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Abstract: The North East Java Basin is one of the prospective hydrocarbon 
areas in Indonesia with the Kujung and Ngimbang Formations as the main 
intervals of the petroleum system. This study aims to identify the mechanism 
of overpressure formation and reservoir potential based on well log data 
analysis. The methods used include interpretation of Gamma Ray (GR), 
Resistivity (ILD), Neutron porosity (NPHI), and Bulk Density (RHOB) logs, as 
well as pore pressure estimation using the Eaton method. The analysis results 
indicate that the Kujung Formation has two prospective zones at depths of 
4200–4800 ft and 7500–8500 ft indicating a gas-bearing carbonate reservoir, 
while the Ngimbang Formation is dominated by shale and dense carbonate 
that function as cap and source rocks. The beginning of the overpressure zone 
was detected at a depth of approximately 4400 ft, characterized by anomalies 
in the NPHI, RHOB, and Δt logs indicating undercompaction. Dutta crossplot 
analysis (DT–RHOB) confirmed the dominance of smectite minerals 
indicating that the overpressure was formed due to a loading mechanism. 
Thus, the Kujung Formation acts as a porous reservoir zone, while the 
Ngimbang Formation functions as a cap rock in the North East Java Basin 
petroleum system. 
 
Keywords: Kujung formation; Loading mechanism; Ngimbang formation; 
Overpressure; Undercompaction 

  

Introduction  
 

The North East Java Basin is a key hydrocarbon 
exploration area in Indonesia with a long history. It 
stretches from Semarang to Surabaya, with a width of 
approximately 60–70 km and a length of approximately 
250 km. The basin is bounded to the east and northwest 
by the Karimunjawa Arc and the Sunda Shelf, while to 
the north and west, the basin is bounded by the Meratus 
High and the Masalembo High in southeastern 
Kalimantan (Figure 1) (Webb et al., 2024). One 
stratigraphic interval with high potential is the 
Ngimbang Formation, particularly the Carbonate 
Development (CD) unit (Yusuf et al., 2025). This 
formation formed during the Eocene–Oligocene and is 
composed of limestone and carbonate shale that have 

undergone intensive diagenetic processes such as 
karstification (Wakita et al., 2025), dissolution, and 
fracturing, resulting in significant secondary porosity 
(Bilal et al., 2022; Wu et al., 2022). Several exploration 
wells around the North Madura Platform have 
demonstrated hydrocarbon accumulation in this 
interval, making it a prime exploration target in the 
North East Java region (Zaputlyaeva et al., 2020; 
Fahrudin & Yoga Aribowo, 2024). 

One of the key challenges in developing the 
Ngimbang Formation is the presence of abnormal pore 
pressure (overpressure). Overpressure plays a dual role: 
operationally, it can increase drilling risks such as kicks, 

lost circulation, and even borehole instability (Huque et 
al., 2020; Zhao et al., 2023) and geologically, 
overpressure can be an indicator of hydrocarbon 
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preservation and is related to subsurface fluid migration 
processes (S. Li et al., 2024; Radwan, 2022; Ahmed et al., 
2016). Therefore, understanding the mechanisms of 
overpressure formation is crucial for both drilling risk 
mitigation and petroleum system interpretation (Zeng et 
al., 2023; Jintao et al., 2025; Asfha et al., 2024). In the 
context of the Ngimbang Formation, information on the 
dominant overpressure formation mechanisms is still 

limited, primarily based on well log data analysis. In 
fact, well data—including sonic logs, density, resistivity, 
and mud weight data—can provide important 
indications of pressure anomalies and rock physical 
properties (Chen et al., 2025; Shabangu et al., 2025). 

This study aims to analyze the overpressure 
formation mechanism in the Ngimbang Formation in 
East Java by utilizing well log data as a basis for 
interpretation. The analysis focuses on identifying 
anomalies relative to the normal compaction trend and 
evaluating the relationship between petrophysical 
properties and pore pressure. The results of this study 
are expected to provide a more comprehensive 
understanding of the origin and distribution of 
overpressure, as well as contribute to improving the 
safety and efficiency of drilling operations in this region. 

 

Method  
 
Research Data and Location 

This study utilized well log data, including sonic 
logs (Δt), density (ρb), resistivity (R), and Leak-Off Test 
(LOT) from one exploration well in the Ngimbang 
Formation, North East Java Basin. This data was used to 
analyze pore pressure conditions and determine the 
overpressure formation mechanism within the 
Ngimbang Formation interval. The Ngimbang 

Formation was selected based on its complex lithology 
(carbonate-shale) and indications of abnormal pore 
pressures found in several previous exploration wells 
(Bahi Dos Santos et al., 2025). 
 

 
Figure 1. East Java Basin 

 
Data Collection 

The initial stage involved collecting log data from 
drilling reports and exploration databases. A quality 
control (QC) process was conducted to check the 

completeness and consistency of the data, including 
depth shifting, spike noise removal, and data adjustment 
to known formation boundaries. 
 
Identification of Ngimbang Formation Intervals 

The upper and lower boundaries of the Ngimbang 
Formation were identified based on gamma ray, density, 
and sonic log characteristics, and compared with 
regional stratigraphic data. Carbonate and shale 
intervals were interpreted to aid lithological analysis of 
the pore pressure log response. Normal Compaction 
Trend (NCT) Development: The normal compaction 
trend (NCT) was established as a reference for normal 
(hydrostatic) pore pressure. In sonic logs, the NCT 
describes the exponential relationship between wave 
delay time (Δt) and depth (z): 
 

Δtn = Δt0 + Cekz                                                                 (1) 
 
where: 
Δtn = normalized delay time (µs/ft) 
Δt0 = surface delay time (µs/ft) 
C,k = empirical constants calibrated against normal 
pressure data. 
 
Deviations from the Actual Log Value to the NCT Indicate 
Overpressure Zones 

Pore Pressure Estimation Using the Eaton Method 
(1975) in (Wahidaulhusna & Sukmawati, 2025). Pore 
pressure is calculated using the Eaton method, which 
relates log deviations from the normal trend to effective 
pressure. For sonic logs, Eaton's formula is: 
 

Pp = Po − (Po − Ph)(
Δtn

Δt
)E                                                   (2)  

 
For the resistivity log, Eaton's equation is expressed as: 
 

Pp = Po − (Po − Ph)(
R

Rn
)E                                                     (3) 

 
Where: 
P_p = pore pressure (psi) 
P_o = overburden pressure (psi) 
P_h = hydrostatic pressure (psi) 
Δt_n = NCT value (µs/ft) 
Δt = actual log value (µs/ft) 
R_n = normal resistivity 
R = actual resistivity 
E = Eaton exponent (typically 3 for sonic, 1.20–1.50 for 
resistivity). 
Overburden pressure (P_o) is calculated by integrating 
the rock density with depth: 

 

Po = ∫ g
z

0
ρb dz                                                                    (4) 

 

With g=9.81" " 〖"m/s" 〗^2. The hydrostatic pressure 
(P_h) is assumed based on a formation water gradient of 
0.433 psi/ft. 
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Formation Mechanism 

The overpressure mechanism in the Ngimbang 
Formation was determined based on pore pressure 
estimation using the Eaton method, combined with 
interpretation of sonic, density, and resistivity logs. 
Overpressure zones were identified from intervals with 
pore pressures higher than hydrostatic pressure. The log 
response pattern is then compared with the normal 
compaction trend (NCT) to determine the formation 
mechanism. Increasing Δt values and decreasing ρb with 
respect to NCT indicate undercompaction, while Δt 
values approaching NCT but with high resistivity and 
density indicate smectite–illite diagenesis as the primary 
cause. Intervals with high resistivity and low density in 
organic-rich zones are interpreted as the result of 
hydrocarbon generation. The final interpretation is 
validated using drilling data such as LOT. This approach 
allows for a more accurate and integrated identification 
of the dominant overpressure mechanism in the 
Ngimbang Formation. There are two main possible 
mechanisms: loading and unloading. The loading 
mechanism (undercompaction) occurs when the 
sedimentation rate is faster than the pore water release 
process, resulting in water being trapped within the 
sediment pores. As a result, pore pressure increases 
because the overlying sediment load is not fully 
supported by the grain framework (Figure 2) (Yang et al., 
2021). 

 

 
Figure 2. Overpressure in rock under disequilibrium 

compaction conditions  

 

 
Figure 3. Cartoon illustration of overpressure due to the 

disequilibrium compaction mechanism  

 

The unloading mechanism occurs after the rock has 
undergone normal compaction, but the pore pressure 
increases again due to other processes such as 
hydrocarbon generation, diagenetic reactions (smectite–
illite), or thermal heating of fluids without any increase 
in sediment load (Figure 3) (Ling et al., 2025). 

 
Result and Discussion 
 

Based on the interpretation of gamma ray (GR), 
resistivity (ILD), neutron porosity (NPHI), and bulk 
density (RHOB) logs (Figure 4), we obtain a picture of 
the lithology and potential hydrocarbon zones within 
the 0–10.000 ft depth interval. In general, the lower 
Kujung Formation exhibits a dominant shale lithology at 
depths above 4.400 ft. In the 0–4.000 ft interval, GR 
values show moderate to high variations, indicating the 
presence of interbedded shale-sand layers, thus 
assuming a non-reservoir zone or containing formation 
water. Furthermore, in the 4.000–7.000 ft interval, GR 
values decrease in several areas, indicating the presence 
of clean sandstone zones with potential reservoirs. 
Below 7.000 ft, GR values fluctuate, with some areas 
being very low, which can be interpreted as carbonate 
rocks (Kujung Formation). In general, initial 
interpretations indicate reservoir potential at depths of 
4.200–4.800 ft and 7.500–9.000 ft. Resistivity log (ILD) 
analysis results support this indication. In the 0–4.000 ft 
interval, ILD values are relatively low, indicating a 
water-saturated shale layer.  

A significant increase in resistivity occurs at depths 
of 4.200–4.800 ft, indicating the possible presence of a 
hydrocarbon zone. Afterward, resistivity decreases 
again in the 5.000–7.000 ft interval, representing a water-
bearing formation layer. In the 7.500–8.500 ft interval, 
resistivity increases again, indicating a second potential 
hydrocarbon zone. Below 9.000 ft, resistivity values 
fluctuate but tend to decrease, indicating a water-
saturated compact carbonate layer. Neutron porosity 
(NPHI) and bulk density (RHOB) logs also support this 
interpretation. High NPHI values in the 0–4000 ft 
interval indicate a predominance of water-saturated, 
moderate-porosity shale. In the 4200–4800 ft interval, 
NPHI begins to decline, indicating an initial gas effect. 
Meanwhile, in the 5000–7000 ft interval, porosity 
increases again, characteristic of a saturated water zone. 
Gas crossover (NPHI < RHOB) becomes more apparent 
in the 7500–8500 ft interval, reinforcing the potential 
presence of gas at that depth. Meanwhile, RHOB values 
show a trend consistent with porosity and lithology 
characteristics. In the 0–4000 ft interval, high RHOB 
values (>2.55 g/cc) indicate a dense shale layer. A 
decrease in RHOB in the 4200–4800 ft interval 
(approximately 2.30–2.40 g/cc) indicates a porous zone 
with reservoir potential. RHOB values increase again in 
the 5000–7000 ft interval, indicating a compact layer. A 
decrease in RHOB values at 7.500–8.500 ft indicates high 
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porosity and the possible influence of the gas effect, 
while at depths >9.000 ft, RHOB values are again high, 
indicating tight carbonate formation.  

Overall, the combination of GR, ILD, NPHI, and 
RHOB logs indicates two zones with the strongest 
indications of hydrocarbon reservoir candidates: at 
depths of 4.200–4.800 ft and 7.500–8.500 ft, with gas-
bearing formations likely dominating. 

 
Figure 4. Sonic log, density, resistivity, and porosity data 

 

An analysis of the relationship between neutron 
porosity (NPHI) and bulk density (RHOB) logs (Figure 
5) in the Kujung Formation was conducted to identify 
lithological characteristics, porosity, and potential 
hydrocarbon presence. Based on the NPHI–RHOB 
crossplot, the data show a fairly wide distribution, with 
RHOB values ranging from 2.0–2.8 g/cc and NPHI 
between 0.05–0.55 v/v. This distribution indicates that 
the Kujung Formation possesses complex lithological 
variations, consisting of limestone, dolomite, and 
intercalated clays and carbonate sandstones. Most data 
points follow a major downward trend from the upper 
left to the lower right, a common pattern for carbonate 
rocks. In intervals of high RHOB (2.60–2.80 g/cc) and 
low NPHI (<0.15 v/v), the rocks are interpreted as tight 
limestone with low porosity. Conversely, the data group 
with lower RHOB (2.30–2.50 g/cc) and higher NPHI 
(0.15–0.25 v/v) indicates a dolomitic limestone or 

calcarenite lithology with moderate to good porosity, 
thus potentially representing a reservoir zone. 

In addition to the main trend, there is a data 
crossover zone where RHOB values decrease (<2.40 
g/cc) while NPHI also decreases (<0.20 v/v). This 
pattern indicates a gas effect, where the presence of gas 
simultaneously reduces bulk density and neutron 
porosity. This zone correlates with the depth intervals of 
4.200–4.800 ft and 7.500–8.500 ft, previously identified 
from wireline logs as zones with high resistivity and low 
gamma ray flux. Therefore, this interval is interpreted as 
a porous zone with the potential to contain gas (a gas-
bearing carbonate reservoir). Overall, the crossplot 
results indicate that the Kujung Formation is dominated 

by compact, low-porosity limestone, but contains several 
intervals with medium to high porosity (RHOB 2.20–2.40 
g/cc; NPHI 0.10–0.20 v/v) that exhibit anomalous gas 
effects. This reinforces previous interpretations that the 
main productive zones of the Kujung Formation are at 
depths of 4.200–4.800 ft and 7.500–8.500 ft, characterized 
by gas-bearing, porous carbonates. 

Furthermore, the trend of the data following the 

dolomite–limestone line in the crossplot indicates the 
influence of advanced diagenetic processes, such as 
recrystallization and dolomitization, which have caused 
porosity heterogeneity in the Kujung Formation. This 
variation reflects the carbonate facies shift from compact 
limestone to porous dolomite, which played a significant 
role in the development of reservoir quality in the 
Oligocene carbonate system of the North East Java Basin 
(Syah et al., 2019; Pwavodi et al., 2023). 

 
Figure 5. Crossplot between sonic and rhob Formation 

Kujung 
 

Analysis of the relationship between neutron 
porosity (NPHI) and bulk density (RHOB) logs (Figure 
6) in the Ngimbang Formation was conducted to 
understand the lithology characteristics, porosity, and 
indications of hydrocarbon presence in this formation. 
Based on the results of the NPHI-RHOB crossplot, the 
data distribution shows a concentrated and compact 
pattern with RHOB values ranging from 2.45–2.75 g/cc 
and NPHI between 0.10–0.30 v/v. This pattern illustrates 
that the Ngimbang Formation is dominated by rocks 
with low to moderate porosity, which are most likely 
composed of carbonate shale, fine sandstone, and 
argillaceous limestone. Most data points follow a linear 
trend that decreases from the top left to the bottom right, 
which is a typical trend of compact rocks with a mixed 
carbonate-siliciclastic composition. No significant 
deviation (crossover) is seen between the NPHI and 
RHOB values as seen in the Kujung Formation, 
indicating that indications of gas effects do not develop 
in the Ngimbang Formation. Thus, this formation can be 
categorized as a non-reservoir zone or a water-bearing 
zone. 
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At relatively high RHOB values (2.65–2.75 g/cc) 
and low NPHI (<0.15 v/v), the rocks are interpreted as 
dense limestone or compact dolomite. Meanwhile, at 
lower RHOB values (2.45–2.55 g/cc) and slightly higher 
NPHI (0.20–0.25 v/v), they can be interpreted as fine-
grained sandstone or argillaceous carbonate with little 
effective porosity. The data distribution, which tends to 
follow the limestone–dolomite reference line in the 

crossplot, indicates that the Ngimbang Formation has 
undergone strong compaction and cementation due to 
advanced diagenesis, resulting in a decrease in natural 
porosity. These results indicate that petrophysically, the 
Ngimbang Formation has poor reservoir characteristics, 
with limited effective porosity and no gas anomalies. 
This is consistent with previous vertical log results, 
where the Ngimbang Formation exhibited high gamma 
ray values, low resistivity, and high density, all of which 
indicate characteristics of dense, water-saturated shale 
and carbonate layers (Guo et al., 2023; Y. Li et al., 2021; 
Hu et al., 2024). Thus, the Ngimbang Formation 
functions more as a source rock and seal in the 
petroleum system in the North East Java Basin, while the 
main reservoir zone is more developed in the overlying 
Kujung Formation, which has better porosity and shows 
indications of gas. 

 

 
Figure 6. Crossplot between sonic and rhob Formation 

Ngimbang 

 
Mechanisms Causing Overpressure 

Based on the analysis results in Figure 7, it can be 
interpreted that the beginning of the overpressure zone 
(top of overpressure) began to be detected at a depth of 
approximately 4.400 ft within the Kujung Formation. 
This is indicated by the log response, which begins to 
deviate from the normal compaction trend. 
Theoretically, neutron porosity (NPHI) values should 
decrease with depth due to increasing lithostatic 
pressure and rock compaction (Pwavodi et al., 2023; 
Mkinga et al., 2020). However, in the depth interval from 
4.400 ft to approximately 6.000 ft, the NPHI value 
appears constant and does not show a significant 
decrease, indicating undercompaction in the layer. This 
condition is supported by the density log response 

(RHOB), which should increase gradually with depth 
due to porosity reduction due to overburden pressure 
(Ubuara et al., 2024; Dong et al., 2018). However, in the 
same interval, the RHOB value shows a constant trend, 
indicating that rock density does not increase despite 
increasing lithostatic pressure (Zuza et al., 2022; Luisier 
et al., 2019). Furthermore, the sonic propagation time 
(Δt) or DT log values do not show the expected decrease 

at deeper intervals, but rather tend to remain stable, 
indicating that acoustic wave velocity does not increase 
in line with the normal compaction trend. The 
anomalous combination of these three log parameters—
a persistently high NPHI, a constant RHOB, and a steady 
DT—indicates incomplete compaction at depths ranging 
from 4.400 to 6.000 ft. This indicates that formation water 
remains trapped within the rock pores due to 
sedimentation rates exceeding pore fluid release, leading 
to increased pore pressure (overpressure). Therefore, 
this zone can be identified as the initial area of 
overpressure formation due to undercompaction in the 
Kujung and Ngimbang Formations (Xu et al., 2024; Ren 
et al., 2022; Sun et al., 2022). 

 

 
Figure 7. Determination of top overpressure 

 
Dutta Crossplot and Clay Mineralogy 

A Dutta crossplot (DT–RHOB) analysis (Figure 8) of 
the Kujung Formation shows that the data distribution is 
largely between the smectite and illite lines, with a 
tendency to approach the smectite line. This pattern 
indicates that the Kujung Formation has not undergone 
advanced diagenesis and is still dominated by smectite 
clay minerals, which are expansive and highly porous. 
This condition indicates incomplete compaction 
(undercompaction), where pore water is still trapped 
within the sediment, leading to increased pore pressure. 
Therefore, the presence of dominant smectite is a key 
indication of the formation of an initial overpressure 
zone due to loading mechanisms in the Kujung 
Formation (J. Li et al., 2023;  Tanikawa et al., 2010). 

The Dutta crossplot analysis (Figure 9) of the 
Ngimbang Formation shows that the data distribution 
lies between the smectite and illite lines, with a tendency 
to approach the smectite line. This pattern indicates that 
the Ngimbang Formation has not yet undergone 
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complete diagenesis, with most clay minerals still in the 
early stages of transformation from smectite to illite. The 
relatively constant RHOB value (2.55–2.70 g/cc) and the 
relatively high DT (85–105 µs/ft) indicate incomplete 
compaction (undercompaction). This condition occurs 
due to the loading mechanism, namely increasing 
overburden pressure that is not balanced by effective 
pore water release. As a result, pore fluids remain 

trapped within the rock, causing increased pore pressure 
(overpressure) and inhibiting the normal compaction 
process (C. Li et al., 2022; Amjad et al., 2022). Thus, the 
Ngimbang Formation can be categorized as an 
undercompacted zone due to the loading mechanism, 
which marks the initial stage of excess pressure 
formation beneath the Kujung Formation (Suryana et al., 
2023). 
 

 
Figure 8. Dutta Crossplot between sonic and rhob Formation 

Kujung 

 

 
Figure 9. Dutta Crossplot between sonic and rhob Formation 

Ngimbang  
 

Conclusion  
 

Based on the results of wireline log analysis, 
petrophysical crossplots, and formation pressure 
evaluation, it can be concluded that the Kujung 
Formation exhibits a dominant carbonate character with 
two main potential hydrocarbon zones at depths of 

4200–4800 ft and 7500–8500 ft, which are characterized 
by high resistivity values, low gamma ray, and gas 
crossover anomalies in the NPHI–RHOB log. 
Meanwhile, the Ngimbang Formation is dominated by 
shale and argillaceous limestone with low porosity and 
no indication of gas, thus acting as a seal and source rock. 
Pressure analysis shows that the initial overpressure 
zone (top of overpressure) is identified at a depth of 

approximately 4400 ft within the Kujung Formation, 
which is characterized by constant NPHI values, non-
increasing RHOB, and stable DT with depth. This 
condition indicates the presence of incomplete 
compaction (undercompaction) due to the loading 
mechanism, namely an increase in overburden pressure 
that is not balanced by the release of pore fluids. The 
Dutta crossplot (DT–RHOB) results also show that both 
the Kujung Formation and the Ngimbang Formation are 
still between the smectite–illite lines with a tendency to 
approach the smectite line, indicating that both have not 
experienced advanced diagenesis and still contain 
reactive smectite minerals. Thus, it can be concluded that 
the overpressure in the North East Java Basin was 
formed due to a loading mechanism (undercompaction), 
where the Kujung Formation acts as a porous carbonate 
reservoir zone containing gas, while the Ngimbang 
Formation functions as a cap rock and source that 
controls the petroleum system in the area. 
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