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Abstract

Ordos Basin is the second largest and the most productive oil- and gas-bearing basin in China. The Ch81 interval of the Upper
Triassic Yanchang Formation is an important targeted reservoir in this basin. This tight sandstone reservoir is famous for its
ultra-low permeability and high-production wells under water fracturing. For a long time, sandstones in this interval are
interpreted to be deposited in a shallow water braided delta sedimentary system in the southwest of the basin. The thick-bedded
channelized sandstones are well connected vertically and literally, and the reservoir quality is determined mainly by fault
development condition. In this research, based mainly on core observation, description and analysis, we proposed that sediment
gravity flow deposits are well developed in the study area in the southwestern Ordos Basin. There are four basic lithofacies
assemblages: (1) thick-bedded sandstone with abundant lamination structures as channelized sandy deposits in braided delta; (2)
thick-bedded chaotically contorted sandstone as sandy slump; (3) thick-bedded structureless sandstone as sandy debrite or high-
density turbidite; (4) thin-bedded ripple cross-laminated sandstone as low-density turbidite. Based on core evidence of a
sedimentary cross-section along flow direction with six cored wells, the most possible trigger of sediment gravity flow is delta-
front collapse. Deltaic channelized sandstones are dominant in the proximal area. Sandy slumps are dominant in the middle area,
which is formed by collapse of deltaic deposits and transform to high-density turbidite and sandy debrite in the distal area. Few
low-density turbidite is shown. With additional geochemical evidence showing relative water depth, it can be determined that
the study area is in a transitional environment in lacustrine basin between marginal delta and distal basin plain. In addition, the
porosity and permeability data indicate that different types of deposits have varying reservoir quality, especially for
permeability. As a result, reservoir quality is not only affected by fault development degree. Distinguishing high-permeability
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sandstone is vital for oil-production in tight sandstone reservoirs. Therefore, this research sheds light on a new perspective based
on delicate sedimentary research for future oil exploration and development in tight sandstone reservoirs in the most productive
Ordos Basin.
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Shallow-lacustrine sand-rich braided river delta

Depositional model for river-dominated shallow-lacustrine delta. ABC, abandoned channel; ABD, abandoned delta;
AD, active delta; DC, distributary channel; DF, delta front; DL, deeper lake; FL, food plain lake; FP, food plain; FWL,
lake high-water level; IDB, inter-distributary bay; IFLB, inter-delta lobe bay; IDS, inter-distributary swamp; LDP,
lower delta plain; LWL, lake low water level; PD, pro-delta; RL, residual lake; SF, substrate for cycle; SL, shallow lake;

SS, sheet sand; TS, terminal splay; TDC, terminal distributary channel; UDP, upper delta plain; WB, wave base.
(From Zou et al., 2010)



AAPG{SEG

International Conference
& Exhibition 2017

Existed Sedimentary facies

\ R %i"‘? |,

HHS87 HH147 HH44 HH154 HH36 HH170

GR/API GR/AP|
GR/AP! « GRAAPL | GR/APL RN 3 1 [ 0

A4

5 ’JWVV’ 3

Oil shale

G

P

\ Braided

}

W W)

L™ S A i
n D =
t % [ Shallow lake =< f ] % o
i 1 [ B 2%
5 4 ? B {\ 34
i1 fan ¥
B i S _% C81
o o N BRI x =
= 3 IR
% 5 =3
‘ b 3
- N
1
3
1 3
}1

Rl

Z :
ES ) ] c ]
> 4 4
E. | 4 S | : & -
" % ®, .. e i % ) 1 1 = ?: o
An_gxin //—J}mggh"m ] \ { #lsa] = L] —
(vans, s s i . T g
SRR Tded Dolts ;f]am (i /
' ‘
e el [l i\l
Lenged: | A= ‘ (|

shoreline Sandstone/strata contour  Facies boundary  Delta plain Delta front ~~ cities and counties (From Liu et al., 2015)



AAPG{SEG

International Conference
& Exhibition 2017

Outline

+* Background
** Major lithofacies assemblages

¢ Discussions
» Distribution of lithofacies assemblages
» Depositional environment
» Depositional model
» Influence on reservoir quality



International Conference

& Exhibition 2017 Database |dentify the study interval

1 200 3 1 3|
Strata |— “{ Depth | Lithology PERM '
107900 107915 107930" sSp A 0,02 20 ) 20
339 = Zhenyuan I35° 20 100 150 ———500
a0 0 — —
N 4 = — . T
‘+’ / / 4 2080
/ ' c Oil shale

Mainly based on

cores from more | - -/ ' iy a0
than 50 wells in 6 L S — i ‘
the StUdy area QHHI165 Vo ; . “”“lsoooimlzod‘uim 21028 “ !
: B { 7123 HH4( T
> LOg data e AR Oli‘llm ‘ 2120 ¢ : ‘ = S

7

[

OHHa4

» 3-D seismic data o AR |
» Geochemical data S {1 2130

o OHHI170

Below the C7i| shale in the study area

OHHI39 7  OHHS6

-
&
S =)
& S g 3 N -
2 / Ne ) < o S 2 mine 2560
OHHTI v o8 S h - S I 2139 204 2237 2270 2 2368 2487 2500 2533 2568 2598 2631
359 OHHS5 ! 3 S =4 © XL 1924 1999 203 _2074 2111 21a9 2188 22 2 2373 2411 2449 2488
207 ; IN & ! 50 T2 pac:
4 ' ~ 3 ‘ 950
/ / ; " ®Jinchuan o -
QHH2}
§ -1000
L=« Town © Well / | et 08
..+ Contour of Ch8, top(m) / / |
1077007 T07°113 T07730'  -1100-
1150 |

1200

1250




AAPG/{SEG

International Conference
& Exhibition 2017 Lithofacies assemblage

LAl

23604 % |B

» Description

-

» Interpretation

2366

S

23704 ==

—— Distributary channel deposits in braided delta

A erosional score with intraclasts



AAPG/{SEG

International Conference
& Exhibition 2017

LA2: Type 1

» Description

2256+

&
o

» Interpretation

™ m gawm

22584~

2260

—rTr
c s Ifh
visms




International Conference
& Exhibition 2017 Lithofacies assemblage

2466+

24684

T NUE:

2470 -

o w>

¢ slfs
vfs ms

LA2: Type 2

» Description

» Interpretation




\[_AAPG{SEG

International Conference
& Exhibition 2017

n oOx >

—

A

AR

URRTRRS

ﬁ
Flow direction

==

Formation model

TR

Sl

» Description

» Interpretation

Sandy slump



AAPG/{SEG

International Conference .
& Exhibition 2017 Lithofacies assemblage

LA3

2042- [
» Description

2044 s ==

» Interpretation

20467

2048~




International Conference

& Exhibition 2017 Lithofacies assemblage

F Liguified layer with high
eXCESS POre pressures

Breien et al-, 2010

Slow sediment fall out Rapid sediment fall out c Mare rapid sediment fall out More rapid sediment fall out = Liquified layer with high
from turbulent suspension from turbulent suspension  from turbulent suspension from turbulent suspension - EXCESS pOre pressures
=
Hiscott, 1994; Sumner et al, 2008 Kneller and Branney, 1995 g 2. llistad et al., 2004;
L]
£az
238

e e T T e

Layer-by-layer deposition from
high conc. near bed layer with
gradational upper boundary

Repeated collapse of

Repeated collapse of
laminar shear layers

laminar shear layers

Lamination

migration otf%rerg?gagys heets deéggtdéjr%e?aa;grs gnﬁiayer

<mm fine-scale mm-cm stepped Massive sandstone (TA) Massive sandstone (TA)

planar lamination (TB) planar lamination (TE)

<mm finer-scale Massive sandstone (TA)
planar lamination (TB)

<

|[l'nassre settlin
wn Ut segregation

Patehy or
ung ra'-ryd ed

Massive sandstone (TA)

.
>

Occurs below
massive (TA)

S T—
Grades intg laminar shear h Difficult to distinguish from deposits

layers as fallout rate increases
-

Abrupt pinch-out if
liquified layer stops?_
>

4l
™ Difficult to distinguish from deposits 4

Non-hindered settlin
gnd near- exponentla
eposit shape

Hindered settling (deposit shape with broad thickness maximum)

i<

—>  Enmasse >> debrite

Abrupt pinch-out
at deposit margins

.
”~

More strongly controlled by sea-floor topography

<«

Slow consolidation

» High-density
turbidity current

» Sandy debris flow

(Talling et al., 2012)

Summary of different processes that can potentially deposit planar-laminated or massive clean sand



\[_AAPG{SEG

International Conference
& Exhibition 2017

» Description

» Interpretation

High density sediment
gravity flow deposits

Thickness (cm)

/
Grain-size break - overlain by coarser sand
(Amy&Talling, 2006)

Planar-laminated sandstone



( AAPG|SEG

International Conference

& Exhibition 2017 Lithofacies assemblage
LA4

» Description

» Interpretation




International Conference
& Exhibition 2017 Lithofacies assemblage

Complete lithofacies assemblage 4

A Wavy Wave ripple Convolute Iff(:'ih S | Truncated
Mud cap lamination, lamination lamnation Lamination (rUetureless  structure

Mud cap E

Symmetric
Wave D
ripple
bedding

Asymmetric

Oscillatory flow

HCS

Combined flow

Planar/trough/climbing-
ripple cross bedding

Parallel bedding

Unidirectional flow

Soft sediment deformation
Gravity flow

Erosional base
with tool marks

Lithofacies association of lacustrine storm deposits (from Wang et al., 2015)

LA4

Storm deposits



AAPG{SEG

International Conference
& Exhibition 2017

Outline

+* Background
** Major lithofacies assemblages

+*»* Discussions
» Distribution of lithofacies assemblages
» Depositional environment
» Possible triggers of sediment gravity flow deposits
» Influence on reservoir quality



( AAPG|SEG

International Conference
& Exhibition 2017

Sedimentary cross-section along paleocurrent direction with 6 cored wells

Paleocurrent measurement
(from Xie, 2016)

» LAl and LA2 in the proximal area
» LA3 and LA4 in the distal area
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Conclusion: 3 The sandstone in the study area have different formation mechanisms
» Different types of sandstone have varying reservoir characteristics and reservoir property
» ltis important to identify sandstone type accurately first for future oil exploration
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