% applied sciences

Article

The Characteristics of Deep-Water Gravity Flow in the
Sublacustrine Fan of the Upper Triassic Yanchang Formation
in the Huachi Area, Ordos Basin

Fengjie Li >3, Shuosi Chen ** and Jia Wang 3

W) Check for updates

Academic Editors: Nikolaos

Koukouzas and Nathan J. Moore

Received: 24 March 2026

Revised: 18 April 2026

Accepted: 22 April 2026

Published: 27 April 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

State Key Laboratory of Shale Oil and Gas Enrichment Mechanisms and Efficient Development,
Beijing 102206, China; lifengjie72@163.com

Sinopec Shale Oil and Gas Exploration and Development Laboratory, Beijing 102206, China
Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, China;
wangjiacdut@163.com

Exploration and Development Research Institute of Shengli Oilfield, China Petroleum & Chemical
Corporation, Dongying 257015, China

*  Correspondence: chenshs2026@163.com

Abstract

In the Ordos Basin, one of the most important oil- and gas-bearing basins, the Triassic
Yanchang Formation has formed important source rocks, but is also a typical representative
of continental deep-water sedimentation. In the Huacheng area of the Upper Triassic
Yanchang Formation, the deep-water gravity flow sedimentation characteristics of the
lake-bottom fan are complex, and the spatial distribution pattern and stacking style of
the sand bodies are of great significance for oil and gas resource exploration. Based
on core observation, by combining well logging and analysis of signs of sedimentary
facies, including petrologic features and primary sedimentary structures, the thick massive
sand bodies of the Chang 6 Member belong to deep-water gravity flow deposits, and
they develop in a semi-deep to deep lacustrine environment in the Huachi area, Ordos
Basin. The primary sedimentary structures of deep-water gravity flows include massive
bedding, graded bedding, sliding fractures, slumping deformation structures, turbidite
sequences, and synsedimentary offsets. Two kinds of deep-water gravity flows of the
channel system, namely sandy debris flows and turbidity currents, were identified in
the sublacustrine fan. The sublacustrine provided accommodation space for the rapid
unloading and accumulation of gravity flows. Deposited sandy debris flows are the most
widely distributed in the sublacustrine fan. Three types of stacked sand bodies developed in
the Chang 6 Member of the Huachi area, including multi-stacked thick-layered, sandstone—
mudstone interbedded, and sand-thin and mud-thick types. The multi-stacked thick-
layered sand bodies consist of multi-period massive sandstones, which are interpreted
as sandy debris flow deposits. Sandstone-mudstone interbedded types exhibit diverse
lithologies, including massive sandstone and deformed structural sandstone. In addition,
the turbidity current is the primary factor controlling the stacked sand bodies. Sand-thin
and mud-thick sand bodies consist primarily of laminated mudstone, massive mudstone,
and flaser-bedded sandstone, and these deposits were formed by waning-stage turbidity
currents and the rigid heads of sandy debris flows.

Keywords: sublacustrine fan; sandy debris flows; turbidity current; depositional model;
Upper Triassic; Ordos Basin
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1. Introduction

Gravity flow deposits are widely developed in sedimentary basins all over the world,
such as the Bay of Biscay, NE Atlantic [1], the fresh-water Lacustrine Rift Basin, the Paleo-
gene Bach Long Vi Graben, Vietnam [2], the northern Bermuda Rise [3], and Ordos Basin
in China [4]. Because it is an important sedimentary body for the occurrence of tight oil
resources in sedimentary basins, it has attracted much attention from geologists.

The Triassic Yanchang Formation of the Ordos Basin has abundant tight oil resources
developed in gravity flow deposits [4]. The Chang 6 Member (the sixth reservoir unit of the
Triassic Yanchang Formation) in the Huachi area, located in the southwestern part of the
Ordos Basin, is one of the tight oil enrichment layers in the gravity flow deposits [5-8]. The
gravity flow deposits are characterized by thick massive sandstones, with the thickness of a
single sand layer reaching about 0.6 to 1.5 m, and that of multi-layers reaching 10-20 m. As
they are closely related to the accumulation of oil and gas, these sandstones have attracted
widespread attention in recent years [9,10]. Over the years, scholars have held differing
views on the causes of tight oil reservoir sand body formation in the Yanchang Formation,
including thick massive turbidites [11,12]; slump turbidites [13]; slump turbidite fans or
slump turbidite fans and slope shifting turbidite fans [14]; sandy debris flows [15-17]; or
subaqueous sandy mass-transport deposits (SMTDs) [10]. These research results have
enriched the theory of gravity flow deposits, but they have also brought significant dif-
ficulties to the analysis of the types of gravity flow deposits. Based on recent studies on
the sedimentary characteristics of thick massive sandstone in the deep-water fan sedi-
mentary system, geologists have suggested that thick massive sandstone that grew in the
fan body primarily arose from sandy debris flow deposition [15,16,18-22]. The origin has
gradually been accepted and applied in the sand body research of the Chang 6 Member.
However, the evolution mechanisms of gravity flow deposits in the Chang 6 Member
require thorough research.

In addition, the core samples from numerous drilling wells have revealed that
two types of sand bodies including massive sand bodies and thin sand bodies are ob-
served in the sublacustrine. There are various types of stacked patterns among these sand
bodies. The stacked patterns of sand bodies effectively controlled the distribution and
accumulation of oil, and had significant geological significance for oil in a deep-water
sublacustrine. Therefore, this study makes full use of the core and well curve data from
the Huachi area in the Ordos Basin to conduct a systematic study on the characteristics
of different types of tight oil reservoir sand bodies in the Chang 6 Member”, and deeply
analyzes the stacking relationships of various tight oil reservoir sand bodies, and then
establishes the formation models of tight oil reservoir sand bodies with multiple-event
sedimentary causes under different sedimentary environments. This provides a reservoir
prediction basis for the further exploration and development of tight oil in the Chang
6 Member in the Huachi area.

2. Geological Setting

The Ordos Basin is a large superimposed basin in northwestern China. Based on the
basement and structural features, it is divided into six structural units. The Huachi area is
located in the southwestern Yishan slope, in the central part of the Ordos Basin (Figure 1a).

During the Late Triassic Yanchang Formation sedimentary period, the Ordos Basin was
a large-scale continental sag-type lake basin, and it exhibited the characteristic of continuous
subsidence [5]. The Yanchang Formation is the primary oil-producing zone in the basin.
Based on the oil content, the ten members are Chang 10 Member to Chang 1 Member in
ascending order. A set of continental clastic rocks with a thickness of approximately 1200 m
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was mainly deposited in the Yangchang Formation. The main types of sedimentary facies
developed included rivers, alluvial fans and deltas [8].
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Figure 1. The tectonic division of Ordos Basin and location map of Huachi area (a). The main well
location distribution in Huachi area (b); Tthe stratigraphic column of the Chang 6 Member, Ordos

Basin (c¢) (modified from references [9,17]).

The Chang 6 Member was deposited during the retrogradational stage. Two deltaic
sedimentary systems are distributed around the northeastern and southwestern parts of the
lacustrine basin in the Huachi area [5]. The lithologies were characterized by thick blocky
sandstone interbedded with thin layers of mudstone at the bottom of the Chang 6 Member.
The middle and upper parts mainly showed interbedded deposition of dark gray mudstone
and thin layers of fine to medium sandstone. Based on its lithological characteristics, the
Chang 6 Member can be further divided into three submembers, namely Chang 6;, Chang
62, and Chang 63 (Figure 1c). The sedimentary facies include sandy debris flow, turbidity

current, and semi-deep lacustrine (Figure 1c).
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3. Methods

A total of 15 cores was selected for sedimentary microfacies analysis on the basis of
fine core observations of vertically variable data such as lithologic features and sedimentary
structure. The core drilling wells are evenly distributed at different locations in the Huachi
area to represent various depositional facies.

First, based on the observations of the drilling core, the sedimentary features, including
of the lithology, sedimentary structure, and rock combination types, are described in detail.
According to the features, the depositional facies of the Chang 6 Member are identified in
the Huachi area.

Second, comparing the depositional facies identified from cores of drilling wells with
the logging responses, various conversion models between the core facies and logging
facies are established. Usually, the shape of the GR logging curve is used to interpret
different types of sedimentary facies. The box shape or serrated box shape of GR logging
curve corresponds with massive sand bodies, and the bell- or finger-shaped GR curves
correspond to thin sand bodies. The average values of Gr curves in different types of GR
curves shapes were referenced from previous studies [23-27].

Based on the established shape of the GR logging curve, 105 well logging curve data
were analyzed to distinguish the types and the stacked pattern of sand bodies. At last, the
distribution of facies was mapped across the Chang 6 Member in the Huachi area.

4. Results
4.1. Petrological Characteristics

The grain sizes of sandstone in the Chang 6 Member are primarily in the range of
0.15-0.2 mm, and the maximum is between 0.2 and 0.4 mm. The primary lithologies are
lithic feldspar sandstone (Figure 2a) and feldspar lithic sandstone (Figure 2b). Occasion-
ally, lithic sandstone (Figure 2c) can be found, which has poor grain sorting, with grains

primarily being subangular.

Figure 2. Characteristics of sandstone material components in the Chang 6 Member of the Huachi
area. (a) Fine lithic arkose. Well Ch81, 1843.23 m, crossed polar. (b) Fine feldspathic lithic sandstone.
Well W124, 2014.39 m, crossed polar. (c) Fine lithic sandstone. Well B221, 2057.2 m, crossed polar.

4.2. Sedimentary Structure Characteristics

Sedimentary structures of sandstones are abundant in the Chang 6 Member, and
include massive bedding, graded bedding, slump deformation, and turbidite sequences.

Massive bedding of gray fine sandstone is the most common structure in the Chang
6 Member in the Huachi area (Figure 3a). Fragments of mudstone can on rare occasions
be seen suspended and stretched in massive sandstone (Figure 3b), with a diameter of
2 to 6 cm. Massive bedding of fine sandstone is the typical sedimentary structure of sandy
debris flow deposits [15,21].
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Figure 3. The sedimentary structures of deep-water gravity flow in the Chang 6 Member of the
Huachi area. (a) Gray fine sandstone with massive bedding; B488, 1863.9 m. (b) Gray fine sandstone
with parallel bedding and massive bedding; normal graded bedding consisting of boulder-clay can
also be seen. Well 1170, 1944.63 m. (c) From bottom to top: gray-black mudstone with horizontal
bedding, silty mudstone, siltstone with parallel bedding and inverse graded bedding. Well Ch80,
1967 m. (d) Gray fine sandstone, with normal graded bedding changing to inverse graded bedding in
an upward direction. Well B 476, 2038.5 m. (e) Gray-white mudstone gradually changing to light
gray fine sandstone with slump deformation structure, distal turbidite. Well Ch81, 1784 m. (f) From
bottom to top: fine sandstone with graded bedding (yellow arrow line), silty mudstone, siltstone with
parallel bedding, gray-black mudstone with horizontal bedding, inverse graded bedding. Well Ch80,
1990.4 m. (g) Gray-white siltstone with parallel bedding and gray horizontal bedding in mudstone.
Well L125, 2040.1 m. (h) Light gray fine boulder feldspathic lithic sandstone with slump lenticular
boulder-clay. Well Sh157, 1895.71 m. (i) Gray-white fine sandstone with slump lenticular clayey
gravel. Well Ch80, 2003 m. (j) Gray-white lenticular sandy mudstone with small synsedimentary
offset with the yellow dotted lines. Well Ch81, 1817.2 m. Sa, Sb, and Se, respectively, represent
divisions a, b, and e of the Bouma Sequence.

Normal grading (Figure 3b), inverse grading (Figure 3c) and inverse-normal grading
(Figure 3d) are also developed in local sandstones. The turbidity current depositions have
rich associated sedimentary structures, including the Bouma Sequence, flame structure,
and scour structure at the bottom [12]. The complete Bouma Sequence usually includes
five divisions: Sa, Sb, Sc, Sd, and Se [28]. The Sa division represents high-density turbidity
current deposits with massive or graded bedding; the Sb division exhibits parallel lami-
nations of fine sandstone; the Sc division displays wavy or convolute laminations; the Sd
division shows siltstone with horizontal laminations; and the Se division consists of dark
mudstone with horizontal laminations. The Bouma Sequences are widely distributed in
the Huachi area, but are often incomplete, commonly preserving only the lower divisions,
such as Sa-Sb-Se (Figure 3e,f) and Sa-Se (Figure 3f,g).

Other sedimentary structures include sliding fractures (Figure 3h,i), slumping defor-
mation (Figure 3g), and synsedimentary offset (Figure 3i).
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4.3. Sedimentary Facies Analysis
4.3.1. Sedimentary Facies Types

According to previous studies on morphology [11,13-16,29,30], as well as on particle-
supported mechanisms and deposition processes [31-35], the gravity flow deposition of
the deep-water fan in the Chang 6 Member can be divided into two types: (a) the fluidized
sediment flows of the non-channel system and (b) the sandy debris and turbidite flows of
the channel system. As the fluidized sediment flows did not develop in the Huachi area,
the primary focus of this study is on introducing the sedimentary characteristics of sandy
debris flows and turbidity currents.

Sandy Debris Flow

According to its genetic mechanism [16,31-33,36], sandy debris flow is a kind of plastic
fluid called Bingham fluid [31-33]. Depositions of sandy debris flow in the Chang 6 Member
are very common in the Huachi area, including gray and brown massive medium-fine
sandstone, usually in the middle of the gravity flow. In the coarser sandstone rhythmic
bedding, floating tabular or torn syn-genetic boulder-clay is clearly visible, and it shows
normal (Figure 3b), inverse (Figure 3c), and inverse-normal grading (Figure 3d). At the
bottom of sand bodies, the surface abruptly comes into contact with mudstone in the
semi-deep to deep lacustrine zone. The thickness of a single sand body is normally larger
than 0.5 m, and the sand bodies change rapidly in the lateral direction. Sometimes they
superpose from meters to tens of meters or even more than twenty meters. The matrix
(illite) is the major interstitial material, and the average content is about 5-9%. Sandy debris
flows have good physical reservoir properties and an obvious oil inrush (Figure 3a). All
of these features make the sandstones from sandy debris flows favorable reservoirs in the
local oil field. The bottom of the SP curve is an abrupt interface, reflecting an unconformity,
and it may develop a scoured surface in a high-energy state. The GR curve in Figure 4
presents a large box consisting of multi-stacked boxes (Figure 4).

Turbidity Current

Gray and brown-gray thick-layered fine sandstone with black mudstone inside is
deposited at the lower part of the turbidite sequence, and gray-black siltstone with argilla-
ceous siltstone in deep-water mudstone commonly develops at the upper part. The Bouma
Sequence is always fragmentary in cores, and the most common combination is an interbed
of sandstones and shales, forming a cyclotherm with stable thickness. A single sand body
ranges from centimeters to tens of centimeters, and the maximum is less than 0.5 m. Ac-
cording to the location and moving distance of the turbidity current, it can be divided into
a proximal and a distal turbidity current.

The proximal turbidity current primarily consists of thin-medium fine sandstone,
siltstone, and silt-mudstone. Scour structures at the bottom (Figure 3h), as well as flame
structures, can be found, and only the Sa-Sb-Se and Sb-Se parts of the Bouma Sequence
have been preserved (Figure 3h). The proximal turbidity current is widely distributed in
front of the sandy debris flow, inside the transport channels, on both sides of the levees, and
in the frontal lobe, while the distal turbidity current is at the forefront of the deep-water fan.
With increasing moving distance, the turbidity current fluid keeps diluting and is finally
deposited in the deep-water. The depositions primarily consist of deep gray siltstone with
ripple bedding, gray-black sandy mudstone with horizontal bedding, and mudstone. From
the bottom to the top, the lithology gradually transits to mudstone in deep lacustrine facies
(Figure 3i). The Bouma Sequence here only retains the Sd-Se part, and on rare occasions,
scour structures at the bottom and flame structures can be seen.
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Figure 4. Common sedimentary assemblages of fluidized sediment flow, sandy debris flow, and
turbidity current of the Chang 6 Member of Well Ch80 in the Huachi area, Ordos Basin.
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According to the lateral comparison profile of the depositionally connected well
(Figure 5), the local deposits are from the gravity flow in semi-deep lacustrine environments,
especially the sandy debris flow in the Chang 65 and Chang 6, reservoirs. The Chang 6,
reservoir lacks gravity flow deposition and consists of turbidites. Gravity flow extends
along the south and north directions in the Huachi area, and the northern part is thicker
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than the southern part.
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Figure 5. Lateral comparison profile of the sedimentary connected well of the Chang 6 Member in
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the Huachi area, Ordos Basin.

4.3.2. The Distribution of Sedimentary Microfacies

Based on the analysis of logging curve shape and the isopach map of the sand-to-
stratum thickness ratio, a sedimentary microfacies distribution map of the Chang 6 Member
in the Huachi area is presented in Figure 6. There was a semi-deep lacustrine environment
developing in the Chang 6 Member, which the sublacustrine fan of gravity flow deposited
in the Huachi area. It was distributed in a north-west to south-east direction, with the
sandy clastic flow and turbidite flow particularly prominent in semi-deep lake sediment.
The sedimentation of the sublacustrine fan was controlled by two source systems in the
north-east and south-west directions. The turbidite deposits were developed in the middle
of the Huachi area, while on both sides of this area are sandy debris flow deposits (Figure 6).

4.3.3. Gravity Flow Sedimentary Model

Based on the detailed analysis of the features of various gravity flows and their dis-
tributions, a sublacustrine fan model of the Chang 6 Member was established (Figure 7).
During the deposition period of the Chang 6 Member, the lacustrine basin was in a con-
tracting state. The surrounding deltas continuously accumulated in the basin, bringing in a
large amount of terrestrial debris, which gathered in the Wugqi area. Periodic and sudden
seismic events can cause the unstable front lobes at the delta front to collapse, resulting
in the formation of liquefied sedimentary fluid sand bodies. The uppermost part of the
liquefied sediment, under the influence of gravity, transforms into debris flows, which are
further transported and form debris flow sedimentary sand bodies; the debris flow then
advances further and transforms into turbidite sand bodies. With further seismic events,
this process will repeat, causing different regions, sedimentary facies belts, and types of
reservoir sand bodies to be superimposed vertically and closely coexist horizontally. In
this way, the sediments will be strongly fluidized, slipping down the slope and becoming a
gravity flow throughout the whole semi-deep lacustrine fan.
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Figure 7. The sublacustrine fan “source and sink” model of the Chang 6 Member in the Huachi area,
Ordos Basin.

5. Discussion
5.1. Type of Sand Body Stacking

Based on the interpretation of 105 well logging curve shapes, three sand body stacking
types were developed in the Chang 6 Member of the Huachi area.

https:/ /doi.org/10.3390/app16094254
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5.1.1. Massive Sandstone Stacking Type

The thickness of this type of sand body is generally more than 10 m with massive
bedding. In the massive sand bodies (MS), multi-cycle erosion structures and clayey gravel
sections can be observed (Figure 8a). These characteristics suggest episodic high-energy
depositional pulses. Therefore, the stacked sand bodies developed sandstone with parallel

laminated (PLS) and sandstone with flaser-bedding. The gamma-ray curve features exhibit
a conspicuous box shape with a sand body thickness of 12 m (Figure 8b). Generally, the
massive sandstone is interpreted as debris flow deposition and may indicate rapid sediment
supply [7-10].

|
SDF SDF SDF | | e
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Boftom19955m  (API) Depth Curve shape Sandbody
40 160 (m) stacking types
—1984
| 1988 Box-shaped Massive sandstone
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—1992
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sandstone (MS) sandstone (PLS) |~~~ < | sandstone (FBS) | — ~ \ gravel (CG) debris flow

Figure 8. Analysis of core section and logging curve characteristics in Well B286. (a) Well B286,
1992-1995.5 m, the core of massive sandstone stacking type; (b) Well B286 GR, box-shaped curve feature.
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5.1.2. Sandstone-Mudstone Interbedded Stacking Type

This type of sand body stacking consists of MS, PLS, and FBS; normal-grained sand-
stone (NGS); and deformable structural sandstone (DSS). The thickness of massive sand-
stone is relatively small, usually less than 15 cm, and accounts for a relatively small
proportion of the sand-mud interbedded sand body. In contrast, although the thicknesses
of PLS, FBS, and NGS are less than 10 cm, they occupy a relatively large proportion of the
sand body. The mudstone, including massive mudstone (MM) and horizontal laminated
mudstone (HLM), constitutes about 40-60% of the total section. The incomplete Bouma
Sequence with Sa-Sb-Se or Sa-Se is observable (Figure 9a). In the stackings, rhythmic
alternation reflects fluctuating energy conditions, which suggests cyclic events of turbidity
current. The gamma curve predominantly exhibits a bell shape, a continuous serrated
shape, and finger shapes (Figure 9b).
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Figure 9. Analysis of core section and logging curve feature in Well H326. (a) Well H326, 2379.5-2382.4 m,
the core of sandstone-mudstone interbedded stacking type; (b) Well H326 GR, serrated curve feature.
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5.1.3. Sand-Thin and Mud-Thick Stacking Types

The thicknesses of sand bodies are less than 5 cm in the stacking; in contrast, the
mudstones are thick, ranging from 25 cm to 50 cm, dominating the section with over 70%

thickness (Figure 10a). The overall gamma curve is a combined finger shape, and the curve
value is high (Figure 10b).
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Figure 10. Analysis of core section and logging curve characteristics in L85. (a) Well L85 2201-2204.8 m,

the core of sand-thin and mud-thick types; (b) Well L85 GR, finger-shaped curve feature.
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5.2. The Process of Fluid Transport and Sedimentation
5.2.1. Liquefied Sediment Flow

The deposited sediments of the delta front, under the influence of triggering mecha-
nisms such as earthquakes and volcanoes, first undergo fragmentation and sliding, and
then gradual liquefaction, forming liquefied sediment flows. Li et al. (2018) referred to
this as cohesive debris flow [10], and Tian et al. (2022) referred to it as seismite [9]. As
the liquefied sediment flow moves downslope, it continuously tears the mudstone layer,
causing the mudstone to break and form mudstone gravel, which is intermixed with the
sandstone. At the same time, the mudstone layer undergoes sliding deformation, forming
a sliding collapse structure (Figure 11a).
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Figure 11. Transport process and deposit features of sandy debris flow (modified from reference [17]).
(a) The deposited sediments of the delta front form liquefied sediment flows under the influence
of triggering mechanisms. (b) The buoyancy causes the front part of the fluid to detach from the
base, forming a head [37]. (c¢) The head and neck of the sandy debris flow are invaded by lubricating
water layers; (d) the sandy debris flow separates from the head and continues to migrate under the
influence of gravity.

5.2.2. Sandy Debris Flow

As the sediment continuous to liquefy, it produces sandy debris flows. In the course
of transport and deposition, the clay content of sandy debris flows plays a critical role [37].
Under conditions of high clay content, buoyancy causes the front of the fluid to detach
from the bottom, forming a head, and a water wedge is created between the head and
the bottom of the sediment (Figure 11b). As the water flows down the slope, the range of
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the water wedge gradually expands (Figure 11c). In the neck region, the head separates
from the main body (Figure 11d). The front end of the separated main body then forms
a new head, accompanied by a water wedge, thus initiating the second separation stage
(Figure 11d). The separated head continues to move forward and eventually deposits in
the semi-deep lake basin [38].

5.2.3. Turbidity Current

When the clay content is low, the viscosity of the fluid is low [37], and the main body of
the fluid moves in a layered form. During the transportation process, the fluid will undergo
erosion and decomposition, and the deposition speed is relatively fast. Therefore, the
sediment is relatively uniform and consists of pure blocky sandstone. Their weak coherence
leads to the preservation of thin, overlying, massive, and normal-grained sediments,
corresponding to Bouma Sequence Sa, which represents high-density turbidity current
deposits (Figure 12a).

T
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Figure 12. Transport process and deposit features of turbidity current (modified from reference [17]).
(a) Transport process of sandy debris flow and continuous sedimentation, adapted from [37].
(b) Schematic diagram of the head of turbidity current rising and the neck forming during the
transportation process of turbidity current. (c) The head of turbulent current separated from the body
and the new head formation [38].

As the sediment continues to deposit, the fluid gradually evolves into a turbid flow.
During sediment transportation along the slope, the turbidity current pushes the surround-
ing fluids backward, thereby increasing the velocity at the front part of the flow and forming
a reverse circulation [17], and keeps the sediment suspended in the turbulent flow [38].
The front part of the turbidity current will be lifted by buoyancy (Figure 12b) and detach
from the main body (Figure 12c).

5.3. Genetic Analysis of Stacked Sand Bodies
5.3.1. Massive Sandstone Stacking Type

During the flow process, the high-density sandy debris flow causes rapid accumulation
of sand bodies, which are predominantly composed of massive sandstones with rare
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occurrences of other current-induced sedimentary structures. In a short period of time,
multiple layers of sandy debris flows were deposited one upon another, resulting in the
formation of thick massive sand bodies.

5.3.2. Sandstone-Mudstone Interbedded Stacking Type

The interbedded sandstone-mudstone sequences with NGS, PLS, and HLM are pri-
marily of turbiditic origin. These sedimentary assemblages represent sedimentary char-
acteristics of turbidity currents. Due to the turbidity currents being low-density gravity
flows, the thickness of the deposited sediment is relatively thin in each turbidity current
event. After the turbidity current event, normal mudstone deposits were formed. In this
way, repeated turbidity current events built up the interbedded sequence.

5.3.3. Sand-Thin and Mud-Thick Stacking Type

The sediments of the head separated from the turbidity current deposit in semi-deep
and deep lacustrine settings and form isolated thin sandstones. This is because, in the deep
lake, the turbidite sand bodies are rarely deposited, and most of the normal lake deposits
are present. The HLM reflects the suspension clay deposit in the sustained deep lake.

6. Conclusions

(1) According to the analysis of petrological characteristics and primary sedimentary
structures, in the thick massive sandstone of the Chang 6 Member in the Huachi
area, Ordos Basin, two kinds of deep-water gravity flows of the channel system were
identified in the sublacustrine fan: sandy debris flows and turbidity currents. A
distribution model of gravity flow in the sublacustrine was established for the Chang
6 Member.

(2) Three types of stacked sand bodies, including massive sandstone stacking type,
sandstone-mudstone interbedded stacking type, and sand-thin and mud-thick stack-
ing types, developed in the Chang 6 Member of the Huachi area, Ordos Basin. The
genetics of these stacked sand bodies are controlled by deposits, sandy debris flow
and the turbidity current.
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