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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
The significant structures and faults along the basin margin folds of the Wind River Basin have been interpreted by employing geologic mapping, fracture analysis, limited well-log analysis, and geologic cross sections. These previous studies suggested a basement-involved reverse faulting to explain fold development (Abercrombie, 1989; Willis and Groshong, 1993; Gay, 1999; Brocka, 2007; Clements, 2008). However, the use of seismic techniques to image these interpreted faults at depth has been very scarce (Skeen and Ray, 1983; Alward, 2010; Tiffany, 2011; Thomas, 2012). Alward (2010) and Thomas (2012) employed seismic imaging technique to develop a better understanding of the Spring Creek fault geometry in the Schoettlin Mountain quadrangle and the Red Canyon quadrangle. Tiffany (2011) attempted to image the Carr Reservoir fault in the Del Monte Ridge quadrangle. The experiment reported here was conducted to use 2D seismic refraction and reflection techniques to image potential fault duplexing on the footwall of the Derby Dome back limb fault which was mapped by Brocka, 2007 (Fig. 42).
The seismic refraction and reflection data were collected on July 1st, 2012, along the A-A’ profile labeled on Figure 42. The equipment used in this experiment include: 1) 104 Geometrics receivers (geophones), 2) three 24 channel and two 16 channel Geometrics geode data acquisition boxes, 3) an 8 gauge Betsy Seisgun source, and 4) all associated cabling that connected the seismic line system to the field laptop computer. Seismic data were acquired using a fixed spread design which requires that shots are moved through the entire spread and the geophones are stable during the experiment. Four shots were fired before reaching the first receiver, and four shots were fired after the last receiver. Total spread length of the profile was 272 meters, and total shots were 35. Table 1 shows the complete description of the experiment design and parameters.
[image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\Fig.1zoomed geo map1.jpg]
Figure 42: Zoomed map view of the seismic experiment shot line A-A’
Table 1: A-A’ fixed spread data acquisition parameters

	

	Source Type:
	Betsy SeisGun – 8 gauge, 400 grain

	Source Depth:
	~ 0.3 m

	Receiver Type:
	104 Geophones (40 Hz Geometrics Receivers)

	Data Recording System:
	3 x 24 Channel and 2 x 16 Channel Geometrics Geodes 


	Recording Time:
	1 s

	Sampling Interval:
	0.25 ms

	Source Spacing: 
	8 m

	Receiver Spacing:
	2 m

	Total Spread Length:
	272 m

	Total Shots Fired:
	35

	CMP Fold:
	13



Field Methods
To begin the experiment, all of the geophone locations and shot points were surveyed, measured and flagged, and elevation changes along the profile were recorded using real time kinematic satellite navigation techniques. For each of the shot locations, 0.3 meter-deep holes were dug and filled with water to increase coupling and signal to noise ratio with the Betsy Gun. The data were recorded on a field laptop computer after each successful shot using Geometrics Seismodule ControllerTM software.



Seismic Refraction
Data Processing
Data processing and refraction tomography analysis started with picking the first arrived P waves to the all geophones for each shot using SeisImager program PickWin95© (Fig. 43). Total of 3640 first arrival P-waves were picked from 35 shot gathers. Once the variations in P-wave speed were evaluated and saved, the picks were imported into a second SeisImager program Plotrefa© for velocity analysis. In this second step, initially the best-fit velocity lines were picked for each layer (Fig. 44). Following picking of the best-fit velocity lines, a time-term analysis technique was used to computationally solve topographic and interface variations associated with the raw data (Fig. 45). Lastly, refraction tomography techniques were applied to map lateral variations in velocity. [image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\Fig. 2 first arrival picks.JPG]
Figure 43: First arrival P-Wave picks displayed in PickWin95© for a single shot gather. The green lines represent the picks from the previous shot gathers, and the red line represents first arrival picks for shot gather displaying here.
The initial time-term inversion model, which was developed using standard time-term analysis approach, was used as a starting point to generate a final refraction tomogram (Fig. 46). The steps of the refraction processing and relevant parameters are listed in Table 2.
 
[image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\Fig. 3 travel time curve.JPG]
Figure 44: First break picks displayed in Plotrefa© with inflection points picked, indicating changes in velocity. First layer is red and second layer is green. Note the asymmetry in the lines indicative of very strong lateral heterogeneity in the subsurface velocity structure.

Table 2: Seismic refraction data processing steps and parameters
	
Process Steps	Parameters

	

	1)First P-wave arrival picks in PickWin95©
	

	
2) Best-fit velocity line picks in Plotrefa©
	

	
	

	3) Time-term analysis
     Initial Model
	

Depth to top of lowest layer: 50 m.
Minimum velocity: 300 m/sec
Maximum velocity 4000 m/sec
Number of layers: 15

	
	

	4) Inversion analysis
	Number of iterations: 10
Number of nodes: 3
Horizontal smoothing
        Number of smoothing passes: 1
        Smoothing weight: 0.8
Vertical smoothing
        Number of smoothing passes: 0
        Smoothing weight: 0.5
Number of layers to be smoothed: 5
Minimum velocity: 300 m/sec
Maximum velocity: 3000 m/sec

	
	



Results and Interpretations
Figure 45 represents the time term inversion model, which was used as a starting point to generate the final tomographic inversion processing. This model shows the very basic topography and velocity variations between two layers. Since topography of this profile line is fairly flat, elevation data were not incorporated and a “flat surface” model was used. Figure 46 is the final tomogram whose velocity variations were smoothed both vertically and horizontally across A-A’. As a result of this inversion process, lateral and velocity variations are not a function of topography. The average error for this final tomogram is 2.48 milliseconds. Observed lateral velocity shift on both the time-term inversion model and the final tomogram (Fig.45 and 45) supports the previous interpretation by Brocka (2007) for the presence of the thrust duplex on the footwall of the Derby Dome back limb fault.  This duplex thrust fault was marked on the time-term inversion and final tomogram as “fault zone”. The lower velocity material on the east side of the fault can be attributed to the fault gouge associated with the back limb fault. 


[image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\Fig. 4 time term analysis1.jpg]
Figure 45: Time-term inversion model used to generate the initial model for tomography processing

[image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\Fig.5 final smoothed tomography1.jpg]
Figure 46: Final smoothed tomogram with fault zone indicated.

Seismic Reflection
Data Processing
Seismic reflection data were processed and analyzed using the Geo2x software Visual SUNT_22 Pro. The first step of processing was converting the data collected in the field from SEG2 to Seismic Unix (SU) format. Following the converting of all seismic files from SEG2 to SU format, geometry definition, which requires entering receiver spacing, source spacing, elevation, and location was applied to each profile line. Figure 47 shows two unfiltered shot gathers with all noisy traces in SU format. Next, to remove the part of the traces that are not reflections, and minimize noise, such as ground roll and source air waves, bandpass filters were applied (Fig. 48), and then ground roll and air waves were manually deleted from each shot gather in the profile (Fig. 49). After the completion of the basic data edits, the data were sorted into common depth point (CDP) gathers to create a velocity semblance file. The CDP and velocity semblance files 
[image: F:\sismik pics\raw refl.jpg]
Figure 47: Shot gathers of raw seismic reflection data. 
were then used to interactively select the velocity values. The next step was stacking the CDP gathers. To complete this step, the range of stacking velocities, velocity increment, and number of velocities must be specified. The absolute minimum and maximum velocities that are used in this experiment were 300 m/s and 3200 m/s. The final stacked files were examined and the best stacked seismic section was selected (Fig. 50 and 51)

[image: F:\sismik pics\filtered.jpg]
Figure 48: The same two shot gathers with the Figure 47 after applying bandpass filters.
[image: F:\sismik pics\mute.jpg]
Figure 49: The same two shot gathers with the Figure 48 after muting process applied.



Results and Interpretations
Figures 50 and 51 represent the final processed images for the time-migrated and depth-converted seismic profiles, respectively. The data have 13 fold resolution and a 3.8 times horizontal exaggeration at 2.5 km/s (100 ms = ~125 m). The observed deepest reflections on this profile are located at a depth of approximately 400 milliseconds, which is at 500 meters depth 
[image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\fig.6 seismic profile11.jpg]
Figure 50: Final seismic reflection profile (A-A’) displayed in TWTT. Circles indicate interpreted location of the thrust fault and ground roll.
[image: C:\Users\Didem\Desktop\RESEARCH\SEISMIC REFLECTION FILES\final pics\fig. 7 seismic profile depth converted1.jpg]
Figure 51: Seismic profile (A-A’) displayed in depth. Circles indicate interpreted location of the thrust fault and ground roll

when depth converted. The thrust fault is the most recognizable feature on the profile, and indicates that the fault duplexing labeled on the geologic map propagates farther to the north instead of turning eastward along the northern margin of the tongue of Thermopolis shale shown due north of the section 29 labeled in Figure 42. The discontinuity of the strong reflectors in the middle of the profile defines the zone of the faulting and offset (labeled fault zone in Figures 50 and 51}.  The fault zone is identified by relatively weak reflectors, which likely represents Thermopolis shale. Strong reflectors on the footwall of the fault, below the fault zone (Fig. 50 and 51) are presumed to represent the relatively more rigid Morrison formation. Slow reflectors on the hanging wall of the fault are too complicated to make inferences, but they likely indicate the presence of fault gouge related to the back limb fault.
Discussion
Data Acquisition Challenges
Because of access problems, and rugged topography, seismic experiment was performed along the limited and short profile length. Additionally, unconsolidated dirt over the study area made digging holes for the shot locations hard, and took a lot of time which limited the timetable. The other significant challenge was that the steady winds during the shots were performing caused noise which created noisy far-offset traces on the profile. 
Data Processing Challenges       
First, source-related noise, which includes ground roll and air wave filters effects, became a significant problem during the seismic reflection processing. Filters were used to remove source-related linear noise. However, the remaining ground roll had to be eliminated and was manually deleted by applying a muting process. Despite all those steps for removing noise, the author was still unable to eliminate some of the ground roll which is labeled on Figure 50 and 51. The noise removal process resulted in the loss of large portions of real reflection signal covered by the ground roll, and, as a result, restrictions on imaging deeper layers were unavoidable. Nonetheless, this muting process was important to resolving the final seismic profile. 

Even though data acquisition and processing challenges decreased the final image resolution and depth penetration, the following conclusions were derived from the 2D seismic refraction and reflection experiment:
· Both seismic refraction and reflection profiles successfully imaged the thrust fault which is consistent with the interpreted fault duplexing in the study area. 
· On the seismic refraction profile, nearly 8 meters of upward displacement of the low velocity material on the hanging wall of the thrust fault is attributed to the fault gouge. 
· The seismic reflection processing also clearly revealed the fault which was the main objective of this experiment.
·  The fault duplexing propagates farther to the north than initially mapped by Brocka, and does not turn toward the east at the south side of the seismic profile as previously interpreted (Fig. 42).
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Figure 1. Map diagram of Line 1 (fixed spread) of seismic experiment.
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