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Abstract 

Bouguer gravity anomalies are generally correlated with topography in mountainous regions. However, their applicability in 

geological interpretations of gravity data is often constrained by inaccuracies in terrain correction density. To address this 

limitation, this study employed regression analysis to ascertain the most suitable terrain correction density by investigating the 

interplay between free-air gravity anomalies and elevation. The density values were then iteratively refined based on the dynamic 

relationship between computed Bouguer gravity anomalies and elevation at each stage of iteration. By continuously adjusting the 

terrain correction density throughout the topographic correction process, we ultimately determined the optimal density value and 

its corresponding Bouguer gravity anomaly. This methodology was applied to gravity data gathered from Jiuzong Mountain, 

where the ideal terrain correction density was attained after five iterative cycles. The resultant Bouguer gravity anomaly was 

subsequently calculated, and the efficacy of the proposed method was corroborated by the empirical findings derived from 

Jiuzhong Mountain. 
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1. Introduction 

After applying height, latitude, terrain, and intermediate 

layer corrections to measured gravity data, the Bouguer 

gravity anomaly can be obtained. This anomaly serves as the 

foundation for interpreting gravity data. However, in moun-

tainous regions characterized by significant variations in 

terrain, Bouguer gravity anomalies often exhibit strong cor-

relations with changes in terrain elevation, which is a phe-

nomenon referred to as mountain-shaped anomalies [1, 2]. 

These anomalies present considerable challenges to the in-

terpretation and inference of geological structures. 

The primary cause of abnormal gravity anomalies in 

mountainous regions is inaccuracies in determining the den-

sity of the intermediate layer during topographic corrections 

[3]. The density of the middle layer can be inversely calcu-

lated using the intermediate layer correction coefficient, C = 

2πGσ, which is obtained by fitting the measured gravity data 

with the elevation scatter plot [2, 4]. However, in mountain-

ous areas with significant topographic undulations, the scale 

of the topographic material is reduced, and the resulting 

gravity effect is smaller than the gravity effect of the Bouguer 

plate, which leads to an underestimation of the calculated 

middle layer density [1]. Thorarinsson and Magnusson pio-

neered the use of fractal analysis in the field of gravity ex-

ploration and achieved good geological results in southwest-
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ern Iceland [5]. However, this technique involves dividing the 

complex surface into zones that have the same density layer, 

and the more uniform the rock density within the zone is, the 

better the method works [6]. Therefore, this method is diffi-

cult to apply in practice [7]. 

The correlation analysis method represents a conventional 

approach for determining the optimal intermediate layer den-

sity. Typically, a series of intermediate layer density values 

are applied to correct the gravity profile; the density corre-

sponding to the Bouguer gravity anomaly that exhibits min-

imal correlation with topography is selected as the optimal 

intermediate layer density [8, 9]. Within the same survey 

area, if the surface density is relatively homogeneous, the 

graphical profile method is effective [10]. Conversely, the 

density derived from the graphical method pertains solely to 

the specific profile location and does not adequately repre-

sent the density distribution across the entire survey area [10, 

11]. A correlation analysis can be performed between the 

post density correction Bouguer gravity anomaly and terrain 

elevation for the entire region, and the density with the least 

correlation is selected as the optimal value for density cor-

rection [11]. In cases where the lateral surface density varies 

significantly, the optimal density values can be determined 

on a zonal basis and subsequently integrated to form a spa-

tially varying intermediate layer density model for the entire 

area [12]. Alternatively, compensation corrections may be 

applied on the basis of results of constant-density corrections 

[13-15]. However, when dealing with large study areas re-

quiring zonal calculations, the computational burden be-

comes substantial, and the resulting density values approxi-

mate but do not necessarily reflect the most "accurate" in-

termediate layer density. 

Cai Shangzhong established the functional relationship 

between free-space gravity anomalies and elevation [2]. The 

regression anomaly was subsequently computed on the basis 

of the actual elevation of each measurement point and re-

moved from the measured free-space gravity anomaly to 

derive the regression residual anomaly, which facilitates 

qualitative interpretation. For large study areas, the sliding 

window regression analysis method can be employed, with 

the variogram providing a quantitative reference for selecting 

the window size [16]. However, only the relationship be-

tween terrain and gravity anomalies within the study area is 

accounted for in the regression analysis method. The result-

ing gravity values obtained via regression analysis represent 

only those anomalies that exhibit overall regional variations 

correlated with terrain undulations. This method cannot 

eliminate local anomalies, particularly those influenced by 

terrain outside the study area. Furthermore, the regional 

anomalies removed by this method may include useful grav-

ity anomalies associated with deep geological structures. 

If the measured rock densities from surface geological 

outcrops in the study area are available, interpolation and 

smoothing techniques can be utilized to construct a surface 

density distribution model. Furthermore, a floating datum 

plane can be established for terrain and intermediate layer 

corrections [7]. However, when the study area is extensive, 

the limited sampling of outcrops and borehole measurements 

may not fully capture the variations in surface rock density 

across the survey region. To address this limitation, Niu 

Yuanyuan et al. developed an approach based on 

one-dimensional free-air gravity anomaly data and employed 

Bayesian methods to estimate near-surface rock densities 

[17]. The estimated densities are highly consistent with sur-

face geological characteristics and regional stratigraphic 

density data. Nonetheless, this method has thus far been ap-

plied only to profile gravity anomaly analyses, with no re-

ported applications to areal gravity anomalies. 

Gravity data inherently contain information regarding both 

structural and density characteristics. Previous studies have 

demonstrated the feasibility of accurately estimating 

near-surface rock densities or density contrasts across densi-

ty interfaces using gravity data [17, 18]. Florio [19, 20] em-

ployed regression analysis to invert the depth of sedimentary 

basin basement and estimate the density contrast between the 

sedimentary layer and the basement. The Bayesian estima-

tion method requires the application of cubic spline fitting to 

model gravity profile variations, which can be extended to 

areal gravity inversion. However, cubic spline surface fitting 

entails a large number of computational parameters and im-

poses a significant computational burden. The ITerative 

RESCaling method (ITRESC) method introduced by Florio 

utilizes geophysical well logging or other geophysical data to 

provide depth constraints and construct depth-gravity value 

models; however, it does not adequately account for lateral 

variations within sedimentary basins and their basement 

structures. Drawing upon these methodologies, this study 

applied the Bouguer plate calculation formula in conjunction 

with successive regression techniques to analyze optimal 

density corrections. The proposed approach was implement-

ed for external correction of gravity data in the Jiuzong 

Mountain region of Zhao Mausoleum, integrating 

high-precision gravity data with practical considerations, 

thereby achieving both computational efficiency and favora-

ble application results. 

2. Results 

2.1. Overview of the Study Area 

Jiuzong Mountain is located on the southern margin of the 

Ordos Basin; this mountain is adjacent to the Qilian-Hexi 

Corridor (Liupan Mountain)-Helan Mountain tectonic belt to 

the west and is separated from the Qinling Orogenic Belt by 

the Wei River Basin to the south. This mountain lies between 

the stable Ordos Block and the active Qilian-Qinling Oro-

genic Belt (Figure 1), which has a long, complex geological 

tectonic history. The study area is situated in the inverted 

structural zone along the southern margin of the Ordos Basin 

and is characterized as a strong near-east west-trending fold-
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ing zone. The overall structural form is a complex anticline, 

with secondary anticlines and synclines distributed in a 

band-like pattern from east to west. These structures feature 

tight folds, local southward inversion, and frequent faults on 

both flanks. The core of the royal tombs of the Tang dynasty 

syncline comprises the upper Ordovician the royal tombs of 

the Tang dynasty formation. The southern limb dips north-

ward at 350°-10°∠20°-30°, whereas the northern limb dips 

southward with a steeper inclination. The general dip direc-

tion is 170°-190°∠50°-60°. Owing to the disruption caused 

by the north-dipping fault on the northern limb, the strati-

graphic sequence is incompletely exposed, which results in 

an asymmetric syncline structure. 

 
Figure 1. The topographic map obtained by the UAV LiDAR survey 

of Jiuzong Mountain and its adjacent area. 

The study area is located on the southern limb of the royal 

tombs of the Tang dynasty Mausoleum syncline. The ex-

posed Ordovician royal tombs of the Tang dynasty Mauso-

leum Formation can be stratigraphically divided into two 

distinct lithological units. The lower unit (O3t1) consists of 

various (yellowish-brown, grayish-green, purplish-red, and 

dark gray) gravelly shales. At its base, thick-bedded lithic 

sandstones are intercalated and large boulders of dolomite 

with chert bands occur. The upper unit (O3t2) consists of gray 

and light gray extremely thick-bedded polymict conglomer-

ates and breccias, with occasional intercalations of gravelly 

sandstones. The contact between the lower and upper units is 

conformable. 

2.2. Geophysical Characteristics 

A total of 1,722 gravity measurement points were acquired 

in the study area, with a line spacing of 10m and a point 

spacing of 5 m. The original gravity data were corrected for 

elevation and normal field effects, and the free-air gravity 

anomaly is depicted in Figure 2. This anomaly has a distinct 

covarying relationship with topography (Figure 3). Within an 

altitude variation range of less than 200 m, the local varia-

tions in the gravity anomaly approach 10×10-5 m/s². 

 
Figure 2. Free-air gravity anomalies in the study area. 

Table 1. Statistics on the density of various rocks in the researched area. 

Lithology Number Range of density variation/×103kg/m3 Average density/×103kg/m3 

Arenite siltstone 15 2.574~2.815 2.676 

Polemic conglomerate 9 2.637~2.783 2.704 

Conglomerate 74 2.404~2.812 2.734 

Sandy conglomerate 8 2.706~2.820 2.773 

Variegatedmud-bearing sandy conglomerate 9 2.559~2.714 2.659 

Motley conglomerate 7 2.749~2.812 2.771 

Vermilion conglomerate 8 2.608~2.772 2.700 

Marble (Zhuoshan Jade) 6 2.635~2.667 2.655 
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Lithology Number Range of density variation/×103kg/m3 Average density/×103kg/m3 

Quartzitic sandstone 2  2.775 

Grey mud-bearing sandy conglomerate 2  2.457 

Grey thick-bedded polymict conglomerate 3  2.777 

Dolomite 2  2.788 

Calcareous rock 2  2.725 

Argillaceous siltstone 3  2.648 

Argillaceous arenaceous conglomerate 2  2.631 

Arenaceous shale 1  2.727 

Tang Dynasty tile 2  1.792 

Bricks from the Tang Dynasty 1  2.214 

 

The study area is characterized predominantly by exten-

sive exposure of the Ordovician the royal tombs of the Tang 

dynasty mausoleum formation. The Quaternary strata are 

notably thin and distributed only in localized areas with a 

maximum thickness not exceeding 1 m. Given the absence of 

terrain correction density data for the study area, the densi-

ties of 156 rock samples were measured at various locations 

(as indicated by the blue stars in Figure 1). The statistical 

results are presented in Table 1. Overall, the rocks within the 

study area exhibit relatively high densities, with most values 

clustering at approximately 2.7×10³kg/m³. Notably, the den-

sities of glutenite and variegated conglomerate exceed 

2.77×10³kg/m³. Despite the predominant exposure of the 

Ordovician the royal tombs of the Tang dynasty mausoleum 

formation, significant lithological heterogeneities within the 

formation clearly result in nonuniform density distributions, 

which exhibit distinct local variations. 

 
Figure 3. The topography in the research area. 

2.3. Results of Conventional Topographic 

Correction 

Yan Liangjun et al. constructed lateral density variations 

on the basis of measured surface density data and applied 

them to topographic corrections, which yielded favorable 

geological outcomes [7]. In this study, the rock density val-

ues measured at 153 points (excluding those corresponding 

to Tang tiles and Tang bricks) were gridded to establish a 

variable-density model of the surface layer for topographic 

correction purposes. To prevent distortions in the Bouguer 

gravity anomaly caused by density discontinuities, the origi-

nal density grid data were smoothed. Furthermore, when 

surface geological data were leveraged, the rock densities 

beyond the measured area were inferred, supplemented, and 

extended. Lateral variable-density data that were consistent 

with the topographic extent depicted in Figure 1 were ulti-
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mately obtained and utilized as the foundation for topo-

graphic corrections. 

The Bouguer gravity anomaly can be derived by applying 

a topographic correction and an intermediate-layer correction 

to the free-air gravity anomaly. Traditionally, the terrain 

surrounding any measurement point is first "leveled and 

filled;" the gravitational effect of an infinitely large material 

layer between each measurement point and the base point is 

then calculated using the Bouguer plate formula. This calcu-

lation involves applying a topographic correction prior to the 

intermediate-layer correction. When determining the topo-

graphic correction value for a measurement point, the topo-

graphic correction values of four adjacent nodes near the 

measurement point are initially calculated, and then these 

values are interpolated to the measurement point's location to 

represent its topographic correction value [21]. 

In this study, during the topographic correction process, 

the gravitational variations caused by the terrain at each 

gravity measurement point within the study area were com-

puted directly on the basis of the measured topographic un-

dulations. These variations were subsequently subtracted 

from the free-air gravity values to obtain the Bouguer gravity 

anomaly. This approach is used to effectively integrate tradi-

tional topographic and intermediate-layer corrections into a 

single step, simplifying the calculation procedure and elimi-

nating interpolation errors associated with topographic cor-

rection values. Consequently, unless otherwise stated, the 

term "topographic correction" in this paper encompasses 

both traditional topographic and intermediate-layer correc-

tions. 

If gravity measurements are exclusively utilized for inves-

tigating local anomalies within a relatively small study area, 

topographic corrections can be performed within a maximum 

radius of 20km. The topographic correction for distant areas 

can be treated as a regional anomaly and eliminated [22]. 

The primary objective of the gravity survey in the Jiuzong 

Mountain study area was to deduce the location of the Zhao 

Mausoleum passage and the structure of the tomb chamber, 

which represents local shallow-surface target bodies. Con-

sequently, in this study, only the influence of terrain within 

the range depicted in Figure 1 is quantified; the effects of 

terrain outside this region are neglected. To calculate the 

influence of the terrain, the position of the lowest measure-

ment point was designated the base point. Additionally, the 

overall trend of terrain variations beyond the measurement 

points was considered. Ultimately, an elevation of 1000m 

was selected as the reference plane for the base point. For-

ward modeling was employed to compute the gravity anom-

alies induced by the material between the measured terrain 

surface and this reference plane at each measurement point, 

as illustrated in Figure 4a. By subtracting the terrain-induced 

effects from the free-air gravity anomalies, the Bouguer 

gravity anomalies were derived, as shown in Figure 4b. 

 
Figure 4. The gravity effects caused by terrain are calculated using 

the actual density and the corresponding Bouguer gravity anomaly. 

(a) Gravity effects caused by terrain. (b) The Bouguer gravity 

anomaly. 

The Bouguer gravity anomaly depicted in Figure 4b has a 

mirror-image relationship with the terrain and is character-

ized by a pronounced mountain-shaped anomaly. The 

Bouguer gravity anomaly and topographic data prior to cor-

rection were normalized, resulting in a correlation coefficient 

of -0.989 between the two datasets, which indicates that the 

Bouguer gravity anomaly is substantially influenced by the 

terrain. As shown in Figure 4a, the variation pattern of the 

terrain influence closely mirrors that of the free-air gravity 

anomaly, with a correlation coefficient of 0.996. However, 

the relative variation of the former is significantly greater 

than that of the latter. This discrepancy arises because the 

terrain correction density derived from the measured data is 

overestimated. Field investigations revealed that the surface 

rocks in the study area are severely weathered resulting in an 

actual equivalent density that is much lower than the meas-

ured density. Figure 5 presents photographs of surface rock 

outcrops at various measurement points. Specifically, Figure 

5a-5e provide top-down views of the measurement points, 

whereas Figure 5f offers a long-distance view of the study 

area. Observations indicate that rock fractures are highly 

developed, with substantial variations in fracture scale across 

different locations and significant vertical extensions. More-

over, certain fractures are filled with loess, whereas others 

remain unfilled. The variability in fracture scales and fillings 

within the study area renders it impractical to estimate the 

optimal terrain correction density based solely on the meas-

ured rock density and fracture development degree. Conse-

quently, an indirect method must be employed, which in-

volves estimating the terrain correction density on the basis 
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of the relationship between the actual terrain and the gravity anomaly. 

 
Figure 5. Photographs of outcrops at several gravity measurement points. 

2.4. Method and Application of Successive 

Regression for Selecting the Terrain 

Correction Density 

In mountainous regions with significant terrain undula-

tions, the terrain correction density derived from the Bouguer 

plate formula is often underestimated when measured gravity 

data and elevation scatter plots are used to fit the intermedi-

ate layer correction coefficient [1]. This density can be itera-

tively adjusted to achieve the optimal terrain correction den-

sity. When inverting the depth of the density interface using 

gravity data, the Bouguer plate gravity formula is typically 

employed to construct an iterative calculation formula for the 

modification amount of the density interface depth. Through 

successive iterations, residual gravity anomaly values can be 

eliminated to obtain the depth of the density interface [23, 

24]. Based on this iterative method, in this study, the follow-

ing steps are adopted to determine the optimal terrain correc-

tion density: 

Step 1: On the basis of the scatter plot of free-air gravity 

anomalies versus elevation, a fitting process is conducted 

using appropriate formulas to calculate the initial terrain 

correction density 𝜎(1) = 𝑎/(1.6𝜋𝐺). Here, G denotes the 

gravitational constant. Importantly, under three-dimensional 

conditions, the gravity change induced by the actual terrain is 

smaller in magnitude than the gravity anomaly of a Bouguer 

plate with the same density. Consequently, in this study, the 

coefficient in the Bouguer plate formula is adjusted to accel-

erate the iterative convergence process (changing 2𝜋𝐺 to 

1.6πG). 

Step 2: Define 𝜎(1) as the terrain correction density. A 

forward-modeling computation is performed to determine the 

gravitational influence value 𝑔𝑡(1)  of the terrain at the 

measurement points. The Bouguer gravity anomaly is sub-

sequently calculated using the formula (𝑔𝐵(1) = 𝑔𝑓 − 𝑔𝑡(1)). 

A scatter plot of the free-air gravity anomaly versus the 

first-calculated gravitational influence value of the terrain at 

the measurement points was used to conduct a fitting analy-

sis using the formula (𝑔𝑓 = 𝑐 ⋅ 𝑔𝑡(1) + 𝑑). The coefficient c 

is evaluated as follows: if c is significantly greater than 1, 

then the calculated gravitational influence value of the terrain 

is underestimated, and the terrain correction density is also 

underestimated. Then, if c is significantly less than 1, the 

calculated gravitational influence value of the terrain is 

overestimated, and the terrain correction density 𝜎(1) is also 

overestimated; proceed to the next step. If c is approximately 

1, then this suggests that the terrain correction density 𝜎(1) 

is appropriately determined. At this point, the iteration pro-
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cess is terminated, and the Bouguer gravity anomaly is 

adopted as the final result. 

On the basis of the scatter plot of the Bouguer gravity 

anomaly derived from the initial calculation and the corre-

sponding elevation data, a fitting analysis was conducted 

using the formula (𝑔𝐵(1) = 𝑒 ⋅ ℎ + 𝑓). The first adjustment 

value for the terrain correction density is subsequently com-

puted as (𝛿𝜎(1) = 𝑒/(1.6𝜋𝐺)). 

Step 4: Based on formula (𝜎(2) = 𝜎(1) + 𝛿𝜎(1)), the second 

terrain correction density is computed. Subsequently, set 

(𝜎(1) = 𝜎(2)) and revert to Step 2 for further iterations. 

 
Figure 6. Scatter points show the relationship between the free-air 

gravity anomaly and elevation in the research area. 

 
Figure 7. The gravity effects caused by terrain are calculated using 

the first regressed density and the corresponding Bouguer gravity 

anomaly. (a) Gravity effects caused by terrain. (b) The Bouguer 

gravity anomaly. 

 
Figure 8. Scatter points show the relationship between the free-air 

gravity anomaly and gravity anomaly caused by terrain in the re-

search area. 

Following the aforementioned steps, the Bouguer gravity 

anomaly in the Jiuzong Mountain region is calculated in this 

study. A scatter plot of the free-air gravity anomaly versus 

the measurement point elevation, along with the fitting for-

mula, is presented in Figure 6. The first terrain correction 

density value (𝜎(1) = 1.489×103kg/m3) is derived from the 

coefficient of the first-order term of the fitted model. On this 

basis, the terrain-induced gravity effect and the correspond-

ing Bouguer gravity anomaly are computed, as illustrated in 

Figure 7a and 7b. At this stage, the scatter plot (Figure 8) of 

the free-air gravity anomaly against the terrain effect shown 

in Figure 7a reveals that the coefficient of the first-order term 

of the linear fit is 1.4843, which is significantly greater than 

1. This indicates that the calculated terrain effect value is 

underestimated. According to the scatter plot of the Bouguer 

gravity anomaly versus elevation (Figure 9), the correction 

value for the first terrain correction ( 𝛿𝜎(1) =

0.463×103kg/m3) is obtained from the coefficient of the 

first-order term of the fitted model. Consequently, the second 

terrain correction density is determined to be ( 𝜎(2) =

1.952×103kg/m3). 

 
Figure 9. Scatter points show the relationship between the first 

calculated Bouguer gravity anomaly and elevation in the research 

area. 

http://www.sciencepg.com/journal/earth


Earth Sciences http://www.sciencepg.com/journal/earth 

 

156 

 

  
Figure 10. Variation in the density and correlation coefficient with an increasing number of iterations. (a) Density. (b) The correlation coef-

ficient between the free-air gravity anomaly and gravity anomaly caused by terrain. 

By using this method, the optimal terrain correction den-

sity (𝜎(5) = 2.154×103 kg/m3) was determined after five 

iterations. The variation in the terrain correction density with 

respect to the number of iterations is illustrated in Figure 10a. 

The change in the correlation coefficient c, which represents 

the relationship between the free-air gravity anomaly and the 

calculated gravitational effect of the terrain at the measure-

ment points as a function of the number of iterations, is de-

picted in Figure 10b. During the early stages of iteration, the 

density significantly varies with the number of iterations. As 

the number of iterations increases, the changes in density 

become less pronounced, and the correlation coefficient c 

gradually approaches 1. This suggests that the optimal den-

sity has been achieved at this point, and increasing the num-

ber of iterations provides minimal additional benefit. As-

suming that the average density of surface rocks in the study 

area is 2.7×103, the optimal density value corresponds to 

approximately 80% of the density of unweathered rocks. On 

the basis of observations of fissure development in the ex-

posed surface rocks, the estimated degree of fissure devel-

opment ranges from 10% to 30%. Considering that partial 

loess fills the fissures, the optimal terrain correction density 

estimated in this study is reasonable. The Bouguer gravity 

anomaly calculated using this density is presented in Figure 

11a. Its correlation coefficient with the terrain is only 0.0329, 

which indicates that the Bouguer gravity anomaly is effec-

tively independent of the terrain. 

In the study area, four stone caves of varying sizes exist 

(their locations are indicated by the black boxes in Figure 11). 

Each cave has dimensions that are approximately 4m (width) 

× 3m (height) × 5.5m (depth), and the top of each stone cave 

is located approximately 8-10 m below the ground surface. If 

the average density of the intermediate layer estimated above 

is adopted, the density difference between the stone caves 

and the surrounding rock is -2.154×10³kg/m³. Through for-

ward modeling, the gravity anomalies caused by the four 

stone caves are calculated. The results of this modeling re-

veal a gravity anomaly characterized by a local low, with the 

maximum amplitude reaching -0.046×10-5m/s². The potential 

field separation method is employed to derive the residual 

Bouguer gravity anomaly. As depicted in Figure 11b, signif-

icant local minima in the gravity anomaly are observed at 

certain positions of the four stone caves. Under the same 

parameters, the residual anomaly derived from the Bouguer 

gravity anomaly shown in Figure 4b fails to adequately rep-

resent the gravity anomaly characteristics of the stone caves. 

Furthermore, the residual gravity anomaly trend is strongly 

correlated with the topography. Clearly, the density of the 

intermediate layer obtained using the successive regression 

method in this study is reasonable. This method effectively 

eliminates spurious anomalies that are unrelated to the to-

pography. 

 
Figure 11. Bouguer gravity anomalies in the study area. (a) The 

Bouguer gravity anomaly. (b) The residual Bouguer gravity anom-

aly. 
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3. Discussion 

In this study, on the basis of the correlation between the 

free-air gravity anomaly and topography, the successive re-

gression method was employed to determine the density for 

topographic correction in mountainous areas. The calibration 

results of the measured gravity anomalies in the Jiuzong 

Mountain region confirm the validity of this approach. With 

respect to the topographic correction of gravity data in 

mountainous regions, the most widely used method involves 

selecting a series of topographic correction density values for 

trial calculations. The Bouguer gravity anomaly with the least 

correlation to the topography is identified as the optimal 

gravity anomaly, and the corresponding density is considered 

the optimal topographic correction density [11]. When this 

method is applied, if the density interval is set too small, the 

computational workload becomes excessively large. Con-

versely, if the density interval is too large, it may be impos-

sible to achieve the optimal topographic correction density. A 

commonly adopted selection method involves calculations 

with a step size of 0.05×103kg/m3. Even so, conducting trial 

calculations within the range of 2.0~2.7×103kg/m3 still re-

quires 15 topographic correction calculations, which repre-

sents a significant computational burden. Using the dichot-

omy method to select density values for topographic correc-

tion calculations within a given interval [10] can reduce this 

workload to some extent. However, obtaining a relatively 

accurate optimal topographic correction density still necessi-

tates multiple calculations. The methodology proposed in this 

study is grounded in the Bouguer plate correction formula, 

which transforms the relationship between Bouguer gravity 

correction values and elevation into a density-dependent 

function. This approach is characterized by its concise 

mathematical formulation. Given the inverse correlation be-

tween density and Bouguer correction values, larger dis-

crepancies in Bouguer corrections lead to more significant 

density adjustments during each iteration, thereby enhancing 

the rate of convergence. This feature ensures high conver-

gence efficiency throughout the entire iterative process, as 

evidenced by the results illustrated in Figure 10. 

When calibrating the measured gravity data in the Jiuzong 

Mountains, a uniform density is applied across the entire 

region. This approach is justified by the results of surface 

geological surveys, which indicate that the exposed strata in 

the study area are relatively homogeneous. Consequently, a 

uniform density can be used to effectively approximate the 

density variations in the actual strata. Moreover, the regres-

sion analysis results between the free-air gravity anomaly, 

and the elevation of the measurement points demonstrate a 

good fit with a linear function. This further suggests that 

there are no significant lateral variations in the topographic 

correction density within this region. In practical applications, 

if the survey area is extensive, the scatter plot of the free-air 

gravity anomaly versus the measurement point elevation can 

be utilized for the assessment. If the fitting error of the linear 

function is substantial, a zonal processing method can be 

employed. Ultimately, the calibrated results from each zone 

can be seamlessly integrated. 

This study adopts the criterion that the Bouguer gravity 

anomaly should be independent of topographic relief varia-

tions, primarily due to the fact that the exploration target is 

the burial site of the Zhao Mausoleum, which manifests as a 

near-surface local anomaly in gravitational characteristics. 

Consequently, the gravity anomaly generated by the entire 

mountainous structure constitutes the regional background 

anomaly, and removing this regional background anomaly 

can more effectively highlight the local anomaly features of 

interest. However, in other applications of gravity explora-

tion, the methodology proposed in this paper should be 

adapted according to specific exploration objectives. For 

instance, in mineral exploration, gravity surveys are com-

monly utilized to detect concealed rock masses and hydro-

thermal structural zones, which, similar to the target in this 

study, generally produce localized gravity anomalies. There-

fore, improving the accuracy of intermediate layer correction 

density through regression analysis can significantly enhance 

exploration effectiveness. In applications such as regional 

geological mapping, a uniform intermediate layer densi-

ty-typically set to the average crustal density of 

2.67×10³kg/m³-is often employed for correction purposes to 

facilitate data integration and comparative analysis. In such 

cases, the Bouguer gravity anomaly typically exhibits a mir-

ror-image relationship with topography, and its regional var-

iations reflect changes in crustal thickness. During local 

gravity measurements, the Bouguer gravity anomaly may 

also display characteristics that are topographically analo-

gous. For example, in basin-mountain transition zones, oro-

genic belts are predominantly composed of metamorphic and 

igneous rocks, whereas basins are characterized by relatively 

thick sedimentary layers. This geological configuration re-

sults in higher gravity anomalies in mountainous regions and 

lower anomalies within basins. These gravity anomalies, 

which exhibit a positive correlation with topography, carry 

significant geological implications. When investigating the 

structural features of basins and mountains, one cannot sole-

ly rely on the independence of the Bouguer gravity anomaly 

from topography as a universal criterion. Therefore, in prac-

tical applications, the process of topographic correction 

should be integrated with subsequent Bouguer gravity anom-

aly interpretation, with the ultimate objective of isolating 

gravity anomalies specifically associated with the explora-

tion target. If a constant density value, such as the average 

crustal density, is applied during topographic correction, 

appropriate measures must be implemented during gravity 

data processing to eliminate or minimize anomalies unrelated 

to the target. Conversely, if zonal correction or variable den-

sity correction is applied during the topographic correction 

stage-thereby partially mitigating the gravitational influence 

of non-target structures-targeted processing can be conducted 

during the gravity data interpretation phase. 
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4. Conclusions 

To address the issue of mountain-shaped anomalies caused 

by the inaccurate selection of terrain correction density dur-

ing gravity surveys in mountainous regions, in this study, the 

gravity anomalies in the Jiuzong Mountains are used as a 

case study. By employing regression analysis, the optimal 

terrain correction density can be determined. The correlation 

coefficient between Bouguer gravity anomalies and topo-

graphic data decreased from 0.989 before correction to 

0.0329 after correction, demonstrating the efficacy of this 

method. When the regression analysis method is implement-

ed in this study, an iterative calculation approach is adopted. 

Compared with the conventional method of performing trial 

calculations using a series of density values, the proposed 

method can efficiently determine the optimal terrain correc-

tion density. In contrast to previous gravity survey work 

conducted in the Jiuzong Mountains region, obtaining 

high-precision topographic data under existing technical 

conditions is no longer a significant challenge. A correction 

method constrained by the actual geological structure, com-

bined with appropriate data processing techniques, represents 

one of the critical factors for enhancing the effectiveness of 

gravity corrections and improving the interpretability accu-

racy. 
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