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Abstract

During the late Permian to early Triassic period, a northwest-southeast-extending deepwater trough developed in northern Sichuan
Basin, southwest China, which was named the ‘Kaijiang-Liangping Trough’ (Wang et al., 2006). To the southwest, the trough was
surrounded by a rimmed carbonate platform. Our study area is located in the platform and trough junction, covering features of the
platform, platform margin, slope and the deepwater trough from southwest to northeast. The lower Triassic Feixianguan Formation
shoal oolitic carbonates on the platform margin constituted the most excellent reservoirs in the area.

In the study, a 3-D seismic survey with an area of about 1,050 km® were interpreted by using an integrated seismic stratigraphic and
geomorphological analysis procedure, aimed to investigate the lateral occurrence and vertical evolution of the sedimentary
geomorphological elements. Well logs from two exploration wells were used for horizon calibration by well-to-seismic tie.

Through seismic sequence analysis, six sequence boundaries and nine maximum flooding surfaces were recognized, which classified
the Feixianguan Formation into five sequences and nine systems tracts. The five sequences were named SQ1 to SQ5 upwards,
respectively. Except for the lowermost sequence (SQ1), in which only a transgressive systems tract was developed, each of the other
four sequences consisted of a lower transgressive systems tract and an upper highstand systems tract.

Several methods were utilized to reconstruct the occurrence and evolution of the sedimentary geomorphological elements, including
horizon flattening, horizon slicing, stratal slicing, and multi-attribute neural-network-based seismic facies classification. The results
suggested that the study area was characterized with the rimmed platform to the southwest and the deepwater trough to the northeast
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before the deposition of Feixianguan Formation. From SQ 1 to SQ 4, the carbonate platform gradually prograded northeastwards to
the trough as a response to an overall falling of relative sea level. As a result, a set of prograding clinoforms were developed. During
the late stage of Feixianguan Formation deposition (SQ5), the trough was gradually filled, and the study area evolved into a gentle
northeast-dipping ramp, on which evaporative tidal flat environments developed. As the reservoir with the most potential, the oolitic
shoal facies on the platform margin were delineated.
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Methodology

e Seismic sequenc stratigraphy (Vall et al.,
1977, Van Wagoner et al. 1987,
Posamentier and Vail, 1988) and seismic
geomorphology (Posamentier, 2000, 2007)
are milestones in the evolution of seismic
Interpretation technigques.



e Integrated seismic stratigraphic and
Methodology geomorphological interpretation based on all-
reflector tracking method (Zhong et al. 2010)

Seismic data /

Horizon intepretation by
Wellloggings/ all-reflector tracking method

U

Seismic sequence analysis

—identification of sequence boundaries . .

Synthetics —classification of seismic sequences Sequence stratigraphic
and system tracts framework

—distribution of seismic sequences
and system tracts

Y

Seismic facies analysis

—quanlitative seismic facies analysis i : -

—multi-attribute seismic facies classification D'_St”bUtlon o_f
by neural networks Sed'mentary faC|95

—seismic facies interpretation and
sedimentary facies mapping

U

Seismic geomorphology

—paleo-water depth reconstruction Reconstruction of

by harizon flattening
—attribute analysis by horizon slicing geomorphology

—multi-attribute analysis of basic
seismic units (BSU)

Well-log
sequence
analysis

Well - to - seismic tie
Reservior geological
models and prediction




103°

104°

) 1q5° 70|6°

10|7°

10|9°

11IO°

32°9

&

Guangyuan

Basin boundary

Boundaries of
secondary structure
units in the basin

31°4

30°

29°

28°

100 km

Meso-Cenozoic [

Depression

D Study area

Northern Paleo-Mesozoic

Central Paleozoic

Western Uplift Zone

Depression

.~ Chonggqing
L]

Southeastern
Mesozoic
Uplift Zone

@ L/
Stratigraphy 2
< o
; % 7 Lithology Thickness o E
= % Formation - o
5 @ @ 2
Cretaceous
Penglaizheng Fm. 650~1 400
Suilin Fm. —_ = 340~500
Jurassic SaximiaoFm. ——"—"""— 600~2 800
o s LSRN
Ziliujing Fm. l — 200~900
e | 77 (|
g Xujiahe Fm. at B S804 250~3 000 e
8 o e W dab e .
=
Leikoupo Fm. L1 ll/'l EE]
Si
Triassic
. Jialinjiang Fm. 900~1 700
Studied |ntervals .
< ] L = C
Fecixianguan Fm, .
= . / . / .
||
Changxing Fm. —Iib&
- TATAY L
Longtan Fm.
2] Permian Maokou Fm. | >
K= ] -
N e | B
3 Qixia Fm. | | 200~500 *
5 . : )
Liangshan Fm.
Carboniferous| Huanglong Fm. } 0~500
Silurian T3 0~1 500

LU

-



Geologic Background:
Paleogeographic map in Late Permian to the
earliest Early Triassic in Sichuan Basin
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Seismic Segquence Analysis:
Isopach maps (TWT) of the sequences

Sequence 1




Seismic Facies Analysis:
Types and characteristics of seismic facies
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Seismic Facies Analysis:
Seismic facies mapping & interpretation
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Seismic Geomorphology:
Method 1 - Horizon flattening

Paleo-water depth estimation by horizon flattening
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Seismic Geomorphology:
Method 1 - Horizon flattening
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Seismic Geomorphology:
Method 2 - Horizon slicing
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Seismic Geomorphology:
Method 3 - Analysis of ‘Basic Seismic Units’
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10 BSUs in Seguences
3and 4
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e Transgressive
marginal reef
facies In
sequence 1
and oolitic
shoal facies
In the
prograding
packages of
seqguences 2
to 5 constitute
the potential
reservoirs.

Integration:
Geological models for reservoir prediction
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Summary

An integrated seismic stratigraphic and seismic geomorphological
Interpretation method is presented. It is based on the careful horizon
picking by using our ‘all-reflector tracking’ method (Zhong et al.,

272 Y Nal

2010).

Application to the upper Permian to lower Triassic carbonate
reservoirs in northern Sichuan Basin, 6 seismic sequences, 10
system tracts, 24 BSUs were defined; and the characteristics and
the temporal and spatial evolution of the sequence, facies and
geomorphology were reconstructed.

Three types of reservoir geologic models were constructed.
Transgressive marginal reef facies in sequence 1 and the oolitic
shoal facies in the prograding packages of sequences 2 to 5 were
suggested as the potential reservoirs.
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