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Zaw Zaw Thein, Zaw Htoo Naing, Zwe Pyae Maung 

Department of Geological Survey and Mineral Exploration-DGSE  

 

Abstract 

 Most of the formation of ground fissures due to groundwater depletion has been 

reported in all over the world. The study area Mayogon village is located in the eastern 

part of the Pwintbyu Township, Magway Region where tube well operation activities and 

other groundwater uses have caused significant groundwater depletion.  Due to this fact, 

the study area recently experienced a sudden appearance of some earth fissures. An 

interdisciplinary study consisting of an evaluation of land-use changes, checking of soil 

behaviors, detail recorded discharge wells data, and effects of stream bank collapsing by 

erosion was conducted to determine the reason for the formation of the earth fissures.  

The system of well operation analysis strongly revealed that the groundwater level is 

decreasing with time.  Actually, groundwater depletion would lead to the accumulation of 

subsurface stress causing soil hydro-consolidation which creates the ideal condition for 

the formation of earth fissures. The formation of earth fissures within the study area are 

identified by the first rainfall after a long spell of poor rainfall in preceding years and are 

not related to geological triggering factors. It can be interpreted that these fissures may 

probably be formed when the soil layers interact with water and may lead to the rapid 

release of soil compactness combined together with other factors which cause the 

fissures. Nevertheless, stream bank erosion of Mon Chaung is more common and quite 

devastating for study area. Therefore, stream channel conservation or stream bank 

protection work is essentially needed by urgently as an extra-suggest, especially in 

Gatkon, Mayogon and Poepaukzu villages. 

Keywords: Ground fissures, Groundwater depletion, wells operation, land-use   

                 changes, triggering factors 
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Development of Ground Fissures a Case Study on Mayogon and Poepaukzu 

Villages, Pwintbyu Township, Magaway Region 

1. Introduction  

 Based on the update news on social media Facebook that is an event of ground or 

earth fissures formations occurred within the Mayogon village, a team of geologist which 

leading by the author Zaw Zaw Thein (Assistant Geologist), Zaw Htoo Naing (Assistant 

Geologist) and Zwe Pyae Maung (Geology Assistant-3) from Department of Geological 

Survey and Mineral Exploration, Ministry of Natural Resources and Environmental 

Conservation was assigned to investigate for the cause of these earth fissures and their 

relevant events in future. The total duration of investigation is ten days within 12 to 21 July, 

2019. 

 

Figure (1)  Group photo recorded by Geologists and local participants 

2. Basic concept of Earth Fissures 

  Earth fissures induced by ground-water depletion have been reported world-widely in 

many alluvial deposits. Several hypotheses have been proposed to explain the mechanism of 

their formations, one mechanism or a combination of mechanisms can produce fissures. The 

most widely accepted of which is differential compaction, as ground-water levels decline in 

unconsolidated alluvial basins, less compaction and subsidence occurs in the thinner alluvium 

near the margin of the basin than in the thicker alluvium near the deeper, central part of the 

basin. The tension that results from the differential compaction stretches the overlying 

sediment until it fails as a fissure. 
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 Earth Fissures are long and deep cracks in the soil that may be several kilometers 

long. Their depth can extend to the depth of the groundwater elevation. An Earth Fissures 

may be linear, arcuate, or sigmoidal. There may be one crack or multiple parallel cracks. In 

dry regions, the soils above the aquifer are often cemented. These soils appear to be 

significantly prone to earth fissures initiation. When and where the earth fissures initiates are 

still secretive? How the stiffness and cementation strength of the top layer affects the earth 

fissures initiation is unknown.  

 Field evidence indicates that relative to earth fissures are considerable. However, due 

to the void space created by their great depth and the erodability of the soil in which they 

form, they frequently are enlarged into wide and deep gullies by surface water flowing into 

them. The impressive surface appearances of many fissures were measured in the field. 

Within the study area, the area and temporal association of earth fissure caused by 

groundwater withdrawing that related to unfavorable pumping system of groundwater. 

Consequently, considering the scientific importance and social responsibility, the authors 

carried out multidisciplinary studies of ground fissures in study area. 

3. Earth Fissures in Study Area 

 Since the first week of June 2019, update news has been reported on social media 

Facebook that is an event occurred in the northern part of Mayogone village. It is located 

about 23 km (14 miles) east of Pwintbyu Township, Magway Region where the earth fissures 

appeared over the past summer, probably during a first fall of the rainy season. Duration of 

raining time is more about continuously five hours (5 - 10 pm). 

 In the evening of the second day of June 2019, earth fissures have suddenly appeared 

in study area especially in the northern part of Mayogone and Poepaukzu Villages. The 

affected area is privately owned residence land. The earth fissures have various lengths; one 

of them extended in a northwest direction for a distance of 300 feet and has widths that vary 

between 1.5 and 2 feet, and depths of 15 feet and more. The unexpected appearance of the 

earth fissures caused panic among the farmers and people in the area due to concern that the 

fissures might interfere with future land use.  

 Nevertheless, some of the old aged villagers are supposed that earth fissures were 

frequently observed in their youthful time but it was rarely event. Because, it did not pose for 

problems as the current experience in size and shape because farmers ploughed over them or 

they disappeared temporarily. So, the study area is assumed that the earth fissures are familiar 

with the local people. 
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Figure 2.  Update news and earth fissure photo reported on social media Facebook 
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Figure 3.  Some earth fissures photos reported on the social media Facebook 

4.  Objectives 

 The main objective of this investigation was to figure out the causes, extents and their 

relevant events in future with formation of the earth fissures in the study area. We achieved 

this using under literature review, groundwater studies by interaction with local peoples and 

checking of soil behaviors.  Field mapping includes investigating all earth fissures and 

domestic wells in villages based on the detail investigation and locating them using hand-held 

GPS receiver at points along their surface expression. 
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Figure 4.  Investigation of well information by interaction with local peoples 

 

Figure 5.  Measuring of the impressive surface appearance in the field 
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Figure 6.  Checking of soil behaviors in the field 

 

Figure 7.  Record the location of discharge well by hand held GPS 
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Figure 8.  Formation of earth fissures occurrences in study area 

5. Geomorphology and Geology 

 The study area is situated near the junction of Irrawaddy River and Mon stream about 

23 km (14 miles) east of Pwintbyu Township, Magway Region. Latitude and Longitude 

(UTM map sheet-2094/15) is within 94° 45' 00''- 94° 52' 08'' E, 20° 18' 13'' - 20° 22' 04''N. In 

the study area, the wide primitive low relief topography permits the alluvial deposit to be 

developed by playing the principal part in formation of Central Myanmar Basin. 

 From the analysis of satellite images and topographic maps, the study area can be 

divided into two geomorphological units Tertiary bedrock (Irrawaddy Formation) and 

Quaternary age materials include surficial alluvial deposits (clay, silt, sand and coarser 

materials). Fertile alluvial soils are predominantly located in study area and high importance 

for farming.  

 The nearest stream Mon Chaung is flowing into Irrawaddy River where the stream 

bank erosions were annually occurred. At first, it is noticed that stream bank erosions must 

therefore be consider in relation to earth fissures. The question is what warning signs should 
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technically look for to determine whether their particular stream bank may provide some sort 

of slope-bank failures. Therefore, we focused on earth fissures resulting from ground-water 

withdrawal.  As groundwater is removed from some alluvial aquifers, sediment particles in 

those aquifers lose some of their ability to support the overburden, the grains become more 

closely packed, and aquifer volume decreases. The land surface fails in response to the 

decreased aquifer volume at depth. This type of ground failure proceeds gradually, but, with 

time, can spread over large areas and cause significant deformation. 

 

Figure 9.  Google view of study area 

 

Figure 10.  Location map of the study area 
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Figure 11. Regional geological setting of the study area 

6.Results and Analysis 

 (i)  Land-Use Changes 

  The study area has been subjected to land-use changes over the past few 

decades for regarding agricultural activities and residential expansion. In fact, the annual 

erosion of Mon stream channelization is main factor. We used GIS techniques to delineate 

the changes of stream modification that entirely took place in the study area.  In the current 

paper, we prepared a detailed land-use changes map by interpreting satellite image, one inch 

to one mile scale topographic map and 1: 50000 meters scale UTM map making field 

investigations. The data were essential in developing of different maps to determine land-use 

changes over past time periods. Actually, the northern part of the villages (Mayogone, 

Poepaukzu, Gat Kon) near Mon stream were gradually displaced in southern part. Nowadays, 

the northern portions of three villages were entirely disappeared by stream erosions. It is the 

one considerable item for hydrological study because the groundwater of newer residence 

land will be produced in extremely extraction short time period for domestic consumptions. 

Obviously, the stream modification of Mon stream is directly proportional to the land use 

changes of study area and will be related to the future geological hazard. Therefore, the land 

use planning of study area and the stream channel training are essentially needed by 

officially. 

Relocation recorded list of residential house in study area 

Sr. No Total house Moving year 

1 25 2005 

2 78 2017 

3 81 (not confirm) 2019 
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Figure 12.  Land use changes map of study area 

 

Figure 13.  Detail land use changes map of Mayogon & Poepaukzu villages. The light 

grey color is referred to the current residential area 
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(ii) Behavior of Soils  

  Regionally, Central Myanmar has the lowest rainfall and highest potential 

evaporation and temperature within the country. These climatological factors result in a 

considerable soil moisture deficiency and a lack of significant surface water availability and 

the water table fluctuates factors affect groundwater recharge and discharge rates. 

 In the study region, alluvial soils are relatively young and can be found in alluvial 

plain. They are fine-textured soils with a dominantly silty clay to clay deposited by fluvial 

processes at flat or nearly flat areas. Sediments are usually yellow-brown in color whilst the 

deep portions are blue-grey in color. Physically, it is mostly determined by its structure and 

its swell-shrink capacity and in fine-grained materials, clays and silts, the permeability is low. 

 There is no specific type of lithology for earth fissures to occur. If the soil type varies 

spatially, earth fissures will not be uniform even if the groundwater levels were to decline 

uniformly within a basin (the same effective stress changes throughout the basin).When there 

are cemented layers on the top, there is a possibility of initiating earth fissures. 

 Earth fissures can be formed deep below the ground surface and propagate upwards 

but their existence is undiscovered. They could widen quickly due to scouring and piping 

from inflow of surface water during and after heavy rainfall. These earth fissures can cause 

serious damage to lives and properties. 

 Soil behaviors are one of the most controlling principal factors for formations of earth 

fissures, especially due to the tensile stress of soil. Tensile stresses within the soil mass may 

initiate earth fissure. The earth fissure may extend to the ground surface. We used this 

suggestion to explain fissure gullies observed in study area. It is theorized that surface run off 

and infiltration opens and deepens the tension crack, forming cavities with deep thin cracks 

as tails. Further water infiltration causes the roof of the cavities to collapse, forming potholes. 

Additional infiltration increases piping, causing the linking of the potholes, which results in 

collapse, as shown in Figure (14). This mechanism for the growth of the earth fissures due to 

piping is nearly identical to the mechanism proposed study area. In this mechanism, it is 

unclear how the tensile stresses originate from groundwater pumping and groundwater 

elevation change. Also, it is unclear where the eroded sediments go. In study area, many earth 

fissures show no evidence that they are linked to any drainage basin such as washes to 

receive any material eroded by piping. 
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Figure 14.  Idealized mechanism for the growth of the earth fissures 

 

(iii)  Hydrological Studies 

  The major aquifer in the study area is the upper basin-fill unit. Many tube 

wells intersect unconsolidated, semi-unconfined layer. The average depth of full discharge 

pumping tube well is generally in 100 feet though in some places the depth is more down to 

about 5-20 feet. Most of the groundwater in the study area is used for domestic consumption, 

but a minor part is for irrigation. One hundred and twenty five tube wells are detailed 

investigated by interaction within two villages (Mayogone and Poepaukzu). All of the 

groundwater wells are operated by manual operation (hand digging).  In most cases selection 

of the drilling site were without professional advice even in the same proximity to previously 

abandoned holes. Consequently, in hydrological challenging tube wells abandonment still 

regularly occurs. Pumping rates depend on consumption requirements and vary from well to 

well. The higher the pumping rate the more rapid the decline in groundwater. 

  Theoretically, when groundwater is pumped from an unconfined aquifer in the 

soil, a groundwater cone of depression is formed around the well. The size and shape of the 

cone of depression depends on many factors, such as the pumping rate, the type of aquifer 
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material, the amount of water in storage and the thickness of the aquifer. The shape of the 

cone of depression automatically leads to differential settlement. More settlement is expected 

near the well than further away from it.  

  Based on the wells investigation of the study area, the pumping rates of 

groundwater were significant in the last two years because the machinery pumping is more 

popular than manual hand pumping. According to this fact leads to the formation of earth 

fissures and that statement will be completely satisfying for the whole investigation. 

  

Figure 15.  Idealized sketch photo of decline of ground water level by cone of depression 
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Figure 16.  Well location map of the study area 

 

Figure 17.  Overlay map of the well location and fissure expression map 
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Figure 18.  Evaluation chart for progressive rate of operation wells in study area from 

1980-2019 
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7. Discussion and Recommendation 

  This study suggest that all these fissures have developed in the close vicinity of major 

Mon streams, during the first rainfall after a long spell of poor rainfall in preceding years and 

soil behavior of study area. It is clear that the first rain will identify for triggering factor. 

 The ground fissures are developed on the earth surface by natural process. Not related 

to geological phenomenon (tectonic, fault related, earthquake fissures). 

 Although existing earth fissures data are limited, analysis of the data presented 

suggests that a manifestation of ground-water over pumping. 

 We conclude that the fissures are suspected to be a result of tensile stress within the 

soil caused by compaction of unconsolidated sediments. The compaction may be due to 

increased effective stresses as a result of water-level decline, either as the result of decrease 

in hydrostatic (pore) pressure in a confined aquifer or dewatering of an unconfined aquifer. 

 With the absence of appropriate management, water pumping is at a rate that exceeds 

aquifer safe yield, causing a continuous decline of groundwater. 

 Information obtained from these studies will provide greater insights into the 

mechanisms responsible for the initiation, development, and propagation of earth fissures in 

the study area beyond the scope of this investigation. 

 Artificial filling of earth fissures with earth materials has no lasting effect upon them. 

They simply reopen with time. 

 Erosion is quite intensive and many of people are displaced yearly. Approximate soil 

conservation measures to check bank erosion need to be intensified. 

 The study area which is frequently visited by flood and erosion cause damage to crop 

is a regular feature. Slab type of failures are noted in study region that the sliding and forward 

toppling of mass into the channel. So, flooded zoning is very important which includes 

regulation of land use, changing of crop pattern etc. 

 Existing stream pattern leads to excessive bank cutting which can destroy agricultural 

land and human settlements. So, suitable channel training methods (transversal protection 

structures and longitudinal protection structures) should be urgently taken to improve the 

stream and its banks.  

 If this is not fulfilled, any executive operation such as stream engineering and 

modification of the banks will be faced with erosion problems, especially in Mayogone, 

Poepaukzu and Gatkon villages. 
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Appendix 1  Surficial expression photos of earth fissure in the study area 
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Appendix 2. Sinkholes or piping conditions of study area 

 

 

 



xxvi 

 

 

 

 



xxvii 

Appendix 3  Detail information lists of the discharge wells in study area 
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Appendix 4.  Detail measurement of earth fissure geometry in study area 
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