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Abstract

Previously, stratigraphic evolution and sequence overlapping were represented
by “substituting point for surface or multi-point for surface, line for surface
or multi-line for surface”, making it difficult to accurately reflect the strati-
graphic evolution law across a larger area. We investigate the application of
the seismic horizontal slice method for medium-short term stratigraphic se-
quence (four level), divided into reservoir group received, based on a 450 km?
study area of three-dimensional (3D) seismic fine of the Sa-Pu formations
west of the Daqing placanticline using a 50-millisecond horizontal slice. Sa-Pu
oil layers can be divided into seven four-level sequences. We believe that a
four-level sequence is more accurate in this application than in logging and
data logging.
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1. Introduction

In the 1970s, stratigraphic stratigraphy was developed based on seismic strati-
graphy [1], which outlined the basic concepts and techniques of seismic strati-
graphy while also incorporating the latest results of biostratigraphy, isotope stra-
tigraphy, magnetostratigraphy, sedimentology, geochemistry, and tectonic geol-
ogy [2]. The underlying principle is that the impacts of tectonic control con-
struction, global absolute sea level changes, and sediment supply rates create
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stratigraphic records, also known as stratigraphic signals. These records indicate
the magnitude, strength, duration, and extent of the effects of the aforementioned
activities. Among them, the combination of tectonic action and sea level change,
which causes global relative sea level change, controls the potential space for se-
diment formation. There are several basic theories or approaches to stratigraphic
stratigraphy [3] [4] [5] [6]. However, it is challenging to use these methods to
delineate low-sequence (less than tertiary) stratigraphic sequences in the imme-
diate vicinity of the lake through cores, log curves, and seismic profiles, and can
be influenced by the location and resolution of single wells and seismic profiles,
etc. to reach different conclusions. Nevertheless, the seismic (sectioning) method
of stratigraphy remains a key approach for oilfield exploration and development
at present, and it has become a popular area of study in earth science in recent
years [7]-[15]. This study aims to explore the issue of delineating the local low-
sequence (class 3 - 4) stratigraphy of the lake from the surface using seismic pa-

rallelogram sectioning.

2. Geological Setting

The study area was the slope of Longhubo to the west of the northern part of the
Daging Changyuan-Longhubo Daan terrane, referred to as “Longhubo West”,
with an area of approximately 450 km? (Figure 1). The target of the study was
the Yaojia Formation of the Lower Cretaceous and the Saertu (S) and Putaohua
(P) Formations of the lower Nenjiang Formation (Figure 2). This set of strata
consists of sandy mudstone-dominated clastic rocks with multiple mesomorphic
layers, and more extensive liquefied sandstone veins are seen; no doubt, these
veins interfere with to the delineation of the stratigraphy. Previous stratigraphic
divisions for this set of strata have been performed, and the results are shown in
Figure 2. The Yaojia Formation and the Neng 1 section were classified into four
incomplete periodic rotations and 14 incomplete short-term rotations by the
Dagqing Petroleum Exploration Institute (Figure 2). Cheng, et al (2008) split the
Yaojia Formation and the Neng 1 section into 17 periodic spins (based on the
Songke 1 well) [16]. We also separated the study area into spinners from a single
well perspective, and the findings were inconsistent, indicating that both long-
and short-term spinners may vary from well to well. Since local factors have a
substantial influence on spiral delineation, it is necessary to investigate a method
for delineating the sedimentary spiral or sequence that can eliminate the influ-
ence of local factors and have higher stability on the same tectonic depositional
unit. Therefore, we studied the stratigraphic delineation of the Saertu and Pu-
taohua Formations using 3D seismic along-stratigraphic slices, which is briefly
described below.

3. Methods Introduction

Seismic sectioning techniques are becoming more popular in oil and gas explo-
ration and development [7]. Seismic sectioning may be performed using three

methods: stratigraphic sectioning [11], along-stratigraphic sectioning, and along-
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stratigraphic sectioning. We used the latter method because it simple and easy to
use. With the continuous development and improvement of seismic technology,
various novel processing and interpretation methods have emerged. Amplitude
is one of the most essential properties of seismic waves, and its variation can be
used to understand the physical properties (elastic modulus and wave imped-
ance) of the subsurface strata and their variation. Because the elastic modulus
and wave impedance of sandstone are greater than those of mudstone, the hori-
zontal and vertical variations of sandstone may be determined based on the var-
iation of amplitude. We produced seismic synthetic logs of certain wells using
the software developed by Zhonghenglihua and limited the seismic with logs,
and we discovered a strong correlation between the magnitude of the amplitude

and the sandy mudstone (Figure 3).

Z3>]

A 050 100km

Beijing
*

,)\‘4 e
al < /

Structural Study

Figure 1. Location and geological structure of the study area.
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Figure 2. Stratigraphic column, logging and sequences of the study area (according to
Dagqing Exploration and Development Research Institute, 2016).
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Figure 3. Seismic synthesis records for both well CY 261 and well CY 222.

The seismic amplitude parallel sectioning method can elucidate the general
distribution and variation pattern of sandy mudstone across the study region. In
the absence of turbidite sand development, we observed the sandstone as rela-
tively shallow-water deposition and the (dark) mudstone as relatively deep-water
deposition. We could then delineate the spinning and stratigraphic stratigraphy
using seismic amplitude slices. The west slope of the Longhubu backslope study
area is approximately 450 km? (Figure 4). A 3D seismic survey of the region was
recently completed, and we collected a wealth of information on the stratigraph-

ic cis-layer by slicing the Saertu-Putaohua oil reservoir in this area at intervals of
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0.50 ms. High wave impedance represents sandstone and is represented in red
(Figure 4(a)), indicating water retreat, while low wave impedance represents
mudstone and is represented in blue, indicating water entry (Figure 4(b)).

4. Results and Discussion

Through abundance of 3D seismic slicing information, we can acquire the fol-
lowing results. Figures 5-8 show the vertical patterns in the cis-layer slices as

follows:

[}

Figure 4. The region of seismic bedding section and its two typical sections. (a) Low
stand system tract section, mainly sandstone; (b) High stand system tract section, mainly
mudstone.
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Figure 6. Sa: horizontal slice with stratigraphic division—divided into a complete four level cycle.

1) So underwent three cycles of change from large to small and from small to
large from bottom to top amplitude. This property can be considered as three
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cycles of lithological change from sandstone to mudstone then mudstone to

sandstone, or as three cycles of change from deep water to shallow water and

from shallow water to deep water. Sandstone (red, higher wave impedance) and

mudstone (blue, lower wave impedance) are regarded as shallow as deeper wa-

ters. Thus, Sy exhibits three deep—to-shallow water transitions, corresponding

to water inflow and outflow as well as in-accumulation and recession of strati-

graphic stratigraphy, respectively. Thus, the cis-laminated part of S, reacts to

three water-in and water-out or in-accumulation and out-accumulation signals

(Figure 5), corresponding to three complete four-level stratigraphic sequences

(Figure 5).

2) Sy comprises a cyclotron that fluctuates in amplitude from large to small

and small to large from bottom to top, representing a complete water-in-water-

out or water in-accumulation-out accumulation, corresponding to a four-level
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layer sequence (Figure 6).

3) From Sy; to the top of the Portuguese, two variations of large to small and
small to large rotations were observed, representing two complete water-in and
water-out and water-in and water-out accumulations (Figure 7). S, and the
Sapsucker interval were difficult to distinguish in cores and logs, but two com-
plete rotations from S,; to the top or bottom of the Sapsucker interval were ob-
served in parallelogram sections, one of which can be attributed to S»; and the
other to the Sapsucker interval, corresponding to two quasi-four-level sequences
(Figure 7).

4) The entire Portuguese 1 section can be divided into semi-rotations. Water re-
ceded from the semi-deep lake phase of the Qingshankou Formation into a fluvi-
al-deltaic-shallow lake evolutionary system, corresponding to a semi-quadrangular
sequence (Figure 8).

The Sapo Formation component from cores, logs, and logs is separated into
four quaternary sequences, but seven quaternary sequences from parallelogram
slices. However, we believe that the latter is more accurate and reliable since the
former is a one-hole or multi-hole view, whereas the latter is a one-sided view
covering an area of 450 km? This is perhaps the first time we advocate using pa-
rallelogram slices to delineate the stratigraphic sequence.

Furthermore, all four interfaces from S,; to the bottom of the pluvium display
clear cut-off top super or channel on the seismic profile, with obvious in-accumu-
lation, recession, and accretion characteristics, indicating that these four inter-
faces were sedimentologically significant depositional surfaces.

Figure 5 depicts the cis-layer slices of Sy corresponding to three complete ro-
tations, with each turning point reflecting the relatively deepest and shallowest
phases of the lake, respectively. The shallowest water phase was an alluvial plain,
where sand filling degraded the channel and even causes denudation; the deepest
water period was a deltaic submerged divergent channel where sand filling is
insufficient and is filled with mud but preserved channel morphology. The most
significant feature throughout the S, phase was the development of river chan-
nels, with water always retreating into the river channels, revealing that the S,
study area was a river-delta-shallow lake environment rather than a deep-water
lake environment, despite the development of oil shale at the top and replace-
ment by deep-water mudstone of Tender 1. Seismic paralleling sections demon-
strate that Sy was the most developed river channel throughout the Saertu-Putao-
hua period. S, was previously believed to be a set of deep-water mudstones with
undeveloped sand bodies; however, recent exploration has revealed that there
are multiple sand formations in So. Furthermore, 2942 x 10* t of oil were recently
discovered in S, accounting for more than half of the newly discovered Saer-
tu-Putaohua reserves. Previous authors defined S, plus S, as a three-level laminar
sequence, whereas S, was classed as a four-level laminar sequence (Figure 2).
This paper is considerably different.

We analyzed the rationality of dividing the S, into three- or four-level se-

quences in terms of time. The Sapsucker Formation lasted about 6 Ma. It was
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about 8 Ma in total (88.5 - 80.0 Ma), while the Sapsucker Formation was about 6
Ma due to the general absence of Lusitano 2, minus Lusitano 2, which is about 2
Ma. In Longxi, the entire Sapo formation is about 100 m thick and S, is ap-
proximately 50 m thick, which is the sum of the thicknesses of the other four to
five oil formations. In addition, because mudstone dominates S, it was reasona-
ble to assume that S, took longer to form than the total of the other parts. Ac-
cording to conservative estimates, Sy took about 3 Ma to form, as did the other
four sections.

The stratigraphic classification of the 450 km? study area was carried out by
seismic paralleling method, and seven water-in and water-out stratigraphic se-
quences were identified, albeit it was not clear whether they correspond to ter-
tiary or quaternary levels. The stratigraphic sequence is between the three and
four levels. We believe that the findings obtained using the parallelogram slicing
method are unquestionably superior to those obtained from single wells and
from the delineation on the composite histogram over a 450 km? area. It is im-
portant to note that seismic slice data cannot simply correspond one-to-one with
his corresponding stratigraphic lithology [11], but extreme amplitude values can
indicate the amplitude of the wave impedance and hence the relative presence

and water depth of the sandy mudstone.

5. Conclusions and Outlooks

The above briefly describes the stratigraphic delineation of the Sapu Oil Formation
on the Longhubu backslope of the Changwon slope using the along-stratigraphic
slicing method, and the following conclusions were obtained:

1) The Sapo Oil Formation can be divided into seven fourth-grade sequences,
which is three sequences more than the third-grade sequences divided by the
conventional method and seven sequences less than the fourth-grade sequences
divided by the conventional method. Therefore, it is a layer sequence between
three and four levels, and we believe it to be closer to the four-level sequence,
which is a division scheme with the sand formation as the change unit.

2) The lower four quaternary sequence interfaces, which are characterized by
truncated top super and depositional interruptions, are also suitable depositional
interfaces.

3) The cis-layer section in section S, delineates three- and four-level sequences,
but what was previously considered to be a four-level sequence with half a basal
rise, representing a single transformation from a shallow lake to a deep lake, is
now thought to be three complete four-level sequences with three distinct wa-
ter-entry and water-exit midway, according to the cis-layer section.

4) Novel stratigraphic findings can provide fresh insights on the extreme evo-
lution of the studied sedimentary environment, particularly for the analysis of
the fine-layer evolution and distribution pattern of hydrocarbon source rocks
and sand bodies. For example, the three rotations of the S, section correspond to

three water retreats with considerable distribution on the plane and the sand
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groups formed by such water retreats, and the slicing technique also reveals that
these three water retreats and sand groups correspond to three river develop-
ments. Is the area for future oil and gas exploration, rather than the previous en-
vironment where only deep and semi-deep lakes were developed. This is very
different from the conventional view.

5) The 3D seismic cis-layer sections reveal not only the seven quaternary spins,
but also the evolution of sand formations based on these spins; in particular, the
three full spins in the S, section demonstrated the presence of three sand forma-
tions (excluding the bottom) in the study area, which will most likely be the di-
rection of future oil and gas exploration.

3D seismic produces vital subsurface information, and the seismic slicing tech-
nique is widely used in the comprehensive interpretation of full 3D seismic. We
provided a new method that based on seismic bedding slice to analysis short to
medium term sequence stratigraphy division, this method can be used to the se-
dimentary stratigraphy research of the similar basin, and the method will be wide-

ly used to oil and gas exploration of sedimentary basin.
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