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Abstract. The Oligocene cycle of Pesada Well, Central Sumatra Basin,
Indonesia is composed of a deepening-upward series of depositional cycles in a
lacustrine environment affected by oscillations of the water level. Taphonomic
analysis of gastropod molluscs was used to interpret the cycle architecture of the
Brown Shale (Pematang Group). Four types of shell concentrations were
identified. The early transgressive deposit has a distinct erosion surface at the
base, contains concretions, is formed of coarse-grained sediment with abraded
and broken shells, and is interpreted as reworked deposits. The late transgressive
deposit contains a hiatal concentration formed by continuing lake level rise, with
many complete shells preserved in life position. The maximum transgressive
deposit has complete shells in life position or that have been transported, as well
as juvenile molluscs and broken shells. The early regressive deposit contains
alternating shell-rich and shell-poor layers. Since the lacustrine system shows no
tectonic effects and also no marine influenced indications, the seven sedimentary
cycles identified in the Pesada Well are likely to have been affected by
oscillations between monsoonal and dry periods.
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1 Introduction

The Central Sumatra Basin is a Tertiary sedimentation basin. Based on its
tectonic position, the Central Sumatra Basin is a back-arc basin that developed
through the Sunda Shelf because of the subduction of the Indian-Australia Plate
under the Eurasian Plate. From a geological perspective, the Central Sumatra
Basin is bordered by Bukit Barisan on the southwest, the Sunda Shelf on the
east, Busur Asahan on the north, and Tinggian Tigapuluh on the southeast [1].
The Central Sumatra Basin is the largest hydrocarbon producing basin in
Indonesia, making this an interesting study region. Exploration and exploitation
of hydrocarbon in this area continue to be undertaken.
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This study was based on a 10 m long core from the Pesada Well, located in the
Central Sumatra Basin where the Pematang Formation (Brown Shale) is well
preserved in the well (Figure 1).

r
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Figure 1 Maps showing the location of the well (upper arrow).

This study is based on a description of the sedimentary cycle based on
taphonomic analysis, particularly of the mollusc-rich layers. The objective of
this work was to analyze changes in the water level of the lake.

2 Geological Setting

The island of Sumatra was formed as a result of the subduction of two
microcontinents at the end of the Mesozoic and is now part of the Sunda Shelf
Plate. Ocean crust that was formed in the Indian Ocean and was part of the
India-Australia Plate subducted along the Sunda Trench, which created the
Sunda Volcanic Arc in Java Island and the surrounding region.
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Sumatra consists of three major basins: the North Sumatra Basin, the Central
Sumatra Basin and the South Sumatra Basin. The research area is located in the
Central Sumatra Basin.

The Central Sumatra Basin is a back-arc basin that developed along the western
and southern side of the Sunda Shelf, which is located in the southwestern part
of Southeast Asia. This basin was formed as a result of the subduction of the
Indian Ocean Plate under the Eurasian Continental Plate in the early Tertiary
(Eocene-Oligocene) and as a series of half grabens was separated by horst
blocks. This basin has an asymmetric shape and trends northwest-southeast. The
deepest part is located in the southwest and it shallows to the northeast. Some
parts of this half graben are filled with non-marine clastic sediment and lake
sediment [1].

The Pematang Group was deposited unconformably on the Pre-Tertiary
basement. This formation consists of non-marine deposits; silliclastic layers
were deposited in tropical climate conditions. The thickness of this formation is
more than 2500 m locally in the area near the border fault system of the half
graben.

The Pematang Group is interpreted as being of Eocene-Oligocene age (50-24
Ma), but the age remains uncertain owing to a lack of age-diagnostic fossil data.
Ostracoda, fresh-water gastropods, spores, pollen, dinoflagellates, algae and
ferns have been obtained from cores and cuttings. The disappearance of
foraminifera and the appearance of fresh water gastropods indicate a non-
marine depositional environment. The occurrence of Magnastriatites howardii
near the base of the middle claystone-mudstone succession of the Pematang
Formation indicates an Oligocene age and suggests that the lower part of the
Pematang Formation, the Lower Red Bed, may be Eocene. The presence of
Florschuetzia trilobata in the upper part of the Pematang Formation, also called
the Upper Red Bed Formation, also indicates an Oligocene age [1].

The research area is in the Brown Shale Formation. The lithology consists of
well-laminated shale, rich in organic matter and brown to black in color,
indicating a depositional environment with calm water conditions. In the deeper
part of the basin, sandstone intercalations occur, which are thought to have been
deposited by turbidity currents [2].

In general, oil and gas in Central Sumatra have been derived from the organic-
rich lake clay from the middle part of the Pematang Formation, also called the
Brown Shale Formation [2].
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3 Methods

This study was based on analysis of a total of 10 m core from the Pesada Well
located in the Central Sumatra Basin, Indonesia. The core is currently stored at
the Technical and Support Laboratory (T & S Laboratory) of Chevron Pacific
Indonesia (CPI), Pekanbaru, Riau, Sumatra, Indonesia. We studied mollusc
fossils that are very abundant in this core series. All the mollusc fossils
contained in the studied cores are freshwater taxa. The analysis performed
included taphonomic evaluation, specifically of the orientation of mollusc
fossils with respect to the bedding.

The study of taphonomy was first introduced in 1940 by Russian scientist Ivan
Efremov and developed by Shipman in 1981 [3]. Taphonomic analysis indicates
whether the mollusc fossils were buried in life position. If the long axes of the
gastropod fossils are generally parallel to the bedding, this indicates in-situ and
tranquil flow conditions during deposition. In contrast, if most gastropod
specimens do not lie parallel to the bedding, the depositional environment is
likely to have been high-energy. Observations were also obtained about the
condition of fossil shells in the cores, such as whether they are intact or broken.
Shell size was also measured: large shells represent adult specimens and small
shells are juvenile specimens. We classified the beds within the succession into
groups on the basis of these observations and used these groups as the basis for
identification of shallowing or deepening water levels in order to obtain a series
of water level changes [4].

4 Molluscs Fossils from Core

The molluscs found in the core area are dominated by gastropods. Both
fragmentary and complete shells were recovered. Gastropod specimens were
deemed to be in life position when they were found unbroken and preserved
parallel to the sedimentary laminations. The molluscs found in the core included
Brotia sp., Thiara sp. and Paludina sp. The life position of these genera can be
seen in Figure 2.

Figure 2 Brotia sp. [5] (A), Thiara sp. [6] (B) and Paludina sp. [7] (C) in life
position. Long axis of each genera parallel to the bottom surface of the lake,
which later became sediment surface.
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On the basis of the mollusc associations, the core is interpreted as having
formed in a lacustrine depositional environment.

4.1.1 Paludina sp./Viviparus sp. (Figure 3)

A genus of Viviparidae characterized by being turbiniform and widely
umbilicate. Spiral cords faint, sigmoidal traces of former outer lips and siphonal
(anterior) notch. Moderate size for family (height 12-15 mm) turbiniform, spire
0.6 total height, widely umbilicate. Protoconch small, apparently smooth, of a
little more than 1 whorl. Teleoconch of 4-4.5 whorls, spire whorls strongly
convex and rather flat, with curved sutural shelf. Growth lines weak on last
whorl, obsolete on first and second whorls. The only sculpture is faint, low,
sigmoidal traces of former outer lips, randomly situated up the spire. Aperture
semilunular, lightly thickened and rounded inner lip, outer lip prosocline with
sharp siphonal (anterior) canal.

Figure 3 Paludina sp./Viviparus sp. (left: in the core; right: from outcrops in

(8D).
4.1.2 Brotia sp. (Figure 4)

This genus is characterized by its small size (height 20-25 mm), turreted,
smooth, slightly thick, with lightly curved early whorls, wide shells, moderately
wide spires, evenly rounded bases, wide shoulders below the whorls. Last whorl
is evenly rounded on others, widely open, very weakly twisted. Aperture is
slightly thinner, ovate and largely open. The only sculpture is faint, low,
sigmoidal traces of former last whorl, randomly situated up spire, weakly
sculptured area around slightly convex sutural ramp.

From comparison of this fossil and other taxa, and also from the lithologic type
that the species is found in, the habitat of this species is interpreted as having
been low-energy water masses, such as lakes or pools near river mouths [8-9].
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Figure 4 Brotia sp. (left: in the core; right: from outcrops in [8]).

4.1.3 Thiara sp. (Figure 5)

Genus of Thiaridae characterized by possession of varices or axial costae and
spines. Shell is generally small, fusiform or cylindrical. Aperture narrow,
elongated with plicae (a fold) on the columellar lip. Outer lip smooth inside.
Siphonal canal absent. Size moderate for genus (height 15 to 20 mm), fusiform,
spire 0.4-0.5 total height. Last whorl convex in some specimens. Teleoconch of
5-6 whorls, shouldered at or above middle of spire, sutural ramp concave with
low subsutural swelling (more pronounced in some shells than in others), sides
strongly convex. Last whorl has a rounded periphery. Axial sculpture of

Figure 5 Thiara sp. (left: in the core; right: from outcrops in [8]).

prominent, opisthocline (inclined forwards from the upper suture), sharp-crested
costae, more prominent on swellings than between, typically nodular on the
peribasal angulation. Costae extend from suture to suture on spire, but barely
extend onto base; 10-12 costae on penultimate whorl. Spiral sculpture,
apparently absent from early whorls, was present on later whorls as numerous
closely spaced threads over the whole surface. Spiral sculpture rather variable,
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with weak threads (on a few specimens obsolete) on ramp and considerably
stronger cords below, extending over base and neck of the last whorl. Aperture
has a weakly sigmoidal outer lip and lightly thickened inner lip; the only
sculpture is faint, low, sigmoidal traces of former outer lips, randomly situated
up spire.

Based on the extant common species of Thiaridae, this species lives in a lake
habitat. This genus was found in the core.

5 Lake Water Level Cycles

This research was aligned with efforts to determine the characteristics of ancient
lake levels that can be directly analyzed from the patterns and changes of the
genetic units (architectural elements) that make up the components of a cycle.
Since there are no scientific reports about marine influenced indications to the
lacustrine system, the seven sedimentary cycles that were identified in the
Pesada Well are likely to have been affected by oscillations between monsoonal
and dry periods. The short interval of the core with no tectonic evidence along
the core also indicates there was no significant tectonic event during the
sediment’s interval deposition.

6 Stratigraphic Units Based on Taphonomic Characteristics

Shellbed facies have the potential to be used for identification of cycle
architecture, particularly in massive rock layers of which the stacking pattern
cannot be identified.

6.1 Transgressive Depositional System

A transgression is a rise in the water level, which may result from a reduction in
sediment supply or an increase in accommodation space. The surface at which
the water level reaches its maximum landward position is termed the maximum
transgression [10-11].

6.1.1 Early Transgressive Depositional System (ETDS)

ETDS commences on a ravinement surface. Because of the distinct erosional
surface at the base, the coarse grain-size of the sediment and the abrasion and
fragmentation of shells, this concentration is interpreted as having been formed
by reworking of previously deposited sediments [12]. Concretions can also be a
marker for this ETDS [13] (Figure 6).
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Figure 6 Early Transgressive Depositional System in core samples as a
concretion (left) and fragmented shells (right).

6.1.2 Late Transgressive Depositional System (LTDS)

The LTDS deposit is a hiatal concentration that was formed as a result of
continuing lake level rise. The LTDS is characterized by a high concentration of
unfragmented shells preserved in life position. This concentration accumulated
a high rate of biogenic hard part production as a result of increased
accommodation space and a low sediment rate. During this interval, the water
was clear and the molluscs could flourish [12] (Figure 7). Sediment lamination
orientation in each figure are parallel to the top and bottom of each figure.

6.1.3 Maximum Transgressive Depositional System (MTDS)

In the MTDS, molluscs preserved as entire shells can still be found locally in
life position or having been transported. Many juvenile molluscs and
fragmented shell molluscs were found because of the start of the relative water
level fall. This can be explained by restrictions on mollusc growth caused by
increased turbidity [12] (Figure 8).
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Figure 7 Late Transgressive Depositional System from core, unfragmented
shells in life position.

Figure 8 Juvenile and adult shells in live position indicating Maximum
Transgressive Depositional System.

6.2  Regressive Depositional System

A regression occurs when the water level rise is lower than during the MTDS,
thus causing the relative sediment supply to be similar to the change in
accommodation space. This results in the end of transgression and the
beginning of regression. Regression deposits are formed when the sediment
supply is greater than the accommodation space, particularly at the beginning of
the early regressive system.
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6.2.1 Early Regressive Depositional System (ERDS)

The ERDS is characterized by intercalations of beds with abundant mollusc
fossils and beds barren of mollusc fossils [12] (Figure 9).

Figure 9 Alternation of layers with abundant molluscs and barren layers
indicate an Early Regressive Depositional System.

7 Discussion

In this research, four types of shell concentrations were identified in the
sedimentary cycle of the research area. These four types were found in the
deposit cycle of the research area: early transgressive depositional system
(ETDS), late transgressive depositional system (LTDS), maximum transgressive
depositional system (MTDS), and early regressive depositional system (ERDS).

In general, each cycle does not represent a complete cycle (ETDS, LTDS,
MTDS, and ERDS): this observation is interpreted as being the result of erosion
of some deposits. Figures 10-16 illustrate the taphonomic analysis and
depositional system interpretation of Cycles 1-7 in Pesada Well.
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CYCLE1

Figure 10 Taphonomic analysis and depositional system interpretation of
Cycle 1. Gastropod symbols reflect the original position in the bedding (half
gastropod symbols represent broken or fragmented gastropod shells).
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Figure 11 Taphonomic analysis and depositional system interpretation of
Cycle 2. Gastropod symbols reflect the original position in the bedding (full
rounded gastropod symbols represent intact gastropod shells whereas small
gastropod symbols represent juvenile gastropods).
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CYCLE 3

Figure 12 Taphonomic analysis and depositional system interpretation of
Cycle 3. Gastropod symbols reflect the original gastropod positions in the
bedding (half gastropod symbols mean broken or fragmented gastropod shells,
full rounded gastropod symbols represent intact gastropod shells whereas small
gastropod symbols represent juvenile gastropods).

Figure 13 Taphonomic analysis and depositional system interpretation of
Cycle 4. Gastropod symbols reflect the original gastropod positions in the
bedding (half gastropod symbols represent broken or fragmented gastropod
shells).
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Figure 14 Taphonomic analysis and depositional system interpretation of
Cycle 5. Gastropod symbols reflect the original gastropod positions in the
bedding (half gastropod symbols mean broken or fragmented gastropod shells
and small gastropod symbols represent juvenile gastropods).

CYCLES

Figure 15 Taphonomic analysis and depositional system interpretation of
Cycle 6. Gastropod symbols reflect the original gastropod positions in the
bedding (half gastropod symbols represent broken or fragmented gastropod
shells and small gastropod symbols represent juvenile gastropods).
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Figure 16 Taphonomic analysis and depositional system interpretation of
Cycle 7. Gastropod symbols reflect the original gastropod positions in the
bedding (half gastropod symbols represent broken or fragmented gastropod
shells and small gastropod symbols represent juvenile gastropods).

8 Conclusions

The molluscs in the research area are mostly gastropods. The fossils were found
in fragmented and complete conditions. Gastropod fossils were found as both
fragmented and complete remains. A gastropod was regarded as having been
preserved in life position when its shell was unbroken and preserved parallel to
the sedimentary laminations. A variety of molluscs was obtained from the core,
including Brotia sp., Thiara sp. and Paludina sp.

On the basis of the molluscs found in the deposits, the research area is
interpreted as a lacustrine depositional environment. Four types of shell
concentrations could be identified from the taphonomic analysis. The early
transgressive deposit is characterized by a distinct erosional surface at the base,
coarse-grained sediment with abraded and broken shells (interpreted as
reworked sediments), and concretions. The late transgressive deposit contains
many unbroken shells in life position and had a high rate of production of
biogenic hard parts as a result of increases in the accommodation space and a
low sedimentation rate. The water became clearer and molluscs could flourish.
The maximum transgressive deposit is characterized by local occurrences of
complete mollusc shells, either in life position or having been transported, as
well as the appearance of juvenile molluscs and fragmentary shells. The early
regressive deposit is characterized by multiple-event concentrations, such as
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repeated alternations of layers containing abundant shell fragments and
relatively barren layers.

Seven sedimentary cycles were identified from Pesada Well and are suggested
to have been affected by oscillations between monsoonal and dry periods.
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