Shot Information
1.) Shot spacing: 6 m – Total of 39 shots
a. First 6 shots occur before the line. See “Table 3” for description of geometry and shooting process.
2.) See Spreadsheet 2 for total station data (Seismic Line 2)
a. Highlighted cells represent shots 
3.) See Spreadsheet 2 for total station data (Seismic Line 2)
a. Highlighted cells represent shots 
4.) 8 gauge shotgun blanks out of a Betsy Seisgun
5.) Shots were fired ~1m below surface


Receiver/Station Information
1.) Lat/long of northern-most shot location: 43.370183° N, 108.094947 W
a. Azimuth of line: 205
2.) N/A
3.) ?
4.) See Figure 1 for the layout of the seismic line. The purpose of this experiment was to image a steeply south dipping, reactivated fault. The goal was to image the fault at depth, and confirm the geometry of the fault assumed from mapping done previously in the area. The steep dipping nature of the fault, along with that of the strata to the south of the fault made imaging the fault itself difficult. Instead, a washout zone of weak reflections was imaged, as well as a lateral velocity change in the refraction data. 
1.) See Figure 2 for the layout of the seismic line. This line had a more complex geometry, as a modified rolling spread design was used. The same goals were set for this line as the first line (to image the fault). 

















Seismic Processing Review
Introduction
In the previous chapter, Quaternary tectonism was documented in the Birdseye Creek study area. This chapter aims to assess the style and geometry of faulting associated with Quaternary deformation. Detailed subsurface information across the southern front of Owl Creek Mountains is lacking. Regional analysis of a deep crustal seismic reflection line that started from the southern margin of Owl Creek Mountains, across the Wind River Basin and into the Granite Mountains, show low angle thrusting along a narrow zone extending through the entire crust to depths of 35 to 30 km (Figure 1) (Keefer, 1970). 
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Figure 1. Map diagram of Line 1 (fixed spread) of seismic experiment.

The basic concept of the seismic reflection survey involves using controlled sources (shots) to generate seismic energy that reflects off of subsurface interfaces back to geophones deployed at surface. Reflection seismic data are usually considered to image a point midway between the shot and the receiver (geophone); this point is called the Common Depth Point (CDP). The geophones record ground surface motion in two orthogonal directions for each shot. Repeating a number of shot-gone blows at the same site allows the data recorded at the geophones to be stacked, thus improving the signal-to-noise ratio (e.g, Fowler,1996 and Waters,1986). 
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Figure 2, The Birdseye Creek study area map. The Yellow line denotes the
seismic reflection line and the red starts denote the selected shot locations and
the red dashed line denotes the scarp.

In the Birdseye Creek study area; we surveyed a seismic line 418 meters long, trending N-S located on the Q3 alluvial surface. The line crosses the E-W trending scarp around 140 CDP markers (Figure 4.2). The spacing between geophones was 2 meter, and 49104 geophones moved four separate times along the seismic line, so the total number of the geophones was 416. The seismic sources were used here are shots gun with total number of 36 shots and 6 meters spacing between each shot (the single shot load size is 450 grains of black powder) (Figure 4.3) . 
Visual-SUNT was used to process our data; the software is a Windows based version of the “Seismic Unix” software developed at the Colorado School of Mines (http://www.wgeosoft.ch). The Seismic Unix (SU) is the program on which many exploration professionals learn reflection processing. Data analysis consists of: 
(1)  Data input and reformat SEG2 (based on the recommended standard of the Society of Exploration Geophysicist) file to (SU) file format 
(2)  The best filtered data which minimizes the ground roll (surface waves) and air waves and maximizes the reflections 
(3)  Sorting data into CDP gathers (it means that traces having a common mid-point between shot and geophone are grouped) 
(4)  Estimation of Normal Move-out (NMO) velocities (loading the new sorted file, then see CDP group with a colored trace between CDP groups) 
(5)  Stack the CDP gathers 
 Finally, creating a geometric model of the subsurface Ten models were produced with different types of bandpass filters in order to clean the amount of the noise (ground rolls and air waves) within the data; with using a range of frequencies(A typical low frequency cut-off for sallow surveys is between 30 and 50 Hz). By inspecting, the best results use (5-10-20-25, 10-15-25-30, and 15-20-30-35) 50 filters. The 10-15-25-30 filter is selected as the most accurate data with frequency of 40 Hz. The next step is to mute ground roll in the seismograms ; the ground roll can be identified by looking for waves with velocities of around 100 m/s and with linear move-out. The Normal Move-Out (NMO) velocities and sorting of Common Depth point (CPD) are computed using a first velocity of 400 m/s, velocity increment of 200, and 15 velocities. 
As a more robust way to determine the best stacked seismic section involves assessing travel time for selected shot locations. This was accomplished using SeisImager, which consists of two parts Pickwin95 and Plotrefa. Pickwin95 is the program that uses to load in different shot locations as (.dat files) that taken in the field, then identify and pick possible reflections, and store the results. The next step is to run the analysis software (Plotrefa) to load the result data from Pickwin95, and determine the velocity structure under each shot locations. Plotrefa uses an algorithm called the “delay time” method to fit a model to our data.Three shot locations are selected where each one located at the front of the geophones set across the seismic line, to get best velocities of the under laying bed rocks. 
The first shot location was about 18 meters from the north of the seismic line (the beginning of the line), was loaded into Plotrefa to get the traveltime curve (Figure 4.4). The velocity beneath this shot location was roughly 1800 m/s. The second shot location that was selected is located about 78 meters from the north and before the scarp, the resulting traveltime curve has two velocities ( = 2100 m/s and = 1000 m/s) (Figure 4.5). Knowing the velocities and the cross over distance (d = 28m) from the traveltime 51 curve, we could calculate the thickness of the alluvium layer by using the following formula (1): 
The third shot location was about 216 meters from the north and after the scarp. The traveltime curve of this shot location has two velocities ( = 2267m/s and = 1082 m/s) (Figure 4.6). From the traveltime curve of this shot, the cross over distance (d) = 51m. From the formula (1a), the thickness (h) would be = 15.25 meters. 
Thus, the depth of the alluvium layer increases toward the south (basinward) form 8.33 to 15.25 meters. Since, we have different thicknesses of the alluvium layer, true velocity can be determined in order to interpolate the structure beneath the seismic profile line. In order to calculate the true velocity ( , the critical angle ( ) and dip angle (δ) must be known. Consider the (Figure 4.7) where and , dip angle δ and horizontal distance x between the second and third shot locations are related by using the spacing and depth, the dip of the interface (alluvium) is δ = 8.2. 
The critical angle is determined by the following formula: 52  Based on the field measurement (the average of different of and ) = 1100 m/s and (down dip velocity) = 2100 m/s. so the critical angle would be: 
= 25.16 
Hence, the true velocity ( can be calculated by the formula: 
So, = 2588 m/s 2500 m/s 
The estimated true velocity is used for stacking the seismic sections to produce the most coherent reflections. For comparison, stacked seismic sections using 1800 m/s (Figure 4.8) and 2200 m/s (Figure 4.9) are also included. Stacked seismic section using 2500 m/s is the most accurate (Figure 4.10). Finally, converting stacked seismic time section to depth (in meters) section by using depth conversion model; the process involves: 
 Converting NMO velocities to interval velocities 
 interval velocities are interpolated to fill a grid with all CDP and samples 
 Thickness of all cells is computed from interval velocities 
 Time samples are recorded in a depth grid 
 Missing depth values are interpolated to fill the grid
Interpretation: 
The seismic profile shows discontinues reflectors around the 140 CPD marker, where the scarp is located on the surface (Figure 4.10). We interpret this break in reflections dipping steeply toward the north (high angle reverse fault). Based on the geomorphology of the scarp at the surface, the up-thrown of the fault is located in the north side of the seismic profile while the down-thrown block is found in the south side. The fault cuts through flat lying tertiary rocks and displacement of the fault supports our conclusion in chapter 3 where the scarp has been formed as fold scarp. The estimated vertical cross section (Figure 4.11) illustrates the active monocline that has formed over the estimated blind reverse fault whose rupture has not made it all the way to the ground surface. The average length of the offset from the three velocities models is estimated to be around 11-15 meters which represent a series of previous earthquakes that have been happened in this area. The tip line of the blind fault is located at depth approximately 60-100 m.
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[bookmark: _GoBack]Figure 3, Interpretation of 2D geometric model beneath the Owl Creek seismic line using constant stacking velocity of 1800 m/s, the yellow line denotes the fault displacement.
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Figure 4, Interpretation of 2D geometric model beneath the Owl Creek seismic line using constant stacking velocity of 2200 m/s, the yellow line denotes the fault displacement.
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