Edflo| 2o Folglis Hete] FFL
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etk SYutE AR Aol 7FAst
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SEANA A AIFE B3l 7hAsto| =g o] E 9
H2S RIS A TH(Kang et al., 2015), 20153 <
BEAE Al A4S 71e 3 dAl= A7) = Atk
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7t 2 AL 0|9k SAKet oz gae
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7 HA7IA} L Bale] 44 522 itk
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7] o]5o] SojQl HAofA] Belras 2E51T
AAE7) 9lete] ‘H|HEA Q] WS AMEELY] o
Hofl 2o Ao uHE A9 RS0 the
7} 22 9HAYo] ek

HY: g7 o] FRG T |20 2H A7H
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AaE o] A== Bkl TR €8 AeE
o] kA o] whe} th=th(Tissot and Welte, 1978). A
T AR A e rR7 R = A FRehe] B30 et
40| - Ato| ] TA of wet v T}
i ARE FF7F 2P"EH3E 2). Type LI
AZAL F2 dF J&k (immature) TA A 2
o] WA= TN 1 27 HEEL, &
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Fig. 2. Schematic diagram of the relationship between
Type I-II kerogen maturation and hydrocarbons.
Natural gas is generated from Type I1I kerogen during
thermal evolution and the stratigraphic distribution of
hydrocarbon reservoirs is similar to that of the over-ma-
tured Type I and II kerogen.
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2 AFEY, ool oYU Aldedz A
ot AZA 9] 3H4J <3 (over mature) TA A= LY
oA F2 7tA7F BAEY, o]FA BAEE 7k
= U FHY AT A[FUOE o] Fste] YA
o U7AS AT B Q] Hol Qe
A3t o] 7kAE AlU7FAR AR E T

W Type [ A2A2 G202 J&EHA A
A7FATE A= AL o] A AAE ThA = LES A
At AT A A 7U o= o] Fste] ZH2F AUt
29} Y7FAE A3} Type I AlZAo2 7
AE A3 QA Heto] dH 08 JuEl=F
St x| &2 07 YA = o] qekFof AT A
oA A= Hg SAHCRE Hutd A-shE
7h B AU ERSY Aole AP E HEol
ZF HEE 4= 9l o, ghek AUt BER4Fo] Mg
Z A BHol| BE E= 3 Zof E2X5HA] 3 -
Aeh5-0] wgk2 Shitef o) Af-sHRe] B o
2 WAL A F4=9] 7| upet o] 5=

gl as Akt ARUe 42 AFYY
TEL Feg0 9o 2FE ARl AE
2o} Zoba L dut gtdleaE P Qbof] Sl= Wl
ZH&=h) ol wiEfstaL lth. AEAQ AR 3=
9] 37|17} SRto B AT = Aol Al Hl &
S7HA] BliE] & Holw|, F=F ETH A o4 A|
2] 30% H&E Ei= 11 o]8HE 7HA| 2L Qlt) 1™
A1Ugt AF A= F=E0] B 10% H|vtolct.

TEL: EANE F5E0] AR F AdE
UA o @ U HATIAE o]5S T = §lth
o|¢} Zro] A7} ZZlol= A E FgoletaL 8t
= ARl Frg2 35 A v 5835}
oh B4-80] 2 YoM o B2 S fAI7H
AZ st 4= Qlok. B4g 9= T2 A (darcy) 2
17199 &2l Fuo) A 1 cm3 1 centipoise?] H=
£ 71 $A(15C 2] B)7h lem®E F3to] 129 1
mmE 35 o] 1 2 A2k st dukH e s &
&2 olitt X W7| g mD (millidarcy)
TS ARSI B3R A AFYS B8]
= A-4= W mDE Yetli=d) vl Xd A7
1% 0.1-001 mDo] F55 7M. AlY A7
o] E4g.0 ot} T W 0.001-0.0001 mDE]
AE Hot

of



84 olg

ne

Table 1. Comparison of petroleum geology between conventional and unconventional hydrocarbon resources.

Features Conventional hydrocarbons Unconventional hydrocarbons
Source from separate and distant source rocks within the source rocks or nearby
. secondary migration over a long distance- primary migration or secondary migration over a
Migration . Lo 4 . N
buoyancy-driven migration short distance-non-buoyancy-driven migration
Percolation Darcian percolation mainly non-Darcian percolation
Hydrocarbon by reservoir-forming factors and geological gas content is affected by the temperature and pres-
entrapment events sure fields
Storage mn 0bv1p us structurelll, sj[ratlgraphlc, hydro- in large-scale and wide-spread continuous reservoirs
dynamic and combination traps
. conventional reservoirs, with high porosity unconventional tight reservoirs, with very low po-
Reservoirs - . o
and permeability rosity and permeability
Fluid . . no uniform fluid contacts, various hydrocarbon
. . uniform fluid contacts :
relationship saturation
Y . i T ntin r i- contin in
Distribution  discrete or clustered widespread, continuous or quasi- continuous

basin center or slope

H| A F Salpa ZHof| ek ¥4l ojn] 22 A
HE Slojgke 1k (Roen and Kepferle, 1993), AA| 2
olof gt ghate} ke & o] Z 0|22 Fhrt. 11
A0t 1970 Subof] 2 YA 7k, Aot v
gt A L7k T 22 v A F T34 9] 7HHg
o] HA| el | 7Eu 57 S 3
Yo 2 7FEE et Schmoker (1995)= v A-E &3}
49 YAHES A4y 47 M & (continuous-type
petroleum accumulation)”o|2l= Jgoz AU
skl HAE g3l s W2 A
AA Exsta gl ar A= o et EY
o] ZA3HA] Fom, T T3l 0] o) Fof HEg
2 IS 71XA vk A9Ystsict Law and
Curtis (2002)= H|AE E3lede= A5 S3et
of 22 FXET= e Bo] §lal, ©kpa
74 5ol Wt A2 A FFEo] HA = ghom 3
o= viej ekl st

HAE AFAHES AE AAkdm Efe 24,
AR 54, TEYT AREY 53 JH9 54,
A3} 712 Foll A B2 Zpol 7} ek H]AE ARk
A} A5 AFAHE Y vl 3 10f] F2|E o] 3ok
s Gokrad] FA oA edlris U A
A E o] AFULE o] FHL: AFYULE o]FH
S3lpa s THA] R 93] 23} o] Fo] dojd =
Tz EFfo|u} FA EYe] 2FH oz YA H 5

Ak BAE geleas HiFEE 299 A diel

A =7 i iZol ZHo] Fxsh= W2 X gl 4
H Q4502 BEUT vUE B E TH3)
£ A2 AT AAo| 24 EEdk= Y| E (nm)
7)o F= AFAZZ(pore throat) T2 o]F3 Q|
t} 22 24529 AL g2 ~100-500 S
7R, olFA FL 3= dETE W2 W
w0 AA A4HQ el WHo] Aol
Hrt oo whe} ghdkpies Y} o] Folu 2o
7¥7hE- 22} o] 5= & Ho|t}. v M F T3l 3
4o 4% wieae] Yhahe gel 2w wlet
Atolof| F=51gt HA 7 EAsHA] Fow, A7t A
Aol AA LT A stofl o] A Y=t EZHH]
HE Wskpae] AL 2, 7ka0h Be 44134
o] A& FEEZA| gl o]F0] A= FEH] Ut}
= 3fol7} ek, ololA] Abnf 2 uHE skrd
HEoke] EAe & 10 fopslo] 9l
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5.1 HIEE MRAR B

M el eajols 2w oA} Fhact e
HE Boleit Aok 2 TN A 1
F e RO ofFte] BESF ol WA
AEA AR ThFe B4 0= YabEigict
(2 1). AR Fgo] 1 EF AT I
shol 3pelgle wols U} 7kt vl me)
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98] sofl Fstel 2914 Fule] st EE 1 o]
o) QT HAIE Fotol A fut7HAE P
o JE o714 Fad He ool hae] A
Abe Astel) Aeja oz Aol 715 Fof o
27]5|o] Qi 445 Bohuthe ol

21417] Solx7] AT = AL Bhslae] A
RO o} AN K] RIFAA, 71 8o] Hol Sol
S AL EA A0 EFO ol
o 283 hart 4 EIE A e TUFORAe)
7ol Hste] A7) olFol At BE AUSS
Tt ARESE A5 W ALSolA 7k
2 o] AEH7|= SR o] o] gt FE AlF2
A9 o] FojA|A] gkdTh Af LY HAbollA] B
H ATHR 2UF Aol w2l MEZolA Aad
oz PAE o] 5HiY LY Fo| AAEH 1=
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AESe, AY7ts 4 Adeds 22 v
T gl g9kt A4E 29l 2tz
TRkl Sl ol oF 50% HE=E AAsh=d] H]
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Fig. 3. Schematic diagram showing horizontal drilling
to “mine” a seam of oil- or gas-bearing shale by drilling
laterals that penetrate the oil- or gas-bearing shale layer
horizontally (modified after Ground Water Protection
Council, and All Consulting, 2009).
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6. XL Etstpa X|E AT ALl

H|AE U7k AREY] A ALl (Zhang et al.,
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Roughly 200 tanker A pumper truck injects a

Natural gas flows out of well

7] $- 28] (Songliao Basin)of] @d-at W7k A}
ol AT Aupel XUrkA AR A 9
oAt HZ aEfstofof st=7+E 27skaLA} Fith
FTREAE S5 SANA 7P AR midge] 2
84 BA=2 1 WAL 260,000 km’ o]2c}
(Zhao et al., 2011; Wang et al., 2013). £ 8 EX|=6
A 2R U, olE2 FA §7I%, dE
|78, &5 8718 5% 8355 (downwarp), Al
5 APAY B8 GAARRITH ™ 5). A7 A
7bs ARFEQl 31 Wiet7] Dengloukud-2 39
855 9] Changling Sagoll #£3&sh=t] °] 32 %
SEA7F ARG o2 AYE F FF A7 DA
= & HA =3 Dengloukus2 A#44
SN AFLeEA FAH 7HA7L §l= AL
2 AAAF o 20139 YA o2 YAkt 27t
27} A= HA Changling, Dalaoyefu, Shuangtuozi
9 Fulongquan 7}AF A o] SO 2HE 7tAE
A3Akstar gltt. Denglouku-9] 72 7H i A e
2k 3x10" m’ (1.05 tcf)Ql AoR AR 1 glom,
AFY T 482 A4 =4 24E 7L

ick.

——

trucks deliver water for mix of sand, water and

the fracturing process.

chemicals into the well. ...} .

Hydraulic Fracturing
|- Hydraulic fracturing, or
“fracking,” involves the i

of more than a million gallons.
of water, sand and chemicals

3,000 at high pressure down and
across into horizontally drilled
wells as far as 10,000 feet

4,000 below the surface. The
pressurized mixture causes the
rock layer, in this case the

T Marcellus Shale, to crack.
These fissures are held open
by the sand particles so that

- natural gas from the shale can

6,000 flow up the well.

Recovered water is stored in open
{7 pits, then taken to a treatment

Storage  Natural gas is piped
tanks to market.

SR————

Fig. 4. Schematic diagram showing shale gas production (http://www.propublica.org/special/hydraulic-fracturing- national).



88 olgY - ¢

Denglouku-2 £7|7} 500-1000 m2
PArZ(braid delta) 9 €2 34 331 -2
A B0l el 3 ol 44282 W 5 A
S YEASI WA ES Gol W YA Ak,
AEAET}olgto 2 T Hof glrk. A WA A%
SFE HAE QIxpe] 3]0k HAA 223 SAAHE
of o] nj$- cheksh olefat H|AshExery
a}2]2) Bel5o] ARere] Eao] Be ek v%)
31 ik
Zhang et al. (2015)-2 Dalaoyefu 71283} Shuangtuozi
AR 5)olA] AT 8709 A% mofe] ey
3} B25hs 54, 291 478 A% ARE 9
Hafe] RS Pk, 7 Haabe) tiEAl
Ak RS AFete] LA 2AE 519
o ARF AREE FFlN FEF BFE Hol
AR5 AHA FRANBE A
= 44:19:37) 0.2 2slT AZ-o}AR0] 7] 519
YIS} A AT B0l BAE T ARet
oM == SAE2 o] To] A5} 2-3 km (3]
o 44 km)9| Zlo|= viE=HA g8 wd
8-S B U2 A0 2 ey, Wi, ol W
A, HY, 5UHT deto|E ndEo] wadr

off _r_lo oH

(13 6). o] AT Aloke] B B2 ojFo] Bl
B2 2 a 2gs] HAE] qlof, A=Y 23|
3} B =] et ) e 4458 0] SO
2309 ARY IFeE FEEHIE 7). 7HE
FEARY) FLE W HIF 51 A AT
E 2] 314 (distributary channels)¥} GASFE of 4k
ol HlmA 2YAQ] AFH(Group 1) 02 o] ARte]
TIES oF 5% AEAA et mARRE =
U3t ool 7 £5 o] AT Bk mABE
A e g AEHtHIE 6). o] 1FY Alell=
QA BFo] wEEjo] glev, ulng 2§ o
A5 Ex JEHLh F, o] AFEE0] Denglouku
FoH AUALE FRE AV B ARYOE of
ARt A7 F4 0] St H =2 Group 3 A
AR Agro2 B 41215 3k A5 ke, 4t
747 $7) ahale) A, T8 kel o] Aol
Aol Bl BAER 39S U RERE R
BES 7 Wol FR3kL AT Btg WA EL
&% okl ok =2 AEREY FHerE =
= ol F&skal glo] 79| BF0] Waf W= A
S 2 AR o] Hlgt] A7 FHo| 7H

W2 Group 2 AR A A2 A9] S, 9

jNorthern 2
« Plunge ¢

5
i
/ Central L —
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Changling gasfield . _
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top-Denglouku ----------- —
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Fig. 5. (a) Outline map of the Songliao Basin, northeastern China, showing the locations of the major structural
units including the Changling Sag, and the study area. (b) Map of the study area showing the locations of the
Changling, Dalaoyefu, and Shuangtuozi gasfields and the studied wells. Contours show the depth to the top of the
Lower Cretaceous Denglouku Formation. After Zhang et al. (2015).
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A go] Aol Qo HEFE WABL Group 2ol ARACZA 7R A2 gl Ao 2 wrEich
1o] Hl3to] e polch. St ERA SAAT A o] HHBA HHGHIY BAS vigoR

VRF

800 pm

Fig. 6. Photomicrographs of the Denglouku sandstones (Deng IV Member) showing: (a) Quartz overgrowth (Qo)
and calcite (Cal) pore-fill cement. Plagioclase (P1) is largely replaced by calcite. Plane polarized light. Well CS1-4,
3583.69 m. (b) Calcite (Cal) pore-fill and rhombohedral dolomite (Dol) cements. Dolomite also replaced replacive
calcite cement and detrital grains. Crossed polarized light. Well CS1-4, 3593.14 m. (¢) Ferroan calcite (F-cal) and
earlier calcite pore-fill cement. Plane polarized light. Well CS1-4, 3608.52 m. (d) Deformed sedimentary rock frag-
ment (SRF). Plane polarized light. Well CS1-4, 3585.7 m. (e) Concave-convex or sutured contacts of quartz (Q)
grains together with quartz overgrowth (Qo). Crossed polarized light. Well CS1-4, 3585.7 m. (f) Intergranular pores
(P) lined with clay minerals. Arrows indicate slight dissolution of volcanic rock fragment (VRF) and K-feldspar
(Ksp). Plane polarized light. Well CS108, 3618.72 m. After Zhang et al. (2015).
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Zhang et al. (2015)& AR FHL A&t 2d w2 AR (0] & sweet spoto|2HiL 7S Frohfi=
(28 7)& ALt en, o] Rl &4 &0 5 H =52 & ZolH, o] F8 ot A&A U 7k~
A AU7EA AR AFHOA 7 A TEsAe] At o] 2 AL R ST

|Medium- to corase- grained sandstones | | Finer-grained sandstonesl
’ N '
High grain coverage Low grain coverage High grain coverage
& high volumes of & low volumes of & highest volumes of
pore-lining clay minerals| |[pore-lining clay minerals pore-lining clay minerals
Relatively low High carbonate Relatively low
carbonate volumes & quartz volumes carbonate volumes

\ \ }

Group 1 Group 2 Group 3
Mouth bar
(lower part)
Mouth bar Braid bar Distributary channel
(upper part) (lower part) (upper part)

Distal bar/
: Sand sheet
Ay Distal bar / -
szllzlvlvtgy :?td;nm:] Sheet sandstone (lower part)
pe (upper part) Braid bar
(upper part)
Channel Braid bar Channel
(lower part) (lower part) (upper part)
Braid bar

(upper part)

¢ ¥ 1

Highest reservoir qualit oorest reservoir qualit POOE 16 Mbdetate
g q y p 4 y reservoir quality

X Pore-linin
t e [=] (o] e
Quartz cldspar Bitumen clay minerals
Albite Quartz cement @ Porosity Izl Dolomite
IZI Ferroaricalcite IZI Calcite @ Rock fragments E’ Mica

Fig. 7. Schematic model for reservoir-quality prediction incorporating sediment textures, diagenetic alterations,
and depositional facies. Note that the green fonts reveal deposits in the braid-delta environment, whereas the red
fonts represent deposits in the braided-fluvial environment (After Zhang et al., 2015).
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Table 2. Top ten countries with technically recoverable shale resources (US EIA, 2014).

Shale oil Shale gas
Rank Country Billion barrels Rank Country Trillion cubic feet

1 Russia 75 1 Chian 1,115
2 United States 58 2 Argentina 802
3 China 32 3 Algeria 707
4 Argentina 27 4 United States 665
5 Libya 26 5 Canada 573
6 Venezuela 13 6 Mexico 545
7 Mexico 13 7 Australia 437
8 Pakistan 9 8 South Africa 390
9 Canada 9 9 Russia 285
10 Indonesia 8 10 Brazil 245

World total 345 World total 7,299

Conventional Oil

Coal-Bed Methane
12%

Heavy Oil
19%

Fig. 8. World hydrocarbon resources (http:/www.
radialdrilling.com/?page _id=17130).
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