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Ground fissures are widely developed in the Ethiopian Rift Valley, posing a major threat to the construction of the proposed Modjo−Hawassa (MH) Highway. The development characteristics, distribution, and communication law of ground fissures along the highway are studied using the comprehensive investigation method and technology. On this basis, the deformation mechanism and evolution of ground fissures are analyzed, which can provide geological support for the prevention and control of highway cracks in the area where ground fissures are developed.
Keywords: Ethiopian Rift Valley, ground fissure, highway, developmental characteristics, deformation mechanism
1 INTRODUCTION
The Ethiopian Rift Zone—the world’s largest East African Great Rift Valley fault collapse zone—is a roughly NW-SE depressed rift valley, with about 40–60 km width and 1 km depth, formed by crustal extensions resulting from the uplift of the mantle plume. Satellite monitoring data indicate that the Rift Valley nowadays undergoes expansion at a rate of 2.5–5 cm/y (Williams et al., 2004; Hoffman et al., 1997; Ebinger, 1989; Chorowicz et al., 1998; Ebinger et al., 2000; Wilson, 2000). In the context of active deep tectonic movements, the high and frequent occurrences of ground fissures have become a serious geological disaster and problem in the area, wreaking havoc on local transportation facilities, populated areas, and cultivated land.
In this paper, the distribution area of ground fissures at the fourth section of the Modjo−Hawassa (MH) Highway in Ethiopia is regarded as the research object. The distribution and development characteristics of typical ground fissures in this area are summarized, and preliminary analysis of the cause mechanism and evolution process of ground fissures is carried out through field investigation, remote sensing interpretation, engineering exploration, and laboratory tests. It can provide a reference for road engineering countermeasures in the area where ground fissures are developed.
2 OVERVIEW OF THE RESEARCH AREA
As shown in the geological map of Ethiopia in Figure 1 (Geological Survey of Ethiopia) (Ministry of Mines, 1976), the formation of the area is a binary structure: the upper part is covered by the Quaternary Holocene overburden of alluvial−proluvial powdery clay and silt, which is about 5–20 m thick, and the underlying stratum is the Magdala Group tufa of the Miocene series, where the rock mass is broken, unevenly weathered, soft, and full of visible air holes.
[image: Figure 1]FIGURE 1 | Geological map along the MH Highway.
There are many ground fissures along the MH Highway on the floor of the Ethiopian Rift Valley, most of which are secondary faults of the rift. These fractures are relatively short in extension and small in scale. Ground fissures were developed at 600 m to the right of main K169+600, the Arsi Negele connecting line, and the Shashemene connecting line. Basically, these upright fractures, with about 60–200 m length, 5–8 m width or so, and visibly 8–10 m depth, are the culprit of country road cracks. Moreover, a series of depressions and collapse pits are distributed like a string of beads in the K180 interchange area of the MH Highway.
3 CHARACTERISTICS OF GROUND FISSURES
3.1 Distribution and morphological characteristics of ground fissures
Ground fissures are widespread within the research area, most of which are secondary faults of the rift. These fractures are relatively short in extension and small in scale. The main locations and characteristics of 11 ground fissures discovered through investigation are listed in Table 1.
TABLE 1 | Location and morphological characteristics of ground fissures in the research area.
[image: Table 1]From the surface manifestation of fractures as a whole, it can be seen that the ground fissures in the research area can be divided into two types: exposed fissures and concealed fissures, which have the following characteristics.
3.1.1 Exposed fissures
Exposed ground fissures are divided into two types. As shown in Figure 2, the first type is the surface crack of linear extension, mostly horizontally ripped, and the stratigraphic dislocation on both sides is not obvious. It is generally 5.0–10.0 m wide, and the wall on each side is usually upright and takes on a wedge-shaped pattern of being wide at the top and narrow at the bottom in the profile. Generally, the depth from the surface to the fracture closure can reach a maximum of 20.0 m or so, and the fracture has a noticeable stretching direction. Figure 3 shows that the exposed fissure of the Arsi Negele connecting line linearly spreads from NW to SE in the same direction of the main Rift Valley’s tectonic line, indicating that the main Rift Valley structure has a significant controlling effect on the development of fractures.
[image: Figure 2]FIGURE 2 | Geographical location map of the MH Highway.
[image: Figure 3]FIGURE 3 | Arsi Negele exposed fissures.
The second type, as illustrated in Figure 4, presents a stripped collapse zone, and the strip extends in the direction of the main Rift Valley’s tectonic line, mostly represented by vertical subsidence. Such zones vary in widths and have a certain height difference with the original surface. The investigation reveals that this zone is covered with a sedimentary formation of certain thickness, suggesting that it is formed by the collapse of the stratum on both sides of the first type, namely, exposed fissure, after it becomes relatively stable in the later stage. The collapse zone of the outcrop-type ground fissure at the Shashemene connecting line shown in Figure 2 is about 100 m long, 20–40 m wide, and 10–15 m deep. According to local people, the pit began to appear in June 2017. The depth of the pit is about 15 m, indicating that the sinkhole zone has been reactivated.
[image: Figure 4]FIGURE 4 | Shashemene exposed fissures.
3.1.2 Concealed fissures
Concealed fissures are manifested as collapsed depressions in the plane modality. In a plane, it takes on the shape of an ellipse. The middle of the depression is wide and gentle, and the height difference with the periphery of the depression is normally 1.0–3.0 m. In the depressions, there often exist string-bead-like ground collapse pits, rounded on the surface and varying in diameters, and the maximum depth measures up to 10.0 m. As shown in Figure 5, the depression on the right side of the roadbed of the K165+700∼K166+450 section is about 500 m long, 50–80 m wide, and 6–8 m in height difference. Three collapse pits are observed on the right side of K166+300-400, which have a diameter of 3–5 m and a depth of about 4–5 m, and are only 10 m from the side boundary of the roadbed.
[image: Figure 5]FIGURE 5 | String-bead-shaped collapse pits on the right side of K166+300-400.
The collapsed depressions are elliptically distributed in the plane, and their long-axis direction coincides with the structural trend of the main Rift Valley. There are eight collapsed depressions in the interchange area of K179+400∼K181+466, as shown in Figure 6. A geophysical survey reveals that the depressions are interconnected by several parallel fissures, and the overall direction of the ground fissures is N45°E, which is consistent with the direction of the main Rift Valley structure, except for partial intersections.
[image: Figure 6]FIGURE 6 | Comprehensive geophysical prospecting result map of the K179+400∼K181+466 interchange area.
The ground cracks are currently exposed and concealed. The causes are the same. They are caused by the geological structure, but they are different in the form of expression.
3.2 Characteristics of ground fissure activity
3.2.1 Characteristics of ground fissure activity
Figure 7 illustrates the multi-year development characteristics of ground fissures in the vicinity of the Arsi Negele connecting line for the period 2004–2020. From the pictures, it can be seen that in 2004, there was a band-shaped collapse zone in the area, and distinct collapse and ground fissures had not appeared yet; in 2013, small-scale collapse pits and ground fissures appeared on both sides of the road; in 2017, these cracks kept developing, extending, and widening to the degree that existing roads were cut off and greatly damaged; and in 2020, the roads cracked again under the action of ground fissures despite being repaired and backfilled. Overall, the ground fissures remain in a state of developmental activity at the macro level. Therefore, from the changes in the cracks on the surface, it can be seen that the cracks on the ground are gradually developing and changing over time.
[image: Figure 7]FIGURE 7 | Ground fissure development of the Arsi Negele connecting line: (A) remote sensing images, October 2004; (B) satellite remote sensing images, November; (C) remote sensing images, December 2017; and (D) remote sensing images, October.
3.2.2 Seasonal characteristics of ground fissure activity
It can be inferred from the investigation and exploration results that the ground fissure activity has seasonal characteristics in the time series. To be more specific, their development is not obvious in the dry season, but they often showcase the features of sudden destruction or intensified development in the rainy season (National meteorological Agency of Ethiopia, 2001). In addition, short-term heavy rainfall will often lead to the reopening of concealed fissures or the formation of collapse pits, such as the Shashemene connecting line ground fissure. The ground fissure of the Arsi Negele connecting line developed at a faster pace and damaged the road after a strong rainfall in June 2017; the ground fissure at 700 m on the right of the main line K169+900 had not taken shape before May 2016, but a new ground fissure with a width of 5.0 m and a depth of 7.0 m formed at this location after a continuous heavy rainfall.
3.3 Geophysical characteristics of the ground fissure zone
The bedrock in the research area is dominated by tuffs, and the surface is mostly covered by the loose Quaternary overburden. The binary stratigraphic texture is simple, and the stratigraphic physical parameters are relatively stable and continuous. While in the locations where ground fissures and crevices are developed, the ground fissures cause discontinuities in the original stratigraphy or affect the geophysical characteristics of the rock and soil bodies situated in a certain range around them, such as forming geophysical anomalies, a condition good for geophysical prospecting (Wang and Liu, 2003a; Wang and Liu, 2003b; Wang and Liu, 2004). In this study, electrical prospecting and radon gas testing were carried out in the ground fissure area.
3.3.1 Electrical characteristics
The electrical prospecting results report that in the area without fracture distribution, the apparent resistivity value generally follows the rule of low to high from shallow to deep stratum, which is basically identical with the binary structure characteristics of the stratum, while the apparent resistivity of the area with developed fractures is notably different from the background field of the resistivity of surrounding strata. For exposed fissures, the apparent resistivity anomalies are generally high in the upper unfilled depth range at the center of the fracture, and the concealed fractures on the other hand present a remarkable zone of low-resistance anomalies.
Figure 8 shows the vertical electrical prospecting rate profile along the concealed fissure in the interchange area from K179+400 to K181+466. According to the exploration results, there are low-resistance anomalies in the DT230−DT310 and DT550−DT640 sections, both low-lying and having obvious collapse pits, which are thus deciphered as ground fissure development zones.
[image: Figure 8]FIGURE 8 | Typical profile of high-density electrical method in the K179+400∼K181+466 interchange area.
3.3.2 Radon gas characteristics
The fracture zone in the research area is a good migration channel for groundwater and gas, and the stratum contains thick, porous, and broken tuff. As a result, radon gas can easily leak out from depths to the surface, providing favorable geophysical conditions for inferring the development and distribution of ground fissures through radon gas concentration. The radon gas test carried out in the ground fissure development area demonstrates that the background value of the radon gas concentration in the research area is generally high, that is, 103–104 Bq·m-3 in the order of magnitude, but there are massive radon gas concentration anomalies in the vicinity of the fractures.
Figure 9 shows the radon gas test profile of the K179+400∼K181+466 interchange area arranged perpendicular to ground fissures. The test results show that the radon gas concentration is not highly abnormal near the development position of exposed ground fissures or collapse pits. This is mainly because the ground fissures are underground radon gas escape channels, but as the ground fissures have developed to the surface, radon gas in the soil leaks to the air, causing the radon gas value at the place directly above the fissures to be slightly lower than that of surrounding areas. So, the radon concentration curve at the location of the fissure is “M”-shaped. Around the fracture zone, the radon concentration will rise steeply, generally more than twice the background value, forming an anomaly zone of high radon concentration. The radon concentration profile fairly reflects the location of ground fissures. In this profile, two radon gas concentration anomalies exist within survey lines DQ40−DQ80 and DQ310−DQ400, wherein DQ40−DQ80 is the location of the collapse pit and DQ310−DQ400 is the location of the fracture zone where the rock masses are shattered and prone to collapse.
[image: Figure 9]FIGURE 9 | Typical profile of the radon gas test in the K179+400∼K181+466 interchange area.
3.4 Stratigraphic texture characteristics of the ground fissure area
Drilling and trenching the collapsed depression on the right of the section K165+700∼K166+450 in the research area are implemented, as shown in Figure 10. The typical drilling results show that the overlying soil is mainly loose, powdery clay and silt, and the core of the lower bedrock, namely, tuff, is basically fragmented, cracked, and porous. Among them, there is a loose layer emerging 9–19 m of the ZK4-1 borehole, and the drilling speed is fast. Other boreholes on the external side of the roadbed do not show any abnormality, which is judged to be the result of filling the main fracture with clay.
[image: Figure 10]FIGURE 10 | Exploration layout of the collapsed depression on the right side of the K165+700∼K166+450 section.
Trenching was carried out in the middle of the concealed fissure in section K166+300–k166+400. From the T3 trench in Figure 11, it can be seen that there are traces of developed fractures, mostly filled with gray clay. The engineering geological profile of the trench in Figure 12 reveals that the surface layer of the ground is covered with powdery clay, which is about 1–2 m thick at both ends, gradually deepening from the middle part until a maximum of 4 m. At the same time, there is a silt layer deposited at the lower part of the thickest part of the silty clay, as thick as 2 m in the middle, disappearing gradually on both sides. It can be seen that there are signs of later deposition in the stratum exposed in the middle of the trench.
[image: Figure 11]FIGURE 11 | TC3 trench.
[image: Figure 12]FIGURE 12 | Engineering geological profile of the TC3 trench.
The photograph of the TC4 trench in Figure 13 reveals that there are two collapse pits. During the wet season, the surface water converges into No. 1 collapse pit and flows away from its bottom, but the sound of the water flow can be heard in No. 2 collapse pit, implying that the bottoms of the two pits are unblocked. In addition, near No. 1 collapse pit, a small hollow with a depth of about 4 m and a fissure penetrating the ground are found in trench TC4. The engineering geological profile of the TC4 trench shows that the surface overburden is 1–2 m and composed of thick powdery clay, as shown in Figure 14. On the left side of the trench is a stratum consisting of only powdery clay and completely weathered tuff; in the transition to No. 1 collapse pit, a silt layer with a maximum thickness of about 2.5 m gradually appears. This is also caused by later collapse deposition.
[image: Figure 13]FIGURE 13 | TC4 trench.
[image: Figure 14]FIGURE 14 | Engineering geological profile of the TC4 trench.
4 EXPLORATION ON THE CAUSES OF GROUND FISSURES AND DEFORMATION MECHANISM
The formation and deformation processes of ground fissures in the Ethiopian Rift Valley are closely related to the strong tectonic activity of the basement, the stratigraphic texture, and the infiltration of precipitation. In general, the violent tensile and tectonic movement of the basement is the main controlling factor in the formation of ground fissures; unfavorable stratigraphic textures provide conditions for the formation of ground fissures; and heavy rainfall infiltration intensifies the formation process of ground fissures and exhibits different development patterns (Ayalew et al., 2004; Roberts et al., 2012).
4.1 Geological structure action
Ground fissures can be divided into tectonic fractures and non-tectonic fractures in terms of formation conditions. The Ethiopian Rift Valley area has a high incidence of ground fissures, which is bound up with the distribution of widely developed fractures in the valley (China Water&Power Press, 1980; Zhang, 1980). It is a typical area of tectonic fractures. Laike Mariana Asfaw (1982) investigated the distribution, generation, and development of ground fissures in Ethiopia from geological, geophysical, and tectonic aspects, compared and analyzed the ground fissures in the area with the seismic data of the same period, and concluded that the generation of ground fissures is influenced by the geological structure. Williams (2020) studied the scale and age of the tensional fracture swarm in the north of the Ethiopian Grand Canyon and arrived at the conclusion that the ground fissures are associated with the expansion of the East African Great Rift Valley.
The consistency of the planar distribution pattern and spreading direction of the ground fissures in the research area with the fault structure of the basement indicates that the basement structure appreciably controls the evolution of the ground fissures. It is the ferocious tensioning and priming of the basal geological structure that forms the basis for ground fissures, and the slow creeping expansion of the basement structure that leads to the tensional cracking of the overlying stratum is the main controlling factor of the occurrence of ground fissures in the research area.
4.2 Effects of stratigraphic texture
The surface overburden in the research area is dominated by silt, sandy soil, and breccia, which has the characteristics of a thin soil body, a large pore ratio, poor grading, a loose structure, and high permeability; the central rock mass is mostly composed of soft ignimbrite but with hidden tectonic fractures; the lower rock mass, being low in diagenetic grade, is where tensional fractures, cracks, and cavities are scattered and groundwater runoff channels are formed. According to the investigation, there are dense bedrock fractures in the research area, with an aperture varying from 3 mm to 200 mm (Cao and Li, 1986; Wang et al., 1986). The monotonous stratigraphic texture and the fractures and cavities in the underlying stratum provide an environment for water infiltration and creep, creating conditions for surface fissures and collapses.
On the right collapse depression of K165+700∼K166+450, 11 holes were drilled in the section of the highway. The drilling results revealed that a hole of 30 cm was found in the lower part of the collapse depression during drilling, with water leakage and no filling. Other boreholes in the vicinity were in a normal state, indicating that the cavities exist only in low-lying areas and have no impact on the roadbed and its vicinity.
Figure 15 shows an isobath map of the clay blanket in the collapsed depression, where the thickness of clay in the collapsed depression takes on a pot-bottom shape, indicating that it was formed due to the sedimentation of clay at a later stage.
[image: Figure 15]FIGURE 15 | Isobath map of the upper clay layer of the collapsed depression in the K165+700∼K166+450 section.
4.3 Effects of precipitation and water infiltration
The results of investigation in the research area suggest that the average annual rainfall in the ground fissure zones in the research area exceeds 400 mm (Geological Survey of Ethiopia). Meanwhile, the development of ground fissures is closely related to the process of short-term heavy rainfall, which may lead to the reopening of hidden fractures or the formation of collapse pits, indicating that rainfall constitutes an important causative factor of ground fissure development and deformation.
According to the surveys and visits paid to local residents, copious ground fissures in the research area are generated after acute heavy rainfall, such as the cracks at 700 m on the right side of the main line K169+900, of the Shashemene connecting line, and on the east side of the existing asphalt road. Moreover, at the investigation site, during the trenching near the concealed fissures of the K166+300 section, no obvious cavity was observed at the beginning of excavation. After the strong rainfall in this area, the soil about 2 m deep below the ground appeared to have collapsed into a hollow under the action of hydrodynamic force, and the hole became larger with the increase in rainwash time; at the same time, the sound of water flow was heard in the void, indicating that there was an unimpeded runoff channel beneath it.
As it can be inferred from the phenomenon of rain water converging into overland runoff, the surface water in the research area is mainly recharged by atmospheric precipitation. Due to the special stratigraphic texture of the project area, the surface water permeates rapidly through the loose sedimentary mantle and a great many bedrock fissures and quickly infiltrates and disappears even within a short period of time after heavy rainfall. In the process of infiltration along the cracks, the soil on both sides is scoured and eroded, and the fine particles are migrated through the underlying bedrock crevices, which damages the structure of the soil, loosens or destroys the soil, leads to the formation of cracks or pits, and gradually enlarges the opening of the cracks.
From the stratigraphic conditions revealed by drilling and trenching, it can be seen that underground erosion also occurred in the area of ground fissures. Wang Xiuyan and Liu Changli considered that if the soil inhomogeneity coefficient is greater than 10, the ratio of permeability coefficients of the upper and lower contact soils is higher than 2, and the seepage hydraulic gradient is larger than the critical hydraulic gradient of underground erosion (the hydraulic gradient is usually considered >5). It is susceptible to leakage and water creep (2003−2004). The stratigraphic conditions in the research area are basically same as the conditions for the occurrence of underground erosion, and the cavities exposed by trenching also prove the existence of underground erosion in the lower part.
4.4 Evolutionary characteristics of ground fissures
According to the stratigraphic texture revealed by trenching, the formation process of ground fissures can be analyzed as follows: first, under the action of tectonic movement and heavy rainfall, outcrop-type cracks are generated. Then, the loose soil begins to subside from the edges of the crack, and the topsoil on both sides will migrate and deposit to the fracture zone. As the composition of the clay granules is carried away by water, a sedimentary silty layer that is thin on the periphery and thick in the middle forms in the center of the fracture. Meanwhile, under relatively stable fracture activities, the fracture zone gradually develops into a collapsed depression, the middle part of which is easily accumulated with water that seeps into the openings of the ground fissures to generate a passage, causing the soil at the upper part of the fracture to subside. This is how collapse pits are formed. As a result, the surrounding soil is further and repeatedly accumulated and carried to the middle low-lying area to expand the collapse pits gradually. Figure 16 shows the ground fissure evolution. Moreover, the development and evolution of ground fissures in the research area are recurrent in nature.
[image: Figure 16]FIGURE 16 | Diagram of ground fissure evolution.
5 CONCLUSION
The main conclusions drawn by studying the ground fissures on the MH Highway in the Ethiopian Rift Valley are as follows:
1) The ground fissures are divided into two types: exposed fissures and concealed fissures, whose distribution and direction are closely related to the distribution of geological structures. The exposed fissures are crevasses or stripped collapse zones, and the concealed fissures are collapsed depressions and string-bead-like collapse pits.
2) The ground fissures are highly active, and their development process presents strong seasonal characteristics, that is, emerging or developing in the rainy season.
3) The ground fissures have significant geophysical anomalies, which are mainly manifested as low-resistance anomalies and radon gas anomalies through field exploration.
4) The violent tectonic activity of the basement (expansion of the East African Rift Valley) plays a controlling role in the generation of ground fissures. Meanwhile, adverse stratigraphic textures provide basic conditions for the development of ground fissures, and the infiltration and underground erosion resulting from heavy precipitation are important factors to aggravate the development of ground fissures.
5) In the ground cracks and collapse areas, the route should be taken as far as possible. For areas that cannot be avoided, try to adopt the form of roadbeds. Reinforcement should be performed during the process of road processing. If the bridge is needed, appropriate reinforcement and preventive measures should be taken to regularly monitor and adjust in time. The influence and erosion of groundwater are important causes of the induction of ground crack development and collapse. It is recommended to note ground drainage and flow measures in the cracks and collapse areas to limit the mining of groundwater.
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Development segmen

Collapsed depression on the right side of K165+730-165+900

Collapsed depression on the right side of K166+100

Collapsed depression on the right of K166+300-400

Collapsed depression on the left side of the K167+400 ~ K167+600 section

Ground fissure on the right side of K169+900

Collapsed depression along K172+350 ~ K172+700

Ground fissure on the left side of K173+000~K173+200

Collapsed depression on the left side of K173+900~K174+200

Collapsed depression in the K179+400~K181+466 interchange area

Arsi Negele connecting line

Shashemene connecting line

Morphological charactel

Ata distance of 100 m to the right side of K165+875, there is a collapse pit of
about 17 mlong, 10 m wide, and visibly 12-15 m deep and is devoid of fllers

Two collapse pits are observed at a distance of 65 m to the right side of
K166+100. 1# pit is about 9.7 m long and 4.7 m wide with a visible depth of
13 m or so, and 2# pit is about 189 m long and 14.7 m wide with a visible
depth of probably 15 m. Both have no fillers

It is situated on the right side of K166+300-400, partially extending to the
roadbed area. There are three collapse pits developed in this area. 17 pit is
approximately 11.5 m long, 5 m wide, and 6.2 m deep; 2¢ pit is around 7.1 m
long, 6.2 m wide, and 2.5 m deep; and 3¢ pit is about 7 m long, 7.8 m wide,
and 2 m deep. None of them have fillers

Left edge of this section of route K167+400~K167+600 is a collapse
depression about 200 m long and 150 m wide, with a height difference of
5-6 m or so. The roadbed partially traverses the edge of the depression

Ground fissures in this section are developed on unsurfaced country roads by
alength of about 60 m, a width 0f 57 m, and a depth of 7 m. These fractures
have upright walls and are 700 m from the project. There are two obviously
parallelfractures beside the small stake mark of the main line, and the ground
between them has 20-30 cm subsidence; the cleft near the large stake mark
toward the main line is about 15-20 m wide and 5 m deep. Collapse pits
emerge again though local people have planted crops in the low-lying zone
between these fractures

It s a 350-m-long and 150-m-wide ground subsidence with a height
difference of 2-2.5 m or so. The highway passes through the middle of the
depression, which has certain impact on the roadbed

‘This segment of ground fissures is about 40 m in length, 2-3 m wide, 4-5 m in
depth, and 60-100 m away from the expressway. In addition, five collapse pits
with a diameter of 3-5 m appear along the direction of the ground fissure

Located on the left side of the expressway, this depression is about 300 m
long, 100 m wide, and 2-3 m in height difference. The roadbed is partially
laid near the fringe of the depression

‘The segment is located in an interchange area and is composed of totally eight
collapsed depressions, one of which is within the ramp and the rest are on the
periphery of the ramp, which has certain impact on the interchange area and ramp

Ground fissures are at K14800 of the Arsi Negele connecting line, which is
1.6 km to the left of the main line, basically parallel to the highway, and
intersects perpendicularly with Arsi Negele. The cracks are about 100 m long,
5-8 m wide, 8-10 m deep, and vertical on the whole. At the already chapped
end, the ground fissures bifurcate, forming two 100-m-long and 10-cm-wide
crannies, and the land in between is 3-5 m wide and has a 10-20 cm
settlement. Furthermore, there is a collapse pit—approximately 7 m in
diameter—about 600 from the large stake mark of the main line—but its
depth is unknown. According to local residents, the sound of flowing water
was heard at the mouth of this deep hole during the rainy season

Located 100 m away from the end point of the Shashemene connecting line
and 300 m on the right side of the main line, the ground fissure intersects with
the Shashemene connecting line and is basically parallel to the main line.
Damage s caused by the fissure to the existing bituminous concrete
pavement. On the cast side of the current asphalt road, the crack is about
200 m long, 20-25 m wide, and 15-20 m deep and vertical. This segment of
fractures appeared two years ago in the rainy season, according to local
people. There is another 100-m-long gap to the west of the present asphalt
road, which is 20-40 m wide and 10-15 m deep. There is a sinkhole 0f 20 m
from the end of this ground crack. According to local people, this sinkhole
occurred in June 2017, and it is still collapsing
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