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Abstract 

Surface deformation is a natural occurrence on the surface of the earth. The deformation can be in the form of subsidence 

or uplifting of the land surface. In this research, an time-lapse microgravity method will be applied to monitor surface 

deformation that occurs in Central Lombok and East Lombok Districts. The method of time-lapse microgravity is repetitive 

gravity measurement at the same point with a certain time interval, the measured magnitude is a change in the value of the 

acceleration of gravity and the microGal scale. Measurements were made in August 2016, April 2018, and June 2019. The 

measured value of the change in gravitational acceleration is the superposition of the changes caused by subsurface and 

surface sources. Separation of the two values is carried out using striping filter, which takes into account the ratio of density, 

thickness, and depth of the surface and subsurface layers. Land subsidence occurred during the period August 2016 to April 

2018 and land uplifting occurred during the April 2018 to June 2019 period. This land subsidence occurred due to natural 

compacting and minor tectonic activity (small earthquakes that were not felt) while land uplifting was occurred due to 

major tectonic activities, in the form of the Lombok Earthquake in July to September 2018.  
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INTRODUCTION 
 

Bali and the surrounding area is one area with 

a high level of seismic activity in Indonesia. Indo-

Australian plate subduction of Eurasian plates at a 

rate of 7 cm per year has resulted in the effect of 

geological structures of active faults in the Bali and 

surrounding areas [1, 2]. Based on this tectonic 

condition, seismic activity in Bali is strongly 

influenced by two earthquake generators, namely 

plate subduction activity and local fault activity [3]. 

In the subduction zone due to continental 

plates being pushed by oceanic plates causing 

continental plates to move upward causing a negative 

anomaly response and vice versa. While volcanic 

earthquakes caused by rising magma near the surface 

will cause deformation of the surface of the mountain 

that can cause time-lapse microgravity responses can 

be negative or positive depending on the magnitude 

of the increase in magma and the size of the  
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deformation that occurs on the surface. Because of 

different earthquakes mechanisms, will make a 

different in time-lapse micogravavity respond. 

Fault activity on Lombok Island has been 

detected based on research [4].  

Of the two measurements, the elevation contours of 

the GPS measurements in 2016 and 2018 did not 

coincide, as shown in Figure 1. This shows the 

surface deformation in the vertical direction in the 

study area. In addition to vertical deformation, 

deformation in the horizontal direction also occurs, 

as shown in Figure 2. 

Given the fact that fault activity triggers an 

earthquake, then the earthquake gives a negative 

effect of the disaster, one of which is the occurrence 

of deformation on the surface of the earth in the form 

of subsidence or removal. So this study aims to 

monitor this phenomenon during the intervals of 

2016 to 2019 by using the time-lapse microgravity 

method.  
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Figure 1. Overlay of contour lines from 2 times GPS measurements (2016 and 2018) [modified from 4] 

 

 
Figure 2. The direction of shifting GPS points for the period 2016 - 2018 [modified from 4] 

 

 

TRANSFORMATION OF WAY ANOMALY 

WEIGHT DATA INTO TIME TO BECOME 

DATA DEFORMATION 
 

Anomaly microgravity between measured 

time is a change in the value of measured gravity over 

a certain time interval [5] as shown in equation (1) 
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These time-lapse microgravity anomalies are 

anomalies from various sources, anomalies due to 

sources on the surface / near-surface (shallow source) 

and due to sources in depth (deep source) [6], as 

shown in equation (2). 
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where gobs(1) and gobs(2) are the gravity measurement 

values in the first and second measurements, G is the 

general constant of gravity,  is the contrast 

density, (α, β, γ) is the coordinate of the anomalous 

object, Δt is the time interval between two 

measurements, (x, y, z) are station coordinate (point) 

measurements, c1 is the constant for free air 

correction (= 0.30876 s-2), c2 is the constant for 

Bouguer correction (= 0.04193 cm3.gr. s-2), h1 and h2 

are the gravity point elevation elevations in the first 

and second measurements. 
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The first term of the right-hand segment is an 

anomaly of microgravity originating from subsurface 

dynamics, such as changes in mass or subsurface 

fluid dynamics. The second term is anomalous 

microgravity originating on the surface, especially 

vertical deformation which is biased in the form of 

subsidence or removal. 

Gravity anomalies due to density changes in 

the horizontal direction can be written in equation (3) 

as: 
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To get the value of anomalies that occur on the 

surface, due to subsidence or removal, time-lapse 

microgravity anomalies must be separated into 

microgravity anomalies that are shallow sourced and  

deep sourced in [7, 8, 9, 10]. One filter that can be 

used for this purpose is striping filter, developed by 

[8, 9]. 

If the anomaly measured on the surface is a 

superposition of anomalies originating near the 

surface and surface surface, the total anomaly can be 

stated as: 
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where the s and d indices show shallow and deep. In 

the region of the wave number equation (3) and (4) 

can be written in the form of equations (5) and (6): 
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and 
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where u and v are the coordinates of the wavenumber, 

G(u, v) is the result of the Fourier transform (TF) of 

g(x, y), Gs(u, v) is the TF of gs(x, y), Gd(u, v) is the 

TF of gd(x, y), ts = hbs-hts and td = hbd-htd respectively 

are the thickness of the prism from shallow and deep 

sources. Furthermore, equation (6) can be written in 

the form of anomalies of shallow and deep sources 

separately, as follows: 
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Equations (7) and (8) are the basic equations 

for designing filter striping and filter striping for a 

shallow source anomaly spectrum which can be 

expressed in equation (9) 
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Substitution of equations (7) and (8) into equation (9) 

results in: 
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Equation (10) is a filter striping that is formally 

the same as the equation proposed by [8] and [9]. 

Where α is the ratio of shallow source and internal 

source density, β thickness ratio (t) and ξ is the depth 

difference between the shallow source and deep 

source. 

Based on the description above, this study is 

raining to analyze surface deformation 

(subsidence/uplifting) in Central Lombok and East 

Lombok districts by applying filter striping to 

separate time-lapse microgravity anomalies. To 

transform shallow source anomaly data into changes 

in elevation the free air equation is used, as follows 
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By substituting the earth's radius of 6371 km and an 

average gravitational velocity value of 981,000 mgal, 

a change in gravity value due to changes in elevation 

of -0.3086 mgal m-1 or -3.086 µgal.cm-1. 
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EXPERIMENTAL METHOD 
 

The study sites are in Central Lombok and East 

Lombok Regencies with an area of approximately 

(50 × 30) km2, as shown in Figure 3a. Gravity 

measurement points are 83 stations and 

measurements are carried out three times, in August 

2016, April 2018, and June 2019. The equipment 

used is the Scintrex Autograv CG-5 gravimeter as 

shown in Figure 3b 

 

  
(a) (b) 

 

Figure 3. (a) Location of data collection [11]; (b) Scintrex 

Autograv CG-5 gravity gauge [12] 

 

Stages of data processing to obtain information 

on the amount of deformation that occurs in the 

surface are presented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Stages of Data Processing of The Surface 

Deformation’s Value. 

 

 

 
 

 
Figure 5. Anomalies of time-lapse microgravity periods 2016 - 2018 
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Figure 6. Anomalies of time-lapse microgravity due to shallow sources for the period 2016 - 2018 

 

RESULTS AND DISCUSSION 
 

Time-lapse microgravity anomaly the period 

2016 to 2018 based on equation (1) is the difference 

between the results of measurements in 2018 and 

2016. The value ranges from 40 to 480 µGal, as 

shown in Figure 5, this shows that the results of 

measurements in 2018 are greater than the 

measurements of the year 2016. This positive change 

in value can be caused by land subsidence and the 

addition of mass below the surface. 

 

The results of filtering by applying equation (10) 

obtained anomalies of time-lapse microgravity due to 

shallow source periods of 2016 to 2018, as shown in  

 

 

Figure 6, as much as in the range (5 - 31) µGal. The 

filtering results, as well as time-lapse microgravity 

anomalies in this period, are also positive. This 

positive value indicates that the measuring point is 

closer to the center of the earth (the elevation has 

decreased) 

In the period 2018 - 2019, the time-lapse 

microgravity anomaly measured in this period ranges 

from -900 to 0 mGall. Time-lapse microgravity 

anomalies at this period due to shallow sources are 

also negative, ranging from (-42 to -2) Gall. The 

result of anomaly filtering for anomaly due to 

shallow source period of 2018 to 2019 and period of 

2016 to 2019 presented in figure 7 dan figure 8. 

 

 

 
Figure 7. Anomalies of time-lapse microgravity due to shallow sources in the period 2018-2019 
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Figure 8. The anomaly of time-lapse microgravity due to shallow sources for the period 2016-2019 

 

 
Figure 9. Changes of elevation for the period of 2016 to 2018 

 

 
Figure 10. Changes in elevation from 2018 to 2019 
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Figure 11. Changes in elevation for the period of 2016 to 2019 

 

Using free air anomaly formula (equation 11) 

anomaly due to shallow source able to transform to 

change of elevation value. Result of that process for 

three periods, i.e. 2016 – 2018, 2018 – 2019, and 

2016 – 2019, presented in figures 9, 10, and 11. 

Changes in elevation in the period 2016 to 

2019 is an accumulation of changes in the period 

2016 - 2018 and the period 2018 - 2019. In the period 

2016 - 2018 there was subsidence in all locations and 

due to the 2018 earthquake, the deformation became 

the opposite or land uplifting. The appointment that 

occurred in the period 2018 - 2019 has not been able 

to restore the elevation of the study area to the 

previous elevation, especially in areas with the 

highest subsidence (Praya, Kopang, and Sakra). 

The anomaly values reversal event, which 

correlate with deformation that occurs, caused by 

earthquakes that occurred in July to August 2018. 

During that period there were at least 5 earthquakes 

with magnitudes greater than 5.5 SR, as presented in 

table 1. 

 
Table 1. Lombok quake parameters 2018 with magnitudes 

greater than 5.0 SR 

 

Dates 
Magnitudes 

(SR) 
Hypocenters 

Depth 

(km) 

29/07/2018 6.4 116.508E, 8.324S 14.0 

05/08/2018 6.9 116.436E, 8.260S 31.0 

09/08/2018 5.9 116.208E, 8.394S 10.0 

19/08/2018 6.3 116.576E, 8.325S 7.9 

19/08/2018 6.9 116.626E, 8.324S 25.0 

25/08/2018 5.5 116.425E, 8.425S 9.2 

 

These earthquakes are a type of shallow 

earthquake due to the activity of the Flores Back Arc 

Thrust. The results of the analysis of the source 

mechanism show that this earthquake is still the 

same, an earthquake produced by rock deformation 

by fault mechanism. Due to the fault activity in the  

 

north of the Lombok Island, the Lombok Island 

experienced pressure to the south, on the other hand 

from the south there was pressure due to the activity 

of the Indo Australian Plate. 

 

CONCLUSION 
 

Based on the results of data processing and 

analysis, it can be concluded that in the period August 

2016 to April 2018, all research areas experienced 

subsidence and during the period 2018 to 2019. all 

research areas occurred. The reversal of the 

deformation was caused by tectonic activity in the 

form of an earthquake that occurred in July to August 

2018. 
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