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Abstract— Naturally fractured reservoir (NFR) especially in granitic basement in Sumatra is not a new issue for research. Generally in NFR modeling, 
fracture density of rocks in a damage zone is the most significant factor that influence fracture porosity and fracture permeability. The aim of the study is 
to determining micro fracture in the granitic rocks and proofing that quartz and k-feldspar minerals has significant influence for fracture density. Area of 
the study at Muaro Silokek, South Sumatra revealed a very heterogeneous granitic rocks outcrop and have high fracture density. At previous study 
conclude those area is representative as an analog NFR, especially granitic basement reservoir in Sumatra. The main fault which affect fracture 
orientation was right lateral strike slip faults with NW – SE orientation represented as riedel shears which is Takung Fault trend. The study was 
conducted using 12 data of thin section granitic oriented sample for micro fracture analysis. The result of the study shows there are three types of 
granitic rocks namely syeno granite, alkali feldspar granite, and monzo granite. Micro fracture characterization shows NE – SW, NNW – SSE, ENE – 
WSW fracture orientation. Type of micro fracture dominantly of transgranular micro fracture which means it has high fracture connectivity and paralel to 
high permeability. Fault zone classification shows that damage zone is at 6.5 m around faults. This fracture characterization on samples in the damage 
zone shows each type of granite has a different response to the micro fracture density, so it have significant implication for NFR. 
 
Index Terms— Micro fracture, Granitic, NFR, Damage zone, Distance to fault, Transgranular. 

——————————      —————————— 

1 INTRODUCTION                                                         

THE natural fracture reservoir is an oil and gas exploration 

object that is developing and has been carried out by foreign 

and domestic companies in Indonesia. This term is commonly 

referred to as Naturally Fractured Reservoir (NFR) in 

basement which is generally a crystalline rock originating from 

intrusive or extrusive igneous rocks to low to high degree 

metamorphic rocks. In this type of rock, according to [4] in a 

few decades has produced hydrocarbons especially in 1990 

and is an interesting thing to explore, for example in granitic 

rocks in Vietnam that produce a significant amount of 

hydrocarbons. Basement fractured reservoirs are the main 

exploration target of the South Sumatra Back Arc Basin [12]. 

For example, in the Suban Field, it has a fantastic hydrocarbon 

reserve that have 5 trillion cubic feet of gas from granitic 

basement that has been exposed [8]. The classification of the 

granitic rocks in the reservoir of basement is still too general, 

for example in the Suban Field. As published by [16]. 

Regarding the nomenclature of the classification of plutonic 

rocks in which there are names of granite rocks which are very 

heterogeneous and can be divided into several names based 

on the percentage of the presence of quartz minerals, alkaline 

feldspar, and plagioclase. [10] describe several factors that 

control fractures, including the lithology composition and the 

distance to fault. [9] states that fractures tend to be more 

present in rocks that have a large composition of quartz and k-

feldspar. This is very important to notice, because in the 

exploration of NFR the fracture density values are strongly 

influenced by heterogeneity of lithology especially mineral 

texture and composition. This area of Muaro Silokek, 

previously conducted research by [12], conducted a study of 

natural fracture characteristics using the scanline and windows 

scan method on outcrops and compared with subsurface data 

in Suban Field, South Sumatra. And [6] uses data through 

photogrammetry to be used as a Digital Outcrop Model (DOM) 

and focus on macro scale modeling of fractures in granitic 

rocks at Muaro Silokek. According to [6], the fracture in the 

study area was affected  by right lateral strike slip faults which 

orientation was parallel to the Takung Fault with orieantation 

NW-SE in the Ombilin Basin, followed by accompanying fault 

with NNW-SSE, NE-SW, and ENE-WSW orientation with 

maximum principal stress direction at NNE - SSW. The 

research location at Muaro Silokek, Ombilin Basin, West 

Sumatra (Fig. 1.) The object of research was an outcrops of 

granitic rocks in the Indragiri River, Muaro Silokek. The current 

research is a continued study focusing on the characteristics 

of natural fractures at the micro scale (micro fractures) to 

determine the effect of mineral composition, especially quartz 

and k-feldspar minerals on fracture density in granite rocks. 

 

2. GEOLOGIC SETTING 
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Fig. 1. Reasearch location is at Indragiri River, Muaro Silokek, 
West Sumatra wich shown att grey square  

 

 

Fig. 2. Cross section at West Sumatra. The reasearch location shown at black square which shows its from Mergui Microplate, Ombilin Basin 
(Sapiie, 2017) 

 

[15], discussing the geological structure of the Ombilin Basin 

in its interpretation also uses gravity data, which is divided into 

NW-SE oriented structures whhich part of the Sumatra Fault 

System. In the north part, the basin is bounded by faults called 

Sitangkai and Tigojangko faults. The Tigojangko Fault extends 

to the southeast and turns into the Takung Fault. In the 

southern part, the basin is bounded by the Silungkang fault. N-

S-oriented structures, forming faults associated with tensional 

phases during the initial stages of basin formation, and have 

an important role in the evolution of the basin, then east-west 

oriented structures, forming antithetic faults with the 

dominantly normal fault. 

 

 

In addition to the fault structure, the Ombilin Basin also 

develops folding structures. In general, Ombilin Basin has fold 

structures form a large syncline structure, especially in the 

eastern block. In the north section it has asymmetry fold with a 

NW-SE directed axis adjacent to the east side of the basin. 

This asymmetrical fold is related to the Takung Thrust Fault, 

which forms a basin boundary on the northeast side. In the 

southern part of the syncline structure is symmetrical, NW-SE 

and doesn’t formed by the Takung fault. In addition to the main 

syncline structure of the basin, there is also the Palangki 

anticline [7].Based on geographical location, Ombilin Basin is 

located between the Barisan Mountains, but based on the 

structure geology and plate tectonic, this basin is located east 

part of volcanic arc recent, and states that the Ombilin Basin is 

known as intermountain basin and is part of the Mergui Micro 

Plate (Fig. .2.) [12]. This basin is bounded by the Bukit Barisan 

in the SSW and the Pre-Tertiary basement level in the NNE. 

Geologically, the Ombilin Basin is bounded by the Sumatra 

Fault in the South and the Takung Fault in the North [8]. 

Granitic rocks in Sumatra distribute along the mountain range 

[5]. [11] explained that plutonism which occurred at the same 

time was recorded in West Sumatra in the Tanjung Gadang 

intrusion complex. Related intrusions were granodiorite with 
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hornblende biotite in the Atar plutonic in Upper Tumpuak. 

Furthermore plutonism is marked by the Lasi Complex.  [13] 

concluded that granitic magmatism in Sumatra began in Perm-

Tertiary. Two magmatic episodes; Perm-Triassic and 

Cretaceous-Paleogen in Tinggian Padang, the central part of 

Bukit Barisan. In the study area, the granitic rocks analyzed 

came from Muaro Silokek, West Sumatra. According to [8], 

granitic rocks in the Muaro area were 206 Ma or they were at 

Upper Triassic age. 

3 DATA AND ANALYSIS 

In contrast to [12] and [6], this study is focused on petrographic 

analysis and characterization of micro fractures in granitic rocks 

combined with reference accompanying faults in previous 

studies. This micro fractures characterization method was done 

to complete previous study which foucused on granitic NFR 

modeling. The Samples were taken as many as 12 granitic 

samples and distributed around of the accompanying fault in 

previous studies. The outcrop sample is an oriented rock 

sample data which taken paralel with horizontal plane by using 

geological compass. Each granitic sample to be taken will 

initially be plotted using GPS. Then, the sample was slicing 

parallel to horizontal plane and characterizes the north direction 

for each sample of the thin section. The sample plate is 2.5 x 

2.5 cm which is then determined by granitic classification using 

the [16], then an analysis of fracture orientation, fracture density 

and type of micro fracture in thin sections. The results of the 

analysis are then carried out by characterization of the micro 

fracture to determine the boundary of the damage zone and 

protolite so that it can find the relationship between the fracture 

density of quartz minerals and k-feldspar. 

3.1 Petrographic Analysis 

Analysis was carried out on 12 granitic thin section samples 

around the fault location in the previous study [6] (Fig.3). 

Sampling locations was based on variations of distance to  

fault in previous study and variations in the appearance of 

granitic rocks in the field. This was done to determine the 

effect of granitic rock mineral composition’s and its response 

to faults or fractures. Petrographic analysis was carried out 

using classification igneous rocks based on QAP diagrams 

from the International Union of Geological Science (IUGS) 

sub-commission summarized by [16]. 

Petrographic analysis was conducted using the point counting 

method to calculate the percentage of mineral composition 

from the thin section sample. Based on petrographic analysis, 

granitic rocks are divided into three, namely syenogranite, 

monzogranite, and alkali feldspar granite (Fig. 4). In overall 

sample, petrographic analysis results showed syenogranite 

there were five samples at SL 23, SL 25, SL29, SL 22, and SL 

16. For monzogranite samples there were three samples at SL 

20, SL 11, and SL 13. While for samples of alkali feldspar 

granite, there are four samples, namely SL 27, SL 28, SL 33, 

and SL 34. Petrographic analysis of the whole sample is in 

Table 1. 

3.2 Micro fracture Analysis 
Micro fractures are defined as discontinue of plane that are too 

small to be seen in hand specimens [1]. Then Lawn and 

Wilshaw (1975) in [3] define the type of micro fractures, there 

were, intragranular fractures which fractures formed between 

mineral grains and transgranular fractures which fracture 

cuting two or more mineral grains, while intergranular fracture 

are fractures between minerals or the outer portion of the 

TABLE 1 
PETROGRAPHIC ANALYSIS ALL OF SAMPLES 

No. 

Sample
Lithology Q (%) KF (%) P (%)

SL 23 Syeno Granite 58.43 28.09 13.48

SL 25 Syeno Granite 54.12 29.41 16.47

SL 29 Syeno Granite 57.47 27.59 14.94

SL 22 Syeno Granite 56.47 31.76 11.76

SL 16 Syeno Granite 55.29 32.94 11.76

SL 33 Alkali Feldspar Granite 54.32 35.8 9.88

SL 34 Alkali Feldspar Granite 55.13 35.9 8.97

SL 27 Alkali Feldspar Granite 54.43 36.71 8.86

SL 28 Alkali Feldspar Granite 54.22 36.14 9.64

SL 11 Monzo Granite 52.69 27.96 19.35

SL 13 Monzo Granite 53.33 27.78 18.89

SL 20 Monzo Granite 52.69 27.957 19.35  

 

Fig. 3. Loacation sample shows at dark circle which distribute at near 
faults zone previous reasearchers 

 

 

Fig. 4. Granitic rocks classification for all samples analyzed is based 
on Streckeisen (1974). 
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mineral because it is easier to be fractured than the other 

minerals (Fig. 5). All samples generally have a fracture type 

transgranular fractures 33% - 47%, intragranular fractures 

21% - 37%, and intergranular fractures 17% - 34% 

Transgranular fractures when associated with NFRs, are types 

of fractures that greatly increase the value of fracture 

permeability. Genetically, transgranular fractures increase the 

fracture connectivity that means the fracture permeability 

value will significantly increase. The tabulation of microfracture 

type determinations in all samples describing in Table 2 

In general, interpretation of micro fracture orientation in all thin 

section samples contained three general directions of fracture. 

Among them are fractures with orientation NNW-SSE, NE-SW, 

and ENE-WSW (Fig. 6). In addition there is a dominant 

fracture direction such as NNE - SSW but its availability is only 

found in the SL 22 sample (Fig. 7). The direction of fracture 

orientation in several thin section samples shows similarity 

when compared to macro scale on the Digital Outcrop 

Modeling (DOM) [6] in the study area. Based on this, the micro 

fractures which found in thin sections are those formed 

simultaneously with the fractures in the outcrop, which are 

formed due to maximum principal stress at NNE - SSW. The 

results of micro fracture orientation analysis in all samples are 

summarized in Table 2. 

TABLE 2 
RESULTS OF ANALYSIS TYPE OF MICRO FRACTURE AND ORIENTATION IN ALL SAMPLES 

No. 

Sample
Lithology

Total 

Fractures

Fractures 

Oreintations

Trans-

granular

Intra-

granular

Inter-

granular

SL 23 Syeno Granite 16 NE-SW, NNW-SSE 42 32 26

SL 25 Syeno Granite 11 NE-SW, NNW-SSE 38 34 28

SL 29 Syeno Granite 12 NNW-SSE, ENE-WSW 46 21 33

SL 22 Syeno Granite 18 UNE-SSE, NNW-SSE 45 22 33

SL 16 Syeno Granite 8 ENE-WSW, NNW-SSE 35 31 34

SL 33 Alkali Feldspar Granite 25 NE-SW, ENE-WSW 33 31 36

SL 34 Alkali Feldspar Granite 27 NE-SW, NNW-SSE 37 35 28

SL 27 Alkali Feldspar Granite 8 ENE-WSW, NNW-SSE 43 38 19

SL 28 Alkali Feldspar Granite 4 ENE-WSW, NNW-SSE 46 37 17

SL 11 Monzo Granite 10 ENE-WSW, UNE-SBG 47 35 18

SL 13 Monzo Granite 11 ENE-WSW, NNW-SSE 37 32 31

SL 20 Monzo Granite 5 NNW-SSE, ENE-WSW 36 34 30  

 

Fig. 5. Transgranular fractures that cut plagioclase and k-feldspar, 
intragranular fractures that are in the k-feldspar mineral, and 
intergranular fractures that lie between quartz and k-feldspar. 

 

Fig. 6. Micro fractures with orientation NE – SW, ENE – WSW on SL 
16 (A) and NNW – SSE, ENE – WSW on SL 29 (B). 
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Calculation of micro fracture density values in each thin 
section samples is done by counting the number of micro 
fractures then divided by the area of the thin section (2.5 x 2.5 
cm). The number of micro fractures in each sample is 
tabulated in Table 2. The results of measurements of micro 
fracture density indicate that the location which is close to the 
fault has a higher density value and vice versa. The range of 
micro fracture density values is 1.5-10.75 / cm

2
. 

In general, all outcrops in the study area are in the right lateral 

strike slip fault zone with the same orientation direction as 

Takung Fault. Fault segmentation which has been interpreted 

through DOM data [6], concluded that almost all of study areas 

have high fracture density with the presence of a fairly tight 

fault systems. Based on advance method by [2], this study 

area was done an analysis of classification of fault zones 

based on micro fracture data. This was done to determine the 

boundary between the damage zone and the protolite. The 

step taken is to calculate the distance between thin section 

samples analyzed to the closest fault, then make a cross plot 

between the sample distance to the fault with cumulative micro 

 

 fracture density. The intersection of the angle formed by trend 

line of the cross plot is the boundary between the damage 

zone and the protolite. The plot of the fault zone classification 

for the study area shown in Figure 8 shows the damage zone 

is at  6.5 m around faults. The results of analysis micro 

fracture density in each thin section sample and measurement 

of the distance to the fault are summarized in Table 3. [10] 

Describe several factors that control fractures, and among 

them are lithology components and distance to fault. [9] states 

that fractures tend to be more present in rocks that have a 

large composition of quartz and k-feldspar. 

To find out the relationship between the composition of quartz 

and k-feldspar on micro fracture density, a cross plot was 

carried out between the two attributes. Comparison of micro 

fracture density values and the total composition of quartz and 

k-feldspar minerals is done at damage zone sample locations. 

This is done because magnitude of stress which function of 

fault that worked in the distence to fault at various locations is 

considered the same. The parameters used in the selection of 

 

TABLE 3 
SUMMARY ANALYSIS OF MICRO FRACTURE DENSITY AND THE DISTANCE TO THE FAULT ON ALL THIN SECTION SAMPLES 

No. 

Sample
Lithology

Density 

(1/cm²)

Distance to 

fault (m)
Explanation

SL 23 Syeno Granite 6.5 5 Damage Zone

SL 25 Syeno Granite 4.5 6 Damage Zone

SL 29 Syeno Granite 4.75 6.5 Damage Zone

SL 22 Syeno Granite 7.25 4 Damage Zone

SL 16 Syeno Granite 3 22 Protolite

SL 33 Alkali Feldspar Granite 10 4 Damage Zone

SL 34 Alkali Feldspar Granite 10.75 3 Damage Zone

SL 27 Alkali Feldspar Granite 3 12 Protolite

SL 28 Alkali Feldspar Granite 1.5 24 Protolite

SL 11 Monzo Granite 4.15 4 Damage Zone

SL 13 Monzo Granite 4.21 3 Damage Zone

SL 20 Monzo Granite 2 25 Protolite  

 

Fig. 7. Micro fracture with orientation NNE-SSW, NNW-SSE, and 
ENE-SSW in SL 22 samples. 

 

Fig. 8. Fault zone classification is based on a cross plot between the 
distance to the fault and the cumulative density in all thin section 
samples. 
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 thin section samples used to determine the relationship of 

density to quartz and k-feldspar samples that are in the 

damage zone.All of the samples that are in the damage zone 

used in the cross plot, only samples with a maximum distance 

of 6.5 m are faulted. Then the sample analyzed for the 

relationship between the density of the micro fracture with 

response to the distance to fault was SL 23 and SL 22 

samples to represent syenogranite; SL33 and SL 34 to 

represent the alkalli feldspar granite; and SL 11 and SL 13 to 

represent monzogranite. The results of the cross-plot show 

that each lithology has a different trend line (Fig. 9). The 

analysis resulted that each lithology with variations in the 

amount of quartz and k-feldspar minerals had different and 

quite significant distributions. The greater the composition of 

quartz and k-feldspar, the fracture density will increase. Based 

on the analysis of the relationship between the composition of 

quartz and k-feldspar monerals on fracture density, it can be 

concluded that each granitic rocks with different mineral quartz 

and k-feldspar content will produce different fracture density 

responses. So we must update our NFR modelling parameter, 

especially granitic basement fracture around the oil and gas 

fields to make better precission models. 

 

4 CONCLUSION 
The granitic types in the study area are divided into three 

which are alkali feldspar granite, syenogranite, and 

monzogranite. The damage zone is classified as a maximum 

distance of 6.5 m from the main fault, so outside of that 

distance was protolite. The fracture density is affected by the 

position of the fault and its increasing in the damage zone 

Each type of granite has a different response to the fracture, 

and shows that the greater composition of quartz and k-

feldspar minerals in the damage zone, the fracture density will 

increase. This study shows that variations in the composition 

of quartz and k-feldspar minerals have different responses to 

fracture density other than the distance factor to faults so that 

in NFR modeling, especially granitic basement rocks, it must 

be analyzed further on the type of granitic rocks to be 

modeled. 
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Fig. 9. Cross plot between micro fracture density with the 
percentage of quartz and k-feldspar in the damage zone with a 
maximum distance of five meters. 

 


