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It is with great pleasure and pride that I present to you the Department of Mines and 
Geology's Annual Report, Volume 14. This bulletin is a testament to our department's 
relentless effort, unwavering dedication, and notable achievements over the past year.

As Director General, I have had the honor of witnessing firsthand our team's extraordinary 
progress toward fulfilling our organization's goals and ambitions. Our commitment to 
excellence, innovation, and sustainability has enabled us to not only meet but exceed 
our responsibilities in overseeing and promoting responsible mining and geological 
activities.

This report provides a comprehensive overview of our activities, initiatives, and 
outcomes across different aspects of our operations. From regulatory compliance and 
enforcement to research and development, every section highlights our continuous 
pursuit of operational excellence and dedication to the highest standards of integrity 
and responsibility.

Moreover, this report reflects our ongoing efforts to promote transparency and 
engagement with stakeholders, including government agencies, industry partners, local 
communities, and the general public. By sharing our successes, challenges, and future 
plans, we aim to build trust, collaboration, and mutual understanding in the pursuit of 
common goals.

I extend my heartfelt gratitude to all members of the Department of Mines and Geology 
for their dedication, hard work, and passion in advancing our mission. I also want to 
thank our partners and stakeholders for their unwavering support and collaboration 
throughout the year.

As we move forward, I am confident that with the same commitment and teamwork, we 
will make significant strides toward our vision of a sustainable and responsible mining 
and geological industry that meets the needs of current and future generations.

Thank you for your continued support and confidence in the Department of Mines and 
Geology.

								      
								        Ram Prasad Ghimire
								        Director General

FOREWORD
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EDITORIAL

Department of Mines and Geology, DMG, is a sole government organization to carry 
out geo-scientific activities and to share the geological knowledge based on its field / 
research activities. On behalf of Editorial Board, I am delighted to bring out this Annual 
Report of Department of Mines and Geology, Annual Report No. 14, DMG, 2024. This 
annual volume of the department highlights the regular activities that the department 
has carried out in the last fiscal years as per its annual programs. This bulletin will cover 
the research activities on geological investigation, mineral exploration, seismology, 
landslide investigation, engineering geology, research on technology and many more 
on the data and information of department. There will be altogether 13 articles. These 
articles and the bulletin as a whole will be an important archive that will be useful for 
DMG personnel’s, other likely stakeholders - Planners, Geo-scientists, mineral based 
enterprises, students and many more. Research and continued research will bring the 
results to an end that will uplift the overall goal of DMG. We are working in the principal 
“Work is God, Knowledge is Power” for the more than 5 decades. We have focused on 
the modern technology and tools for our research activities rather than the traditional 
techniques only. No doubt, more efforts and time are needed to maintain the quality 
of the articles that begins from the field / research activities. The quality research will, 
eventually, inspire the government and non-governmental stakeholders to collaborate 
with the DMG in the new realm of Geo-scientific research in future.

I, on behalf of the Board, want to thank all the authors, co-authors, field personnel’s, 
laboratory persons and many more who were involved during the field / research 
activities. My thanks also go to all the members of the Editorial Board / Reviewers for 
the valuable contributions during finalization of this bulletin. 

Thank You.

								      
Jay Raj Ghimire

Chief Editor
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Identifying area prone to landslides employing Random Forest 
Model in Raghuganga Rural Municipality of Myagdi District.
Dr. Suchita Shrestha (Sr. Div. Geologist), Bhawana Niraula (Geologist)

INTRODUCTION
Worldwide, landslides emerge as a prominent and 
destructive threats in mountainous areas, consistently 
leading to casualties, agricultural losses, infrastructure 
damage, and structural collapse. Landslides occur 
because of unique and complex phenomena due to 
both internal and external causes. Internal factors 
like faults and thrusts render slopes vulnerable to 
movement, while external factors such as rainfall, 
earthquakes, and human activities serve as triggers 
for the displacement of earth materials.

This research was conducted as a component of the 
Department of Mines and Geology’s annual program 
for the fiscal year 2078/79. The study encompassed 
the entirety of Raghuganga Rural Municipality (RRM) 
, situated approximately 17.4 km north of Beni Bazar 
within the Myagdi district of the Gandaki Province 
(refer to Fig. 1). All eight wards within Raghuganga 
RM were examined, revealing over 375 landslides, 
each characterized by its unique nature and geometry. 
Many of these landslides were attributed to activities 
such as road construction involving slope cutting and 
inadequate drainage systems.

Numerous streams within the area converge to form the 
Kaligandaki River. Among these, Kali Khola and Myagdi 
Khola serve as primary tributaries of Raghughat Khola, 
which ultimately flows into the Kaligandaki River.

OBJECTIVES
•	 To identify the landslides and its impact 

employing the field survey. 

•	 To detect and map landslides using high 
resolution imagery (Sentinel 2).

•	 To study the geological condition of the study 
area.

•	 To prepare a base map for landslide inventory.

•	 To prepare landslide susceptibility map of the 
study area.

METHODOLOGY AND MATERIALS
a) Desk Study

The desk study for the program involved analyzing 
high-resolution imagery (Sentinel 2) and examining 
existing topographical and geological data within and 
around the designated area. This included scrutinizing 
topographical sheets, geological maps, available 
landslide hazard maps, scientific literature pertaining 
to the area’s geology and engineering geology, as well 
as relevant literature and similar resources.

b) Field Investigation

Field study includes mapping the existing landslide, 
the types of bed rock contributing to instability, the 
types of soil cover contributing to instability, and also 
mapping slope steepness or inclination, spring line 
/ groundwater level condition. Some of the major 
landslide were studied in details by using landslide 
inventory form.

ABSTRACT

Landslides represent one of nature’s most devastating hazards, capable of reshaping landscapes, demolishing 
structures, and endangering lives. Crucial for environmental management and urban planning, landslide 
susceptibility maps (LSMs) identify areas at higher risk, aiding in economic loss mitigation. This study crafted an 
LSM for Raghuganga rural municipality in Myagdi using the Random Forest (RF) model, known for its superior 
accuracy among machine learning methods. Eleven factors influenced susceptibility, including lithology, land 
cover, elevation, aspect, slope, curvature, topographic wetness index, Sediment transport index, Stream power 
index drainage proximity, and drainage density. 70% of known landslides formed the training dataset, with the 
remaining 30% for validation. The RF model underwent validation through the area under the receiver operating 
characteristic (ROC) curve, achieving success and prediction rates of 90.2% and 81%, respectively.

Keywords: Landslide Susceptibility; Machine Learning; Random Forest; Raghuganga Rural Municipality

Fig. 1: Location map of the study area.
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Data collected after the desk and field study were 
used to prepare the landslide susceptibility map using 
random forest method. 

c) Landslide inventory

A Geographical Information System (GIS) based 
landslide inventory map was prepared using data from 
previous reports. The aerial images were orthorectified, 
and spatial data were obtained by extracting landslide 
zones by digitizing via visual interpretation using 
ArcGIS 10.2 software.

The precise delineation of landslide location is crucial 
for landslide susceptibility assessment of an area. 
Thus, it is necessary to prepare an inventory map 
of landslides. In this study, landslide locations were 
detected by compiling previous research and reports, 
and manual interpretation of Google Earth images. 
Google Earth provides a good alternative data source 
in inaccessible areas, and high-resolution imagery can 
be downloaded and combined with a GIS. To produce 
a detailed and reliable landslide inventory map of the 
study area, extensive field surveys and observations 
were performed in the study area. The dominant 
failures were shallow translational landslides, slope 
failures (Fig. 2) that sometimes resulted in the debris 
flows.

Fig. 3: Location of landslides in the study area.

d) Random Forest Model

Random Forest (RF) classification, which was originally 
developed by Breiman (Breiman 2001), is a machine 
learning algorithm for multivariate classification. 
RF is a popular ensemble learning method that is 
widely used for classification and regression. This 
can be used to determine the prediction of landslide 
occurrences in an area. This method has been widely 
used to identify disaster-prone areas such as floods, 
droughts and landslides due to its high accuracy and 
generalizability. This algorithm as several advantages, 
such as: able to avoid overfitting, has low bias and 
variance, low correlation of each tree due to forest 
diversity built using a number of variables/factors, 
strong error estimation using Out-Of-Bag (OOB) data, 
and higher predictive performance. In this study, the 
data set of identified landslide was randomly split 
into two subsets: (i) the training data (~70%); and (ii) 
model validation data (~30%). To ensemble with RF, 
the model needs landslide and non-landslide areas. 
Therefore, landslide initiation points were assigned 
a value of “1” and remaining pixels were assigned a 
value of 0.

CAUSATIVE FACTORS
Several studies have shown that these causative 
factors (CFs) are important in landslide analyses (Van 
Westen et al. 2003; Pradhan and Kim 2014; Shrestha 

Fig. 2: Landslides observed during fieldwork.

A field survey was undertaken to rectify inaccuracies in 
the existing landslide inventory maps within accessible 
regions of the study area, thereby enhancing the maps’ 
credibility. Fig. 2 shows the observed landslides during 
field survey. Local residents were consulted regarding 
the occurrence or absence of landslides in their 
surroundings. The majority of the identified landslides 
were categorized as rock falls and colluvium failures. 
Combining image analysis with the field survey, a total 
of 375 landslides were identified (Fig. 3), covering an 
area of 1.9 Km2. 
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and Kang 2017), and they are used to prepare landslide 
susceptibility maps. In this study, 11 causative factors 
were collected from various sources and grouped 
into four types: geologic, landuse, topographic, and 
hydrologic as shown in Table 1. Among 11 CFs, 
geology and landuse are categorical variables while 
remaining variables are numerical. A 20×20m Digital 
Elevation Model (DEM) was prepared using contour 
and spot height data published by Department of 
Survey, Government of Nepal.

Table 1: List of Causative Factors

Type Causative Factor

Geology Geology

Landuse Landuse

Topographic

Elevation

Aspect

Slope

Curvature

Hydrologic

 Topographic wetness
index
Sediment transport index

Stream power index

Drainage proximity

 Drainage density

a) Geology

It is widely recognized that geological parameters 
greatly influence the occurrence of landslides because 
different lithological units have varying physical 
properties, leading to variations in the permeability 
and strength of rocks and soils. In this study, the 
lithological layers were extracted by geological maps 
of Nepal. Geologically this area lies in Tibetan-Tethys 
Zone, Higher Himalayan and Lesser Himalayan Zone. 
The data were divided into 5 lithological units, namely 
Paleozoic (Pz), Higher Himalayan Crystalline (hx), 
Ghan Pokhari (Gp), Naudada Formation (Nd), Seti 
Formation (St) as depicted in Fig. 4. Grey to greenish 
grey phyllite, and thin layer to thick bed of quartzite 
found in the Seti Formation. Fine to medium grained 
white quartzite is intercalation of phyllites cover the 
area of Naudada Formation.

The overlay analysis shows that most of the landslides 
(369) are occurred in Seti Formation as presented in 
Fig. 5.

b) Landuse

The role of landuse in landslide susceptibility is 
significant, as it directly influences the stability of slopes 
and the likelihood of landslide occurrence. Landuse 
map with 10 classes was prepared as presented in 
Fig. 6 where cultivation and forest area has the highest 
number of landslide.

The overlay analysis of landslide and landuse pattern 
shows that 173 landslides occurred in the forest area 
followed by cultivation land (91), bush (58) and grass 
land (42) as depicted in Fig. 7  

c) Topographic parameters

i) Elevation

Although there is no direct relationship between 
elevation and landslide occurrence, research has 
shown an increase in landslide occurrence at higher 
elevation. In the study area, the elevation ranged from 
1060 m to 5060 m asl (Fig. 8).

Fig. 4: Geological map of study area (From DMG 2020).

Fig. 5: Presence of landslides in different geological 
formations.
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Fig. 8: Elevation distribution of the study area.

It is seen that most of the landslides occurs in confined 
to an altitude range of 1200–2400 m asl (Fig. 9).

ii) Aspect

Physically, the aspect is related to parameters such 
as vegetation cover, precipitation, soil moisture, wind 
impact and sunlight exposure. Although the relationship 
between the aspect and the mass movement has been 
thoroughly investigated, no consensus regarding the 
aspect–landslide relationship (Ercanoglu et al. 2004) 
has emerged. The slope aspect, or the direction of 
maximum slope of the terrain surface, was divided into 
eight classes (Fig. 10). 

Fig. 9: Distribution of landslides in elevation.

Fig. 10: Aspect map of the study area.

It is seen that the landslides are sparsely distributed. 
Most of the landslides has been occurred in North to 
South-East faces as presented in Fig. 11.

Fig. 11: Distribution of landslides in different Aspect of 
hillslope.

iii) Slope 

Slope is a very important parameter in any landslide 
susceptibility mapping analysis. If the slope is great, 
there is an increased chance of landslide occurrence. 
The terrain slope calculates the gradient at any pixel on 
the surface which was derived from the first derivative 
function of the DEM. In this area, slope ranges from 0 
to 75.3° as presented in Fig. 12. 

The correlation between slope angle and landslide 
frequency indicates that landslides mostly concentrated 
on slope range of 10°–60° as shown in Fig. 13.
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Fig. 12: Slope map of the study area.

Fig.13: Distribution of landslides in different slope categories.

iv) Curvature

Another important CF is curvature, which measures 
the rate of change of terrain aspect angle measured in 
the horizontal plane. This can be used to differentiate 
between ridges and valleys. Curvature was calculated 
from a second-order derivative of the DEM as shown in 
Fig. 14.  Generally, convex slopes are more stable as 
they disperse the runoff more equally down the slope, 
whereas concave slopes are considered potentially 
unstable because they concentrate water at the 
lowest point and contribute to the buildup of adverse 
hydrostatic pressure (Stocking 1972).

In case of curvature, both concave and convex slopes 
associated with planner slopes show high landslide 
frequencies (Fig. 15). The immediate slope shape 
change from planner to concave or convex can lead to 
concentrate groundwater (Reneau and Dietrich 1987).   

Fig. 14: Curvature map of the study area.

Fig. 15: Distribution of landslides in different curvature 
categories.

d) Hydrologic parameters

Topographic Wetness Index (TWI), Sediment Transport 
Index (STI), Stream Power Index (SPI) Drainage 
Proximity, are Drainage Density, are hydrological 
factors that play vital roles in slope instability.

i) Topographic Wetness Index

TWI is a steady-state wetness index that is commonly 
used to quantify topographic control on hydrological 
processes. TWI has been used extensively to describe 
the effect of topography on the location and size of 
saturated source areas of runoff generation. Moore et 
al. (1991) proposed Equation (1) for the calculation of 
TWI under the assumption of steady-state conditions 
and uniform soil properties. 

                                                      (1)                                   
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where α is the cumulative upslope area draining through 
a point (per unit contour length), and tan β is the slope 
angle at that point. TWI is an indicator of the spatial 
distribution of soil moisture because groundwater flow 
often follows the surface topography. Higher value of 
TWI zone indicates possibility for groundwater in the 
rock flowing through the factures. The distribution of 
TWI in the study is shown in Fig. 16.

shown in Equation (2): 

			                     (2)                                           

The distribution of STI is presented in Fig. 18. 

Fig. 16: TWI map of the study area.

Most of the landslides associated with low values 
of TWI because low values of TWI mean first order 
drainage pattern which as most erosive power (Fig.17).

Fig. 17: Distribution of landslides in different TWI categories.

ii) Sediment Transport Index

By combining the length and steepness of slope, 
STI was calculated. It characterizes erosion and the 
deposition process. The sediment transport index 
(STI) depends on the catchment size and slope angle 
in a nonlinear fashion (Moore and Burch 1986), as 

Fig. 18: STI distribution of the study area.

The correlation between landslides and STI shows 
landslides are mostly associated with the intermediate 
values of STI as shown in Fig. 19. 

Fig. 19: Distribution of landslides in different STI units.
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iii) Stream power index

The Stream Power Index (SPI) is a measure of the 
erosive power of flowing water. It’s calculated based 
on slope and contributing area. This index is used to 
visualization potential flow erosion and related with 
landscape processes.

The SPI, an indicator of the stream’s abrasive wear 
force, was calculated for the study area. SPI can be 
follows as defined in Equation (3):

                           (3)                                                                   

where As is the particular catchment extent and β is 
the slope grade in degrees. The distribution of SPI is 
depicted in Fig. 20. 

Fig. 20: SPI distribution map of the study area.

The overlay analysis of landslide distribution and SPI 
shows that most of the landslides has been occurred 
in the values ranges from 0.8 to 3.2 as depicted in Fig. 
21.  

iv) Drainage proximity

Terrain alteration may impact a region depending on 
its distance from a stream (Hua et al., 2021). Drainage 
proximity is a buffer distance from center of river/stream 
line (Fig. 22). The Euclidean function in GIS was used 
to calculate the drainage proximity. The landslide 
frequency is higher in the proximity of drainage. The 
river valleys have created steep slopes in its vicinity 
and water can adversely affect the slope by cutting the 
toe of terrain.

Fig. 21: Distribution of landslides in different SPI categories.

Fig. 22: Drainage proximity map of the study area.

The landslide frequencies are high up to a drainage 
proximity of 200 m but beyond that landslide 
frequencies become low (Fig. 23).

Fig. 23: Distribution of landslides in different drainage 
proximity categories.
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v) Drainage density

Drainage density is a term used in geomorphology and 
hydrology to describe the relationship between the total 
length of streams and the area they drain (Dou et al. 
2014; Kavzoglu et al. 2014). It is calculated as the total 
length of streams in a given area divided by that area. 
High drainage density indicates a well–developed 
drainage system with a large number of small streams. 
The drainage density illustrates the balance of erosive 
strength of surface runoff and resilience of surface 
geological formations (Fig. 24).

Fig. 24: Map showing drainage density of the study area.

In the present study, drainage densities ranging from 
0.8 to 4 m/m2 is correlated with landslide distribution 
as shown in Fig. 25.

Fig. 25: Distribution of landslides in different drainage density 
classes.

RESULTS AND DISCUSSION
The landslide susceptibility map of the study area 
was prepared using the optimum input parameters 
and independent variables in the form of CFs using 
the RF in R Programming. Fig. 26 shows the landslide 
susceptibility map produced using the RF model and 
divided into five classes (Very Low, Low, Moderate, 
High, and Very High using the natural breaks 
classification method. 

According  to  this  map,  71.7%,  15%,  7.8%,  3.4 
%,  and  2.1%  of  the  study  area  exhibit  a  very-low, 
low,  moderate,  high,  and  very  high  susceptibility  to 
landslide, respectively. Although only of the study area 
is highly and very highly susceptible to landslides, 
approximately 91.9% of the existing landslides were in 
these two classes as shown in Table 2. 

Table 2: Distribution of susceptibility and corresponding 
landslide area

Susceptibility classes Terrain area % Landslide %

Very Low 71.7 2.3

Low 15.0 1.9

Moderate 7.8 3.9

High 3.4 5.0

Very high 2.1 86.9

Fig. 26: Landslide susceptibility map of study area.

Drainage Density (m/m2)
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Evaluation metrics were employed to assess the 
proposed models utilizing contingency matrices, which 
include True Positives (TP), True Negatives (TN), 
False Positives (FP), and False Negatives (FN). A 
Receiver Operating Characteristic (ROC) curve is a 
graphical representation of the performance of a binary 
classification model (Hosmer, DW; Leseshow 2000). In 
ROC curves, the True Positive Rate (TPR: sensitivity) 
is plotted against the False Positive Rate (FPR: 
1-specificity) at different classification thresholds. 
The quantitative–qualitative relationship between 
prediction accuracy and AUC could be categorized as 
follows: 0.5–0.6, poor; >0.6–0.7, average; >0.7–0.8, 
good; >0.8–0.9, very good; and >0.9–1, excellent. The 
RF model underwent validation through the AUC of, 
achieving success and prediction rates of 90.2% and 
81.0%, respectively. In this study the value of AUC is 
90.2% hence lies in the excellent group as shown in 
Fig. 27.

Fig. 27: ROC curve for evaluation the model.

CONCLUSIONS
Landslide susceptibility mapping is an essential tool for 
estimating the possibility of landslides in hilly terrain. 
For this accurate landslide prediction models are 
essential. A total 375 landslides were identified using 
remote sensing and field survey method. AUC of ROC 
is 90.2% hence show the result is excellent.
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A Field Report on Engineering Geological study of parts of 
Damak Municipality and Kamal Rural Municipality of Jhapa 
District 
Suresh Shrestha (Sr. Div. Geologist), Sulav Kayastha (Geologist)

INTRODUCTION
Background

The rapid development of the urban areas in Nepal 
has generated concern with regard to the scope 
and extent of their infrastructural and environmental 
problems. There has been a significant increase 
in use of geological information in urban planning. 
The present “Engineering Geological Study” parts of 
Damak and Kamal Rural Municipality of Jhapa District, 
Eastern Nepal deals with the engineering properties 
of Quaternary sediments and gives information on 
favorable ground condition for urban development. 
Owing to the rapidly increasing population and 
accelerated economic growth, the demands on land 
and natural resources for housing, industry, road 
construction and other infrastructure developments are 
increasing rapidly. In this scenario, the present SPT 
test will provide a fundamental data for proper planning 
of settlements and other infrastructures. The present 
investigation works was conducted at the different 
locations within the Damak Municipality and Kamal 
Rural Municipality of Jhapa District for engineering 
geological study to find out bearing capacity of the soil 
and ultimately to classify the ground in regional scale.

Location

Damak is one of the growing cities of Jhapa District, 
Koshi Province. There are some small and medium 
scale industries within the study area. The proximity 
distance to this city from Kathmandu is about 420 
km. The total area of Damak Municipality and Kamal 
Rural Municipality is about 76 sq.km and 105 sq.km 
respectively and population is about 75,743 and44,365 
respectively (Census, 2068). The present study covers 
the parts of area of Damak Municipality and Kamal 

Rural Municipality. The total coverage of the present 
study is about 100 sq.km.

ABSTRACT
The present study deals with the engineering properties of Quaternary sediments which gives information on more 
favourable ground condition for urban development. This study also deals with geological hazards, its impact in 
environmental and their mitigation. The field investigation was carried out by power driven auguring, hand auguring 
and Standard Penetration Test (SPT) equipments. Soil samples were taken from various depths to delineate 
different subsurface Quaternary geological units. A number of traverses were taken along rivers, tributaries and 
road alignments for delineating geological units and to identify the areas prone to geo-hazard such as flooding and 
river bank cutting. Natural resources such as sand, gravel and clay were assessed.

Keywords: (Geological Hazards; Standard Penetration Test; Flooding; Quaternary)

Fig. 1: Location Map of the Study area

Physiography and Climate
Physiographically the study area lies in the Terai region 
having low altitude ranges from 70m to175m from 
mean sea level (msl). The area represents vast alluvial 
Indo-Gangetic foreland basin in the southern flank and 
belongs to the southernmost tectonic division of Nepal. 
The northern part of the area consists of Siwaliks. 
The study area consists of sediments of Quaternary 
Deposits such as sand, silt, and clay etc. The climate of 
the study area is tropical and monsoon type. 

Drainage
The study area lies in the southern-most part of the 
Nepal. The topography of this region is almost flat, 
so, river in this region flows in very low gradient or 
in the almost flat terrain. The major river shows the 
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meandering river pattern. The major rivers of this area 
are Ratuwa Khola and Mawa Khola.

Petroleum Exploration and Promotion Project (PEPP) 
Department of Mines and Geology at scale of 1: 
250,000 shows the occurrence of Quaternary deposit 
consisting of clay, sand, pebbles, cobbles, boulders 
alluvial deposits.

Fig. 2: Drainage map of the study area

Geological Setting of Damak

Physiographically, Damak area lies in the southeast 
direction from Kathmandu valley. It consists of 
Quaternary deposits of Terai Plain (Fig.3). The age of 
sediments of Terai Plain ranges from Pleistocene to 
Holocene. The sediments can be observed south of 
the Siwaliks. Generally, the Terai can be divided into 
three different zones from south to north (M.R. Dhital, 
Geology of Nepal Himalaya, 2015).

i)	 Lower Terai or Gangatic alluvium: It is the 
southernmost alluvial deposits of Terai. The most 
part of this zone lies the deposits of Terai rivers 
and its tributaries. It mainly consists of clay, silt 
and sand with some pebbles.

ii)	 Middle Terai or Marshy Land: This zone lies 
between the lower alluvial deposits and upper 
Bhabar Zone. It consists of silt and clay alternating 
with sand and gravel beds.

iii)	 Upper Terai or Bhabar Zone:  It lies in the foothill of 
the Siwaliks. It consists of sand, pebbles, cobbles 
and boulders derived from the Siwalik. It is the 
groundwater recharge zone for the Terai Plain.

Previous Study

Geological Map of Central Nepal (1984) at 1:250,000 
scale published by the Department of Mines and 
Geology shows the occurrence of recent sediments in 
the area and consisting of alluvium boulders, gravels, 
sands and clays.

Geological Map of Petroleum Exploration Block 
-10 (Biratnagar, Eastern Nepal, 2001) published by 

Fig. 3: Province Geological map showing study area

Objectives
The strength parameters of soil, unconsolidated 
sediment in the region are unknown. The major 
objectives of this study are enlisted below:

•	 To conduct detail engineering geological study of 
the Damak.

•	 To determine the N- value of the subsurface soil by 
SPT Method

•	 To classify the subsurface soil of the study area.

•	 To identify the geological hazard prone areas and 
recommend mitigation measures.

•	 To prepare engineering geological map of study 
area.

Limitations

•	 SPT is limited up to 8m depth as the test was 
performed manual.

•	 Power Auger is limited up to 7m depth due to 
constrain in equipment. 

•	 The field survey can judge the susceptible to 
liquefaction hazard but cannot delineate its 
potential. There are various reasons to cause 
liquefaction which may not meet during field 
survey.

•	 The information contained in the map are 
intended for urban planning in regional scale and 
infrastructure development activities. It should 
not be used as only basis for any specific site 
investigation for individual buildings or any other 
major structures. Therefore, the map cannot 
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replace detail site investigations. It also needs to 
be upgraded to integrate information according to 
changes.

•	 Bore holes were collapsed due to shallow water 
table, so difficult to penetrate the deeper depth.

•	 The collected soil/ sand samples were tested after 
1 month or more from field works cause difficulties 
in weighing samples and to find moisture content.

METHODOLOGY

Desk Study

Existing relevant literature on geology, geo-hazard and 
other information like topo-maps, aerial photographs 
were collected and reviewed. Topo-maps and Google 
maps were studied to obtain the overall view and plan 
of the study area. Digital database of the topo-maps 
of study area is used for the preparation of final map. 

Field study

Hand augering followed by Standard Penetration Test 
(SPT) and power auger machine were carried out in 
the field to obtain necessary data. SPT test on 108 
bore holes and 98 Power Auger test were performed 
during the field. The location of the bore hole is shown 
in Figure below. Adequate soil samples were collected 
either from the hand auger boreholes or from the split 
barrel of SPT tests from various depths for laboratory 
analysis in the Geo-Technical Laboratory of DMG.

Field test

Standard Penetration Test (SPT)

The Standard Penetration Test (SPT) is the most 
commonly used in-situ test especially for cohesionless 
soils, which cannot be easily sampled. The test is 
extremely useful for determining the relative density, 
bearing capacity, and the angle of shearing resistance 
of cohesionless soils. It can also be used to determine 
the unconfined compressive strength of cohesive soils.

The Standard Penetration Test is conducted in a 
borehole using a standard sampling tube. It has mainly 
three parts (i) driving shoe made of steel tool about 
75mm long, (ii) steel tube about 450mm long that split 
longitudinally into two halves, and (iii) coupling at the 
top of the tube about 150mm. The inside diameter of 
the split tube is 38mm and the outside diameter is 50m. 
When the borehole has been drilled to a desired depth 
the drilling tools are removed and the sampling tube is 
lowered to the bottom of the hole. The sampling tube is 
driven into the soil by a drop hammer of 63.5 Kg falling 
through a height of 750 mm. 

The numbers of hammer blow required to drive first 
150 mm of the sample is counted. The sampler is 
further driven by 150 mm and the numbers of blows 
are recorded. Likewise, the sampler is once again 
further driven by 150mm and the number of blows is 

recorded. The numbers of blow for the first 150 mm 
are disregarded. The numbers of blow recorded for 
the last two 150mm intervals are added to give the 
standard penetration number (N). In other words, the 
standard penetration number or N-value is defined as 
the number of hammer blows (hammer weight 63.5 kg, 
falling height of 750 mm) required to penetrate 300mm 
into the formation beyond a seating drive of 150mm. 
If 50 blows are reached before a penetration of 30 cm 
no further blows should be recorded. If the test is to be 
carried out in gravelly soils the driving shoe is replaced 
by the cone. 

The SPT may be used in both sand and clays but the 
correlation between N-values and the shear strength 
of clays is very suspicious and should only be treated 
as a qualitative guide (Lee at al., 1983). On the other 
hand, a carefully conducted SPT in uncemented sands 
should give a reliable guide to in-situ density and hence 
the angle of shearing resistance. The N-values are 
extensively used in determining the bearing capacity 
and predicting the settlement of cohesionless soil 
and are described by a number of authors (Meyerhof, 
1956; Teng, 1962; Terzaghi and Peck, 1967; Peck et 
al., 1974; Bowles, 1977; Lee et al., 1983).

Photo 1.Hand augering for the SPT test

Photo 2.SPT test using monkey hammer
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Photo 3. Sample recovered from SPT test

Power Auger Drilling

Power auger drilling was carried out in the field to 
know the sub-surface geology of the study area. In 
this method a meter long sample tube rod that could 
hold sample was inserted in the ground with the 
help of power Auger machine and then that rod with 
the subsurface sample was pulled out and a log of 
sediment below the ground surface was prepared. In 
the similar manner again a meter long rod was added 
with sampler tube rod and sample from the 2-meter 
depth was extracted. The maximum depth that could 
be explored was 7 meters below the ground surface 
during the field study.

Photo 6. Materials as seen in sample tube after power 
auger

Description of Laboratory Tests

The soil samples collected during the field investigation 
are subjected to various tests in departmental 
geotechnical laboratory to determine their engineering 
properties, which are generally required for civil 
constructions. The laboratory tests are conducted in 
accordance with the standard test procedures. The 
following tests were performed in the geotechnical lab 
of the department.

a) Grain Size Analysis (Sieve curve) 
b) Natural moisture content
c) Liquid Limit
d) Plastic Limit

a) Sieve analysis

Sieve analysis is carried on soil samples collected 
during fieldwork according to standard procedure. Both 
wet and dry sieving methods were adopted. Samples 
which contain considerable amount of fine materials 
like silt and clay wet sieving was carried out to ensure 
complete separation of fines for reliable assessment 
of their percentage. Grain size distribution curves are 
prepared for all sieve analysis results. 

b) Natural Moisture Content

The Natural Moisture Content of all soil samples 
collected from auger boring, SPT split spoon sampler 
and undisturbed sample tubes are determined 
according to the standard procedure by drying the soil 
specimen of known weight under 105º centigrade for 
24 hours and calculating the weight loss upon drying. 
The water content (Wn) of the soil was expressed as a 
percentage of the weight of oven dried soil as follows:

 

Mass of water

Photo 4. Power auger drilling at the site

Photo 5. Pulling out the rods after power auger
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c) Liquid Limit

Liquid Limit of the soil samples containing high 
percentage of fine materials was carried out with 
ASTM method D423 standard using Casagrande cup. 
Water content of each sample is determined after oven 
drying the sample at 105ºC for 24 hours. Percentage 
of moisture content is plotted against the number of 
required drops counted during the test. The percentage 
of moisture content at the value of 25-drop number is 
taken as the liquid limit of the test sample.

d) Plastic Limit

Plastic Limit of the soil samples is determined as 
the water content in a soil thread that crumbles at a 
diameter of 3 mm. The test is carried out according to 
standard procedures for determination of Plastic Limit. 
The Plastic Limit values are used with Liquid Limit value 
of the same sample for determining plasticity index, 
which is the value, required for soil classification. The 
results of Plastic Limit Tests and the Liquid Limit Tests 
are shown in the Table.

drying the soil specimen of known weight under 105º 
centigrade for 24 hours and calculating the weight 
loss upon drying. The moisture content of the tested 
samples was from 0.5% to 38%.

Liquid Limit and Plastic Limit

Liquid Limit and Plastic Limit of the 35 soil samples 
containing high percentage of fine materials was 
carried in the geo-tech lab. The Plastic Limit values 
are used with Liquid Limit value of the same sample 
for determining plasticity index, which is the value, 

Fig. 4: Plasticity chart to classify fine grained soil

DATA ANALYSIS AND INTERPRETATION 

Grain size analysis

Standard Penetration Tests (SPT) in 108 bore holes 
were performed during the field study. 344 samples 
collected and sieve analysis were done in the geo-
tech lab. The study area consists of mainly medium to 
coarse grained sediments on visual inspection during 
the field study so both dry and wet sieving method was 
adopted. As from the sieve analysis of the collected 
sample shows mainly the medium to coarse grained 
sediments. Almost 70% sample consists of sand 
size particles and only 30% sample consists of fines 
(silt and clay) i.e., below 0.075mm size sediments. 
Generally, three types of grain size distribution graph 
represent the study area as in fig 5 a, b, c.

Moisture content

The Natural Moisture Content of all soil samples 
collected from auger boring, SPT split spoon sampler 
and undisturbed sample tubes are determined by 

Fig. 5a: Grain size distribution curve representing the 
silt/clay dominant area.

Fig. 5b: Grain size distribution curve representing the 
sand dominant area.

Fig. 5c: Grain size distribution curve representing the 
sandy gravel dominant area.
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required for soil classification. The Liquid Limit of the 
tested sample is between 14 and 38. Similarly the 
Plastic Limit of the tested sample is between 15 and 
38. The results of Plastic Limit Tests and the Liquid 
Limit Tests are shown in the Table.

Plasticity index

The plasticity index (PI) is a measure of the plasticity 
of a soil. The plasticity index is the size of the range 
of water contents where the soil exhibits plastic 
properties. The PI is the difference between the Liquid 
Limit and the Plastic Limit (PI = LL-PL). Soils with a 
high PI tend to be clay, those with a lower PI tend to be 
silt, and those with a PI of 0 (non-plastic) tend to have 
little or no silt or clay. The soil was classified as

Table 1: Plasticity index to classify soil

Plasticity index
0 non plastic Sand

<7 Slightly plastic Silt
7 to 17 Medium Plastic Silty Clay

>17 Highly Plastic Clay

Among the samples tested large number of samples 
lies in between medium plastic silty clay to highly 
plastic clay category and rest sample in non-plastic 
sand and slightly plastic silt categories.  The data with 
Liquid Limit, Plastic Limit and Plasticity index is shown 
in the data sheet in the annex.

samples were collected from different auger holes and 
lab analysis was done in the Geotechnical laboratory 
of the Department. 

Based on subsurface geological information (type, 
nature and size of the sediments) and N-values obtained 
by performing SPT tests, the study area is classified 
into 3 different deposits as Laldhondra deposit/unit, 
Sitapuri deposit/unit and Kharkhare Deposit/unit. They 
are briefly described below:

1) Laldhondra Deposit/Unit

Laldhondra deposit, clay dominant subsurface consists 
of grey to dark grey silty clay to clay deposit with 
alternation of clay silt and very few layers of fine sandy 
silt or sandy clay. The thickness of clay is about 3 to 
5 meters with the alternation of silty clay or clayey silt 
with occasional sandy silt/clay interlayering of less than 
1m thick.

Fig. 6: Graphical representation of fine-grained soil 
classification

Subsurface geology and engineering properties of 
soil

The study area lies in the southernmost part of the 
Terai region and most of the area consists of fine to 
medium silt and sand with very few clays and gravels. 
The area lies in the flooding plain of Ratuwa and 
Mawa Khola. 108 SPT and 98 Auger boreholes were 
performed during the field survey. The test was carried 
up to the depth of 4 to 7 meters only because of the 
constraints in time and equipment. About 344 soil 

Fig. 7: Litholog representing Laldhondra deposit

2) Sitapuri Deposit/Unit	

Sitapuri deposit, sand dominant subsurface consists of 
grey silty sand deposit with alternation of clayey sandy 
silt and few layers of silt layers. The thickness of sand 
is about 2m to 4m with the alternation of clayey silt or 
sandy/clay silt or silty clay.
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Fig. 8: Litholog representing Sitapuri deposit

3) Kharkhare Deposit

Kharkhare deposit, Pebble to cobble dominant 
subsurface consists of Pebbly to cobbly sand layers 
with silt and sand layers alternation. The thickness of 
sand deposits is about 0.5m to 4m with alternation of 
sandy silt/sandy clay/silty to clayey sand layers.

Liquefaction hazard analysis

Liquefaction is the tendency to loose shear strength 
of saturated soil layers under the stress of earthquake 
motion. Liquefaction mostly occurs in the saturated soil 
layers composed of coarse silt to fine sand particles. 
The liquefaction potential of the soil strata decreases 
as the particle size of constituting materials and the 
depth increases. Also, in the soil layers composed of 
fine materials like fine silt and clay size particles the 
liquefaction will be less likely to occur. For liquefaction 
to occur, the area should be prone to the earthquake.

Various methods of defining the susceptibility of 
material to liquefaction theories have been proposed. A 
simplified approach for liquefaction analysis using SPT 
value was used in present study given by Idriss and 
Boulanger,2006. For the assessment of liquefaction 
vulnerability Cyclic Resistance Ratio (CRR) and Cyclic 
shear Stress Ratio (CSR) values were computed to 
get the factor of safety. SPT N-value were obtained 
from the field by carrying the SPT test in about 60 
bore holes and corrected N value (N1)60 is obtained as 
from the given relation,

Fig. 9: Litholog representing Kharkhare deposit

 (N1)60=NMCNCECBCRCS  , where 
NM=N-value from field
CN=Over burden correction factor
CE=Hammer energy Ratio correction factor
CB=Borehole diameter correction factor
CR=Rod length correction Factor
CS= correction factor for samplers with or without liners
Table 2: N-value correction parameters

 S.N.  Correction
parameter    correction

factor

1  Overburden
correction (CN)

 CN=(Pa/ϭvo)
0.5  where

 Pa=100kpa(Standard
 overburden
 pressure,
 ϭvo=effective
 overburden pressure

0.4≤CN≤1.7

 

2

 Hammer
 energy Ratio
correction(CE)

   

Hammer type  Hammer Release
Mechanism

Efficiency/
 correction
factor

Automatic Trip 0.7

Donut Hand drop 0.6

Donut Cathead+2 turns 0.5

Safety Cathead+2 turns 0.55-0.6

Drop/pin Hand drop 0.45
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3

 Borehole diameter
correction(CB) Equipment variables  correction

factor

  65-115mm(2.5-
4.5in) 1

  150mm 1.05

  200mm 1.15

 

4

 Rod length
correction(CR) 3-4m 0.75

  4-6m 0.85

  6-10m 0.95

  >10m 1

 

5

 Sampler
correction(CS) Standard sampler 1

   Sampler without
liner 1.2

Now the value of Cyclic Resistance Ratio (CRR) is 
computed using the below equation 

CRR7.5 = (1/34-(N1)60cs) + (N1)60cs/135+50 / (10. 
(N1)60cs+45)2-1/200

Correction for fines ( (N1)60cs) was done by using the 
following equation

(N1)60cs = α + β (N1)60

Where α and β are the coefficients and determined by 
the following relationships:

α = 0, if FC ≤ 5%

α = exp (1.76-190/FC2), if  5% <FC<35%

α = 5, if FC ≥ 35%

β = 1, if FC ≤ 5%

β =  (0.99+FC1.51000), if  5% <FC<35%

β = 1.2, if FC ≥ 35%

Cyclic shear Stress Ratio(CSR) is average shear 
stress developed during earthquake divided by 
effective overburden stress (Seed and Idriss 1971) 
and is computed using the below equation (Idriss and 
Boulanger 2006)

CSR={0.65 (amax/g)*( ϭvo/ϭ1vo)*(rd)}, where 

amax is the peak ground acceleration, g is the 
acceleration due to gravity, amax/g is the factor of zone, 
ϭvo is total over burden pressure , ϭ1vo is the effective 
vertical overburden pressure and rd is the coefficient of 
stress reduction and given as

rd=(1.000-0.4113z0.5+0.04052z+0.001753z1.5) /
(1.00-0.4177z0.5+0.05729z-0.006205z1.5+0.001210z2), 

where z is the depth below ground level

After computing the values of CSR and CRR the factor 
of safety (FS) was calculated as 

FS =CRR/CSR

If the value of FS is less than 1 than the soil might 
undergo liquefaction and if greater than 1 then there 
is no probability of liquefaction. The factor of safety 
only determines whether a soil layer will liquefy or 
not. The severity of liquefaction can be quantified and 
categorized spatially using the Liquefaction potential 
index (LPI).The LPI given by Iwasaki et al. is as follows

LPI = ʃ020F(z)W(z)d(z)

F(z) = 1-FS for FS < 1

F(z) = 0for FS ≥ 1

W(z) = 10-0.5z for z < 20m

W(z) = 0 for z > 20m

Where, z is the depth of the soil layer from the ground 
surface in meters.

For the layers of the soil under 20m, LPI is computed 
as 

LPI = ∑i=0
n Wi Fi Hi

Fi = 1-FSi for FSi < 1.0

Fi = 0 for FSi  ≥ 1.0  Where 

wi = weighing factor

Fi = Liquefaction severity for ith layer

Hi = soil thickness

n = layers numbers

FSi = factor of safety for ith layer

zi = depth of ith layer 

Table 3: Liquefaction severity (Iwasaki et al.)

S.N. LPI Liquefaction severity

1 LPI=0 Very low

2  0 < LPI < 5 Low

3 5 < LPI < 15 High

4  15 < LPI Very high

The current liquefaction analysis was done using the 
N-value from SPT, grain size analysis data  and ground 
water level data from the field study using peak ground 
acceleration value as 0.2 for 7.5 magnitude earthquake. 
According to the Liquefaction severity (Iwasaki et al.) 
the LPI obtained from the liquefaction analysis shows 
the area has low to high Liquefaction severity (Fig.10).



Department of Mines and GeologyAnnual Report 19

Fig. 10: Liquefaction severity map of the study area

Bearing Capacity 

The load carrying capacity of foundation soil or rock 
which enables it to bear and transmit loads from a 
structure is known as Bearing Capacity. 

There are different types of Bearing Capacity such as 
Net Bearing Capacity, Safe Bearing Capacity, Gross 
bearing capacity and Allowable Bearing Capacity. The 
Bearing Capacity of soil layers depends on the degree 
of its compaction or relative density. Higher the value 
of relative density greater will be its Bearing Capacity. 
There are many methods used for finding out the 
Bearing Capacity of soil layers on which the foundation 
of the engineering structures is to be constructed. SPT 
is one of such methods widely used for finding out the 
Ultimate Bearing Capacity of soil layers as correlation 
charts have been established between observed N 
values and corresponding relative density, stiffness and 
shearing strength of the soil strata at particular depths. 
Therefore, once the N values are obtained for any soil 
layers one can easily calculate its Ultimate Bearing 
Capacity using any one of the empirical formulas 
proposed by different authors. The Bearing Capacity 
of the granular soil depends on their relative density 
at particular level. Dense soil will have high N values 
and consequently high Bearing Capacity. Similarly with 
the increase of N value the compressive strength of 
cohesive soil increases giving to high Bearing Capacity. 
The Bearing Capacity analysis is carried out in this 
report according to Peck et al (1974) table 2. According 
to the analysis it is found that the Bearing Capacity 
of the study area is medium to very low.  The soil 
condition in the study area varies from very low to very 
high with SPT value ranging from 0 to 45. The greater 
value is normally encountered at a greater depth, and 

hence the bearing capacity gradually increases with 
the increase in depth. The result shows that most of 
the areas have low to very low Bearing Capacity and 
very few areas have medium Bearing Capacity. 

Peck et al (1974) have given for saturated cohesive 
soils, correlations between N value and consistency 
from which we can estimate the bearing capacity of the 
soil (Table 2). This correlation is quite useful but has to 
be used according to the soil condition met in the field.

Table 4: Correlations between N value and Consistency.

Condition N-value  Bearing
Capacity (Kpa) Quality

Very soft <2 <25 Extremely Low (EL)

Soft 2 – 4 25 – 50 Very Low (VL)

Medium 4 – 8 51 – 100 Low (L)

Stiff 8 – 15 101 – 200 Medium (M)

Very stiff 15 – 30 201 – 400 High (H)

Hard  >30 >400 Very High (VH)

Flooding

Since the study area lies in the Indo Gangetic Plain, 
the area is almost flat consisting mainly of silt, sand 
and clay materials. Because of its low to moderate 
permeability, less water is infiltrated during the rainy 
season and most of the water flows as surface run off. 

The two main rivers Ratuwa Nadi and the Mawa 
Khola drains the study area. There are embankments 
in both bank of those rivers but during the monsoon 
sometimes water over flow the embankments flooding 
the Damak area.

Subsurface geological classification from the litho-
log data and lab analysis data, liquefaction hazard 
analysis, N-value obtained from SPT test and bearing 
capacity analysis data were used for the preparation of 
engineering and environmental geological map.

Photo 7. River cutting
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Photo 8. Bank erosion prone area due to small river in 
Kamal Rural Municipality

Photo 14. Wide flood plain of Mawa Khola

NATURAL HAZARD AND ENVIRONMENTAL 
POLLUTION

The study area lies in the southernmost part of the 
Terai region of the country and the topography is 
almost horizontal or very gentle so there is very less 
probability of landslides but the study area is prone 
to flooding during monsoon. Although there are 
embankments at the both banks of Ratuwa Khola and 
Mawa Khola during monsoon season when there is 
heavy precipitation in the catchment area sometime 
the water in the channel over topped the embankments 

Photo 9. Bank cutting on right bank

Photo 10. Polluted river due to waste disposal.

Photo 11. Waste disposed in river near Damak

Photo 12. Waste being burnt by villagers nearby their 
house

Photo 13. Wide flood plain of Ratuwa Khola
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or the natural depression flooding and inundating the 
settlement area destroying the lives and properties of 
the people.

The banks of Ratuwa and Mawa Khola is composed 
of loose silt and sand deposit in many places so those 
banks are prone to the bank erosion and river bank 
cutting problem. One can observe river bank cutting 
problem at all over Ratuwa, Mawa Khola area and 
other small streams. Most of the household wastes 
is either dumped in the stream or simply incinerate/
burned openly near the houses.

Although there are very few industries in the study 
area brick factories seems to be one of the industries 
that is creating air pollution. The waste from Damak 
and surrounding area is thrown and disposed near 
Bhutanese refugee camp northern part of Damak city.

Mitigation measures for the natural hazard and 
environmental pollution

The Damak area lies in the Terai region having very 
low elevation so during monsoon season there is 
high chance of inundation and flooding of the area. 
To prevent the inundation the water drain system 
should be properly managed. Proper maintenance of 
embankment of the river and early warning system for 
the flood could help to minimize the loss of properties 
and lives during the flood.

Similarly, sewage water from the house hold should 
be drained out to the proper place by closed sewage 
drain system which will help to maintain good hygiene 
within the settlement area and also helps to control 
the breeding of the mosquitoes and spreading of the 
diseases.

Damak Municipality and Kamal Rural Municipality up to 
now does not have permanent landfill site for the waste 
disposal. So, it is recommended to build the landfill site 
for the waste disposal and for that the suitable site will 
be the area with thick clay deposit which can prevent 
the percolation of the leachate in the groundwater. 
Similarly, the gabion wall and river training works could 
minimize the river bank cutting and erosion.

The factories should be located far from the settlement 
area and river system to minimize the effect of air 
pollution and water pollution.

CONCLUSION AND RECOMMENDATION

Conclusion

The preliminary investigation of the Engineering 
Geological fieldwork revealed that the study area 
mainly consists of alluvial and lacustrine sediments. 
On the basis of the power auger drilling and borehole 
drilling by manual augering the recent sediments 
of the Damak area is classified in to three types as 
Laldhondra Deposit/Unit, Sitapuri Deposit/Unit and 
Kharkhare Deposit according to the grain size of the 
sediments. SPT shows the study area have N-value 

from 1 to 20 having the bearing capacity very low 
to high. The preliminary Quantitative analysis of 
liquefaction hazard assessment shows the study area 
having the sandy deposits have high probability of 
liquefaction hazard and the deposits having clay and 
silts have low probability of liquefaction hazard. The 
engineering geological map was prepared on the basis 
of the N-value obtained from the SPT study, the data 
obtained from the auger log and data obtained from 
the lab analysis.

Similarly, the liquefaction analysis was done using the 
data obtained from SPT, ground water table and the 
grain size analysis data from lab. The Liquefaction 
Potential Index obtained from the study suggests 
that the study area falls in low to medium liquefaction 
potential zone.

The study area lies in the Terai region having flat 
terrain or having very gentle slope so the area is prone 
to flooding. River bank cutting and erosion along the 
banks of Ratuwa Nadi and Mawa Khola are commonly 
observed during heavy rain and destroys the cultivated 
land. 

Recommendation

The study area consists of loose sedimentary deposits 
having the N-value 1 to 20 indicating very low to high 
bearing capacity and from the qualitative liquefaction 
hazard assessment shows medium to low probability of 
liquefaction hazard which should be considered during 
the infrastructure development. It is recommended to 
carry out proper site investigation before construction 
of any kind of heavy structures to make the structures 
safe and sustainable.
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Engineering Geological Study of Bhadrapur Municipality, 
Jhapa District
Suresh Shrestha (Senior Divisional Geologist), Nabin Bishowkarma (Geologist)

INTRODUCTION
Background

The Department of Mines and Geology (DMG)  regularly 
conducts a field program to study the engineering 
properties of subsurface materials, focusing the 
rapidly developing cities of Nepal. In accordance with 
F.Y 078/079 program, an engineering geological field 
study was conducted in the Bhadrapur municipality of 
Jhapa district, Koshi Province (Figure 1) .Engineering 
properties of subsurface materials are very important 
parameters for the safe and sustainable infrastructural 
development.  There has been a significant increase 
in use of engineering geological information in urban 
planning. Therrefore, this study specifically addresses 
the  engineering properties of Quaternary sediments 
and gives information on favorable ground condition 
for urban development. 

Location and accessibility

Bhadrapur Municipality is one of the old and fast 
growing cities of Jhapa district, Koshi Province. 
Situated approximately 440 km from Kathmandu, the 
city is accessible via various highways. One can travel 
through the BP Highway leading from Kathmandu to 
Bardibas, followed by the East-West Highway from 
Bardibas to Charali, and finally the Mechi Highway from 
Charali to Bhadrapur. Additionally, daily flights from 
Kathmandu to Bhadrapur airport provide convenient air 
travel access. . Bhadrapur and Chandragadhi are the 
two major old settlements of the Municipality, situated 
at the center of the study area. This municipality  falls 
within the topo sheet no. 2688 05C and 09A. Notably, 
Mechi Nadi in the area serves as the international 
boundary between Nepal and India. 

ABSTRACT
An engineering geological study to know the geotechnical parameters of subsurface materials of Bhadrapur 
Municipality, Bhadrapur district was carried out according to the program of fiscal year 2078/79 by the Department 
of Mines and Geology. Standard penetration test carried out at 60 different places shows that the study area has 
N-value range from 1 to 49 with most of the area falling in medium bearing capacity zone. The collected samples 
from SPT, analyzed in the lab indicate the area consist of 70% sandy soil with 20% fine grained soil and 10% sandy 
gravel materials. A simplified approach using standard penetration test (SPT) N-value was used for liquefaction 
analysis given by Idriss and Boulanger, 2006. The Liquefaction Potential Index (LPI) obtained from the study 
suggests that most of the area falls in low to medium liquefaction potential zone. Incorporating the field data and 
the laboratory test data, an engineering Geological Map was prepared.

Geological Setting of Bhadrapur, Jhapa Area

Physiographically, Bhadrapur area lies in the southeast 
direction from Kathmandu valley. It is characterized 
by the Quatenary deposits of Terai Plain (Figure 
2). The age of sediments of Terai Plain ranges from 
Pleistocene to Holocene and can be observed south 
of the Siwaliks. Generally, the Terai can be divided into 
three different zones from south to north (M.R. Dhital,, 
2015).

Lower Terai or Gangatic alluvium: This is the 
southernmost alluvial deposits of Terai. This zone 
is mainly deposited from the Teraii rivers and its 
tributaries. It mainly comprises clay, silt and sand with 
some pebbles.

Middle Terai or Marshy Land: This zone lies between 
the lower alluvial deposits and upper BhabarZone. 
It consists of silt and clay alternating with sand and 
gravel beds.

Upper Terai or Bhabar Zone:  It lies in the foothill of 
the Siwaliks. It consists of sand, cobbles, pebbles and 
boulders derived from the Siwalik. It serrves as  the 
groundwater recharge zone for the Terai Plain.

Objectives

The main objective of this study is to determine 
geotechnical parameter of the subsurface materials 
and other objectives of this study are enlisted below:

•	 To determine the N- value of the subsurface soil by 
SPT Method.

•	 To identify the geological hazard prone areas and 
recommend mitigation measures.

•	 To prepare engineering geological map of study 
area.
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Figure 1: Location map of study area

not be used as only basis for any specific site 
investigation for individual buildings or any other 
major structures. Therefore, the map cannot 
replace detail site investigations. 

METHODOLOGY
Desk Study

Existing relevant literature on geology, geo-hazard and 
other information like topo-maps, aerial photographs 
were collected and reviewed. Topo-maps and Google 
maps were studied to obtain the overall understanding  
and plan of the study area. Digital database of the topo-
maps and scan toposheet are used for the preparation 
of map. 

Field study

Hand augering, followed by Standard Penetration Test 
(SPT) and power auger machine were carried out in 
the field to obtain necessary data. SPT test on 60 bore 
holes and 51 Power Auger test were performed during 
the field. Adequate soil samples were collected either 
from the hand auger boreholes or from the split barrel of 
SPT tests from various depths for laboratory analysis. 
Grainsize analysis, moisture content, liquid Limit and 
plastic limit, bulk density test, unconfined compressive 
strength, direct shear test and specific gravity analysis 
was carried out in geotechnical lab, DMG.

Standard Penetration Test (SPT)

The Standard Penetration Test (SPT) is the most 
commonly used in-situ test especially for cohesionless 
soils, which cannot be easily sampled (photo 1, 2, 3). 
The test is extremely significant for determining the 
relative density, bearing capacity, and the angle of 
shearing resistance of cohesionless soils. Additionally, 
it can  be used to determine the unconfined compressive 
strength of cohesive soils.

The N-values derived from the test are extensively used 
in determining the bearing capacity and predicting the 
settlement in the cohesionless soil (Meyerhof, 1956; 
Teng, 1962; Terzaghi and Peck, 1967; Peck et al., 
1974; Bowles, 1977; Lee et al., 1983).

Figure 2: Province Geological map showing study area

Limitations

•	  Standard penetration test is restricted to the depth   
as the test was performed manually and equipment 
used is very old.

•	 Power Auger usage is limited up to 7 m depth due 
to constrain in equipment.

•	 Shallow water tables have caused bore holes to 
collapse,, so difficult to penetrate the deeper depth 
manually.

•	 The information contained in the maps are 
intended for urban planning in regional scale and 
infrastructure development activities. It should 

Photo 1: Hand augering for SPT Test
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Photo 2: SPT test using monkey hammer

with sampler tube rod and sample from the two 
meter depth was extracted. This process continued 
incrementally, with additional rods. The maximum 
depth that could be explored was seven meters below 
the ground surface. 

DATA ANALYSIS AND INTERPRETATION
Grain size analysis

Standard penetration tests (SPT) in 60 bore holes 
were performed during the field study. In the field, 344 
samples were collected and sieve analyses were done 
in the geotechnical lab of DMG. 
The study area consists of mainly medium to coarse 
grained sediments. However few samples of fine 
grained was observed on visual inspection during the 
field study. Therefore,  both dry and wet sieving method 
was adopted. From the sieve analysis of the sample, 
it shows dominant of  the medium to coarse-grained 
sediments. Most of the samples fall in either gravelly 
sand or silty sand categories i.e. about 34% and 33%. 
Similarly 11% of sample fall in sandy clay/silt and 11% 
in sandy clay categories (Figure 3). The detail of the 
grain size analysis of samples from one bore hole is 
presented in graph (figure 4).

Photo 3: Sample recovered from SPT test

Power Auger Drilling 

Power auger drilling (Photo 4) was conducted  in the 
field to know the sub-surface geology of the study 
area. In this method one- meter long sample tube rod, 
capable of holding sample, was inserted in the ground 
with the help of power Auger machine.  Then the 
rod along with the subsurface sample was pulled out 
and a log of sediment below the ground surface was 
prepared. Similarly, again a meter long rod was added 

Photo 4: Power auger drilling at site

Figure 3: Summary chart of Soil classification by grain-
size analysis

Figure 4: Grain size distribution showing the 10 sample 
in a bore hole
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Moisture content

The Natural Moisture Content of all soil samples 
collected from auger boring, SPT split spoon sampler 
and undisturbed sample tubes are determined by 
drying the soil specimen of known weight under 105º 
centigrade for 24 hours and calculating the weight 
loss upon drying. The moisture content of the tested 
samples was from 0.5% to 38%.

Liquid Limit and plastic limit

Liquid limit and Plastic Limit of the 63 soil samples 
containing high percentage of fine materials was 
carried in the geo-tech lab. The Plastic Limit values 
are used with Liquid Limit value of the same sample 
for determining plasticity index, which is the value, 
required for soil classification. The liquid limit of the 
tested sample is between 32 and 58. Similarly the 
plastic limit of the tested sample is between 17 and 48. 

Plasticity index

The plasticity index (PI) is a measure of the plasticity 
of a soil. The plasticity index is the size of the range 
of water contents where the soil exhibits plastic 
properties. The PI is the difference between the liquid 
limit and the plastic limit (PI = LL-PL). Soils with a high 
PI tend to be clay, those with a lower PI tend to be 
silt, and those with a PI of 0 (non-plastic) tend to have 
little or no silt or clay. The soil was classified as in the 
Table 1.

Table 1: Plasticity index to classify soil

Plasticity index
0 non plastic Sand

<7 Slightly plastic Silt
7 to 17 Medium Plastic Silty Clay

>17 Highly Plastic Clay

Bulk density test

Bulk density of 25 undisturbed samples collected in 
tubes was tested in the lab. The result shows, bulk 
densities of tested samples ranges between 1.34 
gm/cm3 to 1.73gm/cm3. Most of the samples tested 
are fine-grained sand, silt or clay which is somewhat 
cohesive.

Unconfined compressive strength

The sample tested for the unconfined compressive 
strength (UCS) are undisturbed samples collected in 
tubes and are mostly fine-grained or/and cohesive in 
nature. The tabulated result shows that the maximum 
UCS value is 1.27kg/cm2 and minimum UCS value 
is 0.26kg/cm3 (Table 3). In most of the case less 
compacted silty soil have low UCS. Shear strength of 
soil can be calculated from the value obtained from 
UCS value by dividing it by 0.5.

Specific Gravity

Specific gravity of more than 100 samples was tested 
in the geotechnical lab by pycnometer method for 
coarse grained samples and density bottle method for 
fine grained samples. The specific gravity varies from 
2.4 to 2.78.

Direct shear test

Direct shear test of about 78 samples were conducted 
in the lab to find the cohesion value c and frictional 
angle value phi which will ultimately give the shear 
strength of the soil. Among the sample tested most of 
them are remolded sample and very few tests were 
conducted in undisturbed samples. The c values 
ranges from 0.001 to 0.3 and Phi value range from 2o 
to 51o. The test result shows that the fine grained silty 
and clay soils have low shear strength compared to 
sandy and gravelly sandy soil. 

Subsurface Geology 

The study area lies in the southernmost part of the 
terai region and most of the area consists of fine to 
medium silt and sand with very few clay and gravels. 
The area lies in the flooding plane of Mechi River and 
Devayani Khola. 60 Standard Penetration Test (SPT) 
and 51 Auger boreholes were performed during the 
field survey. The test was carried up to the depth of 4 
to 10. 

Based on subsurface geological information (type, 
nature and size of the sediments), the study area 
lithology can be generalized as 1 to 3m thick clay/silty 
clay/clay silt at the top followed by sandy layers mostly 
pebbly sand, rarely sandy pebble of 4 to 7m thick layer. 
At the bottom there is fine material like siltyclay to clay 
silt (Figure 6 &7). These observations are made on the 
basis of maximum depth of borehole i.e. 10m. 

Liquefaction hazard analysis

Liquefaction is the tendency to loose shear strength 

Figure 5: Graphical representation of fine grained soil 
classification

Among the samples tested large number of samples 
falls within low plastic clay and low plastic silt categories 
with few high plastic clay and high plastic silt/ organic 
soil (Figure 5) 



Department of Mines and GeologyAnnual Report 29

of saturated soil layers under the stress of earthquake 
motion. Liquefaction mostly occurs in the saturated soil 
layers composed of coarse silt to fine sand particles. 
The liquefaction potential of the soil strata decreases 
as the particle size of constituting materials and the 
depth increases. Also in the soil layers composed of 
fine materials like fine silt and clay size particles the 
liquefaction will be less likely to occur. For liquefaction 
to occur, the area should be prone to the earthquake.

CN=Over burden correction factor

CE=Hammer energy Ratio correction factor

CB=Borehole diameter correction factor

CR=Rod length correction Factor

CS= correction factor for samplers with or without liners

Figure 6: Lithologs (SPT) of the boreholes representing 
study area

Various methods of defining the susceptibility of 
material to liquefaction theories have been proposed. 
A simplified approach for liquefaction analysis using 
standard penetration test (SPT) value was used in 
present study given by Idriss and Boulanger, 2006. 
For the assessment of liquefaction vulnerability Cyclic 
Resistance Ratio (CRR) and Cyclic shear Stress Ratio 
(CSR) values were computed to get the factor of safety. 
Standard penetration Test N-value were obtained from 
the field by carrying the SPT test in about 60 bore 
holes and corrected N value (N1)60 is obtained as from 
the given relation,

 (N1)60=NMCNCECBCRCS , where 

NM=N-value from field

Figure 7: Lithlogs( from Power augering)

Table 2: N-value correction parameters

S.N. Correction 
parameter   correction factor

1 Overburden 
correction (CN)

CN=(Pa/ϭvo)0.5  where 
Pa=100kpa(Standard 
overburden pressure, 
ϭvo=effective 
overburden pressure 

0.4≤CN≤1.7

 

2

Hammer 
energy Ratio 
correction(CE)

   

Hammer type Hammer Release 
Mechanism

Efficiency/
correction factor

Automatic Trip 0.7

Donut Hand drop 0.6

Donut Cathead+2 turns 0.5

Safety Cathead+2 turns 0.55-0.6

Drop/pin Hand drop 0.45
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3

Borehole 
diameter 
correction(CB)

Equipment variables correction factor

  65-115mm(2.5-4.5in) 1

  150mm 1.05

  200mm 1.15

 

4

Rod length 
correction(CR) 3-4m 0.75

  4-6m 0.85

  6-10m 0.95

  >10m 1

 

5

Sampler 
correction(CS) Standard sampler 1

  Sampler without liner 1.2

Now the value of Cyclic Resistance Ratio (CRR) is 
computed using the below equation 

CRR7.5 = (1/34-(N1)60cs) + (N1)60cs/135+50 / (10. 
(N1)60cs+45)2-1/200

Correction for fines ( (N1)60cs) was done by using the 
following equation

(N1)60cs = α + β (N1)60

Where α and β are the coefficients and determined by 
the following relationships:

α = 0, if FC ≤ 5%

α = exp (1.76-190/FC2), if  5% <FC<35%

α = 5, if FC ≥ 35%

β = 1, if FC ≤ 5%

β =  (0.99+FC1.51000), if  5% <FC<35%

β = 1.2, if FC ≥ 35%

Cyclic shear Stress Ratio(CSR) is average shear 
stress developed during earthquake divided by 
effective overburden stress (Seed and Idriss 1971) 
and is computed using the below equation (Idriss and 
Boulanger 2006)

CSR={0.65 (amax/g)*( ϭvo/ϭ1vo)*(rd)}, where 

amax is the peak ground acceleration, g is the 
acceleration due to gravity, amax/g is the factor of zone, 
ϭvo is total over burden pressure , ϭ1vo is the effective 
vertical overburden pressure and rd is the coefficient of 
stress reduction and given as

rd=(1.000-0.4113z0.5+0.04052z+0.001753z1.5) /
(1.00-0.4177z0.5+0.05729z-0.006205z1.5+0.001210z2), 

where z is the depth below ground level

After computing the values of CSR and CRR the factor 
of safety (FS) was calculated as 

FS =CRR/CSR

If the value of FS is less than 1 than the soil might 
undergo liquefaction and if greater than 1 then there 
is no probability of liquefaction. The factor of safety 
only determines whether a soil layer will liquefy or 
not. The severity of liquefaction can be quantified and 
categorized spatially using the Liquefaction potential 
index (LPI).The LPI given by Iwasaki et al. is as follows

LPI = ʃ020F(z)W(z)d(z)

F(z) = 1-FS for FS < 1

F(z) = 0for FS ≥ 1

W(z) = 10-0.5z for z < 20m

W(z) = 0 for z > 20m

Where, z is the depth of the soil layer from the ground 
surface in meters.

For the layers of the soil under 20m, LPI is computed 
as 

LPI = ∑i=0
n Wi Fi Hi

Fi = 1-FSi for FSi < 1.0

Fi = 0 for FSi  ≥ 1.0  Where 

wi = weighing factor

Fi = Liquefaction severity for ith layer

Hi = soil thickness

n = layers numbers

FSi = factor of safety for ith layer

zi = depth of ith layer 

The current liquefaction analysis was done using 
the corrected N-value from SPT, grain size analysis 
data and ground water level data from the field study 
using peak ground acceleration value as 0.2 for 7.5 
magnitude earthquake (Table 4). According to the 
Liquefaction severity as in Table 3 (Iwasaki et al.) the 
LPI obtained from the liquefaction analysis shows the 
area has Low to high Liquefaction severity (Figure 8).

Table 3: Liquefaction severity classification (Iwasaki 
et. al.1982)

S.N. LPI Liquefaction severity

1 LPI=0 Very low
2 0 < LPI < 5 Low
3 5 < LPI < 15 High
4 15 < LPI Very high
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Bearing capacity 

The load carrying capacity of foundation soil or rock 
which enables it to bear and transmit loads from a 
structure is known as bearing capacity. 

There are different types of Bearing Capacity such as 
Net Bearing Capacity, Safe Bearing Capacity, Gross 
bearing capacity and Allowable Bearing Capacity. The 
Bearing Capacity of soil layers depends on the degree 
of its compaction or relative density. Higher the value 
of relative density greater will be its Bearing Capacity. 
There are many methods used for finding out the Bearing 
Capacity of soil layers on which the foundation of the 
engineering structures is to be constructed. Standard 
Penetration Test (SPT) is one of such methods widely 
used for finding out the Ultimate Bearing Capacity of 
soil layers as correlation charts have been established 
between observed N values and corresponding 
relative density, stiffness and shearing strength of the 
soil strata at particular depths. Therefore once the N 
values are obtained for any soil layers one can easily 
calculate its Ultimate Bearing Capacity using any one 
of the empirical formula proposed by different authors. 
The Bearing capacity of the granular soil depends on 
their relative density at particular level. Dense soil will 
have high N values and consequently high Bearing 
Capacity. Similarly with the increase of N value the 
compressive strength of cohesive soil increases giving 
to high Bearing capacity.

The bearing capacity analysis is carried out in this 
report according to Peck et al (1974) table 2. According 
to the analysis it is found that the bearing capacity of 
the study area is medium to very low.  The soil condition 
in the study area N-values varies from very low to very 
high with SPT value ranging from 0 to 45. The greater 
value is normally encountered at a greater depth, and 
hence the bearing capacity gradually increases with 
the increase in depth. The result shows that most of 
the areas have medium bearing capacity and very few 
areas have high to low bearing capacity (Figure 9). 

Correlations between N value and consistency from 
which we can estimate the bearing capacity of the soil 
is given by Peck et al (1974) for saturated cohesive 
soils, (Table 5). This correlation is quite useful but has 

to be used according to the soil condition met in the 
field.

Table 5: Correlation between N-value and 
Consistency

Condition N-value
 Bearing
 Capacity
(Kpa)

Quality

Very soft <2 <25 Extremely Low (EL)
Soft 2 – 4 25 – 50 Very Low (VL)
Medium 4 – 8 51 – 100 Low (L)
Stiff 8 – 15 101 – 200 Medium (M)
Very stiff 15 – 30 201 – 400 High (H)
Hard  >30 >400 Very High (VH)

Table 4: Liquefaction potential index (LPI) calculation for borehole BS17

Spt_
ID

 Depth
(m)

 N
Value

 corrected
 N- value
(N1) 60

%fines rd  CSR,
0.2 α β N1(60)

cs CRR7.5  Factor of
safety(FS)

 Mid
 point
 of soil
layer(z)

 soil
 thickness
(Hi)

W(z)  (Fi)
 Fi*
 Wz*
Hi

LPI

BS17 1 4 3.6 53.29 0.99 0.13 5.00 1.20 9.41 0.11 0.82 0.50 1.00 9.75 0.18 1.78

12.10

  2 7 5.6 41.47 0.98 0.13 5.00 1.20 11.80 0.13 1.00 1.50 1.00 9.25 0.00 0.00
  3 14 10.3 11.04 0.98 0.15 1.22 1.03 11.86 0.13 0.86 2.50 1.00 8.75 0.14 1.24
  4 18 14.0 7.60 0.97 0.17 0.22 1.01 14.40 0.15 0.93 3.50 1.00 8.25 0.07 0.62
  5 3 2.2 79.88 0.96 0.18 5.00 1.20 7.63 0.09 0.51 4.50 1.00 7.75 0.49 3.83
  6 5 3.8 93.16 0.95 0.19 5.00 1.20 9.64 0.11 0.58 5.50 1.00 7.25 0.42 3.05
  7 13 9.5 33.95 0.94 0.19 4.93 1.19 16.28 0.17 0.90 6.50 1.00 6.75 0.10 0.68
  8 20 14.0 14.13 0.93 0.20 2.24 1.04 16.89 0.18 0.91 7.50 1.00 6.25 0.09 0.54
  9 31 20.8 16.87 0.92 0.20 2.98 1.06 25.08 0.29 1.48 8.50 1.00 5.75 0.00 0.00
  10 22 14.2 14.80 0.90 0.20 2.44 1.05 17.35 0.18 0.93 9.50 1.00 5.25 0.07 0.37

Figure 8: Liquefaction potential index map showing 
low to high liquefaction potential area
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Figure 9: Bearing capacity map of the study area

Natural hazard and Environmental pollution

The study area lies in the southernmost part of the Terai 
region of the country and the topography is almost 
horizontal or very gentle. Therefore, the study area 
is prone to inundation and flooding during monsoon. 
Despite the presence of embankments along the 
Mechi Nadi and its tributaries, heavy precipitation in the 
catchment area can cause water levels in the channels 
to exceed the embankment heights, leading to flooding 
and inundation of settlements, resulting in loss of lives 
and property. The banks of composed of loose gravel, 
sand or silt deposit making them vulnerable to the 
bank erosion and river bank cutting problem (Photo 
5&6) . One can observe river bank cutting problem 
at Deuniya, Phulbasa Khola area and in other small 
streams. 

Bhadrapur Municipality collects waste materials from 
the urban area and dumped at the bank of Mechi 
Khola haphazardly (Photo 7). Besides that most of the 
household wastes is either dumped in the stream or 
simply incinerate/burned openly near the houses by 
the people.

Proper maintenance of embankment of the river 
and early warning system for the flood could help to 

minimize the loss of properties and lives during the 
flood.

Similarly, sewage water from the household should 
be drained out to the proper place Household 
sewage should be efficiently drained away using 
enclosed sewage systems to maintain hygiene within 
residential areas. This not only prevents the breeding 
of mosquitoes but also curbs the spread of diseases.

In and around Bhadrapur up to now does not have 
permanent landfill site for the waste disposal. So it is 
recommend to deliver and landfill site for the waste 
disposal and for that the suitable site will be the area 
with thick clay deposit which can prevent the percolation 
of the leachate in the groundwater. Similarly the gabion 
wall and river training works could minimize the river 
bank cutting and erosion.

Photo 5: Loose gravel at the bank of Devaniya Khola

Photo 6: River bank cut prone area
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Photo 7: Waste disposal site of Municipality at the bank 
of Mechi Nadi

CONCLUSION
The preliminary investigation of the Engineering 
Geological fieldwork based on power auger drilling 
and manual borehole drilling suggests that the study 
area mainly consists of alluvial sediments. The recent 
sediments of the Bhadrapur area, mainly consists of 
fine sediments like silty clay to clay at the top followed 
by coarse sediments pebbly sand to sand and at the 
bottom again fine materials indicating the possibility 
of fluvial cycle Standard Penetration test shows the 
study areas have N-value from 1 to 48 and most of the 
area falls in the medium bearing capacity zone. The 
Liquefaction Potential Index obtained from the study 
suggests that most of the study area falls in low to 
medium liquefaction potential zone.

The study area lies in the terai region having flat 
terrain or having very gentle slope so the area is prone 
to flooding. River bank cutting and erosion along the 
banks of Deuniya Khola are commonly observed 
during heavy rain and destroys the cultivated land. 

The litho-log data and lab analysis data, liquefaction 
hazard analysis, N-value obtained from SPT test 
and bearing capacity analysis data were used for the 
preparation of engineering geological map of Bhadrapur 
area (Figure 13, annex). Similarly the average shear 
wave velocity from microtremor analysis and vertical 
electric sounding survey data are only included in the 
map.

RECOMMENDATION
The information contained in the maps is intended for 
urban planning in regional scale and infrastructure 
development activities. It should not be used as only 
basis for any specific site investigation for individual 
buildings or any other major structures. The map cannot 
replace detail site investigations. It is recommended to 
carry out proper site investigation before construction 
of any kind of heavy structures to make the structures 
safe and sustainable.
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Applicability of Vertical Electrical Sounding (VES) for 
Engineering Geological Prospecting in Bhadrapur 
Municipality, Jhapa District, Province 1, Nepal
Thakur Prasad Kandel (Sr. Div. Geologist), Prakash Luitel (Geologist)

1. INTRODUCTION
1.1 Background

A short geophysical field study was carried out in 
Bhadrapur Municipality, Jhapa district, eastern Nepal 
from 2077-12-25 to 2078-01-13, to study the sub-
surface information of Bhadrapur Municipality, using 
Vertical Electrical Sounding (VES) for engineering 
geological prospecting. This study was equally focused 
within Municipality. The VES study focused to identify 
the sub-surface information, sand, clay and gravel 
layer. These electric parameters with depth are useful 
for designing earthquake resistant building for proper 
landuse plan. 

The electrical Resistivity Tomography (ERT) technique 
is used as geophysical methods in this study. It is an 
indirect geophysical technique that can be used to find 
out the details on the sub-surface. Electrical methods 
rely on electrical resistivity contrasts (Telford et al., 
1990). Loose sediments and saturated sediments 
comparatively have lower values of resistivity as they 
struggle to host sediments. ERT is a geophysical 
method more applicable to prospected ground water 
level. During this field research, the geophysical data 
were acquired using GD10- Geomative instrument 
and the 31 VES profiles and 2 2D profile were done 
in this period. Topographic data for each profile is also 
measured by using DGPS surveys. 

1.2 Objectives

The main aims of this study are as follows:

	To find out the sub-surface geological information 
and sediment thickness. 

	To find out the groundwater level in the study area.

ABSTRACT
A short geophysical field study was carried out in Bhadrapur Municipality, Jhapa district, eastern Nepal to study 
the sub-surface information of Bhadrapur Municipality, using Vertical Electrical Sounding (VES). The survey was 
carried out at 30 different locations within Bhadrapur municipality and 2 profile of 2D-ERT also carried out during 
this field. IX1D software was used to analyse the Vertical Electrical Sounding field data which provide the resistivity 
of the sub-surface layers of the sediments. Among the 30 VES conducted, 14 were filtered out due to high RMS 
error, and only 16 points were selected for data analysis Most of the profile area lies on fine to medium grained 
sediments whereas some are in dry red soils. The sediment layers are differentiated on the basis of resistivity 
contrast. These layers are useful for planning and design of structure thus forming and integral part of engineering 
geological investigation. 

Keywords: Vertical Electrical Sounding, Resistivity Layers, Geophysical Method

Fig. 1: Location map of the study area

1.3 Limitations 

The field work was time-limited and thus the findings are 
not comprehensive. The VES study was concentrated 
in previously worked SPT and auger locations due to 
which the profile length was limited.

1.4 Methodology

The study comprises of desk study, field work, data 
analysis and interpretation. The published, unpublished 
papers and annual reports of the Department of Mines 
and Geology (DMG), related to engineering geological 
mapping was collected and reviewed. The regional 
geological maps, electrical resistivity techniques, topo-
survey maps, and DMG annual program reports were 
reviewed before the field study. 

The fieldwork mainly consists of geophysical 
survey for sub-surface information, mainly Vertical 
Electrical Sounding (VES). The sounding survey can 
detect different layers of unconsolidated materials 
(overburden), bedrocks, mineralization bands, 
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subsurface water channels due to the contrast of 
resistivity between subsurface materials. The ground 
resistivity is related to various geological parameters 
(Loke, 2004) such as sediments and fluid content, 
porosity, and degree of water saturation in the rock. 
The fundamental physical law used in resistivity 
surveys is Ohm’s Law that governs current ground flow 
(Loke, 2004). 

The apparent resistivity is expressed by ρs (expressed 
by R0 in this machine) in Ω • m, which can be defined 
as:

Where, K is the device constant value, VMN is the 
primary field potential difference between the 
potential electrodes M and N, and I is the current 
that is transmitted to the ground through the current 
transmitting electrodes A and B (fig. 2). The geometrical 
factor (K) is given by the formula:

Fig. 3: Map of Bhadrapur municipality, Triangles shows 
the location point of Vertical Electrical Sounding (VES).

Fig. 2: Schematic diagram of Schlumberger 
configuration for data acquisition

2. OBSERVATION AND DATA COLLECTION
2.1 Geology and Land Use

Regionally, the study area lies in the Terai region of 
Easter Nepal. The study area mostly consists of 
cultivation area with heavy settlement at the present 
time (Fig. 3). The area is composed of alluvial 
sediments ranging from fine clay to coarse sand. 

2.2 ERT Data Collection

The Vertical electrical sounding (1D ERT) survey was 
carried out at 30 different locations within Bhadrapur 
municipality and 2 profile of 2D-ERT also carried out 
during this field. Figures 4 shows the technique of VES 
data collection in the field.  All sounding data were 
taken in Schlumberger array using GD 10 Geomative 
instrument. The figure 3 shows the landuse pattern of 
the study area and the red dots show the analysed 
VES points.

Fig. 4: Photograph showing the electrical data collection 
in Bhadrapur Municipality.

The location of the sounding is pre-defined (SPT/Auger 
Point). DGPS survey was also conducted for collecting 
the topographic data of each profile (Fig. 5). The profile 
length of the survey depended on the local conditions, 
such as buildings, cannels, black-topped road, and so 
on. 
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Fig. 5: Photograph showing the topographic data 
collection in Bhadrapur Municipality.

3. DATA ANALYSIS AND RESULT
IX1D software was used to analyse the Vertical 
Electrical Sounding field data which provide the 
different resistivity of the sub-surface layers of the 
sediments. This software is useful for 1-D Direct 
Current (DC) resistivity, Induced Polarization (IP), 
Magnetotelluric (MT) and electromagnetic sounding 
inversion program. 

Fig. 6: Graphical representation of apparent resistivity 
from BS7. [rectangles represent the apparent resistivity 
and the line shows the best fitted curve.] 

The sub-surface layers of collected data were estimated 
using IX1D software. Among the 30 VES conducted, 
14 were filtered out due to high RMS error, and only 16 
points were selected for data analysis. These selected 
points are shown in figure 3. Figure 6 shows the 
graphical representation of collected resistivity data 
using IX1D and figure 7 shows the sub-surface layers 
of these data by resistivity values. 

Fig. 7: Inversion result of apparent resistivity curve from 
BS7 showing different layers of subsurface sediments 
with respect to their resistivity values using IX1D

The collected data were processed using IX1D software 
and obtained resistivity inversion graphs with different 
resistivity layers. These inversion images show the 
final result of each VES data points. Due to noise (high 
residence, electrical lines) some VES points have high 
RMS error, which are excluded from the final analysis. 
The final result of VES data inversion is presented in 
Table 1. 

Table 1: Final Result of VES survey in Bhadrapur 
Municipality, Jhapa

S. N Northing Easting Layers ρ (Ωm)  Thickness
(m)

 Depth
(m)

BS5 2942344 608157
1 1095 2.5 2.5
2 462 16.3 18.8
3 102    

BS7 2925970 606932

1 489 1.0 1.0
2 788 1.2 2.2
3 3941 2.5 4.6
4 483    

BS9 2925609 607772
1 243 1.0 1.0
2 475 11.8 12.8
3 281    

BS13 2927080 606326

1 868 1.0 1.0
2 764 1.2 2.2
3 1653 2.5 4.6
4 93    

BS17 2928508.2 606393
1 1447 0.9 0.9
2 2071 6.6 7.5
3 223    

BS28 2926940 608120
1 436 0.6 0.6
2 378 20.6 21.2
3 179    

BS29 2928979 609046

1 1149 0.9 0.9
2 456 2.1 2.9
3 1314 5.9 8.8
4 231    

BS30 2931418.8 605440

1 265 0.8 0.8
2 157 2.8 3.6
3 487 23.6 27.1
4 83    

BS31 2928138 605117
1 492 3.3 3.3
2 4224 6.5 9.8
3 602    

BS46 2937615 608513
1 198 0.6 0.6
2 175 8.5 9.1
3 132    
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S. N Northing Easting Layers ρ (Ωm)  Thickness
(m)

 Depth
(m)

BS49 2939619.2 605696

1 1247 1.0 1.0
2 334 0.7 1.7
3 534 7.4 9.1
4 138 33.9 43.0
5 668    

BS53 2935947.5 609422
1 607 3.1 3.1
2 795 10.7 13.8
3 111    

BS54 2934718.5 609190

1 2049 1.1 1.1
2 518 2.2 3.3
3 739 14.6 17.9
4 235    

BS58 2939629 607976
1 2002 1.2 1.2
2 637 11.8 13.1
3 117    

BS60 2934685 605698
1 1269 1.6 1.6
2 318 7.9 9.5
3 98    

CH-04 2939678 604230
1 1798 1.4 1.4
2 615 4.6 6.0
3 142    

4. DISCUSSION AND CONCLUSION
Different sediment layers based on resistivity contrasts, 
their thickness and depth from surface is shown in 
table 1. Most of the surface sediments are relatively 
dry during survey period due to the seasonal condition. 

The resistivity of soil decreases significantly with 
increase in density (Seladji et al, 2010). Most of the 
profile area lies on fine to medium grained sediments 
whereas some are in dry red soils. The resistivity value 
at the top layer of sediments ranges from 198 (BS46) 
to 2049 Ωm (BS54) as shown in Table 1. This suggests 
the presence of unconsolidated and dry sediments at 
the top layer. 

The lower resistivity value indicates the presence of the 
saturated condition in the unconsolidated soil while the 
higher values represent the dry and hard consolidated 
sediments (Drahor et al, 2006). In our observation, 
sites BS5, BS28, BS46, BS53, BS58 and BS60 have 
relatively low resistivity at the third layer whereas sites 
BS13, BS30, BS49 have lower resistivity in the fourth 
layer at different depths as compared to other layers 
(Table 1) suggesting the saturated condition. The 
resistivity of expected saturated layers ranges from 83 
to 179 Ωm.

Relatively, clay sediment has lower resistvity as 
compared to sand and gravels (Telford and Sheriff, 
1984, Keller and Frischknecht, 1996). The higher 
resistivity values at middle layers as compared to the 
top and bottom layers represent the coarse-grained 
sediments. 

The result of geophysical investigation using Vertical 
Electrical Sounding (VES) is capable of finding different 
sub-surface layers on the basis of resistivity contrast. 
This information is useful in planning and design 
of engineering structure on any geological material 
and forms an integral part of engineering geological 
mapping. 
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Microtremor Array Exploration in the Rapti Rural Municipality 
of Dang District 
Dr. Mukunda Bhattarai (Senior Divisional Geologist), Ms. Tara Pokharel (Seismologist), Ms. Shila Bhattarai 
(Seismologist)

INTRODUCTION
The Nepal Himalaya occupies one third of the 
whole Himalayan arc length, about 800 km of the 
Himalayan range. The Indian plate in the south is 
moving northward at a convergent rate of about 40 
mm/yr relative to Eurasia, half being accommodated 
by shortening through the Himalayas (e.g., Lavé and 
Avouac, 2000; Jouanne et al., 2004; Bettinelli et al., 
2006; Ader et al., 2012). However, its continental 
lithosphere is too buoyant to subduct so that it is 
colliding with the Eurasian plate in the north generating 
large earthquakes and forming steep mountains 
in the Himalayan region including Mount Everest 
(8,848 m). Historical earthquake shows that despite 
the earthquake source and path characteristics, site-
specific geological and geomorphological conditions 
influence on the damage and severity caused by an 
earthquake. In addition, the local geological conditions 
strongly influence the seismic ground motion 
(amplification, deamplification) at a site, and the soil 
characteristics significantly affect the severity of ground 
shaking.  The damage caused by an earthquake on 
the ground surface is called the site effect. A review 

ABSTRACT
Earthquakes are the most destructive geological phenomena in the Himalaya. The seismic waves that can cause 
destruction on the ground depend on the source effect including magnitude, rupture process, etc., the path effect 
governed by the propagation from the source, and the site effect controlled by ground conditions around sites. 
Each new destructive earthquake gives further proof of the importance of the site conditions in parallel with the 
other two. This site effect, i.e., how local geological or geomorphological conditions amplify the seismic waves, 
can be prospected before the disaster occurrence. The amplification of seismic waves due to local geological 
and geomorphological conditions is one indispensable component for seismic hazard assessment. Over the last 
decades, microtremors (ambient noises) have been used as an efficient tool for the spatial variability of seismic site 
response, as it is convenient and affordable for usage in urbanized areas, environment friendly as well as a more 
advanced array exploration technique. 

The time averaged shear wave velocity for the upper 30 m depth (Vs30) is the most commonly used parameter 
to evaluate seismic wave amplification. Rapti Rural Municipality (RRM), the province capital of Lumbini province 
located in Dang district is a rapidly expanding city filled with fluvial sediments on the basement rocks of Siwalik 
sedimentary unit. The present study aims to access the seismic site effect of RRM based on microtremor array 
techniques.

We have conducted short and long period Microtremor array measurements in RRM with about 1 km by 1 km 
grid interval and analyse data using Spatial AutoCorrelation (SPAC) as well as Centerless Circular Array(CCA) 
methods. SPAC analysis gives the large uncertainty in the deep 1-D shear wave velocity profile whereas, the Vs30 
of the study area falls between 243 m/s to 541m/s based on Konno and Kotaoka 2000. The sediments in the study 
area are characterized by site class D (180-360 m/s) and site class C (360-760 m/s) based on the provision in the 
National Earthquake Hazards Reduction Program (NEHRP)

Keywords: (Microtremor, Site effect, VS30, CCA, SPAC, Phase velocity dispersion curve)

of the early history of site effect studies was given by 
Sanchez-Sesma and Crouse (2015). The variation of 
ground motion with depth at various soil conditions were 
first investigated in Japan using ground displacement 
records (Milne, 1887). After the pioneering work by 
Japanese scientists/Engineers in the 19th century in 
Japan, microtremor has been used as an efficient tool 
for site characterization studies worldwide. The surface 
of the earth is always in motion without an earthquake. 
Microtremors (ambient noise/vibration) are the ground 
vibrations far below than human sensing having 
displacement amplitude (10-4 to 10-2 mm) and mainly 
caused by anthropogenic activities, machinery, traffic 
etc., that can be observed at anytime and anywhere 
by short and long period seismographs/geophones. 
Short period (high frequency) microtremors falls within 
the frequency range (1-10Hz) and beyond the upper 
frequency. They are mainly caused by anthropogenic 
activities, machinery, vehicle etc., whereas long-
period (low frequency) type (0.1-1Hz) microtremors 
are mainly caused by the perturbation in oceans, 
tidal activities, atmospheric changes etc., and distant 
observations of long period waves are captured 
by broad band seismographs mainly at overnight 
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deployment. We performed microtremor observation 
in Rapti Rural Municipality (RRM) of DANG district to 
accomplish annual field program FY (2079/2080). For 
the observation, we choose the sites on both sides of 
the east west highway unevenly based on availability 
of open space, avoiding the wet land, running water, 
possible voids etc. The data collected from tri-axial 
seismographs are used to calculate the predominant 
period and site amplification; however, by the recent 
advancement in the geometry of seismographs in 
arrays give shear wave velocity structures and average 
share wave velocities from the ground surface to the 
depth of 30 m can be explored.

LOCATION, ACCESSIBILITY AND SURVEY 
POINTS 
Dang district is located in Lumbini province and falls 
in the inner Terai of Midwestern Nepal. The bordering 
districts of Dang are Pyuthan, Rolpa and Salyan to the 
north, Uttar Pradesh of India to the south, Arghakhanchi 
and Kapilvastu to the east and Surkhet and Banke to 
the west. The district headquarter of Dang is Ghorahi. 
Dang district consists of two sub-metropolitan cities, 
one municipality and seven rural municipalities. Our 
study area lies in Rapti Rural Municipality (RRM) of 
Dang district (Figure 1). This Rural Municipality is 
divided in to 9 wards and some of the wards towards 
south have high risk of flood during monsoon along the 
Rapti River. Whereas, some sites in the northern part 
are covered by vegetation and not easily accessible by 
the motor able road. We can reach RRM by road travel 
in a single day from Kathmandu.

OBJECTIVE OF THE STUDY 
The main objective of this study is to estimate the time 
averaged shear wave velocity (Vs) up to the depth of 
30 m beneath the surveyed sites (Vs30) and to classify 
the sites based on National Earthquakes Hazard 
Reduction (NEHRP) site classification. The auxiliary 
objective is to determine the deep shear wave velocity 
(Vs) structure up to the engineering and seismic 
bedrocks.

EQUIPMENT USED FOR THE SURVEY
During this study, the probable survey sites were plotted 
in the google earth map in approximately 2 km*2 km 
grid sizes. Before survey these sites were visited and 
if the site falls in the private property negotiation is 
done for the permission. The equipment and setting for 
SPAC and CCA observations are listed in Tables 1 and 
2 respectively.

Table 1: Summary of the equipment used for the SPAC 
field observation

Seismometer Data Logger

 (CMG40T  (Guralp
 Systems Ltd) , 3-
components)

 Data Mark (LS8800)
Hakusan Co. Ltd Japan

 Frequency range from
 (0.03 Hz) 33.3 s to (50
Hz) 0.02 s

 3-components, GPS
synchronized Clock,

Sensitivity: 2*400 V/m/s  A/D converter: 24 bits,
Dynamic range: 128 dB

Table 2: Summary of the seismometer and setting of 
the digitizer for CCA field observation

Seismometer Data Logger and setting
 Sercel L22D vertical
component McSeis/SW 24 Channel

Frequency range 2 Hz  Sampling rate 2000 micro
second

  Data length 16384 samples

   Record length 32.768
second

  Trigger level 10% or less

BASIC PRINCIPLE FOR SPAC METHOD
The Spatial Auto-correlation (SPAC) Method for regular 
shaped array is a method to estimate phase velocity of 
surface waves that come from various directions using 
bi-dimensionally deployed array of seismographs. The 
concept of the SPAC method is based on assumptions 
that microtremors are a spatiotemporally stationary 
stochastic process and also the wave field consists of 
dispersive waves propagating along the free surface 
(Aki 1957; 1965, Okada 2003, Yokoi and Margayan 
2008). The SPAC method requires a circular array 
(Figure 2) that consists of evenly spaced sensors 
(usually three sensors) on the circumference of a 
circle and one sensor at the center point as shown 

Figure 1: a) Location of microtremor survey taking into 
account for Centerless Circular Array (CCA) method; 
b) Survey location for Spatial Auto-Correlation (SPAC)  
method
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in Figure 2 based on the side length and radius. 
The SPAC coefficient is obtained by the azimuthal 
average of coherency between microtremor records 
observed by two sensors. According to Okada (2003), 
the SPAC coefficient at angular frequency ω between 
microtremors observed by two sensors in different 

BASIC PRINCIPLE FOR CCA METHOD
The CCA method originally proposed by Cho et al. 
(2004, 2006) is based on the theory of circular array 
given by Henstridge (1979) and stands for the Fourier 
transform of microtremor wavefield over the azimuth. 
This method is quite similar to the circular array of the 
SPAC method, but without any sensor located at the 
center of the circle and based on a completely different 
principle. The CCA coefficient is given by the spectral 
ratio of the power of the zero order Fourier coefficient 
over azimuth to that of the first order. It is expected to 
converge to the known function as follows,

                                                                                  (2)

where PSD<> denotes the power spectral density, J0 
( ) and J1( ) the zero and the first order Bessel functions 
of the first kind, r the radius of circular array, w the 
angular frequency, c the phase velocity of Rayleigh 
waves, j the azimuth from the center of the array to 
a station on the peripheral circle, Z(t, r, j) time history 
of vertical component of microtremor observed at 
distance (r,j) and time t. The calculation of the CCA 
coefficient was done in the frequency domain using the 
following formula: 

                                                                                           (3)

Where, Cik(r,w) denotes the cross spectra of the 
records obtained at the i-th and the k-th stations. 
During this study we set the geometry of seismometers 
as shown in Figure 3.

locations A(0,0) and B(r,0) is written as: 

where E[･] and Re in the third member of the equation 
denotes the ensemble average over time block and the 
real part of a complex coherence function, respectively. 
CA,A(ω) ) is the power spectrum of sensor at A and 
CA,B(ω) is the cross-spectrum between sensors at 
A and B. J0(kr) in the fourth member of the equation 
is the Bessel function of the first kind of zero order.  
The Vs profile is finally estimated using the derived 
dispersion curve in the inversion analysis. The 
inversion take place by two different kinds of inversion 
methods (Yokoi, 2005): the downhill simplex method 
(DHSM, e.g., Press et al. 2007) and the very fast 
simulated annealing (VFSA) method (Ingber, 1989) 
to find optimal values of Vs and thickness of each 
sedimentary layer. The P-wave velocity (Vp, m/s) of 
each layer is estimated using the empirical relationship 
between Vp and Vs for sedimentary layers saturated 
by underground water (Ludwig et al., 1970). 

Fig. 2: Geometry of the equilateral triangular array for 
SPAC method (left) at site SPAC1 with 30 m side length 
(right). Broadband seismometer CMG40T (Guralp) 
and digitizer LS2200 (Datamark)

Fig. 3: Geometry of the field deployment is shown in 
a hexagonal array of 6 short period seismometers 
(Sercel L22D) with one seismometer at the center 
having radius 2m
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DATA ANALYSIS AND RESULTS FOR 
SPAC METHOD
We analyzed the data using Spatial Auto Correlation 
(SPAC) method (Yokoi 2020). First the vertical 
component data from 4 individual seismometers were 
multiplexed (Figure 4a), resampled to the sampling 
interval 0.25 sec for reducing the file size and processing 
time too, and divided into the time blocks of 1024 
samples. (Figure 4b) shows the power spectra. The 
time blocks were screened out if they contain impulsive 
noises caused by traffic or significantly big root-mean-
square (RMS) amplitude. Then, the cross spectra were 
calculated for the selected interstation distances with 
padding zeros for having a sufficiently fine frequency 
interval. The coherence functions, i.e., the real part 
of the cross spectra of the same interstation distance 
averaged over azimuth gives the SPAC coefficient 
curve. The SPAC coefficient curves of the Site SPAC1 
shows normal (Figure 4d) feature without any significant 
disturbance. The dispersion curve was determined by 
searching the minimum of the misfit function given by 
the L2-norm of the difference of these observed SPAC 
coefficient curves from the theoretical one J0(rw/c(w)) 
calculated over the frequency - phase velocity panel, 
where high misfit values are truncated and uniformly 
painted yellow (Figure 4e). The estimation of Vs 
structure was performed using a combination of the 
Very Fast Simulated Annealing (VFSA, Ingbar 1989)) 
and the Down Hill Simplex Method (DHSM, Nelder and 
Mead 1965), (Yokoi 2005) as shown in (Figure 4f).

DATA ANALYSIS AND RESULTS FOR CCA 
METHOD
Wave forms from seven sensors are multiplexed and 
resampled to associate the seven channels together 
in a time sequential manner (Figure 5a). The fourier 
spectra and power spectra are shown in (Figures 5b 
abd 5c). The noisy part on the waveform is reduced 
by applying the screening techniques (ajude and a_
sigma) and the remaining blocks from screening are 
used for calculating the CCA coffecient to derive the 
phase velocity dispersion curve. (Figure 5d) shows the 
coherence of all seven channels used . The observed  
dispersion curve is shown in (Figure 5e), The shear 
wave velocity structure is constructed by applying the 
Heuristic search technique (inversion) on the assumed 
initial velocity model using the combined metods of 
DHSM (Down Hill Simplex: Nelder and Mead, 1965) 
and VFSA (Very Fast Simulated Annealing: Ingber, 
1989) is shown in Figure 5f. multiplexed/resampled 
waveform (Figure. 2), Coherence (Figure.5d) 
dispersion curve (Fig. 5) and the derived structure 
(Figure. 5f) respectively are shown below.

Fig. 4: (a) Multiplexed waveform , (b) power spectra 
(c) Coherence (d) phase velocity dispersion curve(e) 
SPAC coefficient (f) shear wave velocity structure 
obtained from SPAC1 site in an equilateral triangular 
array of side length 30 m

Fig. 5: (a) Multiplexed waveform (b) flourier spectra (c) 
power spectra (d) coherence (e) coherence (f) phase 
velocity dispersion curve (g) shear wave velocity 
structure of the site CCA1
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Table 3. Results of the CCA analysis of all sites

Site No. Latitude Longitude Vs30 
(m/s)

NEHRP 
Class

CCA1 27.832857 82.731606 440 C

CCA2 27.848423 82.709115 329 D

CCA3 27.828805 82.678751 365 C
CCA4 27.838178 82.682241 454 C

CCA5 27.825816 82.661672 492 C

CCA6 27.824505 82.649061 475 C

CCA7 27.843632 82.649989 495 C

CCA8 27.858626 82.684423 243 D
CCA9 27.855718 82.668261 437 C
CCA10 27.860348 82.646997 440 C
CCA11 27.860851 82.624436 367 C
CCA12 27.830191 82.620696 367 C
CCA13 27.83712 82.637464 ---------- ---------- 
CCA14 27.860652 82.793341 466 C
CCA15 27.846175 82.774129 541 C

CCA16 27.838092 82.664507 474 C

CCA17 27.846504 82.729003 335 D

CCA18 27.838092 82.664507 474 C

CCA19 27.830135 82.705437 309 D

CCA20 27.825702 82.717605 418 C
CCA21 27.846499 82.630173 438 C
CCA22 27.850272 82.695507 444 C

From the CCA analysis we calculated the average 
shear wave velocity (Vs30) up to the 30m depth from 
the phase velocity dispersion curve without taking into 
account the geological information by using direct 
method of Konno and Kataoka 2000. Vs30 result 
(Table 3; Figure 6) demonstrates that the Vs30 values 
for the study area vary between 243 m/s to 541 m/s. 
Based on the NEHRP provisions sites 2, 8,17 and 19 
are categorized into site class D (180-360 m/s) within 
the study area, whereas remaining other sites falls in 
site class C (360-760 m/s). 

CONCLUSION AND RECOMMENDATION
Microtremor array analysis techniques mainly Spatial 
AutoCorrelation (SPAC) and Centerless Circular Array 
(CCA) methods (Yokoi 2020) have been applied for 
seismic site evaluation in Rapti Rural Municipality 
(RRM) of Dang district. Four three component broad 
band seismographs (Guralp CMG40T) and seven one 
component (vertical) short period seismometers (Sercel 
L22D, 2 Hz) were deployed in an array to measure the 
ground excitation by microtremors at approximately 
1000 m × 1000 m grid interval. Some of the planned 
sites could not exactly reached due to rice planting 
time, running water, wet land, forest and bushes.  The 
study area covered both North-South part of the RRM 
from the East-West Mahendra highway. Microtremor 
array data were analyzed to calculate the shear wave 
velocity structure and average shear wave velocity of 
upper 30 m depth (Vs30) of subsurface sedimentary 
layers, respectively. The Vs30 values from the phase 
velocity dispersion curves were estimated from (Konno 
and Kataoka 2000).

•	 The huge uncertainties in the underground deep 
structure is obtained from SPAC analysis at site 
SPAC1.  

•	 The average shear wave velocity (Vs30) of the 
upper 30 m soil column falls in the ranges from 
243 m/s to 541 m/s based on Konno and Kotaoka 
2000.

•	 Based on this study the observed Vs30 values  
soil deposits of Rapti Rural Municipality of Dang 
district can be classified into site class D (180-360 
m/s) and site class 

•	 C (360-760 m/s) according to the provision in 
NEHRP.	

•	 Majority of the study area falls in Site class D 
based on NEHRP classification.

•	 The Vs30 value at site CCA13 could not be 
reached, further studies are needed at around this 
site. It might be due to insufficient data recording, 
seismometers not well coupled on the ground 
or any other geological or geomorphological 
uncertainties.

It is recommended to gather subsurface information 
at some of the drill hole sites in and around RRM 
and revise the initial model for inversion to obtain 
fine structure. It is also recommended to have such 
surveys during the dry seasons to avoid the variations 

Fig. 6: Vs30 map of the study area obtained from CCA 
analysis

RESULT AND DISCUSSION 
The long period microtremor measurement results for 
less than an hour during day time with side length 30 
m in the geometry of equilateral triangle shape array 
at site SPAC1 did not grow the phase velocity in the 
dispersion curve above 500 m/s (Figure 5e). The 
inverted Vs structure shows huge uncertainty in the 
deeper structure below about 30 m depth (Figure5f). 
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in water table. Further interpretation is needed based 
on geological information.
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Tracing of Budar Fault and Neo-Tectonics Study in 
Dadeldhura and Doti District 
Dr. Lok Bijaya Adhikari (Senior Divisional Seismologist), Mr. Bal Bahadur Tamang (Seismologist)

ABSTRACT
Himalaya was formed by the collision of the Indian Continent and the Eurasian continent about 40 million years 
ago i.e. Indian continent has been subducting underneath the Eurasian continent. Nepal lies in the central part of 
the Himalayas and one of the seismically active zones of the world where the Indian continent has been moving 
underneath of Eurasian continent by 21.5 ± 1.5 mm/yr in Central Nepal and 19 ± 6 mm/yr in Western Nepal. 
Neotectonics is the sub-discipline of tectonics, the study of the process of recent tectonic deformation and tectonic 
geomorphic evolution of the earth. Neotectonics and active tectonics for seismic hazard assessment a significant 
aspects of earthquake geology work. In Central Himalaya, MBT, MFT, blind thrust, and other transverse thrusts are 
active, which are the splays of active Main Himalayan Thrust (MHT). The study area lies between the Dadeldhura 
and Doti districts of Parshuram Na. Pa., Aalital Ga. Pa., Jorayal Ga. Pa., Chure Ga. Pa., Badikedar Ga. Pa., and 
Mohanyal Ga. Pa. and boundary area covered by 28.671˚, 80.288˚ to 29.113˚, 80.189˚ coordinates. The main 
objectives of this research are Budar Fault tracing, Neo-tectonic study, and charcoal collection in the Rangun 
Khola Terrace. There are five levels of terrace in the Rangun Khola area. The main lithology of this area is alluvial 
soil, and parent rocks are Granites, Quartzites, Phyllites, Sandstones, and Amphibolite. Lithological characteristics 
illustrate high current fluvial activity. The collected charcoal samples were tested, and the result hasn’t been 
received yet. Geologically this area is covered by the lower Siwalik to Syangja formation. Budar fault is passed 
through Thuligad Khola, Thuligad Khola to NW direction of Kamala Khola, Chhattiwan Taal, Budar and Chainpur, 
Siradi, Sayen Gaun, and Aalital Pond.

Keywords: (Neotectonics, Active faults, Budar Fault, Charcoal Sampling)

1. INTRODUCTION
Himalaya is an Active Mountain in the world which 
is formed by the collision of the Indian Continent 
and the Eurasian continent 40 million years ago i.e. 
Indian continent has been subducting underneath the 
Eurasian continent. Nepal is lies in the central part 
of the Himalayas and one of the active zones of the 
world where the Indian continent has been moving 
underneath of Eurasian continent by 21.5 ± 1.5 mm/
yr in central Nepal (Lavé and Avouac 2000) and 19 
± 6 mm/yr in western Nepal(Husson, Mugnier, and 
Leturmy 2004). The consequences of collision, four 
major tectonic structures formed along the East–West 
trend Main Frontal Thrust (MFT), Main Boundary 
Thrust (MBT), Main Central Thrust (MCT), and South 
Tibetan Detachment System (STDS). Based on the 
major tectonic structures Nepal has been divided 
into five geological units from south to North such as 
Terai, Siwalik, Lesser Himalaya, Higher Himalaya, and 
Tethys Himalaya (Dhital 2015). Neotectonics are the 
sub-disciplines of tectonics, the study of the process of 
recent tectonic deformation and tectonic geomorphic 
evolution of the earth. Neotectonics and active 
tectonics for seismic hazard assessment a significant 
aspects of earthquake geology work(Wu and Hu 2019). 
Neo-tectonic movements deform or offset streams and 
river courses, they also dislocate river terraces, alluvial 
fans, and ancient erosion surfaces. In major east-
west trending tectonic structures, MBT and MFT are 
tectonically active whereas the other two are passive. 

However, many transverse and blind faults and thrusts 
are active in the Nepal Himalayas. However, MHT is 
the main active fault in the Himalayas and Nepal. It 
occurs at a depth of 20 to 25 km and all other active 
faults are splays of the MHT (Nakata 1989). In addition, 
in the eastern and western Himalayas, consistent uplift 
of the Himalayas has taken place due to north-dipping 
imbricate thrust though in Central Himalaya MBT is 
relatively straight i.e. a steep dip near the surface. 
Nakata 1989 classified Nepal’s thrusting and faulting 
system into the Main Central Active Fault System, 
Main Boundary Active Fault System, Main Frontal 
Active Fault System, and other individual active faults. 
The Main Boundary Active Fault System is one of 
the most conspicuous in the Himalayas. It stretches 
throughout the Nepal Himalayas along the border of 
the Siwalik and Lesser Himalayas. It is represented by 
a chain of discontinuous active faults of up to 100 km 
in length interrupted by active sections. The Rangun 
Khola and Surkhet-Ghorahi faults are some examples 
of the Main Boundary Active Fault System (Dhital 
2015). Budar Thrust is a normal fault marked by many 
sag ponds and it affected by the Main Boundary Active 
Fault system (Dhital 2015). This trust is named in India 
by Krol Thrust, Main Boundary Thrust, Chail nappe, 
or Ramgarh Thrust and it extend across the Mahakali 
River upto Budar and beyond.

1.1 Location and Accessibility 

The study area lies between Dadeldhura and Doti 
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districts of Parshuram Na. Pa., Aalital Ga. Pa., 
Jorayal Ga. Pa., Chure Ga. Pa., Badikedar Ga. Pa., 
and Mohanyal Ga. Pa. and boundary area covered 
by 28.671˚, 80.288˚ to 29.113˚, 80.189˚ coordinates. 
Bhimdatta highway is the main highway connected 
by Attariya kailali to Darchula. In addition, the gravel 
road is connected to the study area. The study area 
is shown in Figure 1. The altitude ranges from 402 m 
to 1274 m above mean sea level. The study area’s 
climate falls within the subtropical zone. The primary 
drainage system comprises Rangun Khola, Thuli 
Gad Khola, and their tributaries. The overall drainage 
pattern of the study area is dendritic. 

1.2 Geological Setting of the study area

Nepal Himalaya has been divided into five distinct 
tectonic units separated by major thrust faults. From 
south to north they are the Main Frontal Thrust (MFT), 
the Main Boundary Thrust (MBT), the Main Central 
Thrust (MCT), and the South Tibetan Detachment 
System (STDS) respectively (Upreti 1999). Among 
them, the South Tibetan Detachment System (STDS) 
is a low-angle normal, and all the remaining are reverse 
faults. These structures divide Nepal Himalayas into 
five major tectonic units from South to North, the major 
tectonic units are Terai, Siwalik, Lesser Himalaya, 
Higher Himalaya, and Tibetan-Tethys Himalaya. 
Geologically this study area covered the lower Siwalik 
to Syangja Formation (DMG 1985). Most of the faults 

in this study area passed along the Lower Siwalik, 
Sangram Formation, and Syangja Formation as shown 
in figure 2. Lower Siwalik is made up of dark brown 
to greenish brown or bluish grey sandstones, and 
sandstones are interbedded with purple, dark reddish 
brown, and green-grey shales. The study area of 
lower Siwalik consists of fine-grained sandstones and 
mudstone, ranging in thickness from a few meters to 
tens of meters, in almost equal proportions. Similarly, 
just above the lower Siwalik it continues lesser 
Himalayan rock sequences and in the study area, it 
consists of pale green to white Quartzites alternating 
with green Phyllites.

Fig. 1: Study area

Fig. 2: Geological Map of the study area with drainage 
system.
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2. OBJECTIVES

The main objectives of this research are Budar Fault 
tracing, Neo-tectonic study, and charcoal collection in 
Rangun Khola terrace.

3. MATERIALS AND METHODS 

During this study, budar thrust was first mapped 
based on topographic maps, geological map, areial 
photographs, and google earth maps. Further evidence 
was collected by detailed field investigations from 
B P nagar Doti to Aalital gaunpalika Dadeldhura. To 
varrifing the Budar thrust and geology of this area was 
carried out by field obsservations around those area 
and traverse mapping along the budar thrust. During 
the field, efforts were specially made to clarify the 
mode and sense of active faulting through observation 
of tectonically produced landforms and other evidence 
of late quaternary faulting. In order to verify the 
active fault system in this area we traced quaternary 

deposited terraced mapping in Rangun Khola valley. 
The amount of fault displacements was also measured 
in the fields. Charcoal samples for radiocarbon dating 
were collected from every terrace by pit logging. 

4. OBSERVATION

The fieldwork was done from B P Nagar, Doti to Aalital 
gaun palika Dadeldhura. Geologically this area is 
covered by the lower Siwalik to Syangja formation. 
During Budar fault tracing field work we observed 
33 points of various places in Dhadeldhura, Kailali, 
and Doti districts as illustrated in table 1. Budar fault 
passes through Thuligad Khola, Thuligad khola to NW 
direction of Kamala khola, Chhattiwan Taal, Budar and 
chainpur, Siradi, Sayen Gaun, and Aalital Pond. We 
observed Greyish coloured highly crushed brecciated 
rocks, various sag ponds, mylonite, saddles, piggy 
bag structures, terraces etc. Some of the photographs 
taken in the field are shown in figure 3. 

Table 1: Field observation data along Budar Fault

S.N Location Latitude Longitude
Attitude

Lithology Dip
Direction

 Dip
Amount

BF01 Belbhadi 29.108232 80.530478      Greyish Color, fine grained to medium
grained highly crushed breccia

BF02 Rajauda 29.103284 80.540284 74 42  Greyish Color, fine grained to medium
grained highly crushed shale

BF03 Rangun Khola 29.13051297 80.49819096 - - Terrace
BF04 Aalitaal Pond 29.13983671 80.47046002 - - Highly Crushed Quartzite and Phyllite
BF05 Sayen Gaun 29.12637826 80.50331302 - - The fault line, Shaddle With - 39.90 m
BF06 Sayen Gaun 29.12338764 80.505202 - - The fault line, Shaddle
BF07 Sayen Gaun 29.12210545 80.50675898 - - Highly crushed breccia

BF08 Sayen Gaun 29.11792617 80.51240014 - -  greyish coloured, fine grained
mylonitic rock

BF09 Siradi Gaun 29.11665928 80.51561223 - -  highly crushed greyish coloured
phyllite

BF10 Siradi Gaun 29.11373062 80.51968533 - - Phyllite/ old Sag pond

BF11 Siradi Gaun 29.1136476 80.5244276 - -  highly crushed phyllite breccia /fault
line

BF12 Belbhadi 29.1100126 80.52782812 - -  highly crushed phyllite breccia /fault
line

BF13 Budar Bazzar 29.08445737 80.56261784 - -
 Highly crushed, purple Shale/

 greyish color fine to medium-grained
brecciated rocks, and Sac Pond

BF14  Chainpur,
Budar 29.08194414 80.57151247 - -  Light reddish color fine-grained silty

gravel/ Fault line passed

BF15  Chainpur,
Budar 29.08177974 80.5761539 - - Greyish colour highly fracture shale

BF16 Chattiwan Tal 29.0787307 80.58542428 0 50
 Purple colour highly fractured shale
 alternates with light greyish colour

highly fractured shale
BF17 Taliya, Godam 29.02449053 80.65241676 356 26 Purple colour highly fracture Quartzite
BF18 Taliya, Godam 29.02616973 80.64467002     Terrace

BF19 Shera Village 29.025108 80.64082 262 25
 Greyish color fine-grained Sst.

 Alternate with mudstone (Lower
Siwalik)

BF20 Matsya Village 29.03315423 80.63695435     Terrace

BF21
 Confluence

 of Kamla and
Thuli gad Khola

29.04229689 80.63056467 315 72  Purple colour highly fracture &
crushed shale with brecciated rock
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S.N Location Latitude Longitude
Attitude

Lithology Dip
Direction

 Dip
Amount

BF22
 The right bank

 of Kamala
Khola

29.04883557 80.62352661 - -  Greyish colour highly crushed
brecciated rock

BF24  Left bank of
Kamala Khola 29.06126719 80.6160894 60 42  Greyish colour highly fractured Phyllite

alternate with quartzite band
BF25 Taliya, Godam 29.0212095 80.65273326 - - Purple colour highly fractured shale

BF26
 The right bank
 of Thuli Khola,

BP Nagar
29.00783878 80.74603672 - -  Greyish color highly crushed

brecciated rocks and greenish Phyllite

BF27
 Right bank of

 Thuli Khola, BP
Nagar

29.00965033 80.73557029 - - Terrace/ Fault could be passed

BF28
 Right bank of

 Thuli Khola, BP
Nagar

29.00454671 80.71741294 - - Terrace

BF29  Thuligaad
Khola 29.0097882 80.70234593 300 84  Purple color highly fractured &

Crushed shale with brecciated rocks

BF30
 Right bank of
 Thuli Khola,
Milannagar

29.01121568 80.69851122 350 85  Greenish color, highly fractured shale
with brecciated rock

BF31  Right bank of
Thuli Khola 29.0133274 80.6869065 - - Purple color highly crushed

BF33
 Right Bank of
 Thuli Khola,

Santipur
29.01824769 80.67255227 - - Terrace, Fault passed

Fig. 3: A. Budar Fault Tracing location, B and D. Sag Ponds, C. Breccia 
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Generally, for a better understanding of Neo-tectonics, 
terrace differentiation would be suitable for research 
work. Rangun Khola and its tributaries covered the 
whole watershed area which flows toward SW from 
NE direction. Rangun Khola is a perennial stream 
and it has made good terraces and fan deposits. 
Therefore, the study area, specifically Ward No. 5 
of Aalital Gaunpalika, features an alluvial deposit 
terrace, including a terrace level. Budar fault passes 
across Rangun Khola.  At the place the Rangun Khola 
directly shifts toward the Northwest direction from the 

Southwest direction. The final fourth terrace is crossed 
by the Budar fault, and we can easily see height 
differentiation between them. In addition, the southern 
terrace is uplifted as compared to the northern terrace 
which is nearly 7 m high. In the fault line area, a wide 
gully, and some cultivation land constructed for paddy 
crops were observed. This gorge width is nearly 25 
to 30 m. Five levels of terraces were observed in the 
study area which are marked from T0 to T4 figure 4. 
We collected charcoal samples from each terrace for 
carbon dating from the pit holes as shown in table 2.

Fig. 4: A. Terrace mapping using google earth, B. Terrace map of Rangun Khola, C and D. Pit hole for charcoal 
sampling. 

Table 2: Charcoal sampling from terrace

S.N. Pit logging (m3) Depth (m) Lithology

BFP01 2 m3×2×2

0.74 Light brownish color fine grained Silt

0.28 Black color fine grained Silty Sand

0.2 Greyish white color Sandy gravel

0.3 Pebble to boulder

0.4 Greyish to white color sandy gravel

0.1 Pebble to boulder

BFP02 3 m3×2×2

0.5 Black color Silty Sand

1.05 Sandy gravel

1.45 Greyish color Silty Clay
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S.N. Pit logging (m3) Depth (m) Lithology

BFP03 2 m3×2×2

0.6 Silty Clay

0.4 Sandy Gravel

1.05 Pebble to Boulder

0.4 Sandy Gravel

BFP04 2 m3×2×2

0.95 Silty Clay

0.65 Sandy Gravel

0.4 Sand to pebble

BFP05 2 m3×2×2

1.45 Silty Clay

0.33 Sandy Clay

0.22 Silty Clay

0.5 Gravel to Pebble

BFP06 2 m3×2×2

0.9 Brownish Color Silty Clay

0.75 Cobble to Boulder

0.5 Sandy Soil

BFP07 2 m3×2×2
1.6 Brownish Color Silty Clay

0.8 Sandy Gravel with Pebble

BFP012 2 m3×2×2

0.61 Black colored Silty Sand

1.49 Grayish colored Sandy Gravel to Cobble Layer

0.5 Dark grayish color Silty Sand

BFP018 3 m3×2×2
1.3 Greyish colored Silty Clay

1.5 Sandy Gravel With Boulder

BFP019 3 m3×2×2
1.4 Greyish colored Silty Sand

1.3 Sandy Gravel With Boulder

BFP020 3 m3×2×2
2 Raddish colored Sandy Gravel

1 Sandy Gravel with Boulder

5. RESULT AND DISCUSSION 
Neo-tectonics refers to the study of recent and ongoing 
deformations of the earth’s crust and the associated 
tectonic activities. In the context of the Nepal Himalayas, 
it is very active and large mega earthquakes are 
faced frequently. The main cause of an earthquake 
in the Himalayas is the subduction of the Indian 
continent underneath the Eurasian continent every 
year by nearly 21.15 ± 1.5 mm/yr (Lavé and Avouac 
2000). This research’s main objective is the study of 
Neo-tectonics, Budar fault tracing, and the collection 
of charcoal for radiocarbon dating in Rangun Khola 
terrace of Aalital Gaunpalika Dadeldhura. To recognize 
the Fault zones in the field, it should consist of volumes 
of intensely fractured rocks associated with numerous 
closely spaced fault surfaces (Billi 2005). Thus, during 
the field study we observed highly crushed, fractured, 
and dissected rocks for instance mylonite, breccia, and 
gouge. Investigation of geological, geomorphological, 
and archeological signatures of past earthquakes 
plays an important role in paleo-seismology. Similarly, 
Late Quaternary geological data is more useful to 
understating earthquakes processes (Micheiti and 
Hancock 1997). In the study area there are five levels 
of terraces made by the Budar Fault and Rangun 

Khola which are quaternary deposited. Therefore, 
this area would be very suitable for the study of Paleo 
seismology and output of the results would help to 
understand Neo-tectonics and earthquake activities in 
this area and western Nepal itself. The main lithology 
of this area is alluvial soil, and the terrace has been 
made with high current fluvial activity, therefore, the 
charcoal available possibility is very low though we 
collected some samples from each terrace. Some of 
the collected charcoal samples are we for the dating 
and we are still waiting for the report. Therefore, when 
we get the dating report then we can continue our 
further work for data interpretation. However, based 
on the geological, geomorphological, and structural 
data illustrated the Budar fault is splay of an active 
fault of Main Boundary Systems because this fault 
is trending SE to NW and continuation on MBT fault 
systems(Nakata 1989). 

6. CONCLUSION
Budar fault is the Main Boundary System fault which 
is trending SE to NW and is still an active fault in 
Nepal Himalayas. For the analysis of observational 
data and deskwork, we have prepared the fault map. 
Similarly, four levels of the terrace were observed in 
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Rangun Khola Valley which has been made by Rangun 
Khola and Budar Fault. The lithology of this research 
area is alluvial deposit sediment, and its parent rocks 
are Granites, Quartzites, Phyllites, Sandstones, and 
Amphibolite. Terrace lithological features indicate the 
high current fluvial activity in the past; therefore, we 
couldn’t find samples easily. The result of charcoal 
dating is on the process. To complete the study, there 
is a need to prepare high resolution DEM of the area 
and complete the fault mapping of the area west to 
Aalital. 
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Follow-up Exploration of Dhuseni limestone Deposit, 
Benighat Rorang Rural Municipality Dhading District, 
Bagmati Province, Nepal. 
Kushal Nandan Pokharel (Sr. Div. Geologist), Sujan Devkota (Sr. Div. Geologist), Ashim Babu Shrestha (Surveyor)

ABSTRACT
Mahadevstan-Dhusa area consists rocks of Bhimphedi Group of Kathmandu Complex and Upper Nuwakot Group 
of Nuwakot Complex, the two being separated by the Mahabharat Thrust (MT). The rocks around MT are folded 
into an east-west trending Mahabharat synclinorium, with the rocks of Bhimphedi Group in the core. The Markhu 
Formation consists essentially of marble interbedded with siliceous marble, schist and rare quartzite beds. The 
crystalline limestone (Marble) bands extend roughly northwest to southeast with low to moderate dip amounts with 
dip towards north. The cement grade limestone zone is mapped almost continuously in the southern limb of the 
syncline. However, due to longitudinal and transverse faults, the zone is largely obliterated in the northern limb. 
The possible geological reserve of limestone in Dhuseni area is calculated about 65.6 million tons.

Keywords: (Limestone; Marble; Reserve; Sampling)

INTRODUCTION
The present target exploration area of limestone 
was already recognized and mapped by DMG at scale of 
1:50,000. This study shows the presence of limestone 
around Mahadevstan and Brushaban area of Dhading 
district. Similarly, a preliminary and detail study of 
limestone prospecting work was also carried by DMG in last 
two years around this location. Geologically the exploration 
area falls to the Markhu Formation of Bhimphedi Group 
of Kathmandu Complex. For detail exploration of Dhuseni 
limestone deposit, field were conducted from 2074/11/27 
to 2075/01/08 for duration of 42 days and follow up field 
was conducted in 2079/80 for the duration of 14 days 
where 100 hector topo survey and other geological studies 
were carried.

LOCATION AND ACCESSIBILITY
The prospecting area lies south of Malekhu Bazar 
of Dhading district in Mahabharat Lek range. The 
limestone prospecting area can be approached by the 
under-construction Malekhu- Lothar Road. The road 
runs almost parallel to Malekhu Khola for about 14 km. 
The distance from Malekhu to Kandrangadi (near by 
the study area) is about 21 km. From Kandrangadi it 
takes about 1 hour to reach the study area on foot. 
Similarly the study area can be accessed from Charaudi 
Bazar of Prithivi highway via Charaudi-Chauki-Dovan-
Bumrang. But the road approach is only to the Chauki-
Dovan which is 6 km north from Charaudi Bazar.

OBJECTIVES
•	 To collect the necessary data to prepare limestone 

resource map of the area in 1:1,000  scale
•	 To study the overall potentiality of Cement grade 

Limestone in proposed area
•	 To collect the representative channel samples 

(300 m) in different profiles and topo survey of 100 
hector area of limestone deposit.

GEOLOGY
Geologically, the area lies in Lesser Himalayan 
Crystalline Nappe. It consists of relatively low to medium 
grade metamorphic rocks of Kulekhani Formation, 
Kalitar Formation, Bhainsedoban Marble, Markhu 
Formation and Tistung Formation of the Bhimphedi 
Group of Kathmandu Complex. The rocks in the area 
generally extend in northwest-southeast direction with 
northeast dip directions. They have moderate to high 
dip amounts towards north.

Fig 1: Location Map, Benighat Rorang R. M, Dhading
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Table 1:  Stratigraphy of Bhimphedi Group, (Stocklin 
and Bhattarai (1977).

Complex Group Formation Thickness
(m)

 Main
lithology

 Katmandu
Complex

 Bhimphedi
Group

Tistung Fm 300 Meta-

sandstone,

Phyllite
Markhu Fm 1000  Crystalline

 limestone,
schist

Kulekhani Fm 2000  Quartzite
schist

 Chisapani
quartzite

400 quartzite

 Kalitar Fm 2000  Schist,
quartzite

 Bhainsedovan
Marble

800  Crystalline
limestone

Raduwa Fm 1000 Garnet-
 schist,
Quartzite

Tistung Formation
Tistung Formation is composed of fine-grained 
Metasandstone with phyllite and some carbonate 
bands. The formation attains a thickness of about 
300m (Stocklin and Bhattarai, 1977). The rocks of this 
formation are distributed in the northern part of present 
study area.

Markhu Formation
Markhu Formation is composed of schist, micaceous 
marble and massive marble (crystalline limestones) 
in varying proportions. Cystalline limestone is the 
distinctive lithology of this formation (Stocklin and 
Bhattarai 1977). The rocks of this formation are 
distributed at the middle part of the present study 
area. The average thickness of this Formation is about 
1000m.

Kulikhani Formation
Kulikhani Formation is composed of fine-grained 
biotite-schist and impure strongly micaceous quartzite 
of dark and light green grey color. The formation attains 
a thickness of about 450m. The rocks of this formation 
are distributed in the southern part of present study 
area.

LIMESTONE PROSPECT 
The Markhu Formation is found to be important from 
limestone prospecting point of view. The formation 
consists of gray to dark gray schist with interbeddings 
of massive marble beds. However, two distinct bands 
of marble are mapped with the formation. The marble 
found in the area are medium to thick-bedded, coarse 
crystalline, and gray to white in color. They are highly 
fractured and jointed. Therefore, the marble shows no 
possibility of being used as dimension stone. But, their 

optimal use can be for cement manufacturing and 
accordingly the study was carried out in the area.
In the Dhuseni Limestone Deposit, the limestone can 
be divided into four different horizons on the basis of 
color, crystailinity and texture of individual beds. From 
the field observation, the limestone is classified as 
zones I, II, III and IV.

Zone I:  The limestone is milky white with light grey 
shades, medium to coarse grained. Well-formed 
calcite crystals are also developed in some beds. 
The rocks are generally medium to thick bedded 
(20cm- 1m) and vigorously react with dilute HCI. 
Pyrite and muscovite grains frequently occur in these 
limestone beds. This type of rock is exposed in three 
horizons showing possibility of high grade limestone 
for cement exploration. Very thin layers of siliceous 
brown limestone and parting of schist are also noticed 
occasionally with the white crystalline limestone. In 
this zone, proportion of white limestone is more than 
90%.

Zone II: This zone comprises light grey medium to 
coarse-crystalline limestone. Well-formed calcite 
crystals are developed in some beds. Similarly, the 
rocks are generally medium to thick bedded (30 cm- 
1 m) and vigorously react with dilute HCI. This type 
of rock is exposed in two horizons showing possibility 
of high grade limestone for cement exploration. Very 
thin layers of siliceous brown limestone and parting of 
schist are also noticed occasionally with the light grey 
crystalline limestone. In this zone, proportion of light 
grey limestone is more than 95%.

Zone III: This zone also comprises interbedding of 
brownish siliceous limestone with white and grey, 
medium to fine grained limestone. The siliceous rocks 
are dominant over the crystalline limestone. The light 
gray to brown siliceous limestone reacts so smoothly 
with the 10% dilute HCL. The proportion of crystalline 
white limestone is very low. This type of limestone is 
found in top part of Channel Sampling profile III.

Zone IV: This zone comprises interbedding of light 
grey to white coarse crystalline marble with schist. 
These types of rocks are found at the base of zone 
I and Zone II type of Limestone. It seems low grade 
limestone. So, Channel sample was taken only above 
this type of limestone.

Channel Sample 
There are three different channel profiles, which are 
taken from west to east. At the basal part channel 
sample is not taken because it seems low grade i.e. 
limestone are of as zone IV.

Table: 2 Sample Profile with Sample No. and Length

S. N. Profile Sample no. Length (m)
1. DH/P-I 99 128
2. DH/P-II 119 150
3. DH/P-III 76 90
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QUALITY OF LIMESTONE
Quality of limestone is controlled by the parameters 
like presence of CaO, MgO, SiO2, Al2O3 and Fe2O3,. On 
the basis of presence of such parameters limestone is 
standardized by cement grade or not. The collected 
samples of limestone is partially analyzed in DMG 
lab and most of the samples were analyzed in Aastha 
Scientific Research Service Pvt. Ltd. Dillibazar, 
Kathmandu. The Chemical analysis shows the 
limestones in the area is of cement grade. But some 
samples are of high MgO content. So those high MgO 
content samples should be considered as overburden 
while mining. The analysis of chip samples in profile 
II and III are not included in quality assessment of 
limestone deposit. Since some bands of limestone 
show dolomitic nature, MgO content seems little bit 
high in this analysis report. If those high MgO content 
samples with MgO value more than 6% is discard, the 
MgO will remain below 3% in the area.

Table: 3 Average quality of limestone.

S.N. Profile  Weighted
 Average
CaO %

 Weighted
 Average
MgO %

1. DH/P-I/Ch-1 to Ch-99 45.90 3.41

2. DH/P-II/Ch-1 to Ch-119 46.62 3.41
3. DH/P-III/Ch-1 to Ch-76 44.66 3.88

Table: 4 Average quality of limestone discard samples 
with MgO value more than 6%.

S.N. Profile Weighted

 Average
CaO %

Weighted

 Average
MgO %

Remarks

1.  DH/P-I/Ch-1
to Ch-99

45.12 2.99  Discard
 samples with
 MgO value
 more than
6%.

2.  DH/P-II/Ch-1
to Ch-119

47.19 2.99

3. DH/P-III/
Ch-1 to Ch-
76

45.89 2.81

GEOLOGICAL RESERVE
The geological reserve is estimated simply by taking 
the geological cross sectional method, strike length, 
average dip length and average density. The total 
geological reserve of Dhuseni Limestone deposit is 
about 65.6 Million Tones and the reserve in this phase 
of study in Dhuseni limestone deposit is Probable 
geological reserve.  

CONCLUSION 
The studies carried till now indicate the presence of 
cement grade limestone (marble) in Dhuseni area 
which can possibly be used for manufacturing of 
cement and probable geological reserve is 65.6 MT.

The chemical analysis shows the average CaO% is 
about 46% while MgO is about 3%.
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Ph 3: sampling in field

Ph 5: Close view of grey marble

Ph 4: Collecting of samples

Ph 6: Close view of White marble

PHOTOGRAPHS

Ph 1: Overview of Dhuseni Limestone deposit ( west) Ph 2: Overview of Dhuseni Limestone deposit ( east)
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Fig 2: Geological Map of Dhuseni Limestone Deposit
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Orogenic Primary Gold Prospecting in Parts of Sunchhahari 
RM, Rolpa District  
Dharma Raj Khadka (Senior Divisional Mining Geologist), Naresh Maharjan (Geologist)

ABSTRACT
A 36 sq. km geological mapping and sampling for gold prospecting was carried out for primary gold around 
Dhokadhunga and Phuliban areas of Sunchhahari RM, Rolpa for the Fy 2077/78. The upper parts of Chaurjhari 
Formation green schists and quartzite host rocks cross cut with quartz veins, magnetite injection veins/pods/bodies, 
and copper sulphide veins has gold association. The lower part of Telkhola Formation altered marbles intercalated 
with pelites shows gold content.  A broad shear zone lies in between them forms the pathways for hydrothermal 
mineralization. Tectonically, this zone lies within the southern part of Jajarkot Klippe which is mentioned to be the 
south extended klippe of GHS and THS. The gold is associated with copper and iron ores.  The HC samples show 
majority of concentrate consists of magnetite major, chalcopyrite and pyrite intermediate and epidote less. Finally, 
it is noteworthy that some samples collected during field session 2076/77 show 0.02 to 4.76 gm/ton gold. The style 
of mineralization might be hydrothermal and type “Orogenic Gold” based on field evidences.

Keywords: (Orogenic primary gold, prospecting, sampling, analysis)

INTRODUCTION
As per the Departmental program of primary gold 
exploration for the fiscal year 2077/78 a preliminary 
follow-up gold prospecting in Lungri Khola area of 
Rolpa District has been carried out. The study area 
is a part of Sunchhahari RM-6 (Fig-1). The road 
connectivity from Bhalubang to Sulichaur is 82.9km 
and Sulichaur to Philiban is 23km. The target area is 
36 sq.km in toposheet no 2882-12A and C, 1:25000 
scale. 

Joshi, 1984 first identified presence of primary gold 
mineralization in Lungri khola areas. Thirty-three 
primary gold occurrences with 1.5 to 40.0 m thickness 
were located. These occurrences are identified in 
Damphutar, Dokadhunge, Phuliban, Seram, Bargo 
and Gam of Rolpa district covering a stretch of 30.0 
Km length. The observed lateral continuity of the 
individual gold bearing zone up to 120 m width with 
gold content from 0.1 to 4.0 gm/ton are identified. 
Possible reserve is calculated only in two localities 
namely Damphutar and Phuliban. Possible reserve of 
Damphutar and Phuliban is 0.4million tons with o.1 to 
1.7 gm/ton Au, 0.2 to 0.4% Cu and 0.38 million tons 
with 0.1 to 0.4 gm/ton Au respectively (Joshi, 1985-
1991). 

Joshi, 1991 concluded that the primary gold 
mineralization occurs in Pre-Cambrian green schist 
facies and Lower Paleozoic micaceous marble and 
limestone. The Pre-Cambrian green schist facies 
comprising mainly of sericite and chloritic quartzite, 
chlorite schist, quartz-chlorite schist, chloritic phyllite 
and schistose pebble beds include a discontinuous 
auriferous zone. The auriferous host rocks are found 
confined close to the contact with the overlying 

Lower Paleozoic carbonates. So far minor quartz-
carbonate veins have indicated the presence of gold. 
Finely disseminated gold with minor amount of pyrite, 
chalcopyrite and rarely arsenopyrite occurs in the 
above hosts.

Fig. 1: Location map of the study area

Khadka, 2019 did an assessment of the prospect 
considering the present condition. The results found 
so far in the collected samples are encouraging which 
ranges from 0.02ppm to 4.79ppm gold in 7 out of 32 
rock samples from Phuliban and Dokadhunga areas. 

OBJECTIVE
The main objective of the study is to prospect primary 
gold in parts of Rolpa district covering over an area 
of 36 sq.km including geological mapping of the 
area, heavy concentrate examination in crushed rock 
samples and rock chip and grab sampling for chemical 
analysis.
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METHODOLOGY
Desk study

It covers library consultation, website data collection, 
study of material published in reports etc. 

Field study

It covers geological mapping in which the geological 
map of the area was prepared at the scale of 1:25000. 
The rock crushed heavy concentrate sampling was 
prepared with the help of 2mm sieve nest, large 
and small pans, digging tools, sample bags, gloves, 
marker pen and had lens. The Heavy concentrate 
sampling methods were followed as per the mineral 
exploration practice at DMG.  The sampling method 
consists of hammer and mortar hand crushing of rock 
samples collected in the field and panning. 2mm sieve 
concentrate, careful rubbing and shaking, washing 
concentrate with water for clay particles until water 
remains clear, still water panning, near circular swirling 
motion of water, examine the concentrate with hand 
lens, sampling 50 gm sample for lab analysis. The site 
selection was considered following the available ore 
samples in the field. GPS data were collected for each 
sampling site. The filed examination was performed 
using hand lens. 

Lab study

The collected grab and rock chip samples were directly 
delivered to the Chemical Lab of Department of Mines 
and Geology (DMG), Nepal for Au, Cu and Fe analysis. 
The Atomic Absorption Spectrometry (AAS) method 
was employed for chemical analysis.

GEOLOGY
Geologically, the study area comprises of Chaurjahari 
Formation of Greater Himalayan Sequence (GHS) and 
Telkhola and Thabang Formations of Tethys Himalayan 
Sequence(THS) separated with a thick shear zone, Fig 
2, Table-1.

Table 1: Litho-units of the study area

Group Formation Lithology Age
THS Thabang 

Formation

Telkhola 
Formation

Calc-schist 
and marble

Late Cambrian 
to Ordovician

(Roche 2018)

Shear zone
GHS Chaurjahari 

Formation
Green schists, 
quartzites, 
feldspathic 
schist, 
psammitic 
schist, two 
mica schit, 
garnet schist, 
augen gneiss 
493±25Ma.

Neoproterozoic

(DeCelles et. 
al., 2020)

Fig. 2: Geology of the area, Rock Chip (RC) and Grab 
(G) sample location points  

Greater Himalayan Sequence (GHS)
The GHS consists of Chaurjhari Formation in the study 
area. It consists of quartzite and schist bands, Fig-2.

Chaurjhari Formation
The formation name was coined by Sharma 1984, 
1989. It also coincides with Jelbang Formation 
(Kansakar 1982, Joshi 1991). The Chaurjahari 
Formation consists of green schists, quartzites, augen 
gneiss, magnetite and hematite beds, copper old 
audits and chalcopyrite bearing schists and sericitic 
quartzites. The mineralization lies in the uppermost 
parts of the formation within a km of shear zone which 
are susceptible for in situ gold content. The beds 
are dipping due NE with moderate dip amount. The 
western part of Dhokadhunga area is covered with old 
slope collapsed material. The Phuliban and eastern 
part of Dhokadhunga has a large landslide. The Seram 
area has some surface float indications in Ghusban 
khola and Kap khola. The area is covered with green 
chloritic schists and gray quartzite. Seram itself lies in 
the old landslide. Subikhani area has augen gneiss, 
Damphu area has chloric schist and sericitic quartzite. 
There are also some magnetite floats in the stream 
beds and slopes. Jelbang area has chloritic schists and 
quartzite beds with iron old audits. Ruibang khola area 
has pyrite bearing green schist and some magnetite 
bearing floats. The area has inferior quality iron beds 
of about 1km length and old audits at the right slope of 
Phagum khola. 

Quartzite
It consists of alternating quartzite and schist bands 
in most parts of the south of the study area. The 
lowermost quartzite unit exposures are cropping out 
around Jelbang village and its surroundings. This unit 
is represented with dominantly medium bedded white 
quartzite and interbanded with biotite schists. It also 
consists of ferruginous quartzite, alteration halos in 
which core part is injected with magnetite ore bodies in 
three places with 3 old audits associated with malachite 
staining and chalcopyrite mineralization. There is 
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another locality of ferruginous quartzite. The old audits 
for iron ore extraction has been recorded. The quartzite 
beds are dipping due N-NE with dip amount ranging 
from 250-600. Similarly, the middle quartzite band 
crops out around Ransi areas. It consists of quartzite, 
psammitic schist, sericitic white quartzite and gritty 
quartzite with subordinate chl-bt-schist. The quartzite 
beds are dipping due NE with dip amount ranging from 
340-640. The uppermost quartzite bands are cropping 
out in Dhokadhunga, Damphu and Seram areas. 
The quartzite beds are massive, sericitic white with 
disseminated pyrite and chalcopyrite at places and 
most of the beds have disseminated magnetite grains. 
The beds are intercalated with chloritic schist. The 
quartzite beds are injected with magnetite veins. The 
quartzite beds have malachite staining at places. The 
interbanded psammitic schists have also magnetite 
veins around Phuliban area. The beds are dipping due 
N to NE direction with dip amount ranging from 500-
600(Fig 2).

Schist
The lower schist bands are observed along the 
Jelbang to Ransi trail section. It consists of garnet 
biotite schist, psammitic schist, gritty psammitic 
schist, chloritic schist and sericitic white quartzite 
interbandings. Quartz veins in size ranging from mm 
to cm scale cross cut the foliation. The ferrogenous 
gritty schist are found at places. The beds are dipping 
due N-NE direction and dip amount ranging from 350-
580. The upper schist bands are exposed around 
Damphutar consists of chloritic schist, gritty schist and 
pyrite, chalcopyrite and magnetite bearing quartzite 
interbandings. Gritty schist is also recorded in which 
consists of chlorite, biotite and feldspars.  The schists 
bands in Phuliban area consist of chloritic schist in 
which three old copper audits are located. The chloritic 
schists are interbedded with psammitic schists in which 
magnetite injection are prolific, have been recorded in 
the massive magnetite veins in chloritic schists are 
located around Phuliban and Dhokadhunga school 
areas. The magnetite injection in pelitic and psammitic 
schists are observed along the trail from Phuliban to 
Dhokadhunga. The magnetite injected psammitic 
schists beds are traceable down slope within the 
jungle right NE of Phuliban area the psammitic schists, 
choritic schists intersected with quartz veins are noted 
in. A talcose schist is recorded. The beds are dipping 
due NW-NE direction and dip amount ranging from 
600-800 in Phuliban areas. (Fig-2)

Augen Gneiss
The augen gneiss consists of feldspar augens that 
are surrounded by a finer ground matrix consisting of 
quartz, muscovite and biotite. The elongated feldspar 
augens have parallel orientation displaying gneissocity. 
The augens are eye shaped and lens shaped feldspar 
grains ranging in size from few mm to cm scale. The 
gneiss injections are parallel to the foliation of host 
schist rocks in Serikholagaon areas and first tributary 

towards north after Pobang areas. The augen gneiss 
itself has shown no mineralization in the observed 
sections. Fig-2)

Tethyan Himalayan Sequence (THS)
The THS consists of Telkola Formation and confirmably 
overlying Thabang Formation in the study area, Fig 2. 

Telkhola Formation
The formation name was coined by Kansakar 1982. 
The formation consists of marble, quartzite, with pelite 
interbeddings in the lower part. The impure marble is 
dominant over sericitic schist in the upsection. The 
white crystalline marble is dominant in the upper 
section. The basal part of the formation consists of 
recrystallized calcite in the matrix of pelites. The calcite 
veins are seen in the pelites and marble itself with 
shear zone related magnetite injection veins, pods and 
bodies parallel to foliation. The similar scenario is seen 
in the upper part of the Chaurjhari Formation quartzite 
and schists which host injected magnetite veins and 
bodies. The lower part of Telkhola formation itself is 
a shear zone. The massive magnetite bodies which 
are seen at the tributary north of Phuliban along the 
road section are associated with chalcopyrite, pyrite, 
malachite and azurite mineralization in the impure 
marble hosts in the landslide area. This scenario tells 
that the mode of occurrence of the magnetite veins 
and pods in upper part of the Chaurjhari and lower 
part of the Telkhola Formation could be speculated 
as of Orogenic partly related to Himalayan Orogeny. 
The majority of gold mineralization is speculated to be 
related to this event.

Thabang Formation
The formation name was coined by Sharma 1984. It 
consists of impure marble, chl-bt-schist, muscovite-
bitite schist, psammitic schist confirmably overlying 
Telkhola Formation marbles and pelites.

Geological structure and metamorphism
There is a profound shear zone in between Chaurjhari 
Formation quartzites and Telkhola Formation thin 
bedded impure marble and schists. The beds 
are adulterated due to shearing as seen in the 
recrystallization of calcite crystals, cross cutting calcite 
veins, ferruginous alteration zones. The shear zone 
is about 1km thick in the Telkhola Formation. This is 
accompanied with magnetite injection pods, lenses 
and bodies with association of chalcopyrite, pyrite, 
malachite and azurite mineralization which can be 
observed at the base of the Telkhola Formation around 
the first tributary from Phuliban towards north. This 
gives a clue of structural control of mineralization.

The metamorphic grade was mapped from upper-
greenschist- to lower-amphibolite-facies pelitic 
and psammitic schist to lower-greenschist-facies 
marble and limestone with minor siliciclastic layers 
in Chaurjhari, Telkhola and Thabang Formation 
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respectively which is favorable for gold mineralization.

SAMPLING
The rock chip samples were collected from the fresh 
outcrops. They are represented with RC series, Fig-2. 
The grab samples were represented with G series, Fig 
2.

A total of 29 HC samples and 186 rock chip samples 
have been taken from the investigated area (Fig-
2). Previously, in FY 2076/77, a total of 32 rock chip 
and grab samples were taken from the area and their 
chemical results are assessed. The collected samples, 
this year, were crushed, graded and homogenized 
to dispatch to the chemical lab at DMG for analysis 
using AAS methods for Cu, Fe and Au and results are 
awaited. 

GEOCHEMISTRY
Gold

The gold mineralization at Phuliban, Dokadhunga 
areas could have formed as a result of metamorphic 
processes, often associated with STDS shear zone 
and greenschist facies. The gold in these prospects is 
typically found in quartz veins or disseminated within 
altered host rocks. (Table 2).

Table 2: Au (ppm) chemical results  

Sample Grade, Au(ppm) Gram/ton
RC-23 0.15 0.15
RC-10 0.02 0.02
RC-5 0.16 0.16
RC-11 1.68 1.68
RC-22 1.68 1.68
RC-16 4.79 4.79
RC-21 0.06 0.06

The description of the gold host rocks is as follow-

1) sericitic white quartzite(RC-23),

2) chloritic quartzite(RC-10), 

3) py, cp, magnetite bearing chloritic schist(Rc-5), 

4) chloritic-sericitic schist with quartz veins (RC-11), 

5) psammitic magnetite schist (RC-22), 

6) Malachite staining quartz veins (RC-16) and

7) Altered marble (RC-21)

Cu-Au association
Old copper audits in Phuliban and Dhokadhunga areas 
are associated with magnetite veins, pods and bodies 
in schists and psammites cross cut with quartz veins. 
The malachite and azurite staining at the surface of 
the magnetite bodies associated with chalcopyrite and 
pyrite are observed in the Phuliban areas and tributary 
north of the Phuliban at the road side where a huge 

Fig. 3: Gold host rock occurrences a) Cp, py bearing 
sericitic white quartzite, chloritic quartzite(RC-23,10) b) 
Shear zone, altered thin bedded marble and pelites (RC 
21) c) Chloritic schist with quartz veins(RC11) d) Cu old 
audit, magnetite, cp, py bearing chloritic schist(RC5), 
e) Psammitic schist magnetite veins(RC22), f) Location 
of Au bearing samples

a

c

e

b

d

f

landslide occurred. The gold cannot be visualized with 
naked eye. The pyrite crystals are weathered and rim 
of it are replaced by fine gold and silver when observed 
under heavy concentrate sample with hand lens. The 
chloritic schists has both sericitic and chloritic alteration 
indicates the potential for gold mineralization. The 
quartzites at the Dhokadunga area has both sericitic 
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and chloritic alteration with disseminated pyrite and 
chalcopyrite crystals. This sulphide system indicates 
orogenic gold potential. The area is highly sheared and 
crushed forming irregular fractures. The schists are 
silicified with quartz veins accompanying with sulphide, 
malachite and azurite minerals indicating orogenic gold 
mineralization in the Phuliban areas. The overlying 
Telkhola formation impure marble beds are injected 
with magnetite veins, pods and bodies at the basal part 
with sulphide minerals. The same situation is observed 
on the upper part of Chaurjhari Formation schists 
and quartzite injected with magnetite veins, pods and 
bodies. This indicates that the both sides of the shear 
zone are altered and effected by hydrothermal system 
during shear zone formation. The Heavy concentrate 
sample shows majority of magnetite, pyrite and few 
sulphide minerals with minor epidote, this indicate that 
they are alteration products of hydrothermal system.

Cu, Au and Fe association
Magnetite is a common alteration mineral associated 
with hydrothermal system. Its presence can indicate 
both Au and Cu mineralization. Chalcopyrite is a high 
temperature mineral. Magnetite is an intermediate 
Temperature mineral. Gold mineralization favors 
low temperature. Co-precipitation of these minerals 
depends on geochemical factors, structural controls 
and proximity to intrusions. The presence of pyrite 
in the host rocks like sericitic quartzite and chloritic 
quartzite in Dhokadhunga indicates reaction between 
Fe rich and S rich metamorphic fluids and precipitate 
crystals in disseminated form or in veins. Magnetite 
veins, pods and bodies are injected in both schists and 
quartzites of Chaurjhari Formation and basal part of 
Telkhola Formation. 

Au and carbonate rocks
Carbonatization can be seen along the road section 
altered marble zone of the basal part of the Telkhola 
Formation where introduction of carbonate rich fluid 
replaces original minerals and new carbonate minerals 
form during hydrothermal activity. It has buff colored 
alteration zone injected with magnetite veins, pods 
and bodies at the basal part. This zone has gold 
mineralization. 

DISCUSSION
The present gold prospecting area falls under the 
Himalayan Orogen resulting from continent- continent 
collision between Indian and Eurasian plates, as shown 
in the schematic cross section of western Nepal, Fig-4. 
It could be related to collision tectonics. The host rocks 
are greenschist facies schists and quartzite of HHS 
and carbonate rocks of THS in the Jajarkot Klippe. The 
Chaurjahari Formation is separated from the overlying 
Thabang sliliciclastic and carbonate rocks by an ~1km 
thick shear zone. The broad shear zone between these 
group of rocks controls the pathways of hydrothermal 
fluid transfers during orogenesis as observed from the 

field evidences, Fig-4. The age of the formation of the 
shear zone is believed to be of Miocene.

Fig. 4: Schematic cross section of western Nepal 
Himalaya depicting gold mineralization zones.   [MFT 
(Main Frontal Thrust), MBT (Main Boundary Thrust), 
MCT (Main Central Thrust), STDS (South Tibetan 
Detachment System), ITSZ (Indus Tsangpo Suture 
Zone, MHT (Main Himalayan Thrust), SHS (Sub 
Himalayan Sequence), LHS (Lesser Himalayan 
Sequence), GHS (Greater Himalayan Sequence), 
THS (Tethyan Himalayan Sequence)]

It is noteworthy that the Phuliban and Dhokadhunga 
area has undergone following alterations based on the 
field observations-

1)	 Sericitization: It is the hydrothermal alteration 
product of feldspar, the sericite schist hosts gold 
bearing veins, and is an exploration indicator of 
gold, is an effect of low grade metamorphism. 

2)	 Chloritizaion: It is the product of regional 
metamorphism, low grade, or hydrothermal 
alteration in quartzites and schists.

3)	 Silicification: It is the replacement by silica rich 
fluids, replacement by quartz, alteration indicator 
of mesothermal ore deposits, chloritic schist hosts 
cross cutting cu bearing quartz veins.

4)	 Carbonatization: It is the replacement of original 
minerals by carbonate minerals during hydrothermal 
activity. It can be seen in the alternation zone of 
Telkhola Formation.

The Dhokadhunga and Phuliban Au prospects are 
mostly related to the shear zone. The gold host rocks 
are sericitic white quartzite, chloritic quartzite, py, cp, 
magnetite bearing chloritic schist, psammitic magnetite 
schist, malachite staining quartz veins from upper part 
of Chaurjhari Formation and altered marble of Telkhola 
Formation.

The chemical result shows 0.02 to 4.76 gm/ton gold in 
the samples. The preliminary resource evaluation will 
be based on the chemical results of all samples and, 
their interpretation using IDW interpolation and field 
relations.

CONCLUSION
Primary gold prospecting around Dhokadhunga and 
Phuliban areas of Sunchhahari RM, Rolpa district 
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follows Chaurjhari Formation green schists and 
quartzites host rocks cross cut with quartz veins, 
magnetite injection veins/pods/bodies, and copper 
sulphide veins. Some of the chemical results shows 
gold content in those hosts. 

The lower part of Telkhola Formation altered marbles 
intercalated with pelites show gold content.  

A broad shear zone lies in between Chaurjhari and 
Telkhola Formations embodiment the pathways for 
hydrothermal mineralization. The gold is associated 
with copper and iron.  

The HC samples show majority of concentrate 
consists of magnetite major, chalcopyrite and pyrite 
intermediate and epidote less. 

Finally, it is noteworthy that some samples collected 
during field session 2077/78 show 0.02 to 4.76 gm/ton 
gold. The style of mineralization might be hydrothermal 
and type “Orogenic Gold” based on field evidences.

Further exploration work plan will be based on the 
availability and interpretation of chemical analysis 
results of the collected samples, preliminary resource 
assessment considering field relations.
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Detail Exploration of Granite Deposit at Kaphal Dada Area, 
Roshi Rural Municipality, Kavrepalanchok District, Bagmati 
Province
Deepak Basnet (Geologist), Dinesh Kumar Napit (Sr. Div. Geologist), Suresh Shrestha (Sr. Div. Geologist) 

ABSTRACT
The granite deposit, located at Kaphal Danda at Roshi Rural Municipality Ward-02, Kavrepalanchock District, 
Bagmati Province, was initially investigated by the Department of Mines and Geology (DMG) team during the 
Fiscal Year 2063/64. Based on the recommendation, the exploration drilling programme was carried out in FY 
2078/79. Geologically, this granite is part of the Naraythan Granite of the Mahabharat Range and is located in 
the Lesser Himalaya of Central Nepal. Locally, it is named as Kaphal Danda Granite deposit. Total of 150 m of 
exploratory drilling was carried out in three different drill holes to assess the deposit. Petrographic studies and 
mineral composition analysis on the drill core samples reveal that the granite is predominantly composed of quartz 
and feldspar, with minor amounts of tourmaline. Physio-mechanical study was conducted on five different core 
samples - that included cutting and polishing, resistance tests, discontinuities analysis in the granite. These test 
results indicated the possible block sizes ranging from 0.5 cubic meters to 1.5 cubic meters. The drilling data 
confirmed a proved granite reserve of 5,899,670 cubic meters of such block sizes. This investigation demonstrates 
that the granite deposit has significant potential for use mainly as dimension stone and secondarily as construction 
material.

Keywords: (Granite; Exploration; Mineralogy; Lab Analysis, Reserve Estimation)

INTRODUCTION
Granite and granitic gneiss intrusion are found 
distributed in about 7,500 sq. km areas in the Lesser 
Himalayan region of the country. Narayanthan granite 
of Kavre district is considered to be one of the largest 
deposit of granite (Mineral Resourses of Nepal, 
2004, DMG). With growing demand of polished and 
dimension stone, Department of Mines and Geology 
(DMG) carried out several exploration of polished and 
dimension stone in the annual Programme of the F.Y 
2063/64.The exploration target covers an area of 125 
sq.km including preliminary and follow up investigation 
of the potential areas in some parts of Kavrepalanchock 
district (Ghimire, JR and Napit DK, 2008, DMG). Based 
on the DMG study, Special Prospecting License for 
granite prospecting at Roshi Rural Municipality-04, 
Kavrepalanchock district was issued in 2076 B.S.  
Based on the recommendation of the previous study, 
exploratory drilling at the Kaphal Dada area in Roshi 
Rural Municipality, Kavrepalanchock District was 
carried out in FY 2078/2079. This initiative aimed to 
meet the significant market demand for granite and 
took into consideration the deposit’s easy accessibility 
and proximity to market (Kathmandu). The exploratory 
drilling was part of DMG’s annual program and 
focused on assessing the granite deposit’s viability for 
commercial use. 

Locally named, Kaphal Danda granite deposit area 
has rugged mountainous terrain with altitudes ranging 
from a maximum of 2306 meters at Shikhar Ambote to 
a minimum of about 1482 meters at the valley bottom 
in Narayantar. The Roshi Khola serves as the primary 
drainage system for the region and the Tindhara 

Spring waterfall is the main source of drinking water 
for the surrounding area. Several major settlements 
include Purangau, Gumba Gaun, Narayantar Besi and 
Shikhar Ambote. The granite deposit itself is located 
in Kaphal Dada, within Roshi Rural Municipality Ward-
02 in Kavrepalanchock District, Bagmati Province, 
Nepal. The area is included by the topographic map 
2785 11A,in the scale of 1:25,000, published by the 
Department of Survey, Government of Nepal. 

Fig 1: Location map of study area
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GEOLOGY
Geologically, the prospect lies in the lesser Himalaya 
in Central Nepal. The rock types encountered in the 
investigation area belongs to metamorphic rocks 
of Bhimphedi Group and metasedimentary rocks of 
Phulchouki group of Kathmandu complex along with 
Naraythan Granite and Katungebeshi Gneiss as 
intrusive bodies of Pre-Cambrian age (Stocklin and 
Bhattarai, 1977). Geological Mapping of the area at 
the scale of 1:50,000 has been prepared by DMG 
(2063/64) as shown in Fig 2. The Naraythan granites 
within the Lesser Himalayan is intruded in the Kulekhani 
formation so contact metamorphism with the rocks of 
Kulekhani formation and Markhu formation could be 
observed in the field. The massive granitic body mainly 
consists of Biotite tourmaline and somewhere aplitic 
tourmaline granite rich in feldspar and quartz minerals. 

The present area of exploration is based on the 
recommendation study over 125 sq.km. as follow up 
exploration of polished /dimension stone programme 
(J.R. Ghimire and D.K. Napit (2063/64). The southern 
part of the investigation area has gneiss intrusion within 
the Kulikhani quartzite. The Kulikhani Formation is a 
well-bedded alternation of fine-grained biotitic schist 
and impure, strongly micaceous quartzite, of dark and 
light green-grey color. The rocks of this Formation 
are essentially composed of fine-grained quartzite 
and mica in proportions varying from layer to layer, 
resulting in an alternation of more or less micaceous 
quartzite and more or less quarzitic schist

Marble bands belonging to Markhu formation are 
present around central part of the study area. The 
Markhu Formation is of mixed lithology, consisting 

of schists, quartzites and carbonates in varying 
proportions. The schist and quartzite between the 
marble bands are dark, biotitic and fine grained.

FIELD INVESTIGATION
During the field investigation altogether three holes 
were drilled using diamond bits to recover core of the 
granite deposit. The exploratory drilling works has 
been completed by using HGY -300 Drill Machine size 
of the core used was NX and NQ. A wireline mining 
exploration technique has been used by using a HGY-
300 hydraulic rotary core drilling machine with capacity 
of drilling upto 300m depth.

The details of core recovery are presented in the table. 

 Table 1: Details of Diamond Core Drilling

SN  Drill
hole Days

 Drill
 length

(m)

 Core
 length

(m)

 Core
Recovery

1 KGDH-1 9 50.05 14.87 29.71

2 KGDH-2 9 50.15 17.07 34.03

3 KGDH-3 9 50.15 31.24 62.3

      150.35 63.18  

KGDH-1

The hole is located at 358910E and 3042090 N with 
elevation of 1836m and hole facing NE at Azimuth of 
800 with isolated hill slope at Kaphal Dada. The dip 
of hole is at 600 and total drill depth of hole is 50.05m 
shown in (Table.1). The exposure of rock around the 
drill hole is moderately fractured rock and slightly 
weathered.

Fig 2: Geological map of study area showing the granite deposit (Map is prepared by DMG published in 2008)
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KGDH-2

The hole is located at 359146E and 3042154 N with 
elevation at 1808m and hole is facing NNE at Azimuth 
of 1600. The inclination of hole is at 850 with almost 
vertical drive and total drill depth of hole is 50.15m 
shown in (Table no 1). The exposure of rock around the 
drill hole is moderately fractured, slightly weathered 
which leads to massive intact rock downwards. 

KGDH-3

The hole is located at 359234E and 3042122 N with 
elevation at 1840m and hole is facing NNE at Azimuth 
of 1300 .The inclination of hole is at 600 with slight 
inclination drive and total drill depth of hole is 50.15m 
shown in (Table no 1). The exposure of rock at the 
surface is moderately fractured rock and slightly 
weathered while intact rock is in few meter depths. 
(Table 3).

RESULTS OF LABORATORY TEST 
a) Mineralogy of granite

Petrographic study

The granite of the study area is fine to very coarse 
grained, slightly weathered, slightly fractured and 
jointed. Quartz, feldspar, tourmaline is major mineral 
constituent (Fig. 3). There are very rare mica minerals 
to few mica minerals in the observed granite. 
Petrographical analysis of the rock also shows similar 
mineral constituent like quartz, feldspar, tourmaline 
with very few grains of mica which signify the rock has 
less susceptible for weathering which increase the 
strength of rock significantly. 

water and Point Load Strength test and Compressive 
strength were done in the lab. The results of the test 
are presented in the Table 2. The compressive strength 
of the granite in the Table 2 was calculated on the basis 
of point load strength.

Table 2: Geotechnical analysis result

Sample ID  Rock
type

 Bulk
density 

(kg/
m3)

 Absorption
 by weight

(%)

 Point
 load
index 
(Mpa)

 Compressive
strength 
(Mpa)

KGDH3-a Granite 2783 0.32 13 194

KGDH1-a Granite 2759 0.6 20 126

KGDH3-b Granite 2770 0.59 19 145

KGDH3-b Granite 2767 0.38 16 145

KGDH1-a Granite 2782 0.57 20 126

The above result is only valid for the fresh granite 
without fractures as the test were conducted in fresh 
samples recovered from core drilling. The results are 
compared with the ASTM standard. In our study, the 
average bulk density of granite obtained from core 
logging of 5 samples is 2772 kg/m3 and average 
absorption by weight percentage is 0.49. The results 
of Physio-mechanical tests done by (J.R. Ghimire 
and D.K. Napit DMG annual Report (2063/64) revels 
average of Bulk density of tourmaline granite is 2620 
kg/m3.also, average water absorption by weight 
percentage is 0.67. 

(i) Suitability Tests

Cutting and Polishing

The polished surface of aplitic granite shows good 
shining lusture and attractive appreances.Fig.4 shows 
the irregular crystal grains with abundant feldspar and 
some sample has more mica abundancy. Polished 
section of the granite core shows smooth shinning 
surface.

Fig 3: Thin section of granite under microscope

b)  Physio-mechanical study 

ASTM specified physio-mechanical tests of 5 granite 
samples were conducted. Bulk density (D), Water 
Absorption Test (Abs) @ 24 hours soaking within 

Fig 4: Polished sections of granite

(ii) Resistance Test

The aggregate properties of granite in terms of 
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Aggregate impact value, water absorption ratio, Slake 
Durability Test (SDI). The value obtained from the lab 
test is shown in the Table 3.  

Table 3: Lab test result for aggregates

S.N Tests Average value

1 Aggregate impact value 19.20%

2 Water absorption ratio 0.72%

3 Slake Durability Test (SDI) 99.60%

The average value of aggregate impact and water 
absorption ratio shows the fractured granite is highly 
durable and suitable for construction materials.

(iii) Discontinuities analysis in granite

The granite rocks in the field have lots of joints and 
moderately to highly fractured nature. The joint analysis 
(Table 4) shows that the maximum size of the block 
is 2m3. But the size of the block of the granite is also 
dependent on the weathering condition of the granite 
rock below ground level and the nature of fracture in 
the rock.

Granite rocks are usually less susceptible for 
weathering and in the field, rocks are slight to 
moderately weathered. By the analysis of discontinues 
the possible block size is 0.5m3 to 1.5m3 of size.

RESERVE ESTIMATION
The geological reserve has been calculated up to 
the defined limit of survey area as demarcated in the 
surveyed map. The calculation has been made simply 
by vertical cross section method. Three geological 
cross sections A-B, C-D and E-F are drawn along S-N 
direction for each drilling hole, in the geological map 
of 1:2500 scale prepared in the field after topographic 
surveying. Following norms and assumption have been 
considered for reserve estimation field after topographic 
surveying. Following norms and assumption have 
been considered for reserve estimation:

a)	 Sectional Area: Sectional area of granite is 
delineated from geological mapping has been 
computed within survey map. 

b)	 Influence Length: It is the summation of half the 
length in between section lines on either side of 
a section line and is taken differently for different 
sections. 

•	 The influence length for section A-B is 60m on 
either sides.

•	 The influence length for section C-D is 45m on 
either sides.

•	 The influence length for section E-F is 50m on 

either sides.
c)	 Base level of Reserve Calcualtion: For each 

section base level for reserve calculation is 
determined by visual observation of topography 
of the influence area suitable for mining in future 
shown in Fig 5a, b.

CONCLUSION
Petrographical analysis of the rock also shows similar 
mineral constituent like quartz, feldspar, tourmaline 
with very few grains of mica. Polished section of the 
granite core shows smooth shinning surface.

Geotechnical analysis of granite sample shows 
satisfactory result for the use of granite as dimension 
stone, i.e. the unconfined strength, bulk density, water 
absorption ratio falls within the range to be used as 
dimension stone.

Discontinuities with in the granite rock decide the size 
of blocks and the maximum size of blocks that could 
be obtained is about 0.5 to 1.5 m3 but the un-even 
fracture and deep weathering in the rock might affect 
the size of block.

The total proved reserve of granite is about 5899670m3 
and was estimated by using conventional vertical 
cross-section method.

The investigation confirmed that the deposit contains 
high-quality granite suitable for dimension stone 
and construction material. Given its location and the 
market’s demand, the Kaphal Dada granite deposit 
presents a promising opportunity for development and 
utilization.
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 Location KGDH1 KGDH2 KGDH3

Major joint sets J1 J2 J3 J1 J2 J3 J1 J2 J3

Dip direction/
amount 170/70 240/50 290/40 300/50 250/30 40/40 300/45 270/40   5/40

Spacing 0.5 to 1.3m 0.1m to 1m 0.20m to 5m 0.1m to 1.5m 0.2 to 1m 1 to 5m 0.5 to 5m 1 to 10m 0.3 to 2m

Wall surface  Rough with
fractures

 Rough with
fractures

 Rough with
fractures

 Rough with
fractures

 Rough with
fractures

 Rough with
fractures

 Rough with
fractures

 Rough with
fractures

 Rough with
fractures

Weathering grade
 Slight to

 moderately
weathered

 Slight to
 moderately
weathered

 Slight to
 moderately
weathered

 Slight to
 moderately
weathered

 Slight to
 moderately
weathered

 Slight to
 moderately
weathered

 Slightly
weathered

 Slightly
weathered

 Slightly
weathered

Possible block size 0.5 m3 to 1.5m3 0.3 m3 to 1.5 m3 1m3 to 2m3

Table 4: Discontinuities in granite

Fig 5a: Schematic Geological cross section
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PHOTOGRAPHS

Photograph 1: Manpower involved from DMG for 
drilling

Photograph 2: Labors carrying the drilling equipment

Potograph 3: Core box and bore hole samples Photograph 4: Supervision by the Deputy Director 
General of DMG



Fig 5b: Geological map with topo survey data
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Adopting LC3 Technology in Nepal
Gautam Prashad Khanal (Geologist), Sulav Kayastha (Geologist), Prakash Luitel (Geologist)

ABSTRACT
The cement industry in Nepal has evolved through different stages and now has reached its growth stage. A 
review of Portland cement and new alternative LC3 in terms of components and production plant is presented. LC3 
technology has been put forward claiming better strength, durability and lower carbon emissions and sustainability. 
However, challenges remain in terms of Kaolinite resource exploration, standardization, production consistency, 
and market adoption. A cautious call is made to evaluate its resource capacity, suitability for industrial applications, 
as well as its economic advantages and disadvantages before fully embracing LC3 technology.

Keywords: LC3 (Limestone Calcined-Clay Cement); Portland Cement; Resource exploration

INTRODUCTION
Recently Nepal has become self-reliant in cement 
production with 55 operating cement plants having an 
annual production capacity of 15 million tons across 
the country (SAM, 2022). Being self-reliant in cement 
production, due to the availability of limestone resources 
has given optimistic sign for Nepal’s construction and 
infrastructure sectors and ultimately to economy by 
reducing trade deficit. However, to maintain the present 
cement success, sound resource management through 
sustainable mining, long term planning, and continuous 
research on adopting efficient technology is essential. 
Particularly, a mine life of limestone is dependent on 
(1) size of the deposit and (2) the rate of extraction. As, 
the volume of limestone reserves are naturally limited 
(unless new deposits are discovered), the extraction 
rate plays vital role in determining mine life. 

Despite having abundant limestone resources in the 
Lesser Himalaya, the primary challenge faced by the 
cement industry is sourcing high-CaO (calcium oxide) 
limestone (Bhanadari, 1976; Bhandari, 1985; Hetauda 
Cement, 1961; DMG, 1996). Here, LC3 (Limestone 
Calcined Clay Cement) has been put forward as new 
alternative of the Portland Cement (PC) that can retain 
the limestone reserves without reducing the cement 
production volume. In this article a comparison is made 
between LC3 and the portland cement production 
process.

HISTORY OF CEMENT PRODUCTION AND 
USES IN NEPAL
The growth of cement industry in Nepal started through 
its use, production and export. Before the introduction 
of cement, most of the houses were constructed using 
mud and wood using traditional architecture of Nepal. 
However, Bajra Plaster (a kind of lime plasters used 
in neoclassical designs of Singha Durbar and Bagh 
Durbar) with raw mix of lime, sand and surkhi (brick 
powder) have been introduced by Rana Rulers. So 
far, the history of cement production in Nepal can be 
broadly described into three different periods with ups 
and downs within each stage. 

a) Perceive Period (before 1971)

Importance of modern cement industries was realized 
during this era. As a result, government formed feasibility 
committee for potential cement industry in Nepal which 
recommended establishing the Himal Cement Industry, 
the first Portland Cement manufacturing industry. 

b) Infant Period (1972-2008)

During 1972-1987, abundant cement grade limestone 
reserves were discovered in different parts of the 
country and as a result government established Himal 
Cement Industry Ltd. (1972), Hetauda Cement Industry 
Ltd. (1976) and Udaypur Cement industry Ltd. (1987). 
As the nation witnessed a major political revolution 
in 1990, government formulated the Industrial 
Policy 1992, attracting private sectors. However, 
industrialization was halted during the insurgency 
period from 1996 to 2008. Nevertheless, during this 
period DMG (Department of Mines and Geology) has 
laid strong foundation of cement industry by exploring 
high grade limestone deposits in different parts of the 
country. In 2004, Nepal also became member of World 
Trade Organisation (WTO) which also opened door for 
free trade in international market and attracted foreign 
investment in Nepal. 

c) Growth Period (after 2010)

The demand for cement rocketed after 2010 with 
introduction of mega projects and real estate boom. 
The 2015 earthquake; an unfortunate natural disaster 
also created massive market of cement in affected 
areas of central Nepal. During this period, the OPC 
(Ordinary Portland Cement) price reached over 1000 
NPR/bag. Private sector grabbed the opportunity, and 
this led to self-reliance in Nepalese cement industries. 
However during 2019-2020 cement industry faced 
major shakeout because of the global pandemic 
COVID which halted the international movement, and 
created domino effect by significantly reducing foreign 
aids, remittance, foreign reserves, consumer buying 
power and cement demand. Furthermore, Nepalese 
government also introduced regulatory measures in 
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real estate sector which eventually reduced cement 
demand. As a result domestic demand reduced to 
12 Million ton annually (half of the total production 
capacity) (CMAN 2024). On the other hand, the decline 
in demand and market competition has declined the 
cement price to around 650 to 800NRs/bag in domestic 
market (as per April 2024 market price). To maintain 
profit in the falling demand, cement industries began 
looking for foreign markets. In 2022, Nepal started its 
cement export to India and a gradual increase annual 
cement exports is seen in the recent years.

MANUFACTURING PORTLAND CEMENT
The traditional Portland cement production involves 
several steps (Figure 1).

Mining and Raw Material Preparation:

Limestone, clay, and other raw materials are quarried 
or mined, depending on their availability. These raw 
materials are then crushed, blended, and sometimes 
pre-calcined to prepare a uniform mixture known as 
“raw meal”. In Nepal, the conventional raw mix design 
of cement contains Limestone (CaO)-85%, clay (SiO2, 
Al2O3 or Fe2O3)-13% other additive (SiO2, Al2O3 or 
Fe2O3) <1% (Pandey & Banskota, 2008) in such a 
way that the final chemical composition of the cement 
produced should not exceed 5% MgO but Al2O3/FeO 
should be at least 0.66  (NS 572:2076;  Table 1).

 Table 1: Chemical Requirements for OPC cement in Nepal. Source
NS 572:2076

Chemical properties OPC43 OPC53

1 Lime saturation factor

(CaO)-0.7(SO3)
2.8(SiO2)+1.2(Al2O3)+0.65(Fe2O3)

 0.66 –
1.02

 0.80 –
1.02

2 (Al2O3)% / (FeO)%       (min) 0.66 0.66

3 Insoluble residue          (max) 2% 2%

4  MgO                              (max) 5% 5%

5 Sulphur content (SO3) (max)
For C3A ≥ 5% where,
C3A = 2.65 (Al2O3) -1.69 (Fe2O3)

3% 3%

6 Loss on Ignition (max) 4% 4%

Clinker Production:

The raw meal is fed into a rotary kiln where it is heated 
to temperatures upto 1400ºC – 1450ºC (Pandey 
& Banskota, 2008).This high-temperature process 
causes chemical reactions that result in the formation 
of clinker nodules, which are small, marble-sized balls 
of partially fused material.

Clinker Grinding:

The clinker is cooled and then ground into a fine powder 
along with a small amount of gypsum (calcium sulfate) 

(3–5%) (Pandey & Banskota, 2008), to regulate the 
setting time and enhance workability. For Production 
of PPC (Portland Pozzolana Cement), the clinker 
is blended with pozzolanic materials (e.g., fly ash or 
calcined clay) in specific proportions before mixing 
gypsum.

Packaging and Distribution:

The final product, Portland Cement, is then packaged 
in 50kg bags or bulk containers and distributed to 
construction sites, distributors, or retailers.

LC3 CEMENT
LC3 is a ternary cement that is similar to OPC except that 
it is composed of direct blending of crushed limestone 
and calcined clay creating a synergy between the 
three primary components (clinker, calcined clay and 
limestone) (Antoni et al., 2012), so that  clinker volume 
reduces to as low as 40% to 50% (SDC, 2022). This 
new technology is proposed to support a sustainable 
growth by reducing emissions, energy consumption, 
capital and production costs, and wastage of raw 
materials (SDC, 2022). 

Components of LC3:
Limestone: Unlike traditional Portland cement, LC3 
includes raw limestone as one of its ingredients. In the 
process of manufacturing cement, limestone powder 
functions both as a calcium source and as a binding 
agent in concrete.

Clinker: Similar to traditional Portland cement, the 
grinded clinker nodules formed by fusing of limestone, 
clay and other additive at high temperature 1450ºC 
are essential component of LC3 cement. However, the 
proportion of clinker by volume is reduced to 50% in 
LC3 as compared to 95% in OPC

Calcined Clay: The unique aspect of LC3 is the 
inclusion of calcined clay as a substitute for a portion of 
the traditional clinker (the main component of Portland 
cement). Calcined clay is clay that has been heated 
to high temperatures (typically around 600-800°C) 
to remove impurities and activate its pozzolanic 
properties. Pozzolanic materials react with calcium 
hydroxide in the presence of water to form additional 
cementitious compounds. This reduces the need for 
clinker, which is energy-intensive to produce. However, 
the clay should be Kaolinitic clay (40%) which are 
composed principally of Hydrated alumino silicate 
(SDC 2022). 

Gypsum: Similar to traditional Portland Cement, the 
final step in LC3 cement production is blending the 
materials with gypsum in specific proportions (5%) 
(SDC 2022). However, a caution is that the added 
gypsum should be balanced when using calcined clays 
as it considerably influences the early age strength 
(Antoni et al., 2012).
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 Figure 1: Process of Traditional Portland Cement Production (adopted from Abdelgader et al., 2022)

Production of LC3

The production process of LC3 involves using a blend 
of materials, including limestone, calcined clay, and 
low-grade clinker, which can vary slightly depending 
on the specific LC3 formulation. It is noteworthy that the 
traditional Portland Cement plant involving the rotary 
kiln can be used without any modification, but with an 
addition of clay calcination plant so that the cost of 
upgrading to LC3 plant is reduced significantly. The LC3 
production involves following processes (Figure 2).

Raw Material Mining: High grade limestone, suitable 
clay and also relatively lower grade limestones are 
quarried, crushed and impurities are removed for the 
production of clinker and raw lime dust. Limestone and 
clay are crushed into fine powder separately to ensure 
uniform particle size and consistency.

Calcination: The ground clay is subjected to high 
temperatures in a kiln or furnace, typically in the range 
of 650°C to 850°C (1200°F to 1560°F). This process 
is known as calcination. During calcination, several 
transformations occur such as dehydration and phase 
transformation of the crystalline structure of the clay 
minerals into metakaolin, which is a highly reactive 
pozzolanic material.

Mixing and Blending: A small percentage of clinker 
produced according to the traditional cement plant 
is blended with the calcined clay and fine limestone 
powder. This clinker is typically of lower quality 
compared to traditional Portland cement clinker. 
Precise proportions of limestone and calcined clay are 
thoroughly mixed to create a homogenous blend. The 
blend ratio may vary depending on the desired LC3 
formulation.

Grinding: The blended materials are ground into a fine 
powder in a cement mill. The grinding process ensures 
that the particles are of the right size and have the 
desired reactivity.

Packaging and Transport: The final LC3 product is 
packaged into bags or bulk containers for distribution 
and used in construction projects. The finished 
LC3 product is transported to construction sites or 
distributors for use in various applications, such as 
concrete production, mortar, and other construction 
materials.

Properties of LC3

The LC3 despite being a new technology, have been 
successfully tested as Micro Concrete Roofing Tiles 
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(MCR), solid concrete bricks, autoclaved aerated 
concrete (AAC) blocks, RCC door and window frames, 
and paving blocks (SDC 2022). These building materials 
have tested to meet the necessary standards without 
any modifications to the conventional mixture designs 
and production procedures (Antoni et al., 2012; SDC 
2022). The LC3 technology has been showing good 
results in the lab and recently commercial production 
has started. As a new product in the market, this cement 
is still a test in terms of its strength, ease of use, and 
commerce among builders and a matter of research 
for geoscientists, technicians and enterprises. 

Strength and Durability

LC3 concretes can achieve similar compressive 
strengths as Portland Cement when properly 
formulated, making it suitable for a wide range of 
construction applications (Antoni et al., 2012; SDC 
2022). Additionally, LC3 can offer improved durability 
due to its pozzolanic properties. Coupled substitutions 
of metakaolin and limestone for Portland Cement can 
give excellent performance at relatively early ages 
(Antoni et al., 2012). Furthermore, LC3 is understood 
to have a finer pore-structure than OPC and a high 
chloride binding capacity. It is therefore durable against 
corrosion, sulphate attack and other deterioration 
mechanisms, making it suitable in aggressive 
conditions (Antoni et al., 2012).

Lower Carbon Emissions and Sustainability

LC3 has the potential to significantly reduce carbon 
dioxide (CO2) emissions compared to traditional 
Portland cement. The use of calcined clay instead of 
clinker reduces the amount of limestone required, and 
the manufacturing process generally consumes less 
energy resulting in a lower carbon footprint (Sharma 
et al., 2021). CO2 emissions from LC3 production are 

expected to be 30% lower than OPC and 11% lower 
than PPC. Energy consumption in its production is also 
expected to be lower than OPC and PPC. (Sharma 
et al., 2021). Furthermore, the LC3 is considered a 
more sustainable alternative to traditional cement as it 
makes use of clay, which is often readily available, as 
a raw material. 

ADOPTING LC3 IN NEPAL (SWOT)

LC3 represents one of the many innovations in the field of 
sustainable construction materials as the industry seeks 
to reduce its environmental impact. While LC3 shows 
promise as a greener alternative, there are challenges 
in terms of standardization, production consistency, 
and market adoption. The specific formulation of LC3 
can vary depending on local materials and conditions, 
which can make it more challenging to produce and use 
on a large scale. Before introducing this new technology 
in Nepal, caution on its long term strength, availability 
of required raw materials within country, and cost of 
technology upgrading should be thoroughly studied. 
The strength, weakness, opportunity and threats have 
been put forward (Figure 3).

Conclusions 

The cement industry in Nepal has evolved through 
different ups and down to the present stage and still far 
from Maturation Stage. In the context of growing stage 
of Cement Industries, LC3 may be a good alternative to 
the conventional Portland Cement (PC) and that can 
retain the limestone reserves without cutting cement 
production volume. However, before fully embracing 
LC3 technology, it is advisable to evaluate its resource 
capacity, suitability for industrial applications, as well 
as its economic advantages and disadvantages.

Figure 2: Process of LC3Cement Production (adapted from SDC 2022)
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Figure 3: SWOT Matrix for Adaptation of LC3  pting LC3 Technology in Nepal
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cf=j= @)&(÷*) df /x]sf vlghsfo{ cg'dlt ljj/0f / ;+rflnt 
tyf k|:tfljt vfgLx?sf] cg'udgsf] cj:yf 
lzj s'df/ af:sf]6f -l;lgo/ l8lehgn lhof]nf]lhi6_

!= kl/ro

vfgL tyf e"ue{ ljefu b]ze/ /x]sf vlghx?sf] cGj]if0f, 
;DefJotf cWoog / vlgh vf]htnf; tyf pTvgg\sf] 
cg'dltkq hf/L ug]{ Ps dfq ;/sf/L lgsfo xf]. ljefunfO{ 
b]ze/sf] vfgL ;+rfng tyf cGj]if0f ultljlwsf] lg/LIf0f, 
cg'udg / lgodg tyf k|zf;g ug]{ bfloTj / clwsf/ 
/x]sf]5 . ljefusf] vlgh ;Dkbf dxfzfvf cGtu{tsf] 
vfgL cg'dlt tyf k|zf;g zfvf / vfgL cg'udg 
zfvfaf6 pTvgg\ cg'dlt k|bfg ul/Psf vfgLx?sf] 
lgoldt cg'udg tyf vf]htnf; cg'dlt k|bfg 
ul/Psf :yfgdf k|:tfljt vfgLx? Pj+ ;fwf/0f lgdf{0fd'vL 
vlghsf] pTvgg\ ;xdltsf nflu :yfgLo lgsfoaf6 
l;kmfl/; eO{ cfPsf k|:tfljt vfgLx?sf] cfjZostf 
cg';f/ ljefun] :ynut e]l/lkms]zg sfo{ ug]{ ub{5 .  

@= cg'dltkqsf] ljj/0f

ljefuaf6 JolQm ljz]if tyf sDkgLx?nfO{ cf=j= 
@)&(÷*) sf] cGt;Dddf vlgh sfo{ ug{ hf/L 
ul/Psf vf]htnf; cg'dltkqsf] ;+Vof $@@ j6f / pTvgg\ 

cg'dltkqsf] ;+Vof !%( j6f /x]sf 5g\. cg'dltkqsf] 
;+Vofsf] cfwf/df ;a}eGbf w]/} vf]htnf; cg'dltkqx? 
afUdtL k|b]zdf / To;kl5 qmdzM n'lDagL, sf]zL, u08sL, 
s0ff{nL / ;'b"/klZrd k|b]zdf hf/L ePsf 5g\ . To;}
u/L ;+Vofsf] cfwf/df ;a}eGbf w]/} pTvgg\ cg'dltkqx? 
afUdtL k|b]zdf / To;kl5 qmdzM n'lDjgL, s0ff{nL, ;'b"/
klZrd, sf]zL / u08sL k|b]zdf hf/L ePsf 5g\. dw]z 
k|b]zdf vlgh vf]htnf; jf pTvgg\ cg'dltkq hf/L 
ePsf] 5}gg\. -lrq g+= !_ .

@=!= ;+rfngdf /x]sf vfgLx?sf] ljj/0f

cf=j= @)&(÷*) df b]ze/ ljleGg !* lsl;dsf 
wft' tyf cwft' vlgh pTvgg\sf] nflu hf/L ePsf 
!%( cg'dltkqx? axfn /x] klg ( lsl;ddf vlgh 
pTvgg\ ug]{ ^! j6f vfgLx?dfq ;+rfngdf /x]sf lyP. 
h;dWo] ;a}eGbfa9L r'g9'Ëfsf $$ j6f vfgL ;+rfngdf 
/x] eg] To;kl5 qmdzM Sjfhf{O{6 -%_, sf]O{nf -#_, v/L 
-#_, sfO{gfO{6 -@_, 8f]nf]dfO{6 -!_, Sjfh{ lqmi6n -!_, 
dfj{n -!_ / 6'df{lng -!_ vfgLx? ;+rfngdf /x]sf lyP . 

;f/f+z

vfgL tyf e"ue{ ljefuaf6 vfgL tyf vlgh kbfy{ ;DalGw sfg"gsf] clwgdf /lx vlgh sfo{ ug{ JolQm jf 
sDkgLx?nfO{ cg'dlt k|bfg ug]{ ub{5. cf=j= @)&(÷*) sf] cGTo ;Dddf !%( j6f pTvgg\ cg'dltkqx? axfn 
/x] klg ^! j6f vfgLx?dfq ;+rfngdf /x]sf 5g\. vlgh pTvgg\ sfo{ ug{ hf/L ePsf pTvgg\ cg'dltdf ;+rflnt 
vfgLx?sf] ljefuåf/f lgoldt cg'udg x'g] ub{5. o;sf cnfaf k|:tfljt pTvgg\ cg'dltsf nflu k]z ePsf pTvgg\ 
sfo{sf] k|:tfljt of]hgfsf] k|fljlws tyf jftfj/0fLo kIfsf] :ynut e]l/lkms]zg x'g] ub{5. vfgL tyf vlgh kbfy{ P]g 
tyf ;f] sf] lgodfjnL / cGo k|rlnt sfg"gsf] cwLgdf /xL vfgLx?sf] cg'udg lg/LIf0f sfo{ x'g] / cg'udgsf] 
qmddf s'g} s}lkmot kfO{Pdf cfjZos sfg"gL sf/jfxL, b08 h/Ljfgf Pj+ ;'wf/sf nflu lgb]{zg lbO{g] ul/G5. cf=j= 
@)&(÷*) df &) j6f vfgLx?sf] cg'udg ul/Psf] / #@ j6f k|:tfljt pTvgg\ cg'dltsf] nflu :ynut e]l/lkms]zg 
ul/Psf] lyof]. cg'udgsf qmddf clwsf+z vfgLx? lgoldt tyf k"0f{ Ifdtfdf ;+rfng x'g g;s]sf], :jLs[t l8hfO{g 
cg';f/ sfd x'g g;s]sf], vfgLhGo j]i6sf] plrt Joa:yfkg x'g g;s]sf] Pj+ vfgLåf/df kl/df0f Plsg ug]{ pks/0f 
h8fg gePsf] h:tf s}lkmot kfO{Psf]n] cfjZos sfg"gL sf/jfxL u/L ;'wf/sf nflu lgb]{zg ;d]t lbO{Psf] lyof] . To:t} 
pTvgg\ sfo{sf] k|:tfljt of]hgfsf] :ynut e]l/lkms]zgsf cfwf/df k|:tfjdf cfjZos ;+zf]wg ug{ jf :jLs[tsf nflu 
ljefudf k]z x'g] ub{5. l;ldt hgzlQm / >f]tsf sf/0f vfgL lgodg tyf k|zf;g sfo{df l8lh6n k|ljlw leqfpg' 
cfhsf] cfjZostf eO{ ;s]sf] 5 .

Key WordsM  vlgh sfo{, vfgL cg'dlt, vfgL cg'udg, :ynut e]l/lkms]zg, lg/LIfs
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lrq g+= !M ljefuaf6 hf/L ul/Psf vlgh vf]htnf; tyf pTvgg\ cg'dltkqx?sf] cjl:ylt gS;f. O{G;]6df vf]htnf; tyf pTvgg\ 
cg'dltkqx?sf] k|b]zut ljj/0f ->f]tM www.dmgnepal.gov.np_

6]a'n g+= !M ljefuaf6 hf/L ul/Psf pTvgg\ cg'dltkq / ;+rfngdf /x]sf] vfgLx?sf] k|b]zut ljj/0f
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o;/L clwsfz+ vfgLx? ;+rfngdf g/xg'df pTvgg\ 
cg'dlt hf/L eO{ ;s]tfklg ag If]qsf] ef]uflwsf/sf] 
k|lqmof g6'lËg', ljutdf ;+rfngdf /lx :yflgo cj/f]w, 
ahf/sf] ;d:of, ljb]z lgsf;Ldf afwf cflb /x]sf 5g\ .

#= cg'udg ;DaGwL sfg"gL Joj:yf

ljefuaf6 pTvgg\ cg'dlt k|fKt u/L ;+rfngdf /x]sf 
vfgLx?sf] b]xfosf sfg"gL Joj:yfsf] cfwf/df cg'udg 
tyf lg/LIf0f x'g] u/]sf] 5 .

	 vfgL tyf vlgh kbfy{  P]g, @)$@ sf] bkmf @#df 
ælg/LIf0f tyf hfFra'emÆsf] Joa:yf /x]sf] .

	 vfgL tyf vlgh lgodfjnL, @)%^sf] lgod %)df 
ælg/LIf0f tyf hfFra'em ;DaGwL sfo{lalwÆ pNn]v 
ePsf], h:df ljefun] vfgL lg/LIf0f ug{ lg/LIfs 
tf]Sg ;Sg] tyf lg/LIfsn] k|of]u ug{ kfpg] clwsf/
sf] Joa:yf ePsf] .

	 jftfj/0f ;+/If0f P]g, @)&^ sf] bkmf @!df æjftfj/0f 
lg/LIfsÆsf] Joj:yf /x]sf]. ;f]xL P]gsf] pkbkmf @ 
df jftfj/0fLo k|ltj]bg :jLs[t ug]{ dGqfnon] 
g]kfn ;/sf/ jf k|b]z ;/sf/sf] clws[t sd{rf/LnfO{ 
lg/LIfs tf]Sg ;Sg] Joa:yf /x]sf] .

	 jftfj/0f ;+/If0f P]g, @)&^ sf] bkmf @@df jftfj/0f 

lg/LIfssf] sfd, st{Jo / clwsf/ pNn]v ePsf] .

$= cg'udg ljlw

hgzlQm / >f]tsf] ;Lldttfsf] sf/0f Ps} 6f]nLaf6 
;s];Dd w]/} vfgLx?sf] cg'udg / k|:tfljt vfgLx?sf] 
lkmN8 e]l/lkms]zg x'g]u/L 6f]nL v6fO{ ljefluo lkmN8 
sfo{qmdx? to x'g] u/]sf] 5. w]/}h;f] ;+rflnt vfgLx? 
dxfef/t lxdfnog If]qdf /x]sf x'gfn] vfgLx?sf] 
cfsl:ds lg/LIf0f ug{'kg]{ cj:yfdf afx]s ;+rflnt 
vfgLx?sf] If]qut ljefhg u/L lgoldt cg'udg x'g] 
u/]sf] 5 . ;fdfGotof cg'udg ubf{ ul/g] If]qut ljefhg 
lrq g+= @ df b]vfOPsf] 5. cg'udg ubf{ cGo ef}ule{s 
;e]{df h:t} jfscf]e/ ;e]{ tyf cfjZostf cg';f/ 
6f]kf]u|flkms ;e]{ ul/G5 . ;j]{If0fsf qmddf a|G6g sDkf;, 
lhlkP;, 8«f]g tyf cGo ;e]{O{Ësf pks/0fx? cfjZostf 
cg';f/ k|of]u ul/G5. ph"/L jf ljjfbsf ljifo / ljefun] 
cfjZos 7fg]df cfsl:dt lg/LIf0f÷cg'udg ug]{ 
ul/G5 . ;fwf/0f lgdf{0fd"lv vlghsf] xsdf k|fo;M cg'/f]wsf 
cfwf/df dfq cg'udg ul/ ;DalGwt lgsfonfO{ lgb]{zg 
lbO{G5 . To:t} k|:tfljt vfgLx?sf] lkmN8 e]l/lkms]zgdf 
k|:tfljt pTvgg\ of]hgfdf pNn]v eP adf]lhd lkmN8df 
cGj]if0fsf sfo{ eP÷gePsf], ef}ule{s / ef}uf]lns ?kdf 
k|:tfljt vfgL pTvgg\‌ of]Uo /x]÷g/x]sf], ;fdflhs / 
jftfj/0fLo lx;fjn] pTvgg\ sfo{ ug{ ;lsg]÷g;lsg] 

lrq g+= @M ljefuaf6 vfgL cg'udg ubf{ ul/g] If]qut ljefhgsf] ljj/0f
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cflb ljifoa:t'sf] cjnf]sg ul/G5 . lkmN8 e]l/lkms]zg 
k|ltj]bgsf cfwf/df cfjZostf cg';f/ k|:tfjdf ;'wf/ 
jf ;+zf]wg ug{ nufO{ pTvgg\ k|:tfj cuf8L a9fpg] 
jf ga9fpg] lg0f{o lnO{G5. o;/L ul/g] cg'udgnfO{ 
cg'dltkq gjLs/0fdf cfwf/ lnO{G5 . 

s'g} vfgLsf] vf; ljifoa:t'df s]lG›t eP/ ul/g] lkmN8 
cg'udg afx]s ljefuaf6 ul/g] lgoldt vfgL cg'udg 
d'Votof tn pNn]lvt ljifoa:t'df s]lG›t eP/ ug]{ 
ul/G5M

	 vfgLsf] lkn/;lxtsf] pTvgg\ If]qsf] l8dfs]{zg 
eP÷gePsf],

	 :jLs[t If]q leq pTvgg\ eP÷gePsf],

	 j]i6 pT;h{g Jojl:yt eP÷gePsf],

	 :jLs[t l8hfO{g adf]lhd sfd eP÷gePsf],

	 vfgLsf sf/0f j/k/sf] kof{j/0fdf pNn]vgLo c;/ 
k/]÷gk/]sf],

	 sfdbf/x?nfO{ ;'/Iff ;fdu|L k|bfg u/]÷gu/]sf],

	 dfkg oGqsf] oyf]lrt Joj:yf eP÷gePsf],

	 sfdbf/ / d]zLg/Lsf] ljj/0f,

	 pTkflbt vlghsf] ljj/0f -b}lgs÷dfl;s_,

	 ;fdflhs pQ/bfloTjsf sfo{x? cflb.  

%= cg'udgsf qmddf kfO{Psf tYox?

b]ze/df pTvgg\ cg'dltkq hf/L ePsf vfgLx? dWo] 
&) j6f ljleGg vfgLIf]qsf] :ynut cg'udgdf b]lvPsf 
d'Vo ljifoa:t'x? lgDg cg';f/ /x]sf 5g M–

s=	 clwsf+z vfgLx? lgoldt tyf k"0f{ Ifdtfdf ;+rfng 
x'g g;s]sf]

ljefuLo lkmN8 cg'udg tyf vfgL ;+rfnsx?n] 
ljefunfO{ pknAw u/fPsf] tYofÍ x]bf{ w]/}h;f] vfgLx? 
lgoldt ;+rfng x'g g;s]sf] b]lvG5.ahf/dfu sd eO{ 
vlghdf cfwfl/t pBf]ux?df sRrf kbfy{sf] vkt sd 
ePsf], vfgLaf6 pTkflbt sRrf kbfy{ vkt x'g] cfˆg} 
pBf]u gx'Fbf dfu cg';f/ dfq pTkfbg x'g] u/]sf], vfgL 
;+rfngdf :yfgLo ;d'bfo, :yfgLo tx / c;DalGwt 
;+3;+:yf jf ;d"xaf6 ;d]t a]nfa]nfdf cj/f]w x'g] u/]sf] 
cflb sf/0faf6 vfgL lgoldt tyf k"0f{ Ifdtfdf;+rfng 
x'g g;s]sf] kfO{Psf] 5 .

v= :jLs[t l8hfO{g cg';f/ sfd x'g g;s]sf]

w]/}h;f] vfgL k|fljlws sd{rf/Lsf] /]vb]vdf ;+rfng x'g 
g;Sbf :jLs[t l8hfO{gsf] kfngf x'g ;s]sf] 5}g.vfgL 
If]q / cGo ;xfos ;+/rgfx? -j]i6 of8{, :6s of8{, 
6k :jfO{n of8{_ sf] lkNn/ ;lxtsf] :ki6 l8dfs]{zg 
gePsf], :jLs[t sfo{of]hgf adf]lhd hgzlQm k|of]u geO{ 
k|fljlws sd{rf/L ljgf g} vfgL ;+rfng x'Fbf a9L u'0f:t/
sf] vlghsf] dfq 5fgL5fgL pTvgg\ -Selective Mining_ 
ug]{ h:tf k|j[lQ b]lvPsf] 5 .

u= vfgLhGo j]i6sf] plrt Joa:yfkg x'g g;s]sf]

:jLs[t l8hfO{gdf tf]lsPsf] :yfgdf j]i6 Joa:yfkgsf 
nflu sltko vfgL ;+rfnsx? pbf;Lg b]lvPsf], vfgL 
;+rfng ug{'k"j{ kof{Kt lj:t[t cGj]if0f geO{ dfO{lgË :sLd 

6]a'n g+= @M cfly{s jif{ @)&(÷*) df ePsf cg'udg tyf lkmN8 e]l/lkms]zgsf] ;+Vof

l;=g+= If]q cg'udg ePsf vfgLsf] ;+Vof e]l/lkms]zg ul/Psf k|:tfljt 
vfgLsf] ;+Vof

!= pbok'/, l;Gw'nL * &

@= bf]nvf, l;Gw'kfNrf]s, sfe|]knf~rf]s @ $

#= dsjfgk'/ !@ !

$= lrtjg, wflbË # )

%= kfNkf, c3f{vfFrL !% !

^= Ko"7fg, bfË, /f]Nkf @! $

&= cGo -If]qut ?kdf gePsf / 
;fwf/0f lgdf{0fd'vL ;d]t_

( !%

s'n &) #@
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:jLs[t u/fpbf cf;fltt kl/df0feGbf a9L vfgLhGo 
j]i6 k}bf x'g' cflb sf/0fn] j]i6 Joa:yfkgdf r'gf}tL 
b]lvPsf] 5 .

3= vfgLåf/df kl/df0f Plsg ug]{ pks/0f h8fg gePsf]

;a} vfgLx?sf] vfgLåf/df pTvlgt vlghsf] kl/df0f Plsg 
ug]{ oyf]lrt pks/0f h8fg eO{g;s]sf] x'Fbf pTkflbt 
jf:tljs vlgh kl/df0fsf] k|df0fLs/0f vfgLåf/d} x'g 
;s]sf] 5}g . oBlk kl5Nnf] ;dodf vfgLåf/df tf}nk'n 
h8fgsf] ;+Vof pNn]Vo ?kdf al9/x]sf] 5 .

ljefuaf6 ePsf] cg'udgsf cfwf/df lgoldt ;+rfng 
gePsf vfgLx?nfO{ lgoldt tyf k"0f{ Ifdtfdf ;+rfng 
ug{ lgb]{zg lbg] ul/Psf]5 eg] :jLs[t l8hfO{g cg'?k 
sfd gePsf / vfgLhGo j]i6sf] ;df]lrt Joa:yfkg 
gug]{ vfgLx?nfO{ vfgL tyf vlgh kbfy{ P]g tyf 
lgodfjnLsf] k|fjwfg adf]lhd cfjZos sf/jfxL u/L 
:jLs[t l8hfO{g adf]lhd sfd ug{ lgb]{zg lbO{G5. o:t} 
vfgLåf/d} pTvlgt vlghsf] kl/df0f Plsg ug]{ pks/0f 
h8fg ug{ k6s k6s lgb]{zg lbO{Psf] / kl5Nnf] k6s 
@)*! a}zfv d;fGt;Dd ;Dk'0f{ vfgLx?sf] vfgLåf/df 
kl/df0f Plsg ug]{ pks/0f h8fg u/L ;f] sf] hfgsf/L 
ljefunfO{ u/fpg lgb]{zg lbO{Psf] 5. vfgL / cGo ;xfos 
;+/rgf /xg] :yfgx?sf] l8dfs]{zg gePsf vfgLx?nfO{ 
clgjfo{ ?kdf l8dfs]{zg u/L k|ltj]bg k]z ug{ lgb]{zg 
lbO{Psf] 5 .

^= pk;+xf/ 

vlgh sfo{ cg'dltstf{x?nfO{ k|rlnt P]g sfg"gsf] 
cwLgdf /xL ljefuLo zt{ Pj+ lgb]{zgx? ;d]tsf] 
k"0f{?kdf kfngf ub}{ vlgh vf]htnf; sfo{ tyf vlgh 
pTvgg\ sfo{ ug{ clek|]l/t ug{'kg]{ b]lvG5 . o;sf nflu 
vfgL tyf vlgh Joa:yfkg / jftfj/0f ;+/If0f sfo{df 
u/]sf] k|ultsf] cfwf/df bl08t / k'/:s[t ul/g] Joa:yf 
x'g'kb{5 . vfgLåf/df tTsfn clgjfo{ tf}nk'nsf] Joa:yf 
u/fO{ bL3{sfnLg ?kdf tf}nk'ndf g} 8f6f nu/ h8fg 
u/L l/on 6fO{d tYofÍ ljefudf pknAw x'g] Joa:yf 
ldnfpg'kb{5 . vfgL ;+rfngaf6 vfgLIf]qsf] e"–w/ftndf 
kl/jt{g x'g] ePsfn] 7"nf vfgLx?sf] xsdf sDtLdf # 
j6f :yfoL j]~rdfs{ vfgLIf]q aflx/ :yfkgf u/L ;f] nfO{ 
;'/lIft /flvg'kg]{ / eljiodf tL j]~rdfs{x?sf] cfwf/df 
;j]{If0f u/L pTvlgt vlghsf] kl/df0f Plsg sfo{ 
k|efjsf/L agfpg ;lsG5. l;ldt >f]t;fwg / hgzlQmsf 
sf/0f l8lh6n cg'udg k|0ffnL dfkm{t l/on 6fO{d 
dlg6l/Ë k|ljwL leqfO{ vfgL lgodg tyf k|zf;g sfo{ 
ug{' cfhsf] cfjZostf /x]sf]5 .

;Gbe{ ;fdu|LM 

www.gis.dmgnepal.gov.np

vfgL cg'udg k|ltj]bgx?, cf=j= @)&(.*)
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cfly{s jif{ @)&*÷)&( / @)&(÷)*) sf] ah]6, of]hgf 
k|ult ;dLIffsf] k|ltj]bg
gf/fo0f afF:sf]6f -l;=l8=lhof]nf]lhi6_, ;'ne sfo:y -lhof]nf]lhi6_, lznf e§/fO{ -lhof]nf]lhi6_

@= p2]Zox?

@=! e"lj1fg dxfzfvfÙ

	 ef}ule{s, e"–OlGhlgol/Ë tyf e"–jftfj/0fLo gS;fx? 
k|sfzg ug]{, ;]jf pknAw u/fpg] .

	 k"jf{wf/ ljsf;, jftfj/0fLo ;'wf/ tyf k|sf]k 
Joj:yfkg sfo{sf nflu cfjZos kg]{ sfo{ ug]{, 
ef}ule{s tYofÍx? pknJw u/fpg] .

@=@ vlgh ;Dkbf dxfzfvfÙ

	 vfgL tyf vlghhGo kbfy{sf] cWoog, cg';Gwfg 
tyf cGj]if0f ug]{ u/fpg] .

	 vfgLx?sf] lgodg, k|zf;g tyf k|jw{g ug]{ u/fpg] .

	 vfgL tyf vlghhGo kbfy{ ;DalGw gLlt tyf sfg"g 
th{'df ug]{ u/fpg] .

@=# of]hgf, k|zf;lgs tyf k|fljlws ;]jf dxfzfvfÙ

	 cfjlws tyf aflif{s of]hgf th{'df, aflif{s sfo{qmdx? 
tof/ ug]{ .

	 vlgh kbfy{sf] /;folgs kl/If0f ug]{ .

	 ljefusf] lhG;L, cfly{s tyf sd{rf/L k|zf;g 
;~rfng ug]{, u/fpg] .

@=$ k]6«f]lnod cGj]if0f tyf k|jb{\wg s]G›Ù

	 k]6«f]lnod tyf k|fs[lts UofF; x'g;Sg] ;+efljt If]qdf 
cGj]if0f u/L /fli6«o tyf cGt/fli6«o nufgLstf{nfO{ 
k]6«f]lnod cGj]if0f Pj+ pTkfbg ug{ cfsif{0f ug]{ .

@=% vlgh k|jb{\wg tyf k|zf]wg s]G›Ù

	 vlgh e08f/sf] d"NofÍg u/L vlgh e08f/df 
cfwfl/t vlgh pBf]ux?sf] ljsf; tyf k|jw{g ug]{ .

	 lsdlt tyf cw{ lsdlt kTy/ vlghsf] k|jb{\wg tyf 
k|zf]wg ;DalGw sfo{ ug]{ .

	 wft' vlghsf] k|zf]wg ;DalGw sfo{ ug]{ .

	 pk/f]Qm adf]lhdsf] k|of]uzfnf ;]jf ;DalGwt sfo{ 
ug]{ .

@=^ /fli6«o e"sDk dfkg tyf cg';Gwfg s]G›Ù

	 e"sDk dfkg s]G›x? lg/Gt/ ;+rfng u/L e"sDkLo 
cWoog tyf cg';Gwfg ug]{ .

pk/f]Qm adf]lhdsf] p2]Zo k'lt{sf nflu -!_ vfgL tyf 
e"ue{ ljefu, -@_ e"–lj1fg tyf -#_ vlgh ;Dkbf tyf 
ljsf; ul/ # j6f cfof]hgfx? dfkm{t jh]6 ljlgof]lht 
eO{ sfo{ ;Dkfbg x'b} cfPsf]5 . 

#= cf=j= @)&*÷&( sf] d'Vo d'Vo sfo{qmd / 
To;sf] k|utL

	 e"–j}1flgs ;e]{If0f tyf cg';Gwfg cfof]hgf cGtu{t

	 ef}ule{s DoflkËM nDh'Ë, sf:sL, tgx'F lhNnfsf 
ljleGg If]qx?sf] ef}ule{s gS;fÍg tyf ck8]6 
lkmN8 sfo{ ;DkGg .

	 e"–O{l~hlgol/ª cWoogM u'nl/of, jlb{ofdf !)) ju{ 
ls=ld= If]qdf e"–O{l~hlgol/ª tyf e"–jftfj/l0fo 
cWoog lkmN8 sfo{ ;DkGg .

	 cfsl:ds klx/f] cWoogM kgf}tL, wflbË, uf]/vf, 

!= kl/ro

ef}ule{s cWoog, cg';Gwfg tyf vlgh ;Dkbfsf] cGj]if0f, k|jb{\wg Pj+ ljsf;df g]kfnsf] ;+ejt ;a}eGbf k'/fgf] 
laefux? dWo] Pp6f vfgL tyf e"ue{ ljefu xf]. o; ljefusf] ljsf; qmdsf] P]ltxfl;s k[i7e"ld s]nfP/ x]g]{ xf] eg] 
la=;+=  !(*^ df gx/ tyf lhof]nlh c•f, la= ;+= !(((df vfgLc•f, la= ;+= @)@$ df ef}ules ;e]{If0f laefu x'+b} 
la=;+= @)## df cfP/ o;sf] gfdfs/0f vfgL tyf e"ue{ ljefu x'g k'u]sf] xf] .

g]kfn ;/sf/sf] :jLs[t ;+l3o ljefuLo ;+u7g ;+/rgf jdf]lhd dxflgb]{zssf] dftxtdf -s_ e"–lj1fg, -v_ vlgh 
;Dkbf / -u_ of]hgf, k|zf;lgs tyf k|fljlws ;]jf dxfzfvf u/L # dxfzfvf tyf k]6«f]lnod cGj]if0f tyf k|jb{\wg 
s]G›, vlgh k|jb{\wg tyf k|zf]wg s]G› / /fli6«o e"sDk dfkg tyf cg';Gwfg s]G› u/L # s]G› tyf @% zfvfx?,  e"sDk 
dfkg s]G› ;'v]{t -zfvf sfof{no_ tyf k]6«f]lnod cGj]if0f kl/of]hgfsf] Joj:yf ul/Psf]5 .
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;+v'jf;ef, /fd]5fk, pbok'/ lhNnfsf ljleGg If]qdf 
uPsf] cfsl:ds klx/f]sf] cWoog sfo{ ;DkGg .

	 Landslide Susceptibility cWoogM DoflUb lhNnfsf 
klx/f] hf]lvd If]qsf] Landslide Susceptibility cWoog 
sfo{ ;DkGg .

	 vfgL tyf e"ue{ ljefu cGtu{t

	 lgof]–6]S6f]lgs cWoogM a'8/, 88]nw'/f If]qdf 
lgof]6]S6f]lgs cWoog sfo{ ;DkGg .

	 lgoldt ?kdf e"sDkLo 8f6f ;+sng tyf cWoog .

	 k|of]uzfnf ;]jf .

	 vlgh cGj]if0f tyf ljsf; cfof]hgf cGtu{t

	 cGj]if0ffTds l8«lnËM u|]gfO6 cGj]if0f, sfe|]knf~rf]sdf 
$)x]= 6f]kf]u|flkmsn ;e]{ lkmN8 sfo{ ;DkGg / 
cGj]if0ffTds l8«lnË -!%)ld=_ sfo{sf nflu lkmN8 
sfo{ ;DkGg .

	 tfdf cGj]if0fM af}lnuf8, aemfËdf tfdf cGj]if0f 
lkmN8 cWoog sfo{ ;DkGg .

	 kmnfd cGj]if0fM a'Ën, aemfªdf k|f/lDes kmnfd 
lkmN8 cGj]if0f, dNnfb]jL, a}t8Ldf kmnfdsf] e"– 
ef}lts tyf ef}ule{s cGj]if0f sfo{sf nflu lkmN8 / 
nf]xfsf]6 kmnfdsf] ef}ule{s cGj]if0f sfo{sf nflu 
lkmN8 sfo{ ;DkGg .

	 8f]nf]dfO{6 cGj]if0fM 8f]nf]dfO{6sf] cf}Bf]lus k/LIf0f, 
k|fyldstf / ahf/ cWoog, af]em], vf]6fËsf nflu 
:ofDkn sn]S;g lkmN8 sfo{ ;DkGg .

	 glbhGo lgdf{0fd'vL vlghsf] ;DefJotf cWoogM 
s}nfnL lhNnfsf] uf]bfj/L gu/kflnsf cf;kf;af6 
aUg] glbx?af6 lgdf{0fd'vL vlghsf] ;DefJotf 
cWoog lkmN8 sfo{ ;DkGg .

	 lsdlQ tyf cw{lsdlQ kTy/ cGj]if0fM tfKn]h'ª / 
;+v'jf;ef lhNnfdf lsdlQ tyf cw{ lsdlQ kTy/ 
cGj]if0f lkmN8 sfo{ ;DkGg .

	 vfgLx?sf] cg'udg lgl/If0f tyf lkmN8 e]l/lkms]zgM 
;+rfngdf / ;+rfngsf qmddf /x]sf ljleGg 
lhNnfsf !!) vfgLx?sf] lkmN8 cg'udg, lgl/If0f 
sfo{ ;DkGg .

$=	cf=j= @)&(.*) sf] d'Vo d'Vo sfo{qmd / 
To;sf] k|utL

	 e"–j}1flgs ;e]{If0f tyf cg';Gwfg cfof]hgf cGtu{t

	 ef}ule{s DoflkËM /f]Nkf, afUn'Ë lhNnfsf ljleGg 
If]qx?df !M%),))) :s]nsf] ef}ule{s gS;fÍg 

ck8]6 lkmN8 sfo{ ;DkGg .

	 e"–O{l~hgol/ª cWoogM dw]; k|b]z cGtu{t alb{af; / 
cf;kf;sf If]qsf] e"–O{l~hlgol/ª tyf e"–jftfj/l0fo 
cWoog -!)) ju{ ls=ld=_ sfo{ ;DkGg .

	 vfgL tyf e"ue{ ljefu cGtu{t

	 lgof]–6]S6f]lgs cWoogM ;'v]{t b]lv a'8/ ;Ddsf] 
lgof]6]S6f]lgs cWoog lkmN8 sfo{ ;DkGg .

	 lgoldt ?kdf e"sDkLo 8f6f ;+sng tyf cWoog .

	 k|of]uzfnf ;]jf .

	 vlgh cGj]if0f tyf ljsf; cfof]hgf cGtu{t

	 Sn] vlgh cGj]if0fM dw]z, afUdtL, n'lDagL, u08sL 
k|b]zsf s]xL :yfgx?df Ceramics tyf Tiles sf] 
nfuL rflxg] sRrf kbfy{x?sf] cGj]if0f lkmN8 sfo{ 
;DkGg .

	 8f]nf]dfO{6 cGj]if0fM 6fO{N;, Colour, Putty 
nufot cGo k|of]hgdf k|of]u eO/x]sf] 8f]nf]dfO{6 
vlghsf] nflu ;'gf}nf ahf/ wflbËdf cGj]if0f lkmN8 
sfo{ ;DkGg . 

	 u|]gfO{6 cGj]if0fM g]kfndf sl/j jflif{s $ cj{sf] 
cfoft eO/x]sf] u|]gfO{6 vlghnfO{ cfoft sd ug]{ 
p2]Zon] u|]gfO{6 vfgLsf] ;Defljt If]q /x]sf] l;Gw'nL 
lhNnfdf k|f/lDes cGj]if0f lkmN8 sfo{ ;DkGg .

	 tfdf cGj]if0fM wft' vlgh cGtu{t tfdf vlgh e08f/ 
klxrfgsf nflu lbËnf, ef]hk'/ / k"jL{ ¿s'dsf] 
em'GnfafË If]qdf lkmN8 cWoog sfo{ ;DkGg .

	 kmnfd cGj]if0fM ;+v'jf;efsf] nf]xfsf]6df kmnfdsf] 
e"ef}lts cWoog ul/ / k"jL{ ?s'dsf] em'GnfafË 
If]qdf k|f/lDes kmnfd cGj]if0f sfo{ ;DkGg .

	 lsdlQ tyf cw{lsdlQ kTy/ cGj]if0fM wflbËsf] ¿aL 
EofnL If]q / dgfª lhNnfdf lsdlQ tyf cw{lsdlQ 
kTy/sf] cGj]if0f sfo{ ;DkGg .

	 vfgLx?sf] cg'udg, lgl/If0f tyf lkmN8 e]l/lkms]
zgM ;+rfngdf / ;+rfngsf qmddf /x]sf ljleGg 
lhNnfsf !)) j6f vfgLx?sf] lkmN8 cg'udg, lgl/
If0f sfo{ ;DkGg .

	 vlghGo pBf]u k|jw{gM ljefuaf6 xfn;Dd $) j6f 
ljleGg vlghx?sf] k|jb{\wg eO{ ljif]z u/L r'g9'Ëfdf 
cfwfl/t l;d]06 pBf]usf] :yfkgf eO;s]sf] 5 / 
o; cf=j= df ljleGg ( vlghx?sf] k|jb{\wgsf nflu 
vfgLx?sf] 6]08/ ;"rgf k|sfzg ul/Psf] / d"NofÍg 
sfo{ kZrft s'g} klg k|:tfjx? k|efju|fxL g/x]sf]n] 
;"rgf /2 ul/Psf] .   
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%= /fhZj ;+sngsf] ljj/0f

cfly{sjif{ /fhZj ;+sng

cf=j=)&*.&( ?=!,@%,$%,*!,&)(.@&

cf=j=)&(.*) ?=62,15,91,411.69

^= ljefu / cfof]hgf cGtu{t ef}lts / ljlQo k|ultsf] ljj/0f

cf=j= qm=;+= lgsfoMcfof]hgf÷sfo{qmd a= p= zL= g+= ef}lts k|ult -Ü_ ljQLo k|ult -Ü_

@)&*.&( ! vfgL tyf e"ue{ ljefu 30702011 ^*=&@ ^*=#%

@ vlgh cGj]if0f tyf ljsfz 
cfof]hgf

30702101 !*=^* !*=)%

# e"j}1flgs ;j]{If0f tyf 
cg';Gwfg cfof]hgf

30702103 (@=(^ *)=&(

@)&(.*) ! vfgL tyf e"ue{ ljefu 30702011 42.63 61.67

@ vlgh cGj]if0f tyf ljsf; 
cfof]hgf

30702101 34.06 30.08

# e"–j}1flgs ;e]{If0f tyf 
cg';Gwfg cfof]hgf

30702103 50.99 81.01

 

&= ljefu / cfof]hgf cGtu{t lalgof]lht jflif{s /sd / oyfy{ vr{sf] ljj/0f 

cf=j= qm=;+=
lgsfoM 

cfof]hgf÷sfo{qmd
a= p= zL= 

g+=

jflif{s ljlgof]lht ah]6 
-?= nfvdf_

oyfy{ vr{ 
-?= nfvdf_

rfn' k'FhLut hDdf rfn' k'FhLut hDdf

@)&*.&( ! vfgL tyf e"ue{ 
ljefu

30702011 ((* !@* !!@^ ^(#=^@ &%=&& &^(=#(

@ vlgh cGj]if0f tyf 
ljsfz cfof]hgf

30702101 (! !*(# !(*$ &@=)$ @*^=!% #%*=!(

# e"j}1flgs ;j]{If0f 
tyf cg';Gwfg 
cfof]hgf

30702103 (! !)^ !(& *!=!^ &* !%(=!^

hDdf !!*) @!@& ##)& *$^=*# $#(=(@ !@*^=&%

@)&(.*) ! vfgL tyf e"ue{ 
ljefu

30702011 996.89 93.86 1,090.75 841.82 41.84 883.66

@ vlgh cGj]if0f tyf 
ljsf; cfof]hgf

30702101 81.64 577.29 658.93 70.13 128.07 198.20

# e"–j}1flgs ;e]
{If0f tyf cg';Gwfg 
cfof]hgf

30702103 83.35 155.12 238.47 79.87 67.20 147.07

hDdf 1,161.88 826.27 1,988.15 991.82 237.11 1,228.93
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*=	 ljefluo ;"rssf] k|ult

qm=;= ;"rs OsfO{ j];nfOg -cfwf/ 
jif{ @)&^.&&_

cf=j=@)&&.&*sf] 
k|utL

cf=j=@)&*.&(sf] 
k|ult

cf=j=@)&(.*) 
sf] k|ult

! vfgL cGj]if0fsf] 
If]qkmn

ju{ 
ls=ld=

$$)%! *)$ !!^@ !@)%

@ vlgh cGj]if0ffTds 
;j]{If0f

x]S6/ @*%) !)) @$) !))

# vlgh cGj]if0ffTds 
l8«lnË

ld6/ @%#% @(% !%) –

(=	 ljefluo tYofÍsf] k|ult

qm= 
;+=

ljj/0f O{sfO{
ljut cfly{s jif{sf] tYofÍ

@)&^.&& @)&&.&* @)&*.&( @)&(.*)

! u}/s/ /fhZj ;+sng ¿ s/f]8df *$=@^ (%=%( !@%=$^ ^@=!^

@ vlgh cGj]if0fsf] If]qkmn ju{ ls=ld= *$^ *)$ !!&@ !@)%

# cGj]if0f ePsf vfgL tyf vlgh j6f ^ !! !@ !)

$ vfgL vf]htnf;sf] k|df0fkq j6f #*! #^* $!% $@@

% vfgL pTvgg\ sf] k|df0fkq j6f !$^ !%@ !%& !%(

^ pTvgg\÷vf]htnf; k|df0fkq /2 ul/Psf] j6f !#* ^& !#% !@!

& lgdf{0fd'vL vlgh pTvgg\ ;xdlt k|bfg j6f $ & ^ !

* vfgL cg'udg tyf lgl/If0f j6f $% ^) !)) !))

( vf; vlgh k|jb{\wg j6f ( !! ^  

!) $ /]S6/ :s]n eGbf dflysf e"sDk j6f #$ #) ## #@

!! ef}ule{s cWoogsf] nflu ;xdlt k|bfg j6f # % !* @@

!)=	 ljefusf lqmofsnfk sfof{Gjogdf b]vf 
k/]sf k|d'v ;d:ofx?

	 ljefusf k|fljlws hgzQmL;+u pks/0f ;+rfngsf] 
nfuL ;do ;fk]If k|fljlws 1fgsf] sdL, cfjZos 
tflndsf] Aoj:yf gx'g' .

	 ;jf/L ;fwgsf] cefj– Pp6} ;jf/L ;fwgaf6 w]/} 
lkmN8 sfo{ ug]{ afWotf / clwsfFz ;jf/L ;fwg @)
jif{ eGbf k'/fgf ePsfn] js{zkdf dd{tsf nflu 
ylGsg] cj:yfdf /x]sf] .

	 Pp6} hgzlQmaf6 ljleGg cGj]if0f, vfgL k|zf;g, 
ljkb\ cWoogdf ;+nUg /xg] x'Fbf tf]lsPsf] lhDd]jf/L 
;DkGg x'g g;Sg' .

	 ;+l3o ;+/rgfdf ;xfos :t/sf Sampler, Lab 
assistant, Lab boy b/aGbL s6f}tL x'g' .

!!=	 vfgL cGj]if0f tyf ah]6  sfof{Gjogsf] 
r'gf}tLx? 

	 vfgL tyf e"ue{ ljefusf] xfnsf] ;+l3o ;+u7flgs 
;+/rgfsf] Joj:yf cg';f/ sfof{lwsf/ s]G›df dfq 
lglxt /x]sf] / clwsf+z vfgL If]q g]kfnsf] ljleGg 
lhNnfsf ljs6 If]qx?df ;d]t /x]sf]n] cg'udg 
lg/LIf0f ug{ sl7gfO{ eO/x]sf].

	 kl5Nnf O&M Survey x?af6 ljefusf] b/aGbL s6f}tL 
x'Fb} hfg' / lhDd]jf/L ylkb} hfFbf vlgh cGj]if0f tyf 
ljsf; kof{Kt dfqfdf gx'g' / k'/fgf] ljefuaf6 clxn] 
;Dd b]lvg] ?kdf sfo{ gx'g' .

	 g]kfndf /x]sf ljZjljBfnoaf6 e"ue{ cWoog afx]s 
cGo cfjZos vfgL ;DaGwL hgzlQmsf] pTkfbg 
gx'Fbf wft'hGo pBf]udf cfjZos hgzlQm tyf 
k|of]uzfnf ;+rfng gx'g' .
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	 gljgtd k|ljlwsf] k|of]udf cEo:t x'g ljefudf 
sfo{/t hgzlQmx?nfO{ tflndsf] sldn] k|ltkmn 
k|fKt gx'g' .

	 hf]lvd tyf /]l8of]wdL{ kbfy{x?sf] cGj]if0f, 
kl/If0f sfo{df ;+nUg sd{rf/Lx?nfO{ k|f]T;fxgsf 
lqmofsnfkx? gx'g' .

!@=	;d:ofx?sf] ;dfwfgfy{ ePsf k|of;x?
	 k|b]znfO{ x]g]{ u/L ;+l3o sfof{Gjog PsfO{sf] ;+/rgf 

tof/ u/L dGqfnodf k]z ul/Psf] .

	 cGj]if0fsfo{,  pTvgg\ sfo{, vlgh k|zf]wg sfo{sf] 
nfuL 1fg tyf ;Lk x:tfGt/0f ug{ j}b]lzs k|ljlws 
jf ;+:yf;+u ;dembf/L ug{ cfjZos kxn eO{/x]sf] .

	 Mining and Metallurgical Engineering, Geophysics, 
Geochemist ;DalGw cWofkg sfo{sf] nfuL sf7df8f}+ 
ljZjljBfno, lqe"jg ljZjljBfnoåf/f kf7\oqmd 
ljsfz ug]{ / cWoogsfo{ ;+rfng ;DaGwdf 5nkmn 
eO{ sf7df8f}+ ljZjljBfnoaf6 dfO{lgË ljifodf 
:gfts l8u|Lsf] $ aif]{ aL=O{= sf];{ ;+rfngdf 
NofPsf] .
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;"rgfsf] xs ;DalGw Joj:yf / ljefusf] e"ldsf
gf/fo0f afF:sf]6f -l;=l8=lhof]nf]lhi6_, ;'ne sfo:y -lhof]nf]lhi6_

!= cy{ / kl/efiff 

;"rgf eGgfn] s'g} ljifodf ePsf] sfdsf/afxL jf s'g} 
ljrf/nfO{ af]n]/ jf n]v]/ jf s'g} b[Zo jf lrqaf6 ;a}n] 
jf w]/}n] yfxf kfpg] u/L k|sflzt, k|rf/ / k|;f/ ug]{ 
sfo{ xf] . ;"rgf eg]sf] s'g} klg s'/fsf] hfgsf/L kfpg' 
xf]. ;"rgf lagf s'g} klg sfd ug{ ;lsFb}g / csf]{ zAbdf 
eGbf ;"rgf 1fgsf] ;|f]t xf] . Business Dictionary n] 
Information nfO{ o;/L kl/eflift u/]sf] 5M Data that is 
(1) accurate and timely, (2) specific and organized for 
a purpose, (3) presented within a context that gives 
it meaning and relevance, and (4) can lead to an 
increase in understanding and decrease in uncertainty. 
;"rgfsf] xssf ;DjGwdf æ;"rgfÆ eGgfn] ;fj{hlgs 
lgsfoaf6 ;Dkfbg x'g] jf ePsf] ;fj{hlgs dxTjsf] 
sfd, tT;DaGwL sf/afxL jf lg0f{o;Fu ;DalGwt s'g} 
lnvt, ;fdu|L jf hfgsf/L ;Demg'k5{ .

;"rgfsf] xs eGg] lalQs} sfg'gL pkrf/ eGg] a'‰g'kb{5 . 
cfhsf] ;‹Lo nf]stflGqs u0ftGq zf;g k|0ffnL ePsf] 
/fi6«x¿df ;"rgfsf] xssf] clt g} dxTj x'G5 . v'nf 
;dfhdf ;/sf/n] u/]sf] sfdsf/afxL jf cGo h'g;'s} 
;fj{hlgs ;/f]sf/sf] ljifodf ;a}nfO{ yfxf kfpg] / 
5nkmn u/L cf–cfˆgf] wf/0ff / ljrf/ JoQm ug]{ clwsf/ 
k|fKt x'G5 . hgtf / ;+ljwfg k|lt hafkmb]xL ;/sf/n] 
cfˆgf] g}ltstf, hafkmb]lxtf / lhDd]jf/LnfO{ Wofgdf 

/fv]/ sfd ug{'k5{ . To;}n] ;/sf/n] jf c¿ ;fj{hlgs 
lgsfon] s]–s:tf lg0f{o jf gLlt lgdf{0f jf cGo sfd 
u/] o:tf s'/fx¿ yfxf kfpg] k|To]s gful/ssf] df}lns 
xs xf] .

@= ;"rgfsf] xs

æ;fj{hlgs lgsfodf /x]sf] ;fj{hlgs dxTjsf] ;"rgf 
dfUg] / kfpg] clwsf/ ;Demg'k5{ / ;f] zAbn] ;fj{hlgs 
lgsfodf /x]sf] s'g} lnvt, ;fdu|L jf ;f] lgsfosf] sfdsf/
afxLsf] cWoog jf cjnf]sg ug]{, To:tf] lnvtsf] k|dfl0ft 
k|ltlnlk k|fKt ug]{, ;fj{hlgs dxTjsf] lgdf{0fsfo{ eO/x]sf] 
:ynsf] e|d0f / cjnf]sg ug]{, s'g} ;fdu|Lsf] k|dfl0ft 
gd'gf lng] jf s'g} klg lsl;dsf] oGqdf /flvPsf] ;"rgf 
To:tf] oGq dfkm{t k|fKt ug]{ clwsf/Æ ;"rgfsf] xs xf] .

;"rgfsf] xssf] cWoog ubf{ æ;fj{hlgs dxTjÆ s] xf] 
eGg] s'/fsf] hfgsf/L x'g'kb{5 . o; ;DalGw sfg"gn] 
æ;fj{hlgs dxTjÆ eGgfn] ;fj{hlgs ;/f]sf/sf] ljifo 
eg]sf]5. ;jf]{Rr cbfntn] ;fj{hlgs lgsfoaf6 ul/g] 
sfdsf/afxLaf6 k"/} /fi6«nfO{ jf ;j{;fwf/0f hgtfsf] s'g} 
ju{ jf ;d'bfonfO{ k|ToIf jf ck|ToIf ¿kdf c;/ kg{ 
;Sb5 eg] tL sfdsf/afxL ;fj{hlgs dxTjsf x'g elg 
JofVof ePsf] 5 .

#= cjwf/0ff

cfw'lgs ¿kdf sfg'g lgdf{0f u/L ;"rgfsf] xssf] 

;f/f+z

;"rgf eGgfn] ;fj{hlgs lgsfoaf6 ;Dkfbg x'g] jf ePsf] ;fj{hlgs dxTjsf] sfd, tT;DaGwL sf/afxL jf lg0f{o;Fu 
;DalGwt s'g} lnvt, ;fdu|L jf hfgsf/L ;Demg'k5{ . ;"rgfsf] xs eGg] lalQs} sfg'gL pkrf/ eGg] a'‰g'kb{5 / of] 
k|To]s gful/ssf] df}lns xs xf]. xfn ljZjsf !)% eGbf a9L b]zx¿n] ;+ljwfg / sfg'g lgdf{0f u/L ;"rgfsf] xssf] 
k|Tofe"lt u/]sf 5g\ . ;+j}wflgs xssf] ¿kdf gePsf b]zx¿n] klg sfo{ljlw, dfkb08x¿ lgdf{0f u/L yk k|efjsf/L 
agfpFb} nu]sf] kfOG5 . ;+j}wflgs Joj:yf x'g'k"j{ g]kfndf ;"rgfsf] xs ;DalGw Aoa:yf sdhf]/ lyof] . ;+j}wflgs Joj:yf 
nfu' eO{ ;s] kl5 æ/fli6«o ;"rgf cfof]uÆsf] u7g eO{ k|To]s ;fj{hlgs lgsfodf ;"rgf clwsf/Lsf] Joj:yf ;d]t 
ul/Psf] 5 . ;"rgfsf] xs ;DaGwdf ljleGg cGo u}/;/sf/L ;+3–;+:yfx¿ ;d]t ;+nUg /x]sf 5g\ . ;"rgfsf] xsn] k|To]s 
gful/snfO{ ;zQmLs/0f u/fpF5 eg] /fHo ;+oGqnfO{ pQ/bfoL agfpF5 . vfgL tyf e"ue{ ljefudf ;d]t ;"rgf clwsf/L 
dfkm{t ;"rgf k|efj x'g] u/]sf] 5 . ljefuaf6 ;"rgf k|efj ug{ ldNg] / gldNg] juL{s/0f ul/ ;fj{hlgs ul/Psf] 5 . 
;"rgf k|efjdf s]xL å'ljwf ePdf ;"rgf cfof]usf] lgb]{zg dfu ug{ ;lsg] / ;f]xL adf]lhd ;"rgf k|efj ug{ ;lsG5 . 
;"rgf pknAw u/fpg] ;Gbe{df g]kfndf s]xL ;d:ofx? b]lvPsf 5g\ . tLgnfO{ gLltut ;'wf/, ;+:yfut ;'wf/, sfo{ 
ljlwut ;'wf/ tyf cGo ;'wf/sf dfWodåf/f ;Daf]wg ug{ ;lsg] cj:yf /x]sf]5 . 

Key Words:  ;fj{hlgs lgsfo, cfof]u, ;"rgf clwsf/L



Department of Mines and Geology Annual Report96

k|Tofe"lt ul/g' eGbf klxn]b]lv g} zf;sx¿n] cfkm"n] u/]sf] 
dxTjk"0f{ sfdx¿ cfˆgf hgtf cyf{t\ Tolt a]nfsf 
/}tLx¿nfO{ hfgsf/L ug]{ u/fpg] u/]sf] b]lvG5 . ztflAbof}+ 
cufl8 ;/sf/sf] sfd eg]sf] dfnkf]t p7fpg] / zflGt;'/Iff 
ug]{ sfddf dfq ;Lldt lyof] . Tolt a]nf clxn]sf] h:tf] 
sfo{sfl/0fL sfdn] Jofkstf kfPsf] lyPg . ;+ljwfg g} 
gePsf]n] Tolt a]nf df}lns xs jf sfg'gL xs eGg] 
g} lyPg . cfly{s ljsf;sf] gfddf af6f]3f6f], k|fylds 
ljBfno, d7–dlGb/, kf6Lkf}jf, rf}tf/f, wf/f ;Qn, u'7L 
:yfkgf cflb lgdf{0fdf ;Lldt lyof] . o:tf] sfndf klg 
s;}n] s'g} sfo{ ubf{ s;sf] kfnfdf s;n] lsg s;/L 
slxn] s] lgdf{0f sfo{ jf :yfkgf ul/Psf] xf] ;f] s'/fx¿ 
kf6L, ;Qn, d7–dlGb/sf] 306Ldf jf lgdf{0f ul/Psf] cGo 
ef}lts ;+/rgfdf, 9'Ëfdf, s'g} wft'df jf sf7df s'bL 
-lznfn]v_ u/L /fVg] k|rng lyof] . 

cfw'lgs ¿kdf eg] :jL8]gn] klxnf] k6s !&^^ df 
;"rgfsf] xs ;DaGwL sfg'g Freedom of Press Act 
agfof] . o;df gful/s / k|];n] ;xh tl/sfn] ;"rgf 
k|fKt ug{ ;Sg] Joj:yf ul/of] . cd]l/sL ;+ljwfgnfO{ v'nf 
;/sf/sf] cjwf/0ffdf cfwfl/t dflgG5 . o;n] k|ToIf 
¿kdf ;"rgfsf] xssf] Joj:yf ug{ ;s]g t/ klxnf] 
;+zf]wgn] ljrf/ / cleJolQmsf] :jtGqtfsf] k|Tofe"lt 
ul/lbof]. o;cl3 g} cd]l/sL :jtGqtf 3f]if0ffdf ;"rgfsf] 
xsnfO{ cËLsf/ u/]sf] lyof] . ;g\ !&*( df k|mfG; 
3f]if0ffdf, a]nfotdf !&(! sf] æljn ckm /fO6\;Æ dfkm{t 
;"rgfsf] xsnfO{ :jLsf/ ul/of] .

!(() ;Dd cfpFbf s]jn !# /fHon] sfg'gL Joj:yf 
u/]sf]df xfn ljZjsf !)% eGbf a9L b]zx¿n] ;+ljwfg / 
sfg'g lgdf{0f u/L ;"rgfsf] xssf] k|Tofe"lt u/]sf 5g\ .   
sltko b]zsf] ;+ljwfgdf df}lns xscGtu{t ;dfj]z u/L 
;+j}wflgs ;'lglZrttf k|bfg ;d]t u/]sf 5g\ . Jojxf/df 
;+j}wflgs xssf] ¿kdf :jLsf/ u/]sf b]zx¿df klg 
gful/sn] ;"rgfsf] xssf] k"0f{ pkef]u ug{ gkfPsf tyf 
;+j}wflgs xssf] ¿kdf gePsf b]zx¿n] klg sfo{ljlw, 
dfkb08x¿ lgdf{0f u/L yk k|efjsf/L agfpFb} nu]sf] 
kfOG5 . kl5Nnf] ;do cnUu} sfg'g lgdf{0f ug]{ 
b]zx¿df a]nfot, a|flhn, rLg, aËnfb]z, l:jh/NofG8, 
OG8f]g]l;of, gfOh]l/of, /l;of nufotsf b]zx¿ /x]sf 
5g\ .

$= g]kfndf ;"rgfsf] xs, ljutb]lv jt{dfg;Dd
$=! ;+j}wflgs Joj:yf x'g'k"j{

g]kfndf ;"rgfsf] xs k|rngsf] nflu sfg'g lgdf{0f tyf 
;+j}wflgs xssf] ¿kdf :jLsf/ ul/Psf] w]/} ;do gePsf] 
eP klg g]kfn PsLs/0f k"j{ lnR5lj, ls/fFtsfndf klg 

/fHosf dxTjk"0f{ sfdsf/afxLsf] hfgsf/L u/fpg] k|rng 
rflxF /x]sf] kfOG5 . zf;sx¿n] cfkm"n] u/]sf] dxTjk"0f{ 
sfdx¿ cfˆgf hgtf cyf{t\ Tolt a]nfsf /}tLx¿nfO{ 
hfgsf/L ug]{ u/fpg] u/]sf] kfO{G5 . ;+ljwfg g} gePsf]
n] Tolt a]nf df}lns xs jf sfg'gL xs eGg] g} lyPg . 
zf;s ju{n] u/]sf sfdsf/afxLsf] hfgsf/L dfu u/]
df /fh›f]x nfUg] cj:yf lyof] . æhDdf ghf]8\g' sRrf 
g5f]8\g'Æ eGg] plQm lyof] cyf{t\ /fHosf] 9's'6L s] s;/L 
;~rfng ePsf] 5 eGg] s'g} hfgsf/L hgtfnfO{ lyPg .

$=@ lnvtx¿sf] uf]Kotf ;DaGwL P]g, @)#( 

g]kfnsf] ;'/Iff, zflGt tyf Joj:yf sfod /fVgsf nflu 
;/sf/L tyf ;fj{hlgs sfof{nosf] dxTjk"0f{ sfuhftx¿, 
clen]vx¿, ;lGwkqx¿ h:tf ;+/If0fLo lnvtx¿sf] 
juL{s/0f ug{ / uf]Kotfsf] ;+/If0f ug{ egL lnvtx¿sf] 
uf]Kotf ;DaGwL P]g, @)#( hf/L ul/Psf] lyof] . /fhkqdf 
;"rgf k|sflzt u/L tf]s]sf] ldltb]lv nfu" x'g] elgPsf]df 
P]g nfu" ug]{ u/L ;"rgf g} k|sflzt gul/Psf] sf/0f of] 
sfg'g sfof{Gjogdf cfPg .

$=# g]kfn clw/fHosf] ;+ljwfg @)$&

g]kfn clw/fHosf] ;+ljwfg @)$& df klxnf] k6s 
;"rgfsf] xssf] k|Tofe"lt ul/Psf] lyof] . tt\ ;dodf 
;+ljwfgsf] wf/f !^ df æk|To]s gful/snfO{ ;fj{hlgs 
dxTjsf] s'g}klg ljifosf] ;"rgf dfUg] / kfpg] xs x'g]5  
elgPtf klg o; wf/fdf n]lvPsf] s'g} s'/fn] sfg"g 
adf]lhd uf]Ko /fVg'kg]{ ;"rgfsf] hfgsf/L lbg s;}nfO{ 
s/ nufPsf] dflgg] 5}gÆ eGg] Joj:yf ul/Psf] eP klg 
P]g sfg"gsf] cefjdf ;"rgfsf] xs xfQLsf] b]vfpg] 
bfFtdf ;Lldt ePsf] lyof] elg cfnf]rgf ug]{ ul/G5 . a? 
;jf]{Rr cbfntaf6 ePsf s]xL km};nfn] ;"rgfsf] xssf] 
sfg'gL ;+/If0f rfxLF u/]sf] b]lvG5 .

$=$ g]kfnsf] cGtl/d ;+ljwfg @)^#

g]kfnsf] cGtl/d ;+ljwfg @)^# sf] wf/f @& df ;"rgfsf] 
xssf] Joj:yf u/L cfˆgf] / ;fj{hlgs dxTjsf] ;"rgf 
dfUg] / kfpg] xssf] ;'lglZrttf ul/Psf] lyof] .

$=% sfg'gL Joj:yf

@)^$ ;fndf ;"rgfsf] xs;DaGwL sfg'g lgdf{0f eO{ 
sfof{Gjogdf cfPsf] 5 eg] pQm P]g sfof{Gjogdf 
;xhLs/0fsf nflu @)^% df lgodfjnL ;d]t hf/L 
eO;s]sf] 5 . 

$=^ ;"rgfsf] xs;DaGwL /fli6«o /0fgLlts sfo{of]hgf

;"rgfsf] xssf] dfu, ;zQmLs/0f / cfk"lt{ kIfsf] 
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;'b[9Ls/0f Pj+ æ/fli6«o ;"rgf cfof]uÆsf] Ifdtf lgdf{0f 
ug]{ u/L tLgj6f d'Vo /0fgLlts k|fyldstfsf ;fy ;g\ 
@)!%–@)@) ;"rgfsf] xs ;DalGw /fli6«o /0fgLlts 
sfo{of]hgf th{"df eO{ nfu' ePsf] 5 . o; kfFr aif]{ 
/0fgLlts sfo{of]hgfn] d'n'sdf ;/sf/L If]qleq} 
df}nfPsf] ;Lldt ;fj{hlgs hafkmb]lxtf, pRr e|i6frf/, 
;/sf/L sf]ifsf] lxgfldgf, zlQmsf] b'?kof]u / s'zf;gnfO{ 
d'Vo r'gf}tLsf ¿kdf klxrfg u/]sf] 5 . o;} u/L ;"rgf 
k|jfxdf lje]b tyf ljleGg ;LdfGts[t / ;fdflhs ¿kdf 
alxisf/df k/]sf ;d"xsf] ;':t ultsf] ;zQmLs/0f k|lqmof 
klg csf]{ r'gf}tLsf ¿kdf b]lvPsf] 5 . o; cltl/Qm 
gful/s / ;/sf/aLr ;"rgfsf] 7"nf] vf8n b]lvPsf] 5 
eg] /fhgLlts bnleq} / bnaLr ;"rgf k|jfxdf sdL 
b]lvPsf] 5 . ;fy} ;fj{hlgs If]qdf k|df0fdf cfwfl/t 
lg0f{o ug]{ cEof; ckof{Kt jf Go"g ePsf h:tf 
r'gf}tLx¿ klxrfg;Fu} of] /0fgLlts sfo{of]hgf th{'df 
ul/Psf] b]lvG5 .

$=& ;+:yfut Joj:yf

@)^% ;fn j}zfv @@ ut] Ps :jtGq æ/fli6«o ;"rgf 
cfof]uÆsf] u7g ePsf] 5 . k|To]s ;fj{hlgs lgsfodf 
;"rgf clwsf/Lsf] Joj:yf ;d]t ul/Psf] 5 . ;"rgfsf] 
xs ;DaGwdf ljleGg cGo u}/;/sf/L ;+3–;+:yfx¿ 
;d]t ;+nUg /x]sf 5g\ .

$=* g]kfnsf] ;+ljwfg @)&@

jt{dfg ;+ljwfgsf] wf/f @& cGtu{t k|To]s gful/snfO{ 
cfˆgf] jf ;fj{hlgs ;/f]sf/sf] s'g} klg ljifosf] ;"rgf 
dfUg] / kfpg] xs x'g]5 . t/ sfg"g adf]lhd uf]Ko /fVg'kg]{ 
;"rgfsf] hfgsf/L lbg s;}nfO{ afWo kfl/g] 5}g eGg] 
Joj:yf ul/Psf] h'g cGtl/d ;+ljwfgs} Joj:yfnfO{  
lg/Gt/tf lbPsf] 5 .

$=( lhNnf k|zf;g sfof{nox¿

cfof]un] @)&# j}zfv #! ut]sf] lg0f{ofg';f/ k|d'v lhNnf 
clwsf/Lx¿nfO{ lgDg cg';f/ # a'Fb] clwsf/ k|Tofof]hg 
u/]sf] 5 M 

-!_ k|To]s tLg÷tLg dlxgfdf :jtM k|sfzg lgoldt 
k|sfzg ug{ lhNnfsf ;a} ;/sf/L sfof{no tyf 
;fj{hlgs ;+:yfgx¿nfO{ cfb]z lbg] .

-@_ lhNnfsf ;a} ;/sf/L sfof{no tyf ;fj{hlgs 
;+:yfgx¿df ;"rgf clwsf/L tf]Sg / kbflwsf/Lsf] 
gfd, ;Dks{ / kmf]6f] ;lxtsf] ljj/0f ˆn]S; af]8{df 
;fj{hlgs ug{ cfb]z lbg] .

-#_ lhNnfsf ;a} ;/sf/L sfof{no tyf ;fj{hlgs 
;+:yfgx¿df kg]{ lgj]bg / ;f] adf]lhd ;"rgf 
pknAw u/fOPsf] jf OGsf/ ul/Psf] ljj/0fsf] 5'§} 
clen]v /fVg cfb]z lbg] .

%= ;"rgfsf] xssf] cfjZostf 

cfhsf] o'u eg]sf] ;"rgfsf] o'u xf] . ;"rgf eg]sf] s'g} 
klg ;fWo k"/f ug{ cfjZos To:tf] clgjfo{ ;fwg xf] 
h;sf] cg'kl:yltdf s'g} klg nIo xfl;n ug{ sl7gfO{ 
x'g] ub{5 .  s'g} klg ;"rgf k|fKt ug{' k|To]s gful/
ssf] df}lns xs dfq xf]Og of] dfgj clwsf/sf] ljifo 
klg xf] . h;nfO{ ;+o'Qm /fi6«;+3sf b:tfa]hx¿ ;d]tn] 
k'li6 ul/;s]sf] cj:yf 5 . ;"rgfsf] xssf] ;'lglZrttf 
geP /fHo lg/+s'z aGb} hfG5 . o;sf] cefjdf zf;sx¿ 
hgtfk|lt pQ/bfoL x'Fb}gg\ . a'Fbfut ¿kdf eGg' kbf{eGbf 
;"rgfsf] xs-n]_M

	 k|To]s gful/snfO{ ;zQmLs/0f u/fpF5 eg] /fHo 
;+oGqnfO{ pQ/bfoL agfpF5 .

	 df}lns xssf] klg xs xf] .

	 nf]stGqsf] cleGg cË xf] .

	 ;/sf/k|lt gful/ssf] ljZjf; a9fpg] dfWod xf] .

	 zf;g Joj:yfdf kf/blz{tfsf] k"j{ zt{ xf] .

	 ;zQm e|i6frf/ lj/f]wL cleofg xf] .

	 clgoldttf / l9nf;':tL x6fpF5 .

	 /fHo ;+oGqnfO{ yk pQ/bfoL agfpF5 .

	 /fHo tyf gful/ssf] lxt k|lts"n ;"rgfsf] ;+/If0f 
ub{5 .

	 ;fj{hlgs lg0f{o k|lqmof k|efjsf/L agfp5 .

	 /fHo Joj:yf ;~rfng ;"rgfdf cfwfl/t Pj+ 
j}1flgs agfpg d2t ub{5 .

	 zf;g Joj:yfdf gful/ssf] cy{k"0f{ ;xeflutf 
u/fp5 .

	 ;"rgfsf] dfWodaf6 hgtf / ;/sf/aLrsf] ;DaGw 
dha't agfp5 .

	 ;"rgf / 1fgdf cfwfl/t ;dfh lgdf{0fsf] cfwf/ 
aGb5 .

^= ;"rgfsf] xs cGtu{t k|jfx ug{ gldNg] ;"rgfx¿

;"rgfsf] xs /fHosf sfdsf/afxL / ;fj{hlgs ;/f]sf/sf] 
ljifodf hgtfnfO{ clwsflws ;';"lrt u/fpg'kb{5 eGg] 
dfGotf eP klg /fHosf] uf]Kotf -State Secret_ / 
gLlh÷JolQmut uf]Kotf -Privacy_ sf ;"rgfx?sf] k|efj 
ul/Fb}g / ug{ klg x'b}g\ .
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;"rgfsf] xs ;DalGw P]g, @)^$ sf] bkmf # sf] pkbkmf 
-#_ adf]lhd cGoq h'g;'s} s'/f n]lvPsf] eP tfklg 
;fj{hlgs lgsfodf /x]sf] b]xfosf] ljifo ;DaGwL ;"rgf 
k|jfx ul/g] 5}g egL Joj:yf ul/Psf] 5 . ;f]lx adf]lhd, 
;fj{hlgs lgsfodf /x]sf] b]xfosf] ljifo ;DaGwL ;"rgf 
k|jfx ul/g] 5}gM–

-s_ g]kfnsf] ;fj{ef}d;Qf, cv08tf, /fli6«o ;'/Iff, 
;fj{hlgs zflGt ;'Joj:yf jf cGt/f{li6«o ;DaGwdf 
uDeL/ vnn kfg]{,

-v_ ck/fwsf] cg';Gwfg, txlssft tyf cleof]hgdf 
k|ToIf c;/ kfg]{,

-u_ cfly{s, Jofkfl/s tyf df}l›s lxt jf af}l4s ;DklQsf] 
;+/If0f jf a}lsË jf Jofkfl/s uf]kgLotfdf uDeL/ 
cf3ft kfg]{,

-3_ ljleGg hfthflt jf ;Dk|bfo aLrsf] ;';DaGwdf 
k|ToIf ¿kdf vnn kfg]{,

-ª_ JolQmut uf]kgLotf / JolQmsf] hLp, Hofg, ;DklQ, 
:jf:Yo jf ;'/Iffdf vt/f k'of{pg] .

t/ To;/L ;"rgf k|jfx gug{'kg]{ plrt / kof{Kt sf/0f 
ePsf]df afx]s To:tf] ;"rgf k|jfx ug]{ bfloTjaf6 
;fj{hlgs lgsfo klG5g kfpg] 5}g . ;fj{hlgs lgsfosf] 
clen]vdf o; P]g adf]lhd k|jfx ug{ ldNg] / gldNg] 
;"rgf eP ;"rgf clwsf/Ln] k|jfx ug{ ldNg] ;"rgf 
5'§ofP/ lgj]bsnfO{ pknAw u/fpg' kg]{5 .

&= ;"rgfsf] xsdf ;fj{hlgs lgsfosf] bfloTjx¿

;"rgfsf] xssf b'O{ kIf– dfu kIf / cfk"lt{ kIf x'G5g\ . 
o;sf] cy{k"0f{ sfof{Gjog ug]{ st{Jo / bfloTj bf];|f] kIfsf] 
/xG5 . ;"rgfsf] xs ;DaGwL P]g, @)^$ sf] bkmf $ df 
;"rgfsf] xssf ;DaGwdf ;fj{hlgs lgsfosf] bfloTj 
;DaGwL Joj:yf /x]sf] 5M

-!_ 	k|To]s ;fj{hlgs lgsfon] gful/ssf] ;"rgfsf] 
xssf] ;Ddfg / ;+/If0f ug{' u/fpg' kg]{5.

-@_  pQm k|of]hgsf] nflu b]xfosf sfd ug{' ;fj{hlgs 
lgsfosf] bfloTj x'g]5M

	 ;"rgf juL{s/0f / cBfjlws u/L ;do ;dodf 
;fj{hlgs, k|sfzg tyf k|;f/0f ug]{ u/fpg] .

	 ;"rgfdf gful/ssf] kx'Fr ;/n / ;xh agfpg] .

	 cfˆgf] sfd sf/afxL v'nf / kf/bzL{ ¿kdf ug]{ .

	 cfˆgf sd{rf/Lsf] nflu pko'Qm tfnLd / k|lzIf0fsf] 

Joj:yf ug]{ .

;fj{hlgs lgsfon] v08 -@_ sf] pkbkmf -#_-s_ adf]lhd 
;fj{hlgs ;"rgf k|sfzg jf k|;f/0f ubf{ ljleGg /fli6«o 
efiff tyf cfd ;~rf/sf dfWodaf6 ug{ ;Sg]5 .

*= ;"rgfsf] cBfjlws / k|sfzg

;fj{hlgs lgsfon] b]xfosf ljifosf ;"rgfx¿ ;"rLs[t 
u/L k|sfzg ug{'kg]{ Joj:yf u/]sf] 5M

	 lgsfosf] :j¿k / k|s[lt . 

	 lgsfosf] sfd, st{Jo / clwsf/ .

	 lgsfodf /xg] sd{rf/L ;+Vof / sfo{ljj/0f .

	 lgsfoaf6 k|bfg ul/g] ;]jf .

	 ;]jf k|bfg ug]{ lgsfosf] zfvf / lhDd]jf/ 
clwsf/L .

	 ;]jf k|fKt ug{ nfUg] b:t'/ / cjlw .

	 lg0f{o ug]{ k|lqmof / clwsf/L .

	 lg0f{opk/ ph'/L ;'Gg] clwsf/L .

	 ;Dkfbg u/]sf] sfdsf] ljj/0f .

	 ;"rgf clwsf/L / k|d'vsf] gfd / kb .

	 P]g, lgod, ljlgod jf lgb]{lzsfsf] ;"rL .

	 cfDbfgL, vr{ tyf cfly{s sf/f]af/ ;DaGwL cBfjlws 
ljj/0f .

	 tf]lsP adf]lhdsf cGo ljj/0f .

(= ljefudf ;"rgfsf] xs ;DaGwL Joj:yf

-s_	 ljefusf] :j?k / k|s[ltM 

:j?kM :jb]zdf /x]sf] vlgh ;Dkbfsf] cGj]if0f sfo{ 
jf6 vlghhGo pBf]ux?sf] ljsf; u/L b]zdf cf}Bf]lus 
pTkfbg tyf cfly{s ljsf; ug]{ p2]Zon] g]kfn ;/sf/
af6 la=;= @)## ;fn -;g\ !(&^_ df  vfgL ljefu / 
ef}ule{s ;e]{If0f ljefunfO{ Plss[t eO{ >L pBf]u dGqfno 
cGtu{t Ps dfq s]lG›o lgsfo ævfgL tyf e"ue{ ljefuÆ 
gfdfs/0f u/L ;+rfngdf /x]sf] 5 . g]kfn ;/sf/sf] lg0f{o 
cg';f/ :jLs[t ;+l3o ljefuLo ;+u7g ;+/rgf jdf]lhd 
dxflgb]{zssf] dftxtdf e"–lj1fg dxfzvf, vlgh 
;Dkbf dxfzfvf / of]hgf, k|zf;lgs tyf k|fljlws ;]jf 
dxfzfvf u/L # j6f dxfzfvfx? tyf k]6«f]lnod cGj]if0f 
tyf k|jb{\wg s]G›, vlgh k|jb{\wg tyf k|zf]wg s]G› / 
/fli6«o e"sDk dfkg tyf cg';Gwfg s]G› u/L # j6f 
s]G›x? / ;f] cGtu{tsf @% j6f zfvfx?,  e"sDk dfkg 
s]G› -zfvf sfof{no_, ;'v]{t tyf k]6«f]lnod cGj]if0f 
kl/of]hgfsf] Joj:yf ul/Psf] 5 .    
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k|s[ltM e"–a}1flgs tyf e"slDko cWoog, ef}ule{s ;j]{If0f, 
vlgh cGj]if0f, k]6«f]lnod cGj]if0f, vlgh hGo pBf]usf] 
ljsf;, vlgh tyf vfgL lgodg tyf k|zf;g, vfgL 
cg'udg tyf lgl/If0f .

-v_ ljefusf] sfd, st{Jo / clwsf/

g]kfn ;/sf/ sfo{ ljefhg lgodfjnL, @)^( df tf]lsP 
adf]lhd pBf]u, jfl0fHo tyf cfk'tL{ dGqfnosf] sfd, 
st{Jo / clwsf/sf] a'Fbf g+= -@_ / -#_ df vfgL tyf 
e"ue{ ;DalGw b]xfosf] sfd, st{Jo / clwsf/sf] k|fjwfg 
lglZrt ul/Psf] 5 M–

	 vfgL tyf vlgh kbfy{ cGj]if0f ;DalGw gLlt, 
of]hgf, sfof{Gjog tyf lgodg .

	 vfgL tyf vlgh ljsf; ljifos cWoog, cGj]if0f 
tyf ;j]{If0f .

pk/f]Qm sfd, st{Jo / clwsf/sf] bfo/fnfO{ cfTd;ft 
ub}{ vfgL tyf e"ue{ ljefun] ;Dkfbg ug]{ sfo{sf] cfwf/df 
o; ljefusf] b]xfosf] sfd, st{Jo / clwsf/ /x]sf] 5M–

	 e"–j}1flgs cWoog tyf cg';Gwfg u/L b]zsf] 
ef}ule{s 1fgdf clej[l4 ug]{ .

	 vlgh ;Dkbfx¿sf] cWoog, cGj]if0f, d"NofÍg tyf 
k|jw{g u/L ;f] df cfwfl/t vlgh pBf]ux¿sf] 
ljsf; u/L cfly{s ljsf;df 6]jf k'of{pg] .

	 vfgL tyf vlgh kbfy{sf] cWoog, cg';Gwfgsf 
nflu cfjZos k|fljlws ;]jf pknAw u/fpg] .

	 vlgh e08f/df cfwfl/t vfgL tyf vlgh 
pBf]ux¿sf] k|jw{g, ljsf;, tyf ;~rfng ug{ vfgL 
tyf vlgh kbfy{ P]g tyf lgodx¿ th{'df u/L nfu" 
ug]{ .

	 e"sDkLo cWoog tyf cg';Gwfg, e"sDk / e"sDkLo 
k|sf]ksf] ;lx lgu/fgL /fVg] .

	 k]6«f]lnod tyf k|fs[lts UofF; x'g ;Sg] ;+efljt 
If]qdf ef}ule{s tyf e"–ef}lts cGj]if0f u/L 
k]6«f]lnodsf e08f/x¿ kQf nufO{ /fli6«o / cGt/fli6«o 
nufgLstf{nfO{ k]6«f]lnod cGj]if0f Pj+ pTkfbg ug{ 
cfsif{0f ug]{ .

-u_ ljefudf /x]sf sd{rf/Lsf] ;+Vof / sfo{ ljj/0f

 sd{rf/L ;+VofM hDdf sd{rf/L ;+Vof !$$ dWo] k|fljlws 
(%, ck|fljlwsdf !( / >]0fL ljlxg #) sd{rf/Lx? 
sfo{/t 5g\. dxflgb]{zs, dxfzfvf k|d'v– #, s]G› k|d'v– 
# ul/ /f=k=k| >]0fLsf] &, lhof]nf]lhi6– $(, s]ldi6– (, 
dfOlgË OlGhlgo/–^, d]6fnlh{sn O{lGhlgo/, s]ldsn 

OlGhlgo/, d]sflgsn OlGhlgo/,  l/;r{ clws[t, 8s'd]06]
zg clkm;/, gfkL clws[t, l;lgo/ l8«n/ / sDKo'6/ 
clws[t & u/L hDdf clws[t :t/sf] k|fljlws hgzlQmx? 
&( Joj:yf ul/Psf] 5 .    

d"Vo sfo{ ljj/0fM

s_ e"–lj1fg dxfzfvf

!=	 ef}ule{s DoflkË zfvfM ef}ule{s tYofÍ ;+sng tyf 
ef}ule{s gS;f k|sfzg .

@=	 l/df]6 ;]lG;Ë tyf lhof]nf]lhsn 8f6f ;]G6/M b"/ 
;+j]bg k|ljlw tyf GIS k|ljlwsf] pkof]uaf6 
ef}ule{s ;j]{If0f tyf lhof]x]hf8{ gS;f k|sfzg ug]{ .

#=	 Ol~hlgol/Ë lhof]nf]hL zfvfM Jojl:yt zx/L 
ljsf;sf] nflu OlGhlgol/Ë lhof]nf]lhsn cWoog ug]{ . 
Jojl:yt zx/L ljsf; tyf kmf]x/ d}nf Joj:yfkg sf] 
nflu cWoog, cg';Gwfg tyf k|ltj]bg tof/ 
ug]{ . lkmN8af6 ;+slnt r§fgsf] gd'gfx¿sf] 
lhof]6]lSgsn tyf OlGhlgol/Ë u'0fx¿sf] k/LIf0f 
ug]{ .  

$=	 klx/f] cg';Gwfg zfvfM klx/f] ;DaGwL ef}ule{s 
cWoog cg';Gwfg tyf ;"rgf ;+sng .

%=	 e"–ef}lts tyf e"– /;folgs zfvfM e"–ef}lts tyf 
e"–/;folgs cWoogaf6 vlgh >f]tsf] cGj]if0f sfo{ 
ug]{ . 

v_ vlgh ;Dkbf dxfzfvf

!=	 vlgh cGj]if0f zfvfM wft' tyf cwft' vlghsf] 
cWoog cg';Gwfg ug]{ . 

@=	 l8«nLª tyf PS;Knf]6/L dfOlgª zfvfM vlgh e08f/
sf] kl/df0f olsg ug{ l8«lnË sfo{ ug]{ .

#=	 k|fs[lts UofF; zfvfM sf]Onf tyf k|fs[lts UofF;sf] 
cWoog tyf cg';Gwfg ug]{ .

$=	 vfgL cg'dlt tyf k|zf;g zfvfM vlgh sfo{sf] 
nflu vf]htnf; tyf pTvgg\ sf] cg'dltkq k|bfg 
ug]{ . 

%=	 vfgL cg'udg zfvfM ;+rfngdf /x]sf vfgLx¿sf] 
k|fljlws tyf jftfj/0fLo ljjfbsf] ;dfwfgsf] tyf 
vfgLx¿sf] cg'udg / lg/LIf0f ug]{ .

u_ of]hgf, k|zf;lgs tyf k|fljlws ;]jf dxfzfvf

!=	 of]hgf, sfo{qmd tyf ;"rgf zfvfM k~rjifL{o 
of]hgf, jflif{s sfo{qmd tyf ah]6sf] tof/L, sfo{qmd 
;+rfng tyf d"NofÍg, k|ult k|ltj]bg tyf ;"rgf 
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k|jfx / ;+sng ug]{ .

@=	 sGe];gn PgnfOl;; zfvfM k|rlnt tl/sfaf6 wfp, 
r§fg / vlgh kbfy{df /x]sf] tTjx?sf] u'0ffTds / 
kl/df0ffTds k/LIf0f, ljZn]if0f sfo{ ug]{ .

#=	 6«]; Olnd]G6 Pgnfl;; zfvfM lhof]s]ldsn gd'gfx¿ 
h:t} kfgL, df6f] cflbsf] u'0ffTds / kl/df0ffTds 
k/LIf0f, ljZn]if0f sfo{ ug]{ .

$=	 :ofDkn lk|k|];g tyf :6f]/ zfvfM ljleGg lkmN8 
sfo{af6 ;DkGg ePsf gd'gfx¿sf] /;folgs 
k/LIf0fsf] nflu :ofDkn lk|k/];g ug]{ tyf ;f] 
gd'gfx¿sf] Jojl:yt ¿kdf ;+sng ug]{ .

%=	 k|zf;g zfvfM ljefuLo k|zf;g ;DaGwL sfo{ ug]{ .

^=	 cfly{s k|zf;g zfvfM ljefuLo cfly{s k|zf;g 
;DaGwL sfo{ ug]{ .

3_	 k]6«f]lnod cGj]if0f tyf k|jb{\wg s]G› 

!=	 k]6«f]lnod k|jb{\wg zfvfM  k]6«f]lnod e08f/sf] cfly{s 
cWoog tyf k|jb{\wg sfo{ ug]{ . 

@=	 8f6f OG6/lk|6]zg tyf 8s'd]G6]zg zfvfM ef}ule{s, 
e"–ef}lts tyf e"–/;folgs cg';Gwfg sfo{af6 k|fKt 
8f6fx?sf] OG6/lk|6];g tyf 8s'd]G6];g ug]{ .  

#=	 k]6«f]lnod cGj]if0f zfvfM k]6«f]lnod cGj]if0f sfo{sf] 
nflu e"–ef}lts P/f]DofUg]l6s ;fOl:ds tyf u|feL6L 
;j]{If0f ;DaGwL sfo{ ug]{ .

ª_	 vlgh k|jb{\wg tyf k|zf]wg s]G›

!=	 vlgh cfly{s cWoog tyf k|jb{\wg zfvfM kQf nfu]sf 
vlgh e08f/sf] k|fljlws, cfly{s, cWoogsf] cfwf/
df 8f6f Kofs]h tof/ u/L pBf]u k|jb{\wg ;DaGwL 
sfo{ ug]{ . 

@=	 vlgh e08f/ d"NofÍg zfvfM cGj]if0f sfo{af6 kQf 
nfu]sf] cwft' / wft' vlgh e08f/sf] kl/df0f tyf 
u'0fsf] d"NofÍg ug]{ .

#=	 vlgh k|zf]wg k|of]uzfnfM wft' / cwft' vlghsf] 
k|zf]wg tyf j]lglkms];g ug]{ .

$=	 ldg/f]nhL tyf h]df]nf]hL zfvfM r§fg tyf vlghsf 
gd'gfx¿sf] lyg ;]S;g tyf kf]lni8 ;]S;g agfO{ 
k/LIf0f ug]{ .

r_ /fli6«o e"sDk dfkg tyf cg';Gwfg s]G›

!=	 e"sDk dfkg tyf :ofl:ds xhf8{ d"Nof°g zfvfM 
;fOl:ds :6];g, 8f6f ;+sng tyf k|zf]wg sfo{ 
tyf e"slDko hf]lvd d'NofÍg ug]{ .

@=	 lhof]8];L tyf Koflnof] ;]:df]nf]hL zfvfM GPS 
:6];gsf] ;+rfng, ;"rgf ;+sng tyf k'/fgf e"slDko 
b/f/x?sf] cWoog cg';Gwfg .

-3_ ljefuaf6 k|bfg ul/g] ;"rgf ;]jf 

ljefuaf6 k|bfg ul/g] ;"rgf ;]jf ;DjGwL lzif{s 
cg';'lrdf ;+nUg /x]sf] .

-ª_ ljefuaf6 ;]jf k|bfg ug]{ zfvf / lhDd]jf/ clwsf/LM
ljefu jf6 k|bfg ul/g] ;"rgf ;]jf, ;"rgfsf] ljj/0f 
;"rgf zfvf dfkm{t pknJw x'g] . ;"rgf clwsf/Ln] 
ljefusf] ;DalGwt zfvfx?;+u ;DGjo ul/ ;]jf pknJw 
u/fpg] .

-r_ ;]jf k|fKt ug{ nfUg] b:t'/ / cjlwM gful/s j8fkqsf] 
Joj:yf ul/Psf] / ljefuLo j]a;fO6df klg /flvPsf] .

-5_ lg0f{o ug]{ k|lqmof / clwsf/LM ljefujf6 k|bfg ul/g] 
;]jf ;DjlGw ;"rgfsf] ljj/0f lzif{sdf ;dfj]z eO{ 
cg';'lrdf ;+nUg . 

-h_ lg0f{o pk/ ph'/L ;'Gg] clwsf/LM ljefluo k|d"v 
dxflgb]{zs tyf gf]8n clws[t pkdxflgb]{zs >L ho 
/fh l3ld/] . 

-em_ ;Dkfbg u/]sf] sfdsf] ljj/0fM lgoldt ¿kdf 
k|sfzg u/L ljefuLo j]a;fO6df /flvg] ul/Psf] .

-`_ ;"rgf clwsf/L / k|d"vsf] gfd / kbM   >L gf/fo0f 
afF:sf]6f, l;=l8=lh=, of]hgf, sfo{qmd tyf ;"rgf zfvf 
k|d"v . 

;xfos ;"rgf clwsf/L / k|d'vsf] gfd / kbM >L ;'ne 
sfo:y, lh=, >L lznf e§/fO{, lh=, of]hgf, sfo{qmd tyf 
;"rgf zfvf .

-6_ P]g, lgod, ljlgod, lgb]{lzsfsf] ;"rLM 

!=	 vfgL tyf vlgh kbfy{ P]g, @)$@ 

@=	 vfgL tyf vlgh kbfy{ lgodfjnL, @)%^ 

#=	 vlgh ;j]{If0f -eQf tyf ;'ljwf_ lgodx¿, @)@$ 

$=	 g]kfn k]6«f]lnod P]g, @)$)

%=	 k]6«f]lnod lgodfjnL, @)$! 

^=	 k]6«f]lnod cGj]if0f cfos/ lgodfjnL, @)$!

&=	 /fli6«o vlgh gLlt, @)&$

*=	 vfgL tyf e"ue{ ljefusf] sfo{ljlw, @)&%

(=	 cfDbfgL, vr{ tyf cfly{s sf/f]af/ ;DaGwL cBfjlws 
ljj/0fM lgoldt ¿kdf k|sfzg u/L ljefuLo 
j]a;fO6df /flvg] ul/Psf] . 
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-7_ tf]lsP adf]lhdsf cGo ljj/0fM

;"rgfsf] xs;DaGwL lgodfjnL, @)^% lgod # 
adf]lhdsf] ;"rgfsf] ljj/0fM 

	 cl3Nnf] cfly{s jif{df ;fj{hlgs lgsfon] s'g} 
sfo{qmd jf cfof]hgf ;~rfng u/]sf] eP ;f]sf] 
ljj/0fM -cf=j=@)&*.)&( / cf= j= @)&(.*) sf] 
jflif{s k|ult ljj/0fdf vfgL tyf e"ue{ ljefu, 
vlgh cGj]if0f tyf ljsf; cfof]hgf, e"–j}1flgs 
;j]{If0f tyf cg';Gwfg cfof]hgf cGtu{t ;+rflnt 
sfo{qmdx¿sf] k|ult ljj/0f lgoldt ¿kdf k|sfzg 
ul/Fb} cfPsf] .

	 ;fj{hlgs lgsfosf] j]a;fO6 eP ;f]sf] ljj/0fM

	 www.dmgnepal.gov.np

	 www.seismonepal.gov.np

	 http://gis.dmgnepal.gov.np/dmg

	 http://lib.dmgnepal.gov.np  

	 ;fj{hlgs lgsfon] k|fKt u/]sf] j}b]lzs ;xfotf, 
q[0f, cg'bfg Pj+ k|fljlws ;xof]u / ;Demf}tf ;DaGwL 
ljj/0f lgoldt ¿kdf k|sfzg ul/Fb} ;f]sf] ljj/0f 
ljefuLo j]a;fO6df /flvPsf] .

	 ;fj{hlgs lgsfon] ;+rfng u/]sf] sfo{qmd ;f]sf] 
k|ult ljj/0fM cf=j=@)&*.)&( / cf=j= @)&(.*) 
sf] k|ult lgoldt ¿kdf k|sfzg ul/Fb} ;f]sf] ljj/0f 
ljefuLo j]a;fO6df /flvPsf] .

	 ;fj{hlgs lgsfodf k/]sf] ;"rgf dfu ;DaGwL 
lgj]bg / ;f] pk/ ;"rgf lbPsf] ljifoM -cg';"lr–! 
df ;+nUg_ .

	 ;fj{hlgs lgsfon] juL{s/0f tyf ;+/If0f u/]sf] 
;"rgfsf] lgodfjnL / To:tf] ;"rgf ;+/If0f ug{ 
tf]lsPsf] ;dofjlwM -juL{s/0f tyf ;+/If0f u/]sf] 
;"rgfsf] ljj/0f -cg';"rL @ df ;+nUg_ .

	 ;fj{hlgs lgsfosf ;"rgfx¿ cGoq k|sfzg ePsf 
jf x'g] ePsf] eP ;f]sf] ljj/0fM ljefuLo jflif{s 
;DkGg lqmofsnfkx¿ ;dfj]z eO{ ljefusf] jflif{s 
k|sfzg æDMG Annual Report, a|f];/x?æ lgoldt 
¿kdf k|sfzg eO{ lgMz'Ns pknAw u/fpg] Joj:yf 
/x]sf] .

-8_ ;"rgf pknAw u/fpg] k|lqmofM 

	 ljefuaf6 ;"rgf pknAw u/fpg] k|lqmof lgDgfg';f/ 
/x]sf 5g\M

	 ;"rgf df}lvs jf kmf]g jf kq jf cfkm} pkl:yt eO{ 
lnlvt jf x]nf] ;/sf/ dfkm{t dfu ug{ ;lsg]5 .

	 ;"rgf dfu ug]{n] cfˆgf] gful/stfsf] k|ltlnkL jf 
kl/ro v'Ng] sfuhft ;+nUg ul/ ;"rgf dfu ug{'sf] 
sf/0f v'nfO{ lgj]bg lbg' kg]{5 .

	 ;"rgf pknAw u/fpbf k|To]s kfgfsf] k|ltlnkL ptf/ 
kmf]6f]skL vr{ a/fa/sf] /sd /fhZj bflvnf ug{ 
nufO{ ljefuLo lg0f{o eO{ ;"rgf clwsf/L dfkm{t 
pknAw u/fO{g]5 . ;"rgf clwsf/Ln] cfjZostf 
cg';f/ cGo zfvfx?;+u ;d]t ;dGjo u/L ;"rgf 
pknAw u/fpg] 5 . lnlvt ?kdf ;"rgf pknAw 
u/fpbf ljefuLo lg0f{o kZrft dfq u/fpg' kg]{5 .

	 ;"rgf pknAw u/fpg g;lsg] cj:yfdf ;f] sf] 
hfgsf/L u/fO{g]5 .

	 ;"rgf pknAw u/fpg] ;Gbe{df s]xL å'ljwf ePdf 
ljefuaf6 ;"rgf cfof]usf] /fo lnO{ jf ljefun] 
;"rgf pknAw gu/fpg] lg0f{odf lrQ ga'em]df 
;DalGwt kIfaf6 ;"rgf cfof]udf ph'/L lbO{ tFxf 
cfof]uaf6 h] h:tf] lg0f{o x'G5 ;f]xL adf]lhd x'g] 
ul/ ;"rgf ÷ hfgsf/L pknAw u/fO{g]5 .

!)= ;"rgf pknAw u/fpg] ;Gbe{df g]kfndf 
b]lvPsf ;d:ofx?

	 pN6f] k|j[lQ -uf]Ko /xg'kg]{ ;"rgf aflx/ cfpg] t/ 
;"lrt ug{'kg]{ ;"rgf glbg]_ .

	 ;"rgfsf] xs eg]sf] ;"rgfsf] k|dfl0ft ¿k k|fKt ug{' 
dfq xf] eGg] cfd a'emfO -Right to Inspection, Right 
to participation in Decision making kIf sdhf]/_ .

	 /fhgLlt tyf k|zf;gsf] cy{ k"0f{ k|lta4tf 
-Meaningful Commitment_ g/xg' .

	 dfu]sf] ¿kdf ;"rgf glbO{ tf]8df]8 u/L cfˆgf] 
cg's"n dfq lbg] k|j[lQ .

	 yf]sdf ;"rgf dfUg] k|j[lQ -xfn;Dd ePsf, cGtu{tsf 
ljefu sfof{nosf, s'g} ljifodf ePsf ;a}_ .

	 ;"rgfsf] xs kqsf/sf] xf] eGg] dfgl;stf ha ls 
of] xs kqsf/sf] geO{ gful/ssf] xf] .

	 ;"rgfsf] juL{s/0f x'g g;Sg' .

	 ;"rgf clwsf/L g} ;"rgf ljxLg x'g' .

	 ;"rgf clwsf/L ;DaGwL ;"rgfsf] cefj -sf]7f g+=, 
gfd, kb=_ .

	 ;"rgf dfusf] lgj]bg, ;"rgf pknAw u/fpg k|d'vsf] 
cfb]z g} vf]Hg'kg]{ .

	 uf]Ko ;+:s[lt -leQfsf] klg sfg x'G5 eGg] cfd 
;+:s[lt_ .

	 ;"rgfbftfsf] ;+/If0f ug]{ sfg'gL Joj:yf gx'g' 
-ljjfbf:kb cleJolQm ;~rf/ dfWoddf lbPsf] egL 
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tTsfnLg jg dGqfnosf k|jQmfnfO{ @)%( c;f/df 
lhDd]jf/Laf6 x6fOof]_ .

	 b'?kof]udf ;hfo x'g] Joj:yfn] cj/f]w k'/fPsf] .

	 ;"rgfsf] xs ;DaGwL P]gsf] ;jf]{Rrtf gx'g' -cGo 
sfg'gsf] uf]Kotf ;DaGwL Joj:yf :jLsf/_ .

	 ;/sf/sf] ;"rgf k|jfx ug]{ ;fj{hlgs ;~rf/ /0fgLlt 
gx'g' .

	 PsLs[t ;"rgf clen]v k|0ffnLsf] cefj .

	 xs clwsf/sf] k|of]ueGbf lrghfg, eg;'gsf] cfwf/
df ;"rgf lng] k|j[lQ .

	 ;"rgfsf] xssf] dxTj ;DaGwL hgr]tgf sdhf]/ .

	 /fhgLlts bnsf] pbf;Lgtf, ckf/blz{tf .

	 ;fj{hlgs ;]jf k|bfg ug]{ eP klg lghL If]q aflx/} .

	 ;"rgfsf] xs k|rngsf] nflu ah]6sf] cefj .

	 ;"rgf dfu ug]{sf] dg;fo :ki6 gx'g' .

	 ;"rgfsf cfwf/df c?nfO{ b'Mv lbg] k|j[lt b]lvg' .

!!= cfufdL sfo{lbzf

	 gLltut ;'wf/

	 cGt/f{li6«o dfGotf cg';f/ of] xs k|To]s JolQmnfO{ 
x'g] u/L ;+ljwfg ;+zf]wg .

	 ;"rgfsf] xs ;DaGwL P]gsf] ;jf]{Rrtf sfod ug]{ 
-jflemPsf sfg'g cdfGo x'g]_ .

	 cfof]usf] :jfoQtfsf] nflu ;+j}wflgs Joj:yf .

	 ;"rgf juL{s/0fsf cfwf/ tf]Sg] .

	 ;"rgfbftfsf] ;+/If0fsf] k|Tofe"lt .

	 ;fj{hlgs ;]jf k|bfg ug]{ lghL If]qnfO{ P]gsf] 
kl/lwleq Nofpg] .

	 RTI Audit/ RTI Budget sf] cjwf/0ffnfO{ ;3g ¿kdf 
sfof{Gjog ug]{ .

	 ;+:yfut ;'wf/

	 cfof]usf] ljs]G›Ls/0f -k|fb]lzs ;"rgf cfof]u_ .

	 cfof]u / ;+;b\ aLrsf] ;DaGw .

	 cfof]usf lg0f{o÷cfb]zsf] sfof{Gjogsf] cg'udgsf] 
ljz]if ;+oGq lgdf{0f .

	 cGt/lgsfo ;dGjo -cfof]u, ;fj{hlgs lgsfo, 
gful/s ;dfh_ .

	 k|To]s lgsfodf ;"rgf PsfO{sf] Joj:yf ug]{ .

	 ;"rgfsf] Digitalization ug]{, ;"rgfsf] Archives v8f 
ug]{ .

	 ;lrj jf ljefuLo k|d'vsf] :jljj]saf6 ge} ;"rgf 
clwsf/L lgo'lQmsf] dfkb08 agfpg] .

	 ;"rgf clwsf/LnfO{ ;|f]t ;fwgsf] ;'lglZrttf .

	 :yfgLo txdf cf/6LcfO{ cDa'8\:Dofg u7g ug]{ .

	 sfo{ ljlwut ;'wf/

	 ;"rgfsf] juL{s/0f ug]{ .

	 k|jb{\wgfTds sfo{ ug]{ u/fpg] .

	 ;"rgfdf gful/s kx'Fr ;'lglZrt ug]{ .

	 Paperless Governance df hf]8 lbg] .

	 ;"rgfsf] unt k|of]unfO{ xtf]T;fxL ug]{ ;+oGq 
lgdf{0f .

	 :jtM ;"rgf k|sfzg ug{'kg]{ / ;"rgf clwsf/L 
tf]Sg'kg]{ .

	 ;"rgf dfu ubf{ sf/0f / k|of]hg v'nfO{ dfu 
ug{'kg]{ .

	 cGo ;'wf/

	 ;"rgfsf] xs;DaGwL ljifonfO{ kf7\oqmddf ;dfj]z 
ug]{ .

	 ;"rgf dfustf{sf] Ifdtf clej[l4 .

	 ;"rgf Joj:yfkg k|0ffnLsf] ljsf; / lj:tf/ .

	 ;"rgfsf] dfu gu/] klg lgoldt k|sfzg / k|;f/0f 
ug]{ ;+:s[ltsf] ljsf; ug]{ .

	 /fhgLlts tyf pRr k|zf;lgs If]qdf OR5fzlQm 
a9fpg] .

	 vf]h kqsfl/tfnfO{ k|f]T;flxt ug]{ .

	 ljB'tLo dfWodaf6 ;"rgf kfpg] Joj:yf nfu" ug]{ .

!@= ;Gbe{ ;fdu|L

;"rgfsf] clwsf/ jif{ ! cÍ !, /fli6«o ;"rgf cfof]u.

;fj{hlgs Joj:yfkg, ;|f]t ;fdu|L cu| ;f/ly cWoog 
tyf cg';Gwfg s]G› .

k/fu, cÍ $, /fli6«o sd{rf/L ;+u7g, lghfdtL ljefuLo 
;ldlt cy{ dGqfno. ;"rgf cfof]usf] j]a;fO6df 
pknAw ljleGg ;fdu|Lx¿ .

http://anticorruptionactivistsharada.com

 Global Right to Information Rating, Centre for Law and 
Democracy 

ljleGg kqklqsfdf k|sflzt ljleGg n]vssf n]vx¿ .
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cg;"rL– !
;"rgfsf] xs cGtu{t ;"rgf dfu ePsf] ljj/0f

lgsfosf] gfd M vfgL tyf e"ue{ ljefu
k|ltj]bgsf] cjwL M @)&* ;fpg b]lv @)*) ciff9;Dd

qm=;= ;"rgf dfu ug]{sf] 
gfd, 7]ufgf 

;"rgf dfu 
u/]sf] ldlt

dfu u/]sf] ;"rgfsf] ;+lIfKt ljj/0f ;"rgf lbP glbPsf] 
/ ;f] lg0f{osf] ldlt

sfof{no k|d'v jf 
;"rgf clwsf/L 
dWo] s'g txaf6 
;"rgf lbPsf]

;"rgf glbPsf] 
eP ;f]sf] 
sf/0f

s}lkmot

! >L lxdfn va/
klqsf

@)&*.)$.!! r'g9'Ëf pTkfbg ub}{ cfPsf ljleGg 
sDkgLx?sf] ljj/0f tyf /fhZj

@)&*.)$.!* ljefuLo lg0f{o eO{ 
;"rgf clws[taf6 
;"rgf lbPsf] .

;"rgf lbPsf] .

@ >L Environment Law 
Society

@)&*.)$.!! ;fwf/0f lgdf{0fd'lv vlghsf] sDkgL ljj/0f 
/ pTkfbg ljj/0f

@)&*.)$.@% Æ Æ  

# >L gf/fo0f k|;fb 
zdf{

@)&*.)$.@* e'ue{ l;d]G6sf], c3f{vfFrL lhNnf, 
;lGwvs{– & l:yt r'g9'Ëf vfgLsf] ljj/0f 
tyf EIA k|ltj]bg

@)&*.)$.@* Æ Æ  

$ >L lji0f' k|;fb 
yfkf

@)&*.)*.@^ e'ue{ l;d]G6sf], c3f{vfFrL lhNnf, 
;lGwvs{– & l:yt r'g9'Ëf vfgLsf] ljj/0f 
tyf EIA k|ltj]bg

@)&*.)(.)& Æ Æ  

% >L lji0f' k|;fb 
yfkf

@)&*.!@.)! e'ue{ l;d]G6sf], c3f{vfFrL lhNnf, 
;lGwvs{– & l:yt r'g9'Ëf vfgLsf] 
pTvgg\ sfo{sf] Ifdtf tyf EIA k|ltj]bg

@)&*.!@.!) Æ Æ

^ >L /fhs'df/ 
ltldN;gf

@)&*.)(.@% nlntk'/ lhNnf l:yt ljleGg lgdf{0fd'lv 
vlghsf] ljj/0f

@)&*.!).)^ Æ Æ  

& >L k|h' kGt @)&(.)#.)^ o; ljefuaf6 hfl/ afn'jf pTvgg\ vfgLsf] 
ljj/0f 

@)&(.)#.!& Æ Æ

* >L s]zj/fh rGb 
-d'?Nn] arfp ;+3if{ 
;ldlt_

@)&(.)$.!^ z'ed\ vlgh pBf]u k|f=ln= sf] IEEk|ltj]bg 
/ cGo ljj/0f

@)&(.)$.@$ Æ Æ

( >L e}/a afaf
k|zf]wg pBf]u P08 
;Knfo;{ k|f=ln=

@)&(.)%.)! gjnk/f;L -j=;=k"=_ / bfË lhNnfdf 9'Ëf, 
lu6L, afn'jfsf] nflu pTsgg\ ;xdlt 
lnPsf vfgLx?sf] ljj/0f

@)&(.)%.!% Æ Æ

!) >L lzjnfn kf}8]n 
-lxGb'va/ 86sd_

@)&(.)(.@% n'lDalg k|b]z, kfNkf lhNnfsf] ltgfp uf=kf= 
df kg]{ vfgLhGo kbfy{x?sf] ljj/0f / vfgL 
btf{ eP– gefPsf] ljj/0f 

@)&(.)(.@^

!! >L e]if/fh n'O{6]n @)&(.!@.!@ d'lQm>L l;d]06 O{=k|f=ln= ;DaGwL ljj/0f @)&(.!@.@# Æ Æ

!@ >L sdn k|;fb
kf]v/]n

@)*).)!.)* kfNkf l;d]G6 O{= k|f=ln= sf] r'g9'Ëf pTvgg\ 
sf] ljj/0f

@)*).)!.@& Æ Æ

!# >L Diyopost @)*).)!.@% >L s'df/L dftf /f]8f 9'Ëf pBf]u k|f=ln= sf] 
pTvgg\ ;DaGwL ljj/0f

@)*).)@.)! Æ Æ

!$ >L Diyopost @)*).)@.!( >L s'df/L dftf /f]8f 9'Ëf pBf]u k|f=ln= sf] 
lkmN8 cg'udg ;DaGwL k|ltj]bg

@)*).)@.#) Æ Æ

!% x]nf] ;/sf/

!^ x]nf] ;/sf/

!& x]nf] ;/sf/

!* x]nf] ;/sf/
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cg';"lr– @

vfgL tyf e'ue{ ljefu

vfgL tyf e'–ue{ ljefusf] ;'rgfsf] xs ;DaGwL P]g, @)^$ sf] bkmf # adf]lhd lbg ldNg] / gldNg] ;"rgfsf] ljj/0f
!=	 uf]Ko /fVg' gkg]{ ;"rgfx¿df 
	 cfly{s ljj/0f -cfDbfgL / vr{_
	 ;fdfg vl/b u/]sf] ;+:yfsf] ljefudf ;"rLs[t ePsf] ljj/0f
	 ljefuLo ;+/rgf, hgzlQm / sfo{ ljj/0f
	 ljefuaf6 k|sfzg ePsf e"–j}1flgs ;j]{If0f tyf cg';Gwfg, vlgh cGj]if0f tyf ljsfz tyf e"sDk ;DaGwL 

cWoog cg';Gwfgsf] k|ltj]bg, k|sfzg, a|f];/, gS;f, ef}ule{s ;"rgfsf] ljj/0f
	 ljefun] tof/ u/]sf] vlgh sfo{sf] sfo{ljlw, gful/s j8fkq tyf cg'dltkq k|bfg ug]{ ljlw ;DaGwL ljj/0f
	 vlghsfo{sf] nflu k|bfg ul/Psf] cg'dltkqsf] ljj/0f
	 vlgh pTkfbg tyf /fhZj ;+sng ;DaGwL ljj/0f
	 vlgh cGj]if0f tyf k|jw{g sfo{sf] ljj/0f
	 ljefuLo sfo{of]hgf tyf sfo{ ;Dkfbgsf] ljj/0f
	 :jLs[t of]hgf, jflif{s sfo{qmd tyf k|ult
	 ;]jfu|fxLnfO{ ljefuaf6 k|bfg ul/g] ;]jf tyf cGo ljefuLo ultljlwx¿sf] ljj/0f
	 k]6«f]lnod cGj]if0f ;DaGwL k|sflzt ePsf k|ltj]bg, a|f];/ tyf cGj]if0f v08sf ef}ule{s gS;fx¿
	 ljleGg vfgLx¿sf :jLs[t dfO{lgË l:sd, TOR, IEE/EIA k|ltj]bgx¿
	 ljefuaf6 ePsf cg'udg k|ltj]bgx¿sf] cfwf/df :jLs[t ePsfkq÷ lgb]{zg
	 pknAw ePsf GPS / Strong Motion Datax?
	 $ /]S6/ Local Magnitude / Felt Earthquakex? ;DaGwL Data

@=	 uf]Ko /fVg' kg]{ ;"rgfx¿dfM
	 k]6«f]lnod cGj]if0f tyf pTkfbg sfo{sf] nflu cGt/fli6«o t]n sDkgLx¿;Fu ePsf] k]6«f]lnod ;Demf}tf kq
	 ljefu tyf :jb]zL÷ljb]zL nufgLstf{÷ p4dL;Fu ePsf] ;Demf}tf kq, ljefuaf6 ePsf vlgh cGj]if0f tyf 

;j]{If0f / k]6«f]lnod cGj]if0f ;DaGwL 8f6f Kofs]hx?
	 sfg'g kl/jt{g÷;+zf]wgsf] k|s[ofd} /x]sf P]g tyf lgodx¿ cGtu{tsf ljj/0f
	 ljefudf k]z eO{ :jLs[t gePsf TOR, IEE÷EIA
	 sDkgL tyf JolQmut ljj/0f
	 cg'dltkq hf/L geO{ ;s]sf dfO{lgË l:sdx?
	 cg'udg k|ltj]bgx¿
	 $ /]S6/ :s]n eGbf tnsf / cg'ej gul/Psf Unprocessed ;fO{l:ds 8f6fx?

#=	 uf]Ko /xg' kg]{ cjlwM
	 ;Demf}tf kqsf] xsdf ;Demf}tfdf pNn]v ePsf] cjlwdf yk kfFr jif{ ;Dd .
	 8f6f Kofs]hx¿sf] xsdf ;Demf}tf geP ;Dd .
	 sfg'g kl/jt{g÷;+zf]wgsf] xsdf /fhkqdf k|sfzg geP ;Dd .
	 ljefudf k]z ePsf TOR, IEE÷EIA :jLs[t geP ;Dd .
	 dfO{lgË l:sdsf] cg'dltkq hf/L geP ;Dd .

$=	 uf]Ko /fVg' kg]{ sf/0fM
	 ;"rgfsf] xs ;DaGwL P]g, @)^$ bkmf # sf] pkbkmf # -u_ adf]lhd cfly{s, Jofkfl/s lxtdf uDeL/ cf3ft kfg]{ 

ePsf]n]

gf]6M qm=;+= ! / @ df pNn]v gePsf cGo ljifosf ;"rgfx¿ ljefuLo lg0f{o adf]lhd lgwf{/0f x'g]5g\ .



"/

"/

"/

"/"/

"/

"/ "/

"/

"/ "/

"/

"/

!?

!?

!?

!?

!?

!?

!?

!?!? !?

!?

!?

!?!?
!?

!?

!?

>

> >

>

> >

>

>

>

>

>

>

>

>

>

>

> >

>

>

>

>
>

>>

>

>

>
>

>

>

>

!(

!(

!(

!(

!( !(!(

!(

!(

!(

#*

#*

Ì

Ì
ÌÌ

Ì

Ì

Ì

Ì

Ì

Ì

Ì

Ì

Ì

Ì

Ì

!(

!( !(

!(

!(!(

!(

!(

!

!

!

!

!
!

!

! !!

!
!

!

!

!!

!
!

!
!!!

!!

!

!

!

!
!

!!
!!

!!
! !

!!!
!

!!
!
!!
!

!

!!

XW

XW

XW

")

")

")
")

")

")

")")")")
")

")

")

")
")%,

%,
%,%,%,

%,
%,%,
%,%,%,"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/
"/

"/"/
"/

"/"/"/"/

"/

"/

"/
"/ "/

"/
"/

"/"/
"/"/"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/

"/"/"/ "/

"/

"/
"/ "/"/
"/

"/

"/

"/

"/

![

![

![
![

![

![

![

![
![

![

![

![

![

![

![

![

![

#0#0

#0

#0

#0#0

#0

#0

#0

kj

kj

!(

!(

E

E
E E

E

E

E

E

E

E

E

E

EE
E

E

E

E

E
EEEEE

E

E E
E

EE

E

E

E

E

E
EE

E

E

E

E

E

EE

E

E
E

E

EE
EEEE

E

E E

E

E

E

E
E

E

E

EXW

XWXW

XW

^

^
^

^̂̂̂

^ ^

^
^

^

^

^
^

^

^
^^ ^

^ ^
^ ^

^
^

^ ^^
^
^̂

^

^

^

^

^
^

^

^

^

^

^

^
^

^

^

"

"

"

"

" "

"

"

"

"

"

"

"
"

"

""

"

"

"

"

"

"

""

"

""

"

"

"

"

"

"

"

"

"

"

""

""

"

" "

X

X

#0

#0

#0

#0

#0

#0

#0#0

#0 #0

#0
#0#0#0#0

#0

&-

&-

&-&-

&-&-

&-

&-

&-

&-

#

#

#

#

#

#
kjkj

kj

kj
kjkj

kj kj

kj
kj

kj

kjkj

kj

kjkj kj
kj

kj

kj

kjkj

kj

k

k k k
kk

k

k

k

k

k

!. !.
!.

!.

!.

!.

!. !.

!.

!.

!.

!.

!.!.

!.

!.

!.

(ÌQz

(ÌQz

(ÌQz

(ÌQz

^̂^̂

XX

X

X

X

X

X

X

X
XX

X

X
XXX
X

X

")

")")

X!R

!R

!R !R

!R
!R

!R

!R

!R

!R!R

!R

!R

!R

!R

!R

!R
!R

!R

!R

!R

!R
!R

!R

!R
!R

!R

!R

!R

!R

!R

!(

!(!(!( !(

!(

!(

!(

!( !(

!(
!(

!(!(
!(!(

!(

"

#0

$

$

$

$

$

$

$
$

$

$

$

$$$$
$$

$$

!R!R !R

!R!R

!R

!R
!R!R

!R!R
!R!R!R!R

!R!R

!R
!R

!R

!R

!R

!R

!R

%,

%,%,%, %,

%,

%,

%,%,

%,%,

%,

%,

%,

%,

%,

%,

ILAM

TAPLEJUNG

BIRATNAGAR

DHANKUTA

GAIGHAT

OKHALDHUNGA

CHARIKOT

BIRGANJ

BHARATPUR
KATHMANDU

DHUNCHE

TAULIHAWA

GORKHA

CHAME

POKHARA

JOMSOM

TANSEN

LIWANG

NEPALGUNJ

BIRENDRANAGAR

DUNAI

JUMLA

SIMIKOT

DHANGADHI

DARCHULA

BAITADI

87°0'0"E

87°0'0"E

84°0'0"E

84°0'0"E

81°0'0"E

81°0'0"E

30
°0

'0
"N

30
°0

'0
"N

27
°0

'0
"N

27
°0

'0
"N

MINERAL RESOURCES MAP OF NEPAL
0 50 100 150 20025

Km

Data Source: Mineral Resources of Nepal, 2023 (DMG), Published
and unpublished reports and maps of the Department and Mines and
Geology, Mineral Exploration Development Board, United Nations
Economic and Social Commission for Asia and Pacific.

First edition, 2024, compiled and modified after "Atlas of Mineral
Resources of the ESCAP Region 1993"

Administrative boundaries, geographical names are from Survey Department, Government of Nepal.
Road network are from Department of Road, Government of Nepal.
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