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Abstract

Architectural element analysis on the channel has been held with the length of the object study more than 3 kilometers in the
Cipamingkis River Jatiluhur Formation. The channel deposit and association of the channel are generally influenced by the turbidity system
in the slope setting. The determination of architectural elements in this study must consider the stratigraphic record, characterized by
facies, facies association, internal geometry, and bounding surface. The study area has seven lithofacies and must be grouped into three
facies associations. Channel elements are generally filled with coarse-grained sediment material and show amalgamation, thickened beds,
and gradation of sandstone. There is fine-grained material that was found, such as siltstone, which indicates a levee element that has an
older stratigraphic position than the channel element. Four-channel elements can be distinguished based on the characteristics of the
constituent materials and their internal geometry. The vertical stack creates a channel complex in the study area, with channel element
evolution starting from incision, and the last phase is aggradation-migration.
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1. Introduction
1.1 Sub Introduction

Research on architectural elements in terrestrial
(fluvial) environments was published earlier and
subsequently became a reference for applications in marine
environments (Miall, 1985). In fluvial sedimentology, the
analysis of architectural elements is characterized by the
interpretation of facies associations and the three-
dimensional geometry of outcrops.

One concept of architectural element analysis serves as
a useful tool for describing depositional units and modelling
ancient channel deposits (Friend, 1983; Miall, 1985).
Geological studies on the Jatihur Formation, particularly
along the Cipamingkis River section, have been extensively
conducted by several researchers (Abbdurokhim, 2014;
Nurani, 2010); however, research focusing on architectural
elements remains scarce. This study specifically examines
the sandstone member, which is indicated as channel
deposits, with an emphasis on discussing architectural
elements and their evolution.

1.2 Studied Area

The research area is administratively located in Jonggol
District, Bogor Regency, West Java Province, Indonesia.

2. Methods

The data used in this study were obtained from outcrops
along the Cipamingkis River section, using the stratigraphic
measured section method. The study area was divided into
four traverse segments (Fig. 1), considering the relative
ages of the outcrops. The age data refer to the publication
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by Nurani (2010). To characterize the architectural
elements, several methods were applied, including
lithofacies analysis, facies association analysis, and
bounding surface, to support the research objectives.

Fig. 1. Studied Area
3. Result and Discussion

3.1 Regional Stratigraphy
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The Jatiluhur Formation represents the oldest rock unit
exposed in the northern part of the Bogor Basin. This
formation has a relatively wide distribution, cropping out
from Purwakarta in the east to the Bogor area in the west
(Sudjatmiko and Effendi, 1998). The Jatiluhur Formation is
well exposed along the Cipamingkis River section.
Abdurrokhim (2014) divided the Jatiluhur Formation into
three parts: lower, middle, and upper. The lower part
consists of slope deposits and channel deposits, dominated
by siltstone with thick layers of fine-grained sandstone. The
middle part is composed of sandy siltstone, thin sandstone
layers, and thick limestone beds, with the limestone
showing a thickening- and shallowing-upward trend. The
upper part contains transgressive deposits characterized
by interbedded limestone and sandstone. The exposed
rocks of the Jatiluhur Formation are interpreted to range in
age from N12 to N16 and are classified as third-order
sequences.

3.2 Facies and Facies Association

The study area is divided into seven lithofacies,
classified based on rock descriptions including color,
thickness, distribution, sedimentary structures, and
sedimentary textures such as grain size, shape, and sorting
(Fig. 2). These characteristics were identified through
outcrop observations and hand specimens collected during
fieldwork. Layers, sedimentary units, and sedimentary

structure components are fundamental aspects of
observation that form the basis for lithofacies classification.
The characteristics of each facies are presented in Table 1
below.

L3: Interbedding of
Siltstone and Sanditane

L2: Thin-Bedded Siltstone

L1: Massive Sandstene

LG : Thick-Badded
Sandstone

Fig. 2. Lithofacies identified in the study area consist of (L1) Massive
Siltstone, (L2) Thin-Bedded Siltstone, (L3) Interbedding of Siltstone and
Sandstone, (L4) Thin-Bedded Sandstone, (L5) Massive Sandstone, (L6)
Thick-Bedded Sandstone, and (L7) Coarse Sandstone.

Table 1. Facies and Facies Associations

Facies Facies Dominant Sedimentary Turbidite Bounding Thickness Depositional
Association Grain Size Structure Division Surface Process
Muddy L1 Silt Structureless Td (Bouma, Gradational 0.32-23 Suspension fallout
Turbidite 1962), Facies F meters (low regime), low-
(Mutti, 1972) density turbidity
current
Channel L2 Silt with Parallel Td (Bouma, Erosional Bed: 2 Suspension fallout,
Margin and sand Lamination 1962), Facies E centimeters, low-density
Levee fragments (Mutti, 1972) Sediment turbidity current
Unit 2 (low velocity)
L3 Silt, Parallel Tc-Td (Bouma, Concave and Bed: 2.5 Settling, low-
commonly Lamination 1962), Facies E Gradational centimeters, density turbidity
interbedded (Mutti, 1972) Sediment up current, distal
with very to 3 meters turbidite
fine sand
L4 Very fine to Planar Tc-Td (Bouma, Erosional, Bed: 9 Sediment traction
fine sand bedding, cross 1962), Facies D Gradational centimeters, and mixed
lamination, (Mutti, 1972) Sediment suspension, low-
. density turbidity
parallel unit 2.3 o ront
lamination meters
Channel L5 Very fine to Structureless Ta (Bouma, Erosional, Bed: 8 Rapid fallout,
Axis fine sand 1962), Facies C Gradational ~ centimeters, ~ Suspension, high-
(Mutti, 1972) Sediment density turbidity
Unit 1.3 current
meters
L6 Very fine to Current ripple, Tb (Bouma, Sharp Basal Bed: 18 Rapid suspension
fine sand flute cast, 1396;;')31:1 (L“ow(ge, Contact centimeters S(}%](_iirlilzntat_i:m,

, racies 1gh-densi
hur;lrr(’;)s()scky (Mutti, 1972) ur?lé?eig turb}igdity curr}e,nt
lamination,

amalgamation
L7 Medium to Current ripple, Ta, Tb, Tac Erosional, Bed: 27 Turbidity current
coarse sand trough cross (Bouma, 1962), Sharp Basal  centimeters, with medium to
lamination Vertical Contact Sediment up high density

Sequence (Lowe,
1982), Facies B
(Mutti, 1972)

to 2.5 meters

After observing the lithofacies, the facies were grouped.
Looking at the characteristics and physical properties of the
rocks in the study area, such as the presence of interlayers
or heterolithic sediments associated with very fine grain
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sizes, this indicates a decrease in transport energy. The
presence of carbonate sandstone with medium to coarse
grain sizes and thick layers indicates high deposition of
energy in turbidity currents. These indications are often
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found in deep water channels, such as the model proposed
by the author, which forms the basis for the classification
used in grouping facies. In general, facies associations in the
study area are divided into three (Fig. 3) with the following
explanations: facies.

3.2.1 Association 1: Muddy Turbidite Fill

In this facies association, the lithology consists of
mudstone to claystone (L1), interpreted as very fine and
massive sedimentary material deposited as suspended
material settled in the water column. Muddy turbidite fill is
a material commonly found in the lower parts of basin
plains, intraslope depressions, and interchannel areas
(Stow and Piper, 1984). The deposition of this fine-grained
material originates from suspension fallout or from dilute
turbidite flows moving toward channels from other sources
(Alpak and Barton, 2013). Benthic foraminifera are present
in the mudstone layer, indicating that this facies association
indicates sedimentation processes occurring in a bathyal
environment (Nurani, 2010) and also developed as
hemipelagite or may have formed due to turbiditic siltstone.

3.2.2 Facies Association 2: Channel Margin and Levee

The channel margin is the channel feature that occupies
the boundary of the channel itself, with a morphology that
tends to be shallower than the channel axis. Deposits from
the channel margin generally have lithological
characteristics composed of finer-grained sediments and
relatively thinner layer thickness intervals (Covault et al,,
2016). The processes affecting this channel section have
lower energy levels. This facies association consists of
lithofacies 2, lithofacies 3, and lithofacies 4. These three
lithofacies exhibit distinctive characteristics dominated by
very fine grains and relatively thinner layer thicknesses,
typical of channel margins. Fine heterolithic sediments are
also present, and soft sediment deformation can sometimes
be found due to the slopes on the edges becoming steeper
than those on the channel axis. This facies association is
influenced by low energy, and turbidite deposits are
produced by low-density turbidite currents, with energy
decreasing on the channel edges, leading to sediment
accumulation on the channel margin dominated by very fine
grain sizes. Channel margins can also be classified as
internal levees (Kane and Hodgson, 2011), inner levees
(Deptuck et al,, 2003; Jobe et al,, 2015), or even as overbank
deposits.

3.2.3 Facies Association 3: Channel Axis

The channel axis tends to have relatively coarse
sedimentary rock fillings and relatively thick intervals with
sedimentary structures such as parallel lamination, cross
lamination, and current ripples. These characteristics and
patterns indicate deposits from the channel axis because
this part of the channel axis is the deepest part of a channel,
where processes that approach and allow deposits to form
in that location are influenced by higher energy and greater
force compared to processes in other parts of the channel.
This facies association consists of lithofacies 7, lithofacies 6,
and lithofacies 5. These three lithofacies have distinctive
characteristics, namely relatively thick thickness,
dominated by coarser grain sizes, and the presence of
various structures and basal surfaces that generally have
distinct and erosional forms interpreted as channel axis
characteristics. In this facies association, turbidite deposits
dominate, with their mechanisms influenced by high-
density, high-energy turbidite currents.
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Fig. 3. Facies Associations Present in the log
3.3 Architectural Element

Architectural element observation is conducted in a
stepwise manner from the smallest order to the largest
order. In this analysis, we refer to the classification (Mayall
et al, 2002; Sprague, 2002) that divides architectural
element observation into five orders. In the first order,
analysis is conducted through lithofacies identification,
while in the second order, analysis is conducted through
facies association identification. At the third order, the
architectural elements are identified, while at the fourth
order, the stratigraphic architecture and evolution of the
channel elements are determined. In the Jatiluhur
Formation, the Cipamingkis River channel is characterized
as a channel form, with a relatively erosional lower contact
and relatively thick deposits present in the central or axial
part. The sedimentary material filling the channel elements
in the study area is dominated by thick sandstone layers
and amalgamation (FA3) in the central or axis section,
laterally transitioning into thin sandstone layers (L4). The
edges of the channel elements are filled with interbedded
sedimentary material with finer grain sizes. The study area
is divided into four channel elements (Fig. 4).

3.3.1 Channel Element 1 (CH1)

Well exposed at (M4), it has a lenticular geometry with
an erosional lower contact, with a maximum thickness of
1.7 meters at the axis and 15 centimeters at the edges, and
a lateral width of 225 meters. Thinning of rock thickness in
the northeast indicates that this area is a marginal zone. The
lower contact with massive sandstone material (L1) has an
average thickness of 1 meter, and the upper contact is not
well exposed due to high erosion. The axis section consists
of thick, amalgamated sandstone with cross-lamination
structures (L6) in the southwestern part of the layer, while
the edge or margin section toward the northeast shows
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layer thinning and contains thin sandstone material (L4).
The axis section of this element is dominated by
amalgamated sandstone whose deposition is influenced by
turbidite currents (Lowe, 1982).

3.3.2 Channel Element 2 (CH2)

Well exposed at (M6), showing a lenticular geometry
with erosional bottom contact, with a maximum exposed
thickness of 2. 2 meters on the relatively southwest axis of
the outcrop, which consists of an amalgamation of fine
sandstone with cross-laminated sedimentary structures
and, at the edge or margin, a layer up to 9 centimeter thick
with a relative northeast direction. Lateral thinning is
observed in the outcrop, indicating that the channel edge is
relatively northeast. The lateral width reaches 300 meters
with an erosional lower contact associated with sandstone
interbedding. Similar to CH1, the deposition of this element
is influenced by turbidity currents, with the observation of
structureless sandstone in the uppermost layer and upward
smoothing (S3/Ta division Lowe, 1982), indicating that this
element is influenced by high-density turbidity currents
during rapid sedimentation and turbulence damping
(Cantero et al,, 2012).

3.3.3 Channel Element 3 (CH3)

Well exposed at (M2), it has a lenticular geometry with
medium to coarse sandstone layers (L7) of average
thickness ranging from 33 centimeters to 3.5 meters within
the layer package. The pattern coarsens upward, with the
lower part showing cross-trough lamination sedimentary
structures. The upward coarsening pattern (inverse
grading) of the channel element, with coarse sandstone fill
material, is influenced by traction carpets (Lowe, 1982).
The lower contact is erosional, filled with finer material,
namely siltstone.

3.3.4 Channel Element 4 (CH4)

Well exposed at (M1), which is the youngest channel
deposit with a thickness of 220 centimeters at the axis and
370 meters laterally. Toward the southwest, the layer thins
to 33 centimeters at the edge, interpreted as the channel
margin. The sedimentary fill material consists of thick
sandstone or amalgamation (L6). The lower contact is
erosional to distinct in some places, with the lower part of
the contact with slump or pelagic deposits of sandstone,
while the upper part of the contact has thin medium
sandstone layers (L4). Interpreted as deposits with high
turbidity current concentrations, the presence of a thin
sandstone layer (Tb Bouma Division) at the top of this
element indicates the presence of traction currents under
conditions of bed aggradation (Arnott and Hand, 1989).
Similar to amalgamation, sandstone sequences in older
channel systems are common and are typically referred to
as turbidity channel fills. The Levee Element is observed in
(M9) with fill material consisting of an alternation of
sandstone and mudstone, with individual layer thicknesses
of 4 to 6 centimeters, while the layer sequence reaches 7.5
meters. Levee elements are associated with thick layers of
fine sandstone at the upper contact of the gradational layer.
Levee elements are generally found in the southern part,
which is dominated by alternating layers of siltstone and
sandstone. It is interpreted that this element formed in the
outside channel belt and exhibits lateral variations in
thickness and deformation, characterized by slumping
directed toward the channel belt (Kane and Hodgson,
2011). The levee element developed at a relatively older
stratigraphic position than the channel element. Deposition
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in this element is indicated to have occurred before the
channel system formed, during the incision or erosional
phase. Interchannel: The lithology filling the interchannel is
massive sandstone and claystone (L1), typically found at
the lowest or oldest stratigraphic position compared to
channel deposits. At some observation points, the presence
of nodules and benthic foraminifera fossils is noted. In this
area, clay and sandstone materials.

CH2 = ] =]

P

Fig. 4. Channel Element
3.4 Channel Complex

The channel complex represents a fourth-order
architectural element, composed of multiple channel
elements that are amalgamated according to stacking
patterns, consistent sedimentary processes, and
stratigraphic associations (Sprague, 2002; McHargue et al,,
2011). In the study area, a single-channel complex is
identified, consisting of four distinct channel elements. The
internal relationships among these elements exhibit a
vertical stacking architecture, arranged sequentially from
the oldest (CH1) through CH2, CH3, and CH4. The
amalgamation of these channel elements results in a
composite channel complex with a cumulative thickness of
approximately 16 meters, interpreted as deep-water slope
channel-fill deposits.

In addition to channel elements, levee and interchannel
deposits are also recognized, which predate the
channelized deposits. These facies are dominated by finer-
grained sediments compared to the channel fills, indicating
that the study area initially developed within a levee
depositional system prior to the transition into confined
channel deposition. Levee elements typically occur in the
transitional zone adjacent to channel margins, whereas
interchannel deposits, subsequently overlain by channel-fill
successions, developed under comparable depositional
settings and paleogeographic controls.
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Fig. 5. Channel Complex
3.5 Channel Evolution

Formation along the Cipamingkis River is interpreted as
an individual slope channel-fill deposit. Prior to the
development of the slope channel, the study area was
characterized by sediment bypass or levee depositional
environments, with fine-grained muddy turbidite deposits,
accompanied by levee elements that generally extended
distally within an upper slope setting. These processes were
influenced by sediment settling and lateral transport from
confined channelized areas under low-energy and low-
current conditions (Sprague, 2005). At this stage, no
channel system had yet formed, but incision occurred,
creating surface depressions on the slope with channel-like
morphology.

The subsequent phase represents both erosional and
depositional processes. Although sediment bypass was still
present, it became less dominant. Deposition of finer-
grained levee elements decreased, and channel deposition
began during this stage, marked by the occurrence of
channel elements (CH1 and CH2). These consist of thick,
amalgamated sandstone beds (Bouma divisions Ta-Tab)
deposited by low-energy, high-density turbidity currents,
resting erosively on underlying siltstone. This indicates a
transitional phase, followed by the shift from sediment
bypass toward fully channel-dominated deposition. This
change was likely triggered by reduced current energy or
an increase in sand relative to clay within the flow (Schwarz
and Arnott, 2007).

The backfilling phase followed, during which the
channel was infilled with coarser-grained sandstone (CH3),
deposited under high-density turbidity currents through
traction carpet processes. Its association with siltstone
lenses indicates a diversity of depositional processes
(Abdurrokhim, 2013). This was succeeded by a reactivation
phase, where massive siltstone deposits eroded underlying
layers, a process recognized as reincision.

Channel aggradation and migration processes were
actively involved in the deposition of CH4, which is
associated with inner levee elements. This stage is
characterized by erosional basal contacts with siltstone and
the presence of thick, amalgamated sandstone beds
deposited by high-density turbidity currents. The final stage
is interpreted as channel abandonment, during which the
channel was filled with very fine-grained material, such as
clay and silt, although the complete abandonment facies of
the channel complex was not clearly observed in the study
area.

LEVEE ELEMENT

A = o Erosional/Incision

MUDDY TURBIDITE

B = Erosional-Depositional
(Depositional I)

S CH1

C=
Backfilling/Main Channel Infil
(Depositional I1)
CH3
CH2
D = CH-1
Reactivation-Reincision
Aggradation-Migration
E e . CHAMNEL ABANDONMENT (?)

CH4

Fig. 6. Channel Evolution

4. Conclusion

The study area belongs to the Jatiluhur Formation,
which is subdivided into seven lithofacies: massive
siltstone, thinly bedded siltstone, interbedded siltstone
with  sandstone, thin-bedded sandstone, massive
sandstone, thick-bedded sandstone, and coarse-grained
sandstone. These seven lithofacies are grouped into three
facies associations: Channel Axis, Channel Margin, and
Bathypelagic. The Channel Axis is dominated by coarse-
grained and thick-bedded deposits, occupying the deepest
channel morphology. Its depositional mechanism is
influenced by high-density, high-energy turbidity currents
that transport relatively coarse materials. The Channel
Margin and levee deposits consist of finer-grained and
relatively thinner successions, deposited under lower-
density, lower-energy turbidity currents, reflecting a
progressive decrease in energy from the channel axis
toward the channel margin. The Bathypelagic facies
association comprises Lithofacies (L1), characterized by the
finest-grained sediments deposited through settling and
suspension fallout.

Four-channel elements were identified, exhibiting a
vertically stacked architecture. From the oldest to the
youngest: CH1 margin-oriented to the northeast, CH2
margin-oriented to the northeast—both deposited under
the influence of high-energy turbidity currents and
turbulence damping. CH3 was deposited under traction
carpet processes, while CH4, the youngest channel, formed
under traction currents associated with decreasing bed
aggradation. Levee elements were also recognized in the
study area, stratigraphically older than the channel
elements. The channel complex in the study area is
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classified as an individual slope channel fill. Initial
deposition was characterized by sediment bypass and levee
element accumulation, representing an erosional phase or
incision that formed channel depressions, followed by
erosional-depositional  processes,  backfilling, and
subsequent phases of reactivation and reincision.
Aggradation and migration processes contributed to the
redeposition of thick sandstone units and amalgamation
(CH4). Finally, the abandonment phase marked the end of
channel complex evolution, characterized by the deposition
of silt and clay.
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