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Abstract

Granulometric analysis of Ngrayong sandstone samples from Rembang area
tics and Depositional Environment of Ngra-

) ) of NE Java (Indonesia) has been carried out to examine the textural characte-
yong Sandstone (Middle Miocene) from

Rembang Area, Northeast Java, Indonesia.
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[Omom

ristics and elucidate depositional environment. The result data from the grain
size analysis indicates that the Ngrayong sediments are classified as sand or
muddy sands. They are very fine- to medium-grained (phi values: 1.67 to 3.35),
moderately- to well-sorted (standard deviation: 0.19 to 0.57), strongly fine-
skewed to strongly coarse-skewed (skewness values: 4.82 to —5.97), and very
platykurtic to very leptokurtic (kurtosis values: 0.36 to 2.41). Sandstone sam-
ples show unimodal grain size distribution. The sediments are interpreted to
be transported in all three modes-traction, saltation and suspension, however,
suspension and rolling are the major processes during transportation. Discri-
minant functions indicate diversity in the depositional environment for the
sandstones. However, shallow marine is regarded as the dominant deposi-
tional environment. The preponderance of fine-grained sediments and lack of
coarse sands suggest low to moderate energy conditions during deposition of
Ngrayong sediments.
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1. Introduction

Grain size is a unique descriptive property and used as an important textural cha-
racter in classifying the siliciclastic sedimentary rocks. The distribution of grain
size and textural characters in the clastic rocks generally reflects the physical
changes in transporting media, the depositional processes and environment. Gra-
nulometric or sieve analysis is a technique widely applied in studying sandstones
and sandy rocks by sedimentologists. Hence, systematic presentation and analy-
sis of grain size data provide basis for the interpretation of nature of sediments,
transportation process, hydrodynamic conditions, and depositional environment.
Grain size data have been widely applied in deciphering various depositional en-
vironments and hydrodynamics condition of clastic sediments ([1]-[17]).

The Ngrayong Sandstone (Middle Miocene) is one of the important reservoirs
in the Northeast Java Basin of Indonesia and hydrocarbon production from its
reservoir has been carried out since the 19th century [18]. A total of 150 million
barrels of oil have been produced from this reservoir sandstone, reaching about
75% of the total production of petroleum from the NE Java basin [19] [20]. The
Ngrayong Sandstone is widely exposed in the Rembang area, Northeast Java, Indo-
nesia (Figure 1). These sandstones are classified as sub-feldspathic and sub-lithic

arenite and have exhibit excellent reservoir properties [20].
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Figure 1. Location map of Rembang area in Northeast Java, Indonesia.
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In the present study, an attempt has been made to undertake a detailed grain
size analysis of sandstone samples from the Rembang area. Statistical parameters
such as mean, median, standard deviation, skewness and kurtosis have been de-
duced from the grain size analysis data. These statistical data have been utilized
to infer the textural characteristics of the clastic sediments. Bivariate plots have
also been constructed and utilized in the interpretation of the depositional pat-

tern of the sedimentation and depositional environment.

2. Regional Geology

The research area is located in the Rembang Zone [21] of Northeast Java Basin.
The Northeast Java Basin was developed as a back-arc basin behind the active
volcanic arc of the Central Java. It consists largely of a foreland shelf dipping
gently southward. It is comprised of a large number of east-west trending anti-
clinorium, alternating with alluvial plains. Lithology was dominated by mix sili-
ciclastic of shallow marine with shelf carbonate and clastics derived from conti-
nent. The Rembang Zone sequence was strongly influenced by continental-de-
rived sediment. Seven major lithostratigraphic units have Middle Miocene to Qu-
aternary age’s occurr in the Rembang Zone. They are, from oldest to youngest;
the Tawun, Ngrayong, Bulu, Wonocolo, Ledok, Mundu, Piciran and Lidah For-
mations. The Ngrayong Sandstone (Middle Miocene) was the main petroleum
reservoir in the Rembang Zone (e.g. Cepu Oil Field). Total thickness of Ngrayong
Formation was varied, with an average more than 300 m. Regional geological

map of Northeast Java area is shown in Figure 2.
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Figure 2. Regional geological map of Rembang area and surrounding area, Northeast Java, Indonesia [20].
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3. Materials and Methods

During field investigation, about fifty representative sandstone samples were col-
lected from different layers of Ngrayong Sandstones from different locations
(Figure 1) in the Rembang Area. Of these samples, fifteen sandstone samples
have been selected and subjected to grain size analysis. The selected sandstone
samples were disaggregated and 100 grams of clean and dry loose sands were
sieved for at least 30 minutes using Retsch vibratory sieve shaker for proper se-
paration of each grade. Different grain sizes of the samples were screened by
conventional sieving technique and sieves used in the analysis follow the US
standard sieve mesh system (Ze. 10, 18, 35, 60, 120, 230, and the remainder in
the pan). The phi (¢) values of the sieves mesh size represent the grain diameter
for each sieve fraction.

The sand grains retained by each different sieve were taken, weighed and weight
percentage calculated. Subsequently, the frequency for cumulative weight percent
and corresponding phi data was applied to plot on a log-linear graph. Percentiles
values (5, 16, 25, 50, 75, 85 and 95) were recorded on the cumulative curves and
calculate statistical measures like graphic mean (Mz), inclusive graphic standard
deviation (1), inclusive graphic skewness (SK;) and kurtosis (Kg) were calculate
using the formulae provided by [2] [22]. The depositional processes and envi-
ronments of the Ngrayong Sandstone were deduced from the linear discriminant
functions proposed by Passega [3] [4] and Sahu [10]. C-M plot of Passega [4] is
carried out to determine different depositional processes, mechanism of sedi-
mentation and hydrodynamic condition of the transporting medium. Granulo-
metric analysis was performed at the laboratory of Geological Engineering De-

partment, Gadjah Mada University, Indonesia.

4. Result and Discussion

In the Rembang area, Ngrayong Sandstone is generally exposed along the Blora-
Rembang Car Road, in which outcrops are well-exposed at the quarries. Sand-
stone samples were collected from these outcrops (Figure 1). Detailed descrip-
tion on measured stratigraphic sections, lithostratigraphic facies and sample dis-
tributions are fully described in [20]. Samples A16 and A17 were collected from
the cross-bedded sandstone in the upper part of the stratigraphic section whe-
reas sample A2 was collected from the bioturbated sandstone in the lower part of
the section. Samples B5 and B6 were collected from laminated sandstone and
shale in the middle part of the stratigraphic section. Samples C2 and C5 were
collected from massive sandstone outcrop in the middle part of the stratigraphic
column whilst samples C8 and C9 were collected from cross-bedded sandstone
in the lower part of the column. Samples D2 and D3 were collected from fossilli-
ferous sandstone in the upper part of the stratigraphic section whereas sample
D7 and D8 were collected from massive sandstone in the lower part of the sec-
tion. Sample E6 was collected from laminated sandstone in the middle part of

the geologic section and E7 from cross-bedded sandstone in the upper part of
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section.

4.1. Textural Characteristics

The result data from sieve analysis indicates that the study samples are domi-
nated by sand-size sediments (Table 1). The sand content of the samples varies
from 57.97% to 96.57%. Sample D7 has the lowest sand concentration (57.97%)
whereas Sample A2 has the highest percentage of sand (96.57%). The silt content
in the samples ranges from 1.47% to 30.01%. The lowest silt percentage is ob-
served in sample E6 (1.47%) and the highest content is seen in samples D7
(30.01%). The clay content varies from 1.42% to 12.25%. The clay content is
lowest at sample A2 (1.42%) and highest at B5 (12.25%). A2 has the lowest clay
content and the highest sand content, while D7 has the lowest sand content and
the highest silt content. The overall percentage composition of grain size distri-
bution showed that the studied samples are sand dominated. The distribution of
higher percentage of sand-size sediments in the studied samples from Ngrayong
Sandstone is probably due to the prevailing high-energy environment during
deposition of these clastic sediments.

Figure 3(a) [23] and Figure 3(b) [24] show the textural classification of se-
diments based on sand/silt/clay ratios. The Ngrayong sediments are classified as
sands (except one sample which falls in the clayey sand) (Figure 3(a)), whereas
the majority of the Ngrayong samples are classified as muddy sands (Figure

3(b)).

Table 1. Textural composition (wt%) of Ngrayong sandstone samples.

Sample ID Sand Silt Clay
A2 96.57 1.41 2.01
Alé6 95.37 2.64 1.98
Al7 86.16 7.17 6.67
B5 74.30 12.25 13.45
B6 93.75 2.66 3.59
C2 89.71 7.89 2.41
C5 80.61 6.74 12.65
C8 94.83 2.29 2.88
C9 90.58 3.26 6.16
D2 88.60 4.81 6.59
D3 85.07 9.36 5.56
D7 57.97 12.01 30.01
D8 79.98 12.69 7.33
E6 96.03 2.50 1.47
E7 90.86 4.10 5.04
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Figure 3. (a) Ternary diagrams for textural classification of sediments based on sand/silt/
clay ratios [23] and (b) ternary diagrams for textural classification of sediments based on
sand/silt/clay ratios [24].

4.2. Statistical Parameters

Statistical parameters deduced from grain size data for the sandstone samples and
interpretation for classes of class, sorting, roundness and skewness are shown in
Table 2.

Graphic Mean (Mz)

The mean value of the graph is the average grain size of the overall data. Graph-
ic means corresponds very closely to the mean as computed by the method of
moments, yet it is much easier to find. It is calculated based on three points and
gives a better overall picture. Graphically, the calculation of mean value is calcu-
lated by the following formula [2] [22]:
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Table 2. Data summary of grain size parameters for fifteen Ngrayong sandstone samples.

Sample
ID

A2

Alé

Al7

B5

B6

C2

C5

C8

(o

D2

D3

D7

D8

Ee6

E7

Mean

2.07

1.67

2.61

3.35

2.57

2.53

3.19

2.56

2.76

2.79

2.79

3.2

3.22

2.53

2.73

Size
class

Fine

Medium

Fine

Very fine

Fine

Fine

Very fine

Fine

Fine

Fine

Fine

Very fine

Very fine

Fine

Fine

Std. Sorting

Skewness Class Kurtosis Class
Dev. class
0.39 Well 0.25 Fine-skewed 1.26 Leptokurtic
St 1 v
0.57  Moderate 253 rongyy 2.41 e
coarse-skewed leptokurtic
Strongly .
0.54 Moderate -2.93 1.44 Leptokurtic
coarse-skewed
St 1 v
0.53  Moderate —5.97 rongyy 1.8 e
coarse-skewed leptokurtic
St 1 v
021  Verywell 3.75 FOngYy 0.53 o
fine-skewed platykurtic
Strongly
0.22 \% 11 1.09 0.82 Platykurti
crywe fine-skewed ATyaTHe
Strongl
0.45 Well ~0.55 rongry 14 Leptokurtic
coarse-skewed
St 1 \Y%
021  Verywell 3.74 rOngYy 0.52 e
fine-skewed platykurtic
Strongly
0.34 \% 11 2.25 0.67 Platykurti
crywe fine-skewed ATyRaTHe
Strongly
0.35 Well 2.05 0.69 Platykurti
¢ fine-skewed Aty
Strongl
0.42 Well ~0.74 ongy 0.99 Mesokurtic
coarse-skewed
St 1 v
0.56  Moderate ~3.09 rongy 2.43 ey
coarse-skewed leptokurtic
St 1 v
0.51  Moderate —3.97 rongy 1.93 ey
coarse-skewed leptokurtic
St 1 v
019  Verywell 4.82 rongly 0.36 &y
fine-skewed platykurtic
Strongly .
0.34 Very well 0.59 0.84 Platykurtic

fine-skewed

_ 216+ 050 + 84
3

Mz

Classification scheme of [22] was used in order to classify the sand size grain
from the mean value. Graphic mean values of the sandstones range between 1.67
and 3.35 and fall in the size class very fine to medium (Table 2). The average
mean value (2.7) of the studied samples indicates the dominance of fine-grained
sand. The size of the sand can be used as to infer the medium of transportation
and average kinetic energy that prevailed during deposition of sediments. Coarse

sands are transported as bed loads, medium sand are carried by saltation and
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finer grains are transported via suspension. The variation in grain size in the
studied samples indicates the variable kinetic energy at the time of deposition.
However, the dominance of fine-grained sediments in the Ngrayong sandstone
samples implies low energy condition during the deposition of these sediments.

Inclusive Graphic Standard Deviation (o)

It is a measure and mathematical expression of sorting. Sorting value indicates
the level of uniformity of grain sorting. In other words, the sorting of a given
population is a measure of the range of grain-size present and the magnitude of
these sizes around the mean sizes. The graphic standard deviation (JG) is a good
measure of sorting and is computed as 5G = (84 —16)/2. It takes in only
the central two-thirds of the curve. Inclusive graphic standard deviation (i)
formula includes 90% of the distribution and is the best overall measure of sort-
ing. Standard deviation values also represent changes in the kinetic energy or the
velocity of depositional agent during deposition [11]. It is defined from the
standard deviation and mathematically expressed as follows [2]:

o, = 284 - 16 N 95 -5
4 6.6

The classification of the sorting class from the standard deviation values fol-
lows the scheme of [25]. Standard deviation values of the sandstone samples
from the study area range from 0.19 to 0.57 (Table 2). These standard deviation
values indicate that the sandstones are moderately to very-well sorted. These
values also imply that perhaps the energy level of depositing medium fluctuated
from time to time during the deposition of these sediments.

Inclusive Graphic Skewness (SK;)

It is an analysis of grain distribution of sediments as fine or coarse. It indicates
the degree of asymmetry of the population or entire sediment distribution. The
graphic skewness only covers the central 68% of the curve, mostly in the “tails”
of the curve. Therefore, this is not sensitive enough measure. However, the In-
clusive Graphic Skewness (SK;) is a better statistic one that includes 90% of the
curve and skewness value is computed by the following equation [2]:

_ D84+ 16250 N 295 + 5 — 2350
2(1284-16) 2(295-25)

SK,

It is mathematically expresses as positive or negative. Positive skewness means
symmetry curve peaked to the left of mean and sediment is dominated by coars-
er grain size. In contrast, negative skewness indicates symmetry curve peaked to
the right of mean and sediment is dominated by finer grain size.

Sorting skewness values is in the range of —5.97 and 4.82 (Table 2). In case of
skewness, only one sample is fine-skewed, seven samples are very fine-skewed
and seven samples are coarse-skewed. Variation in the sorting skewness values
of the sandstone samples indicate that these sandstones may have been deposited
under fluctuated (low and high) energy conditions.

Graphic Kurtosis (Kg)
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The graphic kurtosis represents a measure of the peakedness of curves and a
valuable test normality of a distribution. According to Folk and Ward [2], it is
mathematically expressed as:

_ @95-05
¢ 2.44(075-225)

Kurtosis values range from 0.36 (very platykurtic) to 2.43 (very leptokurtic)
(Table 2). The lowest value is seen at sample E6 where the sediments are very
plakykurtic and highest at D7 where the sediments are very leptokurtic. Varia-
tion in kurtosis values of the sandstone samples indicates that variation in the

flow characteristics of the depositional medium occurs at the time of deposition.

4.3. Relationship between Grain Size Parameters

The relationship between different grain size parameters help to understand, the
nature of sediments, transportation processes, energy level of depositing agents
and depositional environments of siliciclastic sediments ([2] [3] [4] [9] [12] [26]
(27] [28] [29] [30]).

The bivariate plot between mean and standard deviation (Figure 4(a)) [30] indi-
cates that sandstones are moderately- to very well-sorted. Moderately to very-well
sorting are likely due to winnowing action of depositing agent under moderately
to high energy level conditions.

The plot between mean and skewness also shows a wide range of plot from
strongly fine skewed to strongly coarse skewed zones (Figure 4(b)) [30]. Sand-
stones having very fine-skewed and coarse-skewed natures indicate that these
sandstones were deposited under low to high energy conditions. Mean versus
kurtosis scatter diagram shows variation in kurtosis from very leptokurtic to very
platykurtic (Figure 4(c)) [30].

Variation in these values expresses the reflection of the flow characteristic of
the depositing medium [31] [32]. Platykurtic show low energy and mesokurtic
show moderate energy flow whereas leptokurtic show high energy flow. This fact
indicates that Ngrayong sediments were deposited under extreme environments

characterized by low to high energy flow environment.

4.4. Frequency Diagrams

Modal distribution of the sediments is described by the frequency diagrams
whereas the description of the transportation medium is generally given by the
curves.

Histograms: The histogram distribution of different grain size for some se-
lected samples given in Figure 5. All samples show uni-modal distribution (ex-
cept sample Sp-D7 which shows bimodal distribution). Bimodal distribution is
likely to be the sub-populations. In most cases, modal class lies in the range of
phi value 2 to 3.

Cumulative curves. and cumulative weight percent versus phi (¢) value of all

studied samples were shown in Figure 6(a) and Figure 6(b). Cumulative curves
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plotted on the probability ordinate scale do not form continuous straight line
except few samples curves which show two, three or more straight line seg-
ments. Each segment carries different slopes which indicate the presence of
more than one population of grains. Different population is likely to be related
with different modes of transportation—traction, saltation and suspension [13]
[33] [34]. Cumulative curves indicated that the processes such as saltation, trac-
tion and suspension have played an important role during deposition of sand-

stones.

4.5. Linear Discriminant Functions

The statistical parameters (mean, inclusive graphic standard deviation, skew-
nessand graphic kurtosis) are also used to decipher the depositional environment
following discriminant function analysis (Table 3) [10]. The following equations

are applied in order to distinguish the different depositional environments:

Y1=-3.5688Mz +3.7016 6 —2.0766SK +3.1135KG (1)
Y2 =16.6534 Mz +65.7091c7 +18.1071SK +18.5043KG (2)
Y3=0.2852Mz —8.7604 57 —4.8932SK +0.0482KG 3)

where Mz, g, SK and KG represents mean grain size, standard deviation, skew-
ness and kurtosis respectively. Equation (1) is applied to distinguish between
shallow agitated water and beach environment of sediment deposition. In order
to differentiate between beach and shallow marine environment, Equation (2) is
used. Equation (3) is for the discrimination of fluvial and shallow marine envi-
ronment of depositon.

The following parameters are used to distinguish the different depositional
environments:

Y1 > —2.7411 beach; Y1 < —2.7411 shallow agitated

Y2 < 65.365 beach; Y2 > 65.365 shallow marine

Y3 < —7.419 fluvial; Y3 > —7.419 shallow marine

In this research, the value of Y1 ranges from —17.78 to 8.0, (Table 3) suggest-
ing most sandstones were laid down in shallow agitated water, whilst the re-
maining samples show deposition in beach environment. Y2 values in the sam-
ples range from —3.90 to 135.91 (Table 3), thus, suggesting the deposition of
sandstones in shallow marine and beach environments. The result of Y3 equa-
tion for the samples ranges between —1.90 and 27.79 (Table 3) indicating the
deposition of these sediments under shallow marine and lacustrine conditions.
Therefore, these sediments were mainly deposited in shallow marine environ-
ment by beach and wave processes.

Figure 7 and Figure 8 are cross plots of linear discriminants of the Ngrayong
sediments of Rembang area. These plots indicate that Ngrayong sandstones were
deposited under diverse conditions. Large numbers of samples show combine
effect of Lacustrine, beach, shallow marine, and turbidity environment. However

shallow marine is regarded as the most influential environment.
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Table 3. Linear discriminant functions and depositional environments of Ngrayong Sand-

stones.
Discriminant Function Depositional Environment
ID
Y1 Y2 Y3 Y1 Y2 Y3
Shallow Shallow Shallow
A2 -3.42 70.24 -1.90 . . .
agitated Marine Marine
Shall
Al6 8.00 4627  10.13 beach beach arow
Marine
Shall
Al7 233 3361 12.60 beach beach arow
Marine
Shall
B5 7.09 3.90 27.79 beach beach arow
Marine
Shallow Shallow .
B6 —15.15 120.84 —-17.98 . . Lacustrine
agitated Marine
Shallow Shallow Shallow
C2 -8.56 77.69 —-5.00 . . .
agitated Marine Marine
Shallow Shallow Shallow
C5 -5.13 79.19 1.89 . . .
agitated Marine Marine
Shallow Shallow .
C8 —15.12 120.31 -17.93 . . Lacustrine
agitated Marine
Shallow Shallow .
C9 -12.00 103.94 -11.20 . . Lacustrine
agitated Marine
Shallow Shallow .
D2 —11.61 101.61 -10.28 . . Lacustrine
agitated Marine
Shallow Shallow Shallow
D3 -4.68 60.18 2.92 . . .
agitated Marine Marine
Shall
D7 3.72 59.71 13.40 beach beach atow
Marine
Shall
D8 3.72 3132 18.16 beach beach arow
Marine
Shallow Shallow .
E6 -17.78 135.91 -23.16 . . Lacustrine
agitated Marine
Shallow Shallow Shallow
E7 -7.92 76.56 -3.08 . . .
agitated Marine Marine

4.6. Passega Diagram

The Passega diagram (C-M Pattern) (Figure 9) is commonly applied to deter-

mine the environmental conditions of sediment deposition. Passega diagram is

based on parameter C (one percentile value) and M (the Median: 50 percentile

value). The relationship between C and M helps to understand the nature of se-

diment types and energy of transporting medium [4] [9]. The diagram involves

several fields, pelagic suspension (T field), uniform suspension (SR field), graded
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Figure 9. C-M plot showing the transporting mechanism of Ngrayong Sandstones. Roll-
ing (ON); rolling and suspension (PO); suspesion and rolling (QP): graded suspension,

mainly saltation (QR); uniform suspension (SR); pelagic suspension (T).
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suspension (QR field), suspension and rolling (QP field), rolling and suspen-
sion-(PO field), rolling (ON field) corresponding to the various transports and
sedimentation conditions in the marine, littoral or fluvial regimes.

On the Passega diagram (Figure 9), eight samples plotted in the suspension
and rolling zone (QP zone). Two samples plotted near the graded suspension
(QR) zone, a sample plotted around the uniform suspension (SR) zone, and oth-
er three samples plotted outside the featured fields. The C-M diagram reveals
that the sediments from Rembang area were deposited under diverse conditions
and transportation. However, transportation by suspension and rolling is the do-

minant process.

5. Conclusions

Present research investigates the grain size distribution, statistical parameters and
interrelationship of Ngrayong Sandstone from Rembang area, NE Java of Indo-
nesia in order to explore the textural characteristics and depositional environ-
ment of the sandstone based on granulometric analysis.

The following summary conclusions were made from the results of granulo-
metric analysis. The Ngrayong sandstones show the dominance of fine to very
fine grained particles. The sediments are classified as sands or muddy sands. They
are moderate to very well-sorted due to winnowing action of depositing agent.
Most samples show uni-modal distribution. The modal class lies between 2 - 3¢
(0.125 to 0.25 mm) in most samples. The median value ranges from 0.3 to 3.75.
Mean size of the study ranges between 1.67 and 3.35. This high variation in grain
size indicates the variation in the kinetic energy at the time of deposition. Due to
fluctuation in the kinetic energy there was mixing of sediments of various sub-
populations transported in different modes. Samples are positively, negatively as
well as nearly symmetrical.

The sediments were transported in all three modes-traction, saltation and
suspension. However suspension and rolling remain the major process of trans-
portation. The preponderance of fine grained sediments and lack of coarse sands
suggest low to moderate energy conditions of deposition Bivariate analysis indi-
cates diversity in the depositional environments. However, shallow marine is

regarded as the dominant depositional environment.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Shepard, F.P. and Moore, D.G. (1955) Central Texas Coast Sedimentation: Charac-
teristics of Sedimentary Environment, Recent History and Diagenesis. AAPG Bulle-
tin, 39, 1463-1593.
https://doi.org/10.1306/5CEAE250-16BB-11D7-8645000102C1865D

[2] Folk, R.L. and Ward, W.C. (1957) Brazos River Bar: A Study in the Significance of

DOI: 10.4236/0jg.2022.1212052

1117 Open Journal of Geology


https://doi.org/10.4236/ojg.2022.1212052
https://doi.org/10.1306/5CEAE250-16BB-11D7-8645000102C1865D

S. Y. Khaing et al.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Grain Size Parameters. Journal of Sedimentary Petrology, 27, 3-27.
https://doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D

Passega, R. (1957) Texture as Characteristic of Clastic Deposition. AAPG Bulletin,
41, 1952-1984.

https://doi.org/10.1306/0BDA594E-16BD-11D7-8645000102C1865D

Passega, R. (1964) Grain Size Representation by CM Patterns as Geological Tool.
Journal of Sedimentary Petrology; 34, 830-847.
https://doi.org/10.1306/74D711A4-2B21-11D7-8648000102C1865D

Mason, C.C. and Folk, R.L. (1985) Differentiation of Beach, Dune and Aeolian Flat
Environments by Grain Size Analysis, Mustang Island, Texas. Journal of Sedimen-
tary Research, 28, 211-226.

Shepard, F.P. (1960) Gulf Coast Barriers. In: Shepard, F.P., Phleger, F.B. and Van
Andel, T.H., Eds., Recent Sediments, Northwest Gulf of Mexico. American Associa-
tion of Petroleum Geologists, 197-220. https://doi.org/10.1306/SV21353C8

Cadigan, R.A. (1961) Geologic Interpretation of Grain Size Distribution Measure-
ment of Colorado Plateau Sedimentary Rocks. Journal of Geology, 69, 121-142.
https://doi.org/10.1086/626724

Friedman, G.M. (1961) Distribution between Dune, Beach and River Sands from
Textural Characteristic. Journal of Sedimentary Petrology, 31, 529-545.
https://doi.org/10.1306/74D70BCD-2B21-11D7-8648000102C1865D

Friedman, G.M. (1967) Dynamic Processes and Statistical Parameters Compared for
Size Frequency Distribution of Beach River Sands. Journal of Sedimentary Petrolo-
gy, 37, 327-354.

https://doi.org/10.1306/74D716CC-2B21-11D7-8648000102C1865D

Sahu, B.K. (1964) Depositional Mechanism from the Size Analysis of Elastic Sedi-
ments. Journal of Sedimentary Petrology, 34, 73-83.
https://doi.org/10.1306/74D70FCE-2B21-11D7-8648000102C1865D

Klovan, J.E. (1966) The Use of Factor Analysis in Determining Depositional Environ-
ments from Grain-Size Distributions. Journal of Sedimentary Petrology; 36, 115-125.
https://doi.org/10.1306/74D7141A-2B21-11D7-8648000102C1865D

Passega, R. and Byrarnjee, R. (1969) Grain-Size Image of Clastic Deposits. Sedimen-
tology;, 13, 233-252. https://doi.org/10.1111/.1365-3091.1969.tb00171.x

Visher, G.S. (1969) Grain-Size Distributions and Sedimentary Processes. Journal of
Sedimentary Petrology, 39, 1074-1106.
https://doi.org/10.1306/74D71D9D-2B21-11D7-8648000102C1865D

Solohub, J.T. and Klovan, J.E. (1970) Evolution of Grain Size Parameters in Lacu-
strine Environments. Journal of Sedimentary Petrology, 40, 81-101.
https://doi.org/10.1306/74D71EFB-2B21-11D7-8648000102C1865D

Tiara, A. and Scholle, P. (1979) Discrimination of Depositional Environ-Ments Us-
ing Settling Tube Data. Journal of Sedimentary Petrology, 49, 787-800.
https://doi.org/10.2110/jsr.49.787

Sinha, A. and Rais, S. (2019) Granulometric Analysis of Rajmahal Inter-Trappen Se-
dimentary Rocks (Early Cretaceous), Eastern India, Implications for Depositional His-
tory. International Journal of Geosciences, 10, 238-253.
https://doi.org/10.4236/ijg.2019.103015

Ayodele, O.S. and Madukwe, H.Y. (2019) Granulometric and Sedimentologic Study
of Beach Sediments, Lagos, Southwestern Nigeria. International Journal of Geos-
ciences, 10, 295-316. https://doi.org/10.4236/ijg.2019.103017

DOI: 10.4236/0jg.2022.1212052

1118 Open Journal of Geology


https://doi.org/10.4236/ojg.2022.1212052
https://doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/0BDA594E-16BD-11D7-8645000102C1865D
https://doi.org/10.1306/74D711A4-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/SV21353C8
https://doi.org/10.1086/626724
https://doi.org/10.1306/74D70BCD-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/74D716CC-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/74D70FCE-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/74D7141A-2B21-11D7-8648000102C1865D
https://doi.org/10.1111/j.1365-3091.1969.tb00171.x
https://doi.org/10.1306/74D71D9D-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/74D71EFB-2B21-11D7-8648000102C1865D
https://doi.org/10.2110/jsr.49.787
https://doi.org/10.4236/ijg.2019.103015
https://doi.org/10.4236/ijg.2019.103017

S.Y. Khaing et al.

(18]

[19]

(20]

(21]

(22]
(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

Mohaghegh, S., Arefi, R., Ameri S., Aminiand, K. and Nutter, R. (1996) Petroleum
Reservoir Characterization with the Aid of Artificial Neural Networks. Journal of
Petroleum Science and Engineering, 16, 263-274.
https://doi.org/10.1016/50920-4105(96)00028-9

Ardhana, W. (1993) A Depositional Model for the Early Middle Miocene Ngrayong
Formation and Implications for Exploration in the East Java Basin. 7he Proceedings

of Indonesian Petroleum Association, Twenty Second Annual Convention, Jakarta,
12-14 October 1993, 395-441. https://doi.org/10.29118/IPA.845.395.443

Khaing, S.Y., Surjono, S.S., Setyowiyoto, ]. and Sugai, Y. (2017) Facies and Reservoir
Characteristics of the Ngrayong Sandstone in the Rembang Area, Northeast Java (In-
donesia). Open Journal of Geology, 47, 608-620.
https://doi.org/10.4236/0jg.2017.75042

Van Bemmelen, R.W. (1949) The Geology of Indonesia. V.F.A. Government Print-
ing Office, The Hague, 732 p.

Folk, R.L. (1980) Petrology of Sedimentary Rocks. Hemphill Austin Publication, Texas.

Shepard, F.P. (1954) Nomenclature Based on Sand-Silt-Clay Ratios. Journal of Se-
dimentary Petrology, 24, 151-158.
https://doi.org/10.1306/D4269774-2B26-11D7-8648000102C1865D

Folk, R.L., Andrews, P.B. and Lewis, D.W. (1970) Detrital Sedimentary Rock Classi-
fication and Nomenclature for Use in New Zealand. New Zealand Journal of Geol-
ogy and Geophysics, 13, 937-968. https://doi.org/10.1080/00288306.1970.10418211

Friedman, G.M. and Sanders, J.E. (1978) Principles of Sedimentology. Wiley, New
York.

Moiola, R. and Weiser, D. (1968) Textural Parameters: An Evaluation. Journal of
Sedimentary Petrology, 38, 45-53.
https://doi.org/10.1306/74D71AD2-2B21-11D7-8648000102C1865D

Sahu, B.K. (1964) Environments of Deposition from the Size Analysis of Clastic Se-
diments. Ph.D. Thesis, University of Wisconsin, Madison.

Sahu, B.K. (1983) Multigroup Discrimination of Depositional Environments Using
Size Distribution Statistics. Indian Journal of Earth Sciences, 10, 20-29.

Stewart, H.B. (1958) Sedimentary Reflections of Depositional Environment in San
Miguel Lagoon, Baja California, Mexico. AAPG Bulletin, 42, 2576-2618.
https://doi.org/10.1306/0BDA5BFA-16BD-11D7-8645000102C1865D

Blott, S.J. and Kenneth, P. (2000) Gradistat: A Grain Size Distribution and Statistics
Package for the Analysis of Unconsolidated Sediments. Farth Surface Processes and
Landforms, 26, 1237-1248. https://doi.org/10.1002/esp.261

Baruabh, J., Kotoky, P. and Sarma, J. (1997) Textural and Geochemical Study on River
Sediments: A Case Study on the Jhanji River, Assam. Journal of the Indian Associa-
tion of Sedimentologists, 16, 195-206.

Ray, A.K,, Tripathy, S.C,, Patra, S. and Sarma, V.V. (2006) Assessment of Godavari
Estuarine Mangrove Ecosystem through Trace Metal Studies. Environment Interna-
tional, 32, 219-223. https://doi.org/10.1016/j.envint.2005.08.014

Doeglas, D.J. (1946) Interpretation of the Results of Mechanical Analysis. Journal of
Sedimentary Petrology, 16, 19-40.
https://doi.org/10.1306/D426924C-2B26-11D7-8648000102C1865D

Moss, A.J. (1962) The Physical Nature of Common Sand and Pebbly Deposits.
American Journal of Science, 261, 297-343. https://doi.org/10.2475/ajs.261.4.297

DOI: 10.4236/0jg.2022.1212052

1119 Open Journal of Geology


https://doi.org/10.4236/ojg.2022.1212052
https://doi.org/10.1016/S0920-4105(96)00028-9
https://doi.org/10.29118/IPA.845.395.443
https://doi.org/10.4236/ojg.2017.75042
https://doi.org/10.1306/D4269774-2B26-11D7-8648000102C1865D
https://doi.org/10.1080/00288306.1970.10418211
https://doi.org/10.1306/74D71AD2-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/0BDA5BFA-16BD-11D7-8645000102C1865D
https://doi.org/10.1002/esp.261
https://doi.org/10.1016/j.envint.2005.08.014
https://doi.org/10.1306/D426924C-2B26-11D7-8648000102C1865D
https://doi.org/10.2475/ajs.261.4.297

	Textural Characteristics and Depositional Environment of Ngrayong Sandstone (Middle Miocene) from Rembang Area, Northeast Java, Indonesia
	Abstract
	Keywords
	1. Introduction
	2. Regional Geology
	3. Materials and Methods
	4. Result and Discussion
	4.1. Textural Characteristics 
	4.2. Statistical Parameters
	4.3. Relationship between Grain Size Parameters
	4.4. Frequency Diagrams
	4.5. Linear Discriminant Functions
	4.6. Passega Diagram

	5. Conclusions
	Conflicts of Interest
	References

