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 The usages of the FFD analytical method massively are utilized during the 

last decade, especially in the geothermal preliminary study that can show the 

prospect reservoir area. This article discusses the correlation of the FFD 

value with the residual gravity value that is assumed as an indication of the 

underneath magmatic body. The correlation of FFD value with residual 

gravity value is applied in Muria mountain. Muria is classified as the volcano 

body that contains the magmatic body, also exist Genuk volcano and 

Patiayam hill around Muria. The correlation shows that FFD value and 

residual gravity value have a relation, but especially for the uninfluenced by 

structural activity has a low value of FFD. The correlation of FFD and 

residual gravity is double-checked with the ground truth data, it showing the 

proof relation. This way of methodology may use for finding the underneath 

magmatic body, especially applied to the surface that has not been influenced 

by structural activity. 

 

1.  Introduction  

Pattern detection is firstly developed by using image data [1]. Pattern detection was used to detect the 

microstructural pattern by using aerial photos and satellite images [2]. The microstructural pattern was 

analyzed by its intensity and become Fault Fracture Density (FFD) [2]. The FFD was used to find out 

the reservoir zone on the geothermal area [3], the FFD also used to know the structural damage caused 

by its displacement [4], the structural control also used for exploration [5], [6], the FFD was used to 

correlate with the geological and geochemical condition for identifying the subsurface reservoir 

character and condition [7]. By according to the FFD analysis a conceptual model of a geothermal field 

is also conducted [8]. The residual gravity is utilized to find the local magmatic product [9] 

 

This research has a curiosity about the relation of FFD to the Residual gravity values and its geological 

condition. The assumption occurs if the residual gravity value high means locally contain the high-

density rock. The high FFD value means there was a frequent structural activity, one of them is the 

magmatic activity. It is clear that if the high FFD and high residual gravity as one indication for locating 

the border of the underneath magmatic body, however, both of the values still need to do double-check 

with the ground truth data as well the geological map.  

 

As a case study, this research is conducted in Muria volcano that located in Central Java Province, 

around the regency of Jepara, Kudus, and Pati. Previously this area was physiographic mapped that 

shown as the Quarter volcano and surrounded by the Alluvial plain of northern Java [10]. The Muria 

Volcano formation was caused by the subduction activity between the Micro-Sunda plate versus the 

Hindi-Australian plate [11] during Tertiary geological age [12] that creep by direction NE-SW [13]. 

Locally the Muria volcano contains basaltic lava product (Qvlm) and tuff with lahar product (Qvtm), 

the Muria volcano formed on the Patiayam Formation (Tpp) and Bulu Formation (Tmb), besides the 

Muria volcano there was formed the Genuk volcano that contains lava and pyroclastic product [14]. 
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2.  Methodology 

The method of this research is conducted to prove the magmatic body detection by correlating the FFD 

value and residual gravity value. Both the FFD value and residual gravity value were then correlated to 

get the relation between them, as the hypothetic informed that the high FFD value and high residual 

gravity value called as the underneath magmatic body detection. Thus, there is required to correlate with 

the ground truth data. 

 

The FFD analysis is conducted from the DEMNAS data that contains the elevation value of each pixel 

size 7,5 m [15], [16]. The DEMNAS data is analyzed by using pattern detection to get the microstructural 

pattern [1], then the pattern is analyzed by its microstructural frequency to get the FFD value of each 

pixel [2]. The residual gravity conducted from the topography and gravity data provider (TOPEX 

UCSD), has a pixel size of about 1 arc second [17], [18], however, those data require the Bouguer 

correction to calibrate from gravity influence of elevation, terrain, and latitude [19]. The corrected 

Bouguer still represents the gravity value of the deep part of the earth, the near-surface gravity value 

acquisition requires minus by linear regression of the corrected Bouguer that becomes the residual 

gravity value [20]. The correlation with the ground truth data is conducted by using the geological map 

that was made before [14]. 

 

3.  Results  

3.1.  The fault fracture density map 

The FFD map has shown that the high structural frequency distributed around the slope of the Muria 

volcano, while there has shown some high structural frequency on the Genuk volcano and Patiayam hill, 

see figure 1. The low FFD value has been shown on the distal zone of its volcano and the alluvial plain 

that surrounding the Muria volcano. 

 

      
Figure 1. The detected structural pattern map of the Muria volcano (left), the fault fracture density 

map of the Muria volcano (right) 

 

3.2.  The dominant lineament of the structural pattern 

The detected structural pattern then analyzed by their direction, the direction of domination has shown 

at N 72.30 E with an accuracy of 95%, the length calculation was used to show the total length of the 

pattern about 2700 kilometers. The minor pattern occurrence is distributed in several directions that do 

not become the dominant lineament, see figure 2. 
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Figure 2. the result of the dominant lineament analysis 

 

3.3.  The residual gravity map 

The residual gravity map of Muria and the surrounding area showing that the center of the Muria volcano 

contains the highest value of the residual gravity map, while the higher residual gravity value is detected 

on Genuk volcano and Patiayam hill. The low residual gravity value is shown on the distal zone of its 

volcano and the alluvial plain that surrounded the Muria volcano, see figure 3. 

 

      
Figure 3. The residual gravity map of the Muria volcano and the surrounding area. 
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4.  Discussion 

The correlation that mentions each data is shown in figure 4. The correlation is shown by using a section 

profile that slices through Genuk volcano, Muria volcano, and Patiayam hill (figure 4). The correlation 

section profile through them because of the value changing of each data that has the interest to be 

discussed. Each of the areas is discussed by point of view from the geological process, volcanology, and 

structural process. 

 

      
Figure 4. The correlation of each data that showing interest to be discussed on A, B, and C. the 

geological profile adapted and modified from [14] (top side), the FFD profile (middle part), and the 

residual gravity profile (bottom side) 

 

The A area (see figure 4) as the Genuk volcano area shows the high FFD frequency and high gravity 

profile. There correlates with FFD value, residual gravity value, and containing the magmatic body. The 

high FFD value occurrence is caused by the high intensity of structural activity, the activity represents 

from the compression and or extensional earth processes [21]. The high value of the residual gravity 

profile represents the existence of high-density rock underneath [20]. Both of the FFD value and residual 

gravity value correlates with the ground truth data that containing magmatic product on the surface and 

interpreted contain magmatic body underneath [14]. The formation of structural pattern on the surface 

is formed from the underneath magmatic activity that commonly has inflation and deflation process [22] 

 

The B area (see figure 4) as Muria volcano shows the low FFD value and high residual gravity value, 

there is no correlation between both of FFD value and residual gravity value. The low FFD value 

occurrence is caused by the low intensity of structural activity, the low activity represents from the 

young age rock that relatively not influenced by structural activity [23]. But on the slope side of Muria 

volcano (outside B area), there has high value of FFD that represent high structural activity from 

compression and or extension earth process [21], the structural pattern on that area formed from the 
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radial force that comes from the central volcano process [22]. The high value of the residual gravity 

profile represents the existence of the underneath of high-density rock [20]. Both of the FFD value and 

residual gravity value correlates with the ground truth data that containing magmatic product on the 

surface and interpreted contain magmatic body underneath [14], the high FFD on the side slope does 

not detect the underneath magmatic body that formed from the force of the central part of its volcano 

[22]. The formation of structural pattern on the surface is formed from the underneath magmatic activity 

that commonly has inflation and deflation process [22] 

 

The C area (see figure 4) as the Patiayam hill area shows the high value of FFD and medium value of 

residual gravity. There has small relation between FFD value and residual gravity value. The high FFD 

value represents the high structural activity that formed from compression and extension of the earth 

process [21]. The structural pattern formation is caused by the force that comes from the central part of 

the volcano [22]. The medium value of residual gravity represents the existence of medium rock density 

[20], the sedimentary rock is classified as the medium rock density that exist as Patiayam formation 

(Tpp) and Bulu formation (Tmb) [14]. 

 

5.  Conclusion 

All of the correlated data both analyzed data and ground truth data show their correlation. The structural 

pattern is detected on the surface that has been influenced by structural activity, while the low FFD value 

comes from the uninfluenced by structural activity. The residual gravity data are relatively correlated 

with the ground truth data based on rock density. In the end, the relation of FFD value and residual 

gravity value shows its relation and is proofed by the ground truth data, but in case the uninfluenced 

area has a low FFD value.  
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