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Abstract— In Yogyakarta Special Region, the West Progo Dome comprises the Nanggulan Formation and Old-Andesite Formation as 

the oldest formations. The Nanggulan Formation is composed of sedimentary rock with a density of 2.5 g/cm3, while the Old-Andesite 

Formation is composed of volcanic rock with a density of 2.7 g/cm3. Dome morphology is formed by vertical endogenous energy that 

radiates SE-NW, NE-SW, and E-W. This study aims to describe the correlation between the hill lineaments and gravity anomaly 

lineaments in the Nanggulan Formation and Old-Andesian Formation. Identification of the hill lineament uses Shuttle Radar 

Topography Mission (SRTM), while the gravity anomaly lineament uses gravity anomaly map. The standard used in the gravity survey 

concerning the American Society for Testing and Materials Standard (ASTM). The measurement system utilizes a looping distance of 

200-350 meters. The lineaments of the hill and gravity anomaly show the same direction SE-NW. Both lineaments are calculated by 

fractal dimension (D) utilize the box-counting method. The result of overlaying the two lineaments' fractal dimension produces the same 

value and the different value. The same fractal dimension value (D=0.81-1.20) indicates whether the hill lineament and gravity anomaly 

lineament are correlated, while the different fractal dimension values indicate that the two lineaments are not correlated. The fractal 

dimension value is different due to small intrusions and faults. 
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I. INTRODUCTION

The hill lineament in the Mountains of West Progo reflects 

its existence of the rock resistance. This resistant rock is a 
feature of the Old-Andesite Formation, while the non-

resisting rock is a feature of the Nanggulan Formation. In 

general, the hill lineament is associated with steep and deep 

valleys. Hill lineament reflects the condition of the rocks 

below the surface, which also correlates with each other. The 

gravity data is needed to identify rocks below the surface. The 

lineament is a line dimension with a specific fractal value, so 

the calculation results are quantitative. This study aims to 

describe the correlation between the morphological and 

gravity anomaly lineaments in the Nanggulan Formation and 

Old-Andesite Formation. The morphological lineament to use 
for this research is the hill lineament. 

The study field is at the eastern side of the West Progo 

Dome, Yogyakarta (Fig. 1). The Mountains of West Progo as 

part of the South Serayu Mountains Physiographical. The 

mountains have a dome-like shape [1]. The dome was formed 

by endogenous vertical forces that lifted the mountains, so the 

lineaments pattern radiated in all directions. In the West Progo 

Mountains, three regional tectonic patterns contribute to the 

formation of the dome, it is the Sunda pattern to the SE-NW, 

the Meratus pattern to the NE-SW, and the Java Pattern to the 

E-W [1].
The West Progo Mountains are composed of several

formations, such as Nanggulan Formation, Old-Andesite 

Formation, Jonggrangan Formation, and Sentolo Formation. 

The age of Nanggulan Formation is the Middle Eocene-

Oligocene [2], the Old-Andesite Formation is the Late 

Oligocene-Middle Miocene [3], the Jonggrangan Formation 

is the Early Miocene-Middle Miocene, and the Sentolo 

Formation is the Early Miocene-Pliocene [2]. Nanggulan 

Formation exposed to the surface by the presence of a thrust 

fault [2], [3]. This formation consists of sandstone, quartz 

sandstone, calcareous claystone, interbedded with claystone-

lignite [3].  
Old-Andesite Formation consists of andesite breccia, 

andesite intrusion, dacite intrusion, basalt intrusion, tuff, 

lapilli tuff, lapilli breccia, agglomerate, volcanic sandstone, 
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and andesite lava, with a thickness of 600 meters. The 

volcanic rocks were generated from the Menoreh Mountain, 

Gajah Mountain, and Ijo Mountain activities [2]. 

 

 

Fig. 1 The area of study is at the West Progo, Yogyakarta 

 

Based on the total number of hill lineaments, scraps, and 

valleys indicate that Gajah Mountain is the oldest volcanic 

rock with a lineament of  430, Ijo Mountain at the second 

volcanic rock with a lineament of 345, and Menoreh 

Mountain the youngest volcanic rock with a lineament of 249 

[2].  The Old-Andesite Formation density is about 2.7 gr/cm3, 

Nanggulan Formation density is 2.5 gr/cm3, and basement 

density value is about 2.8 gr/cm3 [3]. This data proves that 
resistant rock has a density value greater than rocks that are 

not resistant. 

II.  MATERIAL AND METHOD 

A. Method 

The method used is the gravity measurement and the 

laboratory analysis. The standard used in the gravity survey 

concerning the American Society for Testing and Materials 

Standard. The point of gravity measurement is obtained using 
a grid system spacing between 200 to 350 meters. The gravity 

measurement always begins and finishes at the base station 

named the looping system. Determination of the measurement 

points, taking into account the lineament reflected in the 

topographic contours.  

Each point measured the instrument of coordinate, tool 

height, elevation, reading scale, and tidal values. The Lacoste 

Romberg G-1118 gravity meter is used to measure gravity, 

and the Global Positioning System (GPS) Trimble 4600 LS 

receiver used to coordinate and elevate measurement. The 

tool has an accuracy degree of 0.1 meters. The base station is 

linked by absolute gravity located within the Centre of 

Volcanology and Geological Hazard Mitigation Yogyakarta.  

Laboratory studies include processing gravity data, 

drawing of hill lineaments, drawing gravity anomaly 

lineaments, analysis of lineaments direction, and fractal 
analysis. Gravity data processing uses the Golden Software of 

Surfer 14 to obtain a Bouguer anomaly map using the gridding 

and kriging method. Hill lineament was obtained from the 

Shuttle Radar Topography Mission, while Dips software was 

used for lineament direction analysis. 

B. Gravity 

The gravity method measures the mass density variation at 

a measurement point from another measurement point. The 
result of a measurement causes a deviation from the normal 

gravity value, and are known as an anomaly of gravity. The 

distinction among gravity fields observed with theoretical 

gravity is gravity anomaly. Simple Bouguer Anomaly 

correction value is an addition of observation gravity value 

with elevation correction to the reduction of the theoretical 

gravity value [4], with follows the formula: 
 

 ∆g�� �  g��	 
  g��� �  ∆g∅  (1) 
 

Where ∆���: value of Simple Bouguer Anomaly correction, 

����: gravity value of observation data, �����: with elevation 

correction, ∆�∅ : theoretical gravity value. 

The anomaly of the gravity value must all be corrected to 
get the Bouguer anomaly value, including the correction of 

free-air, correction of Bouguer, correction of topography, and 

correction of tidal, mathematically formulated [5]: 
 

 ∆g� �  g� 
  �∆g�� � ∆g�� 
 ∆g� 
 ∆g !"# � ∆g$  (2) 
 

Where ∆g� is Bouguer anomaly, g�is result of observation 

data,  ∆g�� is gravity value of free air correction, ∆g�� is 

gravity value of Bouguer correction, ∆g� is gravity value of 

topography correction, ∆g !"  is gravity value of tidal 

correction, and ∆g$  is gravity value of mathematics 

calculation. 

To obtain the Bouguer anomaly with the same height, the 

plane reduction is performed on using the Dampney mass 

method. This method considers the source of the anomaly as 

a below the surface mass plane. Dampney equation has been 

formulated [6]: 
 

 Δg�x, y, z# � G + + �,�-,.,/#�/01#"- ".#

2�30-#45�60.#45�10/#47
8
4

9
09

9
09  (3) 

Where Δg�x, y, z# is topographic gravity anomaly value, 

ρ�α, β, h# is the distribution of density contrast in the mass 

point plane �h � z#, z is the vertical axis that reflects the 

distance between topography and the reference Spheroid in a 

positive direction to the center of the earth, and h is the depth 

of the equivalent source of point mass measured from the 

reference Spheroid. The gravity method is used to identify 

geological sub-surface structures, including gravity anomaly 
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to determine the faults depth and direction of the structures in 

the sub-surface [7], gravity anomaly to determine the control 

structure of the plateau [8], gravity to determine uplift and 

tectonic evolution [9]. 

C. Fractal 

Fractal is geometric shape resulting from repetition and 

sequence of a set of simple shapes [10]. The combined simple 

form has the properties of self-affinity, self-similarity, self-
squaring, and self-inverse in order to obtain a simple, regular 

object. Each resulting shape is characterized by either a non-

integer number is called a dimension of fractal [10]. One of 

the methods to obtain fractal dimensions is the box-counting 

method or grid method. The box-counting method’s principle 

is to fill the shape with rectangular boxes of a certain size, so 

that the object is seen as a whole even though it has a 

complicated shape, equation of mathematics [11]: 

 

D� �  lim
B→D

log N�r#
log � 1

I#
                                                               �4# 

 

Where: DB is a box-counting dimension, N(r) is the overall 

number of sized boxes, and r is needed to cover the curve 

completely. A fractal dimension is an approach to quantitative 

analysis. Many geological phenomena can be analyzed using 

the fractal dimension, as follows: 

 The correlation of structural lineaments with deposits 

of hydrothermal ore [12]. 

 The correlation between fault depth and  migration of 

ore-forming fluids [13]. 

 Comparing the porosity measurement results from the 

calculation of fractal dimension with laboratory [14]. 

 The correlation between sub-surface geological 
conditions and morphological characteristics [15].  

 The relationship between earthquakes and rock grains' 

size, the correlation between folds, topography, and 

fractures, the correlation between fracture 

concentration and the productive geothermal field [16]. 

 Deposition, folding, shorelines, water flow, burial 

patterns below the surface [10]. 

 Determining the relationship between lineaments and 

soil degradation processes [17] 

 Structural geology phenomenon [18].  

III. RESULT AND DISCUSSION 

Hill lineaments are shown in the study area in Fig. 2. The 

lineament has the main SE-NW direction in Fig. 3. The 

measurement of gravity is carried at 48 points, and the data 

from the measurement results are shown in Table 1. The 

residual Bouguer anomaly value was derived from the results 

of the gravity data processing.  

 

 
Fig. 2 Hill lineament of Shuttle Radar Topography Mission identified 

 

 

 
Fig. 3 Hill lineament direction SE-NW 

 

The gravity anomaly lineament direction results show the 

SE-NW in Fig. 4, so the direction of the gravity anomaly 

lineament is the same as the direction of the hill lineament. 

The Bouguer anomaly map is generated based on the residual 

Bouguer anomaly value. Some of the Bouguer anomaly's 

lineaments can be made by looking at the map (Fig. 5).  
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TABLE I 

GRAVITY DATA MEASURED IN FIELD 

Point 
gobservation 

(mgal) 

Bouguer 
Anomaly 

(mgal) 

Residual Bouguer 

Anomaly (mgal) 

G1 978183.46 156.29 110.91 

G2 978170.66 155.32 124.05 

G3 978180.21 155.59 113.19 

G4 978174.46 155.61 120.25 

G5 978188.39 154.84 102.19 

G6 978182.80 154.65 108.62 

G7 978176.08 154.38 116.71 

G8 978164.35 154.83 131.35 

G9 978154.07 160.60 154.98 

G10 978168.72 156.52 129.79 

G11 978163.17 158.67 140.70 

G12 978169.99 155.94 126.64 

G13 978177.78 157.26 120.08 

G14 978180.18 157.13 116.677 

G15 978176.96 157.79 122.21 

G16 978172.34 159.13 130.57 

G17 978163.17 160.28 143.69 

G18 978168.21 159.07 135.32 

G19 978159.16 159.68 147.70 

G20 978160.34 162.04 150.74 

G21 978177.49 160.21 126.65 

G22 978176.86 160.22 127.74 

G23 978168.93 160.94 138.49 

G24 978171.30 160.98 136.18 

G25 978160.69 163.21 153.41 

G26 978163.68 162.18 147.69 

G27 978155.48 164.88 163.35 

G28 978166.28 163.48 147.04 

G29 978174.47 161.84 133.78 

G30 978181.46 160.45 122.88 

G31 978173.30 163.62 138.69 

G32 978177.47 162.35 131.17 

G33 978178.89 163.56 132.14 

G34 978184.47 162.59 123.65 

G35 978178.35 164.83 135.43 

G36 978187.41 161.96 118.97 

G37 978183.86 160.25 119.29 

G38 978176.93 163.63 134.94 

G39 978175.78 163.74 136.87 

G40 978188.92 161.76 116.72 

G41 978186.57 162.80 121.69 

G42 978178.74 162.87 131.54 

G43 978182.50 162.05 125.81 

G44 978183.74 161.76 122.75 

G45 978180.37 160.51 124.58 

G46 978174.36 161.81 134.23 

G47 978183.86 160.25 119.29 

G48 978188.99 159.85 112.60 

 

Fig. 4 Gravity anomaly lineament direction SE-NW 

 

The fractal dimension (D) values of the hill lineament and 
gravity anomaly lineament range from 0.00-1.50. To 

determine the correlation between hill lineament and gravity 

anomaly lineament, the dimension of the fractal values of two 

lineaments is overlayed in Fig. 6.  

 

 
Fig. 5 Gravity anomaly map and gravity anomaly lineament 

 

The result of overlaying the two lineaments fractal values 

is that there are locations with the same fractal value, and 

there are locations with different fractal values. The same 

fractal dimension (symbol C) value has D = 0.81-1.20. This 

indicates that the hill lineament on the surface correlates with 

the gravity anomaly lineament below the surface, so they are 

correlated. Different fractal dimension value indicates that the 

hill lineament on the surface do not correlate with the gravity 

anomaly lineament below the surface so that the two are 
uncorrelated. The factor that causes the fractal dimension 

value is different because the igneous rocks appearing as 

intrusions are small. Most likely, buried igneous rock has a 

greater dimension so that the hill lineament does not correlate 

with the gravity anomaly lineament. 
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Small size andesite intrusions are found based on surface 

outcrops (Balak area) in Fig. 7. A high-density value with a 

wide distribution is identified by the Bouguer anomaly map 

in the area to interpret if the igneous rock has large dimensions 

below the surface. Besides, the factors that cause the hill 

lineament to be unrelated to the gravity anomaly lineament 

can be caused by faults. The position of the shifting rocks on 

the surface and sub-surface results in an uncorrelated 

lineament. Faults are one of the factors causing the Nanggulan 

Formation to be exposed to the surface.  
 

 
Fig. 6 Overlay the fractal dimension between the hill lineament and gravity anomaly lineament 

 

 

 

 
Fig. 7 Andesite intrusion outcrops in Balak area 

IV. CONCLUSIONS 

The Old-Andesite Formation consists of resistant rocks with 

a density of 2.7 g/cm3, while the Nanggulan Formation consists 
of non-resistant rocks with a density of 2.5 g/cm3. Based on 

these data, there is a correlation between rock and density. In 

general, the hill lineament and gravity anomaly lineament 

direction are of the same direction, namely SE-NW. The result 

of the fractal dimension overlay indicates the same value and 

different values between the two lineaments. The fractal 

dimension is equal to 0.81-1.20, indicating if the hill lineament 

on the surface correlates with the gravity anomaly lineament 

below the surface. There are different fractal dimensions in 

several places, which indicate that the hill lineament on the 

surface does not correlate with the gravity anomaly lineament 
below the surface, which is caused by small intrusions and 

faults. 
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