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Abstract

This research carried to study the phenomenon of land subsidence occurred north of Tazirbu Water Well Field, SE- Libya. It  deals with the geophysical investigation to explain the involve of tectonic factor that might have led to this phenomenon. The main objective of this investigation includes mapping of bedrock, determination of thickness of overburden weathering layer, evaluation of the variability of soil and bedrock, and identification of structural trends in the area. 

This study uses uphole seismic survey techniques and presents an interpretation of a number of seismic reflection sections acquired for the Tazirbu region including the area of land subsidence.  Velocity analysis  based on field data of an uphole survey has been conducted in the area. The velocity structure and depth to bedrock surface have been estimated from analysis of seismic velocity data.  This analysis  indicates that the bedrock  is  located at depths ranging between 6.0 to more than 30 m.

The interpretation of seismic data projected easterly to northeasterly-trending faults across all of  the study area. Apparently, these faults increase in frequency toward the area where the land subsidence forms are located. Faulting of the basement which propagating up to the surface could  have weakened the bedrock under the land subsidence area. 

INTRODUCTION

The area under investigation (Fig. 1a) located north of  Tazirbu Water Well Field between coordinates 21o17' 30" - 21o 52' 30" E and 25o 30'00"- 25o 50'00" N. By the end of June 2007 more than twenty land subsidence forms  were located and documented in this area (Fig. 1b). The  subsidence ranged from only a few centimeters to about four meters below ground level.  Alkhazmi et.al (2007) studied this phonemnon , and focused on the area’s makeup from geological, geophysical, hydrogeological, and geotechnical points of view included field and laboratory work, and sought to interpret the causes behind formation of these subsidence forms
This work deals with the geophysical investigation to explain the involve of tectonic factor that might have led to this phenomenon. During 2005, Repsol Exploration Murzuq S. A. (REMSA) began a seismic survey program in Tazirbu area (Concession NC203). The geophysical survey area covered approximately 18000 km2 (Fig. 1a). Nine regional reflection seismic profiles were acquired and six multi-channel seismic reflection profiles were used in this geophysical interpretation. These seismic lines are oriented NW-SE and NE-SW (Fig. 1a). The data base also includes velocity curves from 45 upholes distributed throughout the study area, ranging in total depth from 41 to 185 m.
[image: image20.png]



Fig. 1a, Location map of the study area and base map of concession 203 showing its seismic lines and uphole locations.
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Fig. 1b, Two of  land subsidence forms developed  in the area with different sizes and shapes
VELOCITY ANALYSIS AND DEPTH-TO BEDROCK
The velocity structure and depth to bedrock surface can be estimated from analysis of seismic velocity data. Seismic velocities essentially relate to lithology, degree of consolidation, cementation, and/or saturation of soils. Establishing correct near-surface velocities is necessary for making reliable depth-to bedrock calculations. In this work, velocity analysis is based on field data of an uphole survey conducted in the regional area.

Uphole Survey

Uphole survey is a common geophysical technique used to investigate near-surface layer, determine depth to bedrock, and directly measure thickness and velocity of the weathered layer (Fig. 2). In geophysics, the weathered layer is a heterogeneous surface layer a few meters to several tens of meters thick, and of abnormally low seismic velocity (Keary & Brooks, 1984). The latter is mainly due to presence of open joints and micro-fractures within the surface zone.
In this analysis, travel-times are plotted against shot depth for the uphole geophone (Fig. 3). From these plots, seismic velocities in each layer and consequently depths to each layer can be calculated. Typically, travel-times plot changes abruptly where the shot enters the weathering layer—the slope of the portion above the base of the weathering layer yields velocity of the weathering layer, and the break in slope usually defines bedrock velocity. Velocity, depth, and thickness of each layer were determined for each time-depth plot. 
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Fig. 2. A sketch of earth section showing upholes used to determine

velocity and thickness of the weathered layers and depth to bedrock.
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Fig.3 , Travel-time plot as a first result of an uphole survey.
VELOCITIES AND THICKNESSES OF THE WEATHERING LAYERS
Velocity data in this study is used to evaluate thickness of the overburden soil deposits, relief of the weathered bedrock and extent of bedrock. To improve velocity distribution, the data were exported to the Surfer Graphical Software and plotted with a consistent set of spatial and velocity scales. Three interval velocity contour maps were constructed for the surface weathering layer (Vw0), the sub-surface weathering layer (Vw1), and bedrock (VBR).
Interval velocity contour map of the surface weathering layer (Vw0) is shown in Figure 4. Velocity values in this map ranges between 240 m/s and 620 m/s. The map shows general increasing velocity values towards the northeastern part of the study area. Contour map of interval velocity of the sub-surface weathering layer (Vw1) is shown in Figure 5. Velocity in this layer ranges between 700m/s to 2200 m/s, and is obviously showing a rapid increase towards the northeastern part of the area.
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Fig. 4. Interval velocity contour map of the surface weathering layer  (Vw0).
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Fig. 5. Interval velocity contour map of the sub-surface weathering layer (Vw1).
Isopach map of the of surface weathering layer (W0) is demnonstrated in Figure 6.  Thickness of this layer ranges between 3.0 to 7.4 m. Lateral change in thickness is evident in most parts of the study area. Contour lines in this map generally represent thinning towards the north. However, thickness of sub-surface weathering layer (W1) ranges between 4.0 to 25 m (Fig.7). This map indicates obvious thinning towards the north and northeast. This variation in thickness probably affects consolidation of the weathered material above bedrock.
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Fig 6, Isopach map of the surface weathering layer. (W0).
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Fig. 7. Isopach map of the sub-surface weathering layer (W1).
VELOCITY AND DEPTH OF BEDROCK 
Interval Velocity of the Bedrock (VBR)

Figure 8, shows seismic velocity distribution in the bedrock. Velocity values in this zone range between 1100m/s and 2800 m/s. These velocities are to some extent representative of the rock type, and the high-velocity material is interpreted to represent bedrock. In this map, the data marks differences in seismic velocity at various locations of the bedrock surface in the study area. The map has broader contour spacing at the northeastern part of the study area indicating a gradual decrease of velocity towards the northeast. Higher velocity values (about 2800 m/s)are noticed in the middle part of the study area. Velocity decrease towards the east and northeast might be attributed to the layer being subjected to more weathering than other parts.
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Fig. 8, Interval velocity contour map of the bed rock (VBR).
Depth of the Bedrock
Depth-to-bedrock survey is used for many civil engineering projects. In the area of study, the contour map of depth to bedrock (base of the subsurface weathering layer) is shown in Figure 9. The map shows the bedrock to be located at depths ranging between 6.0 to more than 30 m. The map and  3-D visualization of these depths, suggest shallower depths at the northern part of the area whereas bedrock lies deeper at the southern and southwestern parts.  
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Fig.9, Depth map of the bed rock,  and 3D view of these depths, (the datum is ground level) . See projection of the land subsidence sites on the bedrock.
INTERPRETATIONS OF REFLECTION SEISMIC DATA

The objective of this seismic interpretation is to evaluate the structural setting of the subsurface geology in the study area. Seismic data in this study was acquired in 2D. Six final stack seismic sections, representing dip and strike profiles are interpreted. The data quality is very good for all lines and shows consistent interpretations.

The seismic interpretation gives clear evidence of faulting in the subsurface. The observed faults are recognized on seismic sections by criteria of discontinuity of seismic events, diffraction and/or an abrupt change in dip. In the area of study, the high amplitude reflectors associated with some rock units are used as a regional marker horizon to delineate deformation (Fig. 10). Most of the observed faults are extensional normal of a ENE-WSW trend with a down-thrown towards the northwest and southeast. The trend of these faults appears to be compatible with the regional geological setting of area.

A series of seismic section show the area to be dissected by large number of faults of different down-thrown values. Such clearly indicates that most of the faults cut the whole section from the basement to the surface. Apparent dip is commonly vertical to sub-vertical, and the maximum displacement as shown on the seismic profile is about 100 ms (about 300 m—depending on subsurface velocity). Planar normal faults are the common type present. Seismic sections running NE-SW show faults to be relatively more concentrated in the northern and northeastern part of Tazirbu regional area.
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Fig.10, Part of a seismic section showing use of the marker horizon as an indicator delineating 

                 deformation.
FAULT PROJECTION

Following identification of faults on the seismic lines (Figs. 11-14) that run across the area of interest and beyond it, and which were referred to at the end of the previous chapter, similarities in fault characteristics from line to line were systematically correlated throughout the entire area of seismic coverage. Due to the nature of the survey being regional, lateral resolution of the seismic data makes it difficult to accurately define trends of these faults. However, it is a common practice and almost a necessity to refer back to the original sections in order to determine which faults are of similar appearance. Some of the faults projected show substantial amount of displacement and must have led to noticeable deformation, whereas others show relatively smaller displacement. 
The magnitude of the faulting system in the region and nature of its discontinuity are demonstrated in a structural map imposed on the near surface sequence (Fig. 15). The map shows two trends: a major NE-SW to ENE-WNW trend and a minor NW-SE to WNW-ESE trend. It is of interest to note that the major fault trend closely parallels trend of the Seif dune belt to the west. Figure 15 shows projected faulting to be extending over the area of subsidence west of the Conveyance Pipe Line (CPL). Eastward, however, the area appears void of such activity. The inference is made that faults might have in some way added to weakness of the upper 5-6 meters of the sand section west of the CPL.
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Fig. 15, Projected, near-surface fault pattern in the Tazirbu region. Projection is based on large-scale seismic grid. Thin yellow lines are Well Lines whereas the thick yellow line is the Conveyance Pipeline (CPL). 
SUMMARY
Based on a velocity contrast, the weathering layer in the sequence is divisible into two layers, each having different velocity and thickness. These layers are: surface weathering layer and sub-surface weathering layer. Lateral velocity variation was observed within both layers. Generally, these represent increasing seismic velocities in the northeastern part of the area where land subsidence has developed. Such might be attributable to relatively higher velocity material within the weathering layer or due to it being subjected to more compaction relative to other parts in the area. Overburdens material predominantly consists of loose, coarse sands, gravel, and boulders. Isopach maps of the two weathering layers indicate lateral change in thickness in most parts of the area. However, general thinning of this layer is observed towards the north and northeast.

As for bedrock, the data indicates differences in the distribution of seismic velocity at the top of this layer at various locations in the study area. However, compression wave velocities there are significantly higher than compression wave velocities within the weathered layer. By mathematically comparing top of the bedrock encountered in all the upholes to velocity data, it was determined that the break over from overburden soil to bedrock occurs at an average velocity of 1850 m/s. There is a gradational boundary between the overburden and bedrock, probably caused by variable degree of weathering on the bedrock interface.

A general decrease in interval velocity within the bedrock is noticed towards the east and northeast suggesting that the rock is more weathered than there than it is in other parts. This interpretation is supported by occurrence of relatively thin cover of weathering material on top of the bedrock at the northeast. The sediment fill in this part of the area is generally estimated at 7 m or less. In addition, the occurrence of relatively more faults effectively reduces velocity values in those areas. Furthermore, this study yields approximate depth to bedrock and any significant variation of that depth through the area. Based on integrated interpretation of the geophysical data, we conclude that the area of interest overlies dipping bedrock. Significant bedrock structural lows are observed at several areas.

The seismic interpretation gives clear indication for faulting in the subsurface cutting through the entire sedimentary section. The majority of the interpreted faults are extensional normal of a ENE-WSW trend with a down thrown toward the northeast and southeast. This main structural trend is consistent with the regional structural trend of the area. 
Interpretation of the available seismic sections indicates that a large number of these faults are concentrated in the northern and northeastern parts of the regional area. Apparently, these faults increase in frequency toward the area where the land subsidence forms are located. Those faults might have contributed to some instability of the section overlying the bedrock. It is evident from that the latter, which is highly dissected, is overlain by a relatively thin weathering layer--one affected by land subsidence.
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