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ABSTRACT 

The San Jose fault extends from the San Jose hills into the Pomona 

Valley. The 1988 and 1990 Upland earthquakes have been attributed to this 

fault and large segments may rupture in a bigger future event. Sections of the 

fault are considered to run through the campus of California State Polytechnic 

University, Pomona. Resistivity surveys were conducted across several areas 

where the fault has been inferred to exist on the basis of boreholes, trenches, 

and gamma-ray spectrometer surveys by a geotechnical engineering report 

(GeoCon, 2001). Resistivity surveys measure how conductive the subsurface is 

to electrical current and therefore may be used to detect groundwater, lithologic 

changes, and offset due to faulting. The surveys consisted of 24 electrodes in a 

Wenner configuration with a spacing between 1-5 m. The data was processed 

using Geotomo’s RES2DINV software to obtain 2D profiles of resistivity. Surveys 

were performed before and after rainfall, whenever possible, to analyze its 

possible effect. The resulting images were interpreted to provide an enhanced 

understanding of the fault as it dissects the campus.  

Agreements as well as incongruities were found when comparing our 

resistivity models with the geotechnical cross-sections. Interpretations of several 

resistivity profiles suggest the presence of water, pounding up against the fault. 

Based on our results, we suggest that some fault traces may be located ~20 m 

south of their reported location.  At the corner of Camphor Lane and University 

Drive, profiles with little lateral variation suggest that it is unlikely that the fault 

runs through this area.    
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CHAPTER 1 

INTRODUCTION 

The San Jose fault in southern California runs through the cities of La 

Verne, Pomona, and Claremont in the Pomona Valley east of Los Angeles 

(Figure 1) and has been poorly studied. The only major survey of this fault as it 

runs through the California State Polytechnic University, Pomona (henceforth 

referred to as Cal Poly Pomona) campus was conducted more than ten years ago 

(GeoCon, 2001). Better constraining the location of the fault on campus is of 

critical importance as some university buildings affected by the fault are planned 

to be removed (Tanaka, 2014) and replacement buildings are in their early 

planning stages. 
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Figure 1. The San Jose fault. The fault is located south of the Transverse ranges 
in southern California. The red star represents the location of the Classroom, 
Laboratory & Administration (CLA) building on the Cal Poly Pomona campus. 
The inset map displays all the stations from the Southern California Seismic 
Network (SCSN) within 100 km of the campus. The small star represents the 
location of the 1988 Upland earthquake, while the large star represents the 
location of the 1990 Upland earthquake. The solid thin lines indicate the 
transition between alluvium and basement rocks. The dots are earthquakes 
detected by the SCSN. Adapted from Astiz et al. (2000). 
	

This research project utilizes resistivity surveys coupled with Geotomo’s 

RES2DINV software to generate subsurface resistivity images of various survey 

sites around the campus. The resistivity surveys were strategically located to 

investigate the relatively unknown San Jose fault as it runs through Cal Poly 

Pomona. The survey sites were chosen based on the fault traces from the study 
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performed by GeoCon (2001). The data from these surveys were used to 

generate subsurface resistivity profiles, which, together with the data in the 

Geocon (2001) report, were interpreted in terms of the possible location of the San 

Jose fault.   

Tectonic Overview 

Southern California is known for its tectonic activity. The San Jose fault 

extends from the San Jose hills eastward into the Pomona Valley, which is 

located east of the Los Angeles Basin (Figure 1). The Los Angeles and San 

Gabriel Basin are transitional basins between two major ranges (Yang and 

Hauksson, 2011). To the north are the east-trending Transverse Ranges 

dominated by reverse faulting. To the south are the northwest-trending 

Peninsular Ranges that are dominated by right-lateral strike-slip faulting. The 

San Gabriel Basin was formed during the Pliocene-Pleistocene and trends 

northeast (Yeats, 2004). It is a shallow marine sequence overlain by the non-

marine Duarte Conglomerate; this is in contrast to the deep-water Fernando 

Formation of the Los Angeles Basin (Shelton, 1955; Crook et al., 1987; Tsutsumi 

et al., 2001; Yeats, 2004). 

The San Gabriel Basin is a stable triangular block (Figure 2; Astiz et al., 

2000; Yeats, 2004). To the west, this basin is bounded by the northwest-striking 

East Montebello fault and to the east it is bounded by the northeast-striking 

Walnut Creek fault (Yeast, 2004). To the east, the San Jose fault is part of an 

east-trending active fold belt that underlies the San Jose and Puente hills. This 

fold belt is adjacent to the right-lateral Whittier fault and also contains the San 
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Jose anticline, the Walnut anticline, and the Puente Hills anticline (Yeats, 2004). 

 

Figure 2. Map depicting the San Jose fault (red line) and the surrounding areas. 
Adapted from Yeats (2004).  

 

Although the background seismicity of the San Gabriel Basin is relatively 

low, some moderate-sized earthquakes have occurred within the region (Figure 

3). These include the 1987 Whittier Narrows earthquake (M5.9) on the Puente 

Hills blind thrust, the 1988 Pasadena earthquake (M4.9) on the Raymond fault, 

the 1988 (M4.6) and 1990 (M5.2) Upland earthquakes on the San Jose fault, the 

2008 Chino Hills earthquake (M5.4) and the 1991 Sierra Madre earthquake 

(M5.8) (Astiz et al., 2000; Hauksson, 1994; Yeats, 2004; Yang and Hauksson, 

2011; Hauksson et al., 2008; Jones et al., 1990). The Sierra Madre earthquake 

occurred on the east-striking Clamshell-Sawpit reverse fault at the northern edge 

of the basin (Hauksson, 1994). The Whittier Narrows earthquake also occurred 

on an east-striking reverse fault, the Puente Hills blind thrust, but on the southern 
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edge of the basin (Tsutsumi et al., 2001; Field et al., 2005). The 1988 Pasadena 

earthquake (M4.9) on the Raymond fault and 1988 and 1990 Upland 

earthquakes (M4.6 and M5.2 respectively) on the San Jose fault were events 

associated with left-lateral strike-slip faults rather than the more dominant 

northwest-striking right-lateral faults of the Peninsular Ranges (Hauksson et al., 

2008; Astiz et al., 2000; Yeats, 2004; Jones et al., 1990). 

 

Figure 3. A seismicity map of the area surrounding the San Jose fault. Events 
greater than M1.5 from 1981 - May 1990 are plotted from the Southern California 
Seismic Network. Major faults are shown, and are dotted if inferred. Events M4.0 
and greater are denoted with a star. Events M4.9 and greater have the date 
shown. Figure from Hauksson and Jones (1991). 

 

The southern front of the Transverse Ranges is defined by reverse faults 

that extend from the San Fernando Valley in the west to the San Andreas fault in 

the east (Figure 1; Hauksson and Jones, 1991). From this southern front, a few 
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late Quaternary left-lateral strike-slip faults, including the San Jose fault, splay off 

(Hauksson, 1994). It is possible that these northeast trending left-lateral strike-

slip faults transfer slip away from part of the southern front southward. The 

hypocenters of the 1988 and the 1990 Upland earthquakes are located less than 

2 km from the surface traces that define this southern front (Hauksson and 

Jones, 1991).  

The San Jose Fault 

The San Jose fault is a reverse left-lateral separation fault. The eastern 

portion of the fault exhibits left-lateral strike-slip motion, but the fault has at least 

a component of reverse motion as it moves westward towards and through the 

Cal Poly Pomona campus (GeoCon, 2001). To the west of campus, it is thought 

that the fault becomes blind. 

The California Department of Water Resources (1970) considers the San 

Jose fault to be a strong hydrogeologic barrier to flow. This is indicated by the 

offsets in the groundwater levels across the fault and it can be mapped 

accordingly (Figure 4; Hauksson and Jones, 1991). As the groundwater reservoir 

meets the fault, it offsets the base of the groundwater reservoir (Figure 5). Near 

Claremont, the offset of the groundwater table across the San Jose fault is nearly 

400 feet (California Department of Water Resources, 1970). 
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Figure 4. The San Jose fault acts as a barrier to flow. The contour lines represent 
the bottom of the ground water reservoir in 100-foot intervals. The contours are 
derived from the ground water levels in local wells of the California Department of 
Water Resources (1970). Adapted from Hauksson and Jones (1991). 

 

The 1988 M4.6 Upland earthquake occurred on June 26, 1988 (Astiz et 

al., 2000). It had an aftershock zone that extended from 4-10 km in depth and 

about 1-2 km in length  (Figure 6; Hauksson and Jones, 1991). The dip of the 

focal mechanism of the mainshock was inconsistent with the presumed 70° dip of 

the aftershock zone. This, along with a couple of deep aftershocks, suggests that 

the dip of the fault is not as steep below the mainshock (Hauksson and Jones, 

1991).  
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Figure 5. The offset of the effective base of fresh water due to faulting. The 
cross-section follows line B-B’ in Figure 4. The hatch pattern (Mpe) is the rocks of 
the Puente formation (marine siltstone, sandstone, and shale). Elevation is 
shown in feet. Figure from Hauksson and Jones (1991). 

 

The 1990 M5.2 Upland earthquake occurred on February 28, 1990 with a 

depth of 5.2 km (Astiz et al., 2000; Hauksson and Jones, 1991). Similar to the 

1988 Upland sequence, most of the aftershocks were deep and were located 

within a narrow zone. A month and a half later this zone extended and followed 

along the same southwestern trend of the aftershocks as the 1988 Upland 

sequence. Hauksson and Jones (1991) hypothesized that since these late 

aftershocks all occurred at depths between 3-5 km, this segment of the San Jose 

fault did not rupture during the mainshock.  

The hypocenters of both events occurred within close vicinity to one 

another, only separated by 2 km on the surface and 4 km in depth (Hauksson 

and Jones, 1991). They had similar focal mechanisms and possibly ruptured 
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adjacent or even overlapping segments of the San Jose fault, with a length of 

only 4 km of the 18 km total length of the fault. Hauksson and Jones speculate 

that the lack of events along the remaining segments could indicate that this part 

of the fault is locked, and could rupture in future events.  

 

Figure 6. Earthquakes in Upland California between 1981-1989 recorded by the 
Southern California Seismic Network. The dotted lines are inferred locations of 
faults. Figure from Hauksson and Jones (1991). 

 

There is some uncertainty on the slip rate of the San Jose fault. Hauksson 

and Jones (1991) indicate it is much lower than the rates of the San Jacinto fault 

and the Cucamonga fault (8-12 mm/yr and 5 mm/yr respectively). The Southern 

California Earthquake Data Center (2013) estimates the slip rate of the San Jose 

fault is between 0.2 and 2.0 mm/yr. However, Yeats (2004) estimates it to be 

between 0.4-0.8 mm/yr. This uncertainty makes it difficult to estimate the largest 

potential rupture. Since sections of the fault are thought to be locked, the 
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Southern California Earthquake Data Center (2013) estimates that it has the 

potential to rupture in a ML6.0-6.5 event. Hauksson and Jones (1991) estimate 

that an event of this magnitude is possible, if a 14 km segment of the 18 km long 

San Jose fault were to rupture in one event. 

The nearby communities of Upland, Claremont, Pomona, and La Verne 

are densely populated areas. A rupture in the vicinity of these communities has 

the potential to cause significant damage (Hauksson, 1991). The nearby 1987 

Whittier Narrows earthquake (ML 5.9) under the heavily urbanized San Gabriel 

Valley caused an estimated $360 million in damages (Hauksson, 1994). Field et 

al. (2005) estimated that a rupture of the Puente Hills blind thrust to the west of 

the San Jose fault would be catastrophic. Using a Mw 7.2, Mw  7.4, and Mw  7.5 for 

their model for a rupture along the entire length of the fault, they estimated that 

the total economic loss could be between $82 and $252 billion. This event would 

cause a significantly higher economic loss than the Northridge earthquake, since 

many of the structures in the area are older and more vulnerable structures than 

the wooden residential structures affected during the Northridge event. 

Therefore, based on its potential magnitude, the local population density 

and the types of structures in the area, the San Jose fault poses a significant 

hazard to the greater Pomona Valley area. 

The San Jose Fault on the Cal Poly Pomona Campus 

In 2001, GeoCon conducted a survey of the San Jose fault as it cuts 

through the Cal Poly Pomona campus (Figure 7). Utilizing data from boreholes, 

previous trenches, and gamma-ray spectrometer traverses, GeoCon developed a 



	
11 

map of the San Jose fault on the campus. GeoCon did not define the types of 

lines as shown on their overview map in their report or include them in their 

legend. The only type of line listed on their legend was for “fault”, but the 

overview map showed dashed as well as dotted lines and queried the fault in 

places (Figure 8). These symbols are industry standard and were interpreted as 

such. Also, since the labels “known” fault and “probable” fault were used in the 

spectrometer figures, where they usually corresponded to dashed lines and 

dashed lines with question marks, respectively, on the overview map, we chose 

to use those descriptions in the remainder of this thesis when referring to those 

types of fault traces on the overview map. Therefore, queried segments of the 

fault were interpreted to indicate a “probable” fault and to indicate where GeoCon 

has seen some evidence for a fault. We interpret dashed lines to indicate where 

GeoCon has found strong evidence of the San Jose fault and is certain that the 

fault exists at this location: a “known” fault. It is important to note that many of the 

dashed lines in GeoCon’s overview map corresponded to both “probable” and 

“known” fault labels in the spectrometer figures. Given industry standards, both 

these types of lines should be located where the San Jose fault cuts the surface 

and thus correspond to the surface trace of the fault. Dotted lines were 

interpreted to indicate a “buried contact”, and could be used for a contact such as 

a fault that is not located at the surface.  
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Figure 7. San Jose fault location as interpreted by GeoCon (2001). Adapted 
from maps from GeoCon (2001) using Google Earth (2014). 

 

The 2001 report was predated by an earlier report by GeoCon in August 

1999 that indicated the presence of faulting in both the North Ranch Valley on 

west campus and near the north end of Citrus Lane. The faulting in the North 

Ranch Valley was more ambiguous, but, according to the GeoCon report, a 3 ft 

offset of the charcoal-bearing alluvial deposit exposed in a trench off Citrus Lane 

demonstrated that a northwest-dipping thrust fault was active over the last 3500 

years. The location of this fault scarp coincides with Line 1 of the GeoCon borings 

(Figure 8). As the fault passes through central campus, it appears to trend west-

southwest (GeoCon, 2001). 

Previous studies conducted by Petra Geotechnical (1997), Rasmussen 

and Associates (1981), and Earth Consultants International (1997) encountered 

difficulties while trenching due to extensive development and infrastructure such 
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as power lines and buried utilities (GeoCon, 2001). They also ran into problems in 

some areas where the ground water table was too shallow to trench (GeoCon, 

2001). This led GeoCon to pursue the use of several lines of borings to 

investigate the fault. 

GeoCon performed 12 lines of borings across the Cal Poly Pomona 

campus. Several of the borings indicated that the depth to the water table varied 

significantly, thought to be caused by the presence of the fault between these 

boreholes. For example, along Line 3, borehole 4 (L3-B4) was drilled 40 ft north 

of L3-B1 (Figure 8). L3-B1 encountered a water table depth of 25 ft. However, at 

L3-B4 the water table depth was measured at a depth of 45 ft. 
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Figure 8. Boreholes in the vicinity of Site 1. Borehole line 1 (L-1), borehole line 
2 (L-2), and borehole line 3 (L-3) on northeast campus (top). The associated 
legend for GeoCon’s overview map (bottom). Adapted from GeoCon (2001). 

 

Gamma-ray spectrometer traverses were also used to supplement the 

borehole surveys. This experimental technique uses a sodium iodide, thallium 

activated (NaI(Tl)) 3-inch x 3-inch detector mounted on the floorboard inside a 
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vehicle (GeoCon, 2001). The purpose of the detector is to detect the radioactivity 

of radon gas escaping from the fractures generated by the San Jose fault. It also 

sought to detect high uranium concentrations present in lacustrine smectitic clays 

along the fault (Figure 9; GeoCon, 2001). 

 

Figure 9. A plot of the spectrometer readings used by GeoCon to help determine 
the location of the San Jose fault. Spectrometer measurements for line E-E’ 
which is shown with red letters in Figure 8.  The approximate location for each of 
the measurements is shown as a diamond. The ratio of potassium to thorium 
(K/Th) is plotted as a function of distance. Figure from GeoCon (2001). 

 

According to GeoCon (2001), anomalous highs were suggestive of 

possible fault traces. Spectrometer line E-E’ (Figure 9), can be seen cutting 

across the San Jose fault in Figure 8. Two high ratios appear to correspond to 

the locations of a “known” and a “probable” fault (note that, based on the 

classification of the fault on the overview map, these two labels should probably 

be reversed). However, upon examination of the GeoCon (2001) report, this is 

not a consistent trend. For example, spectrometer line C-C’ can also be seen 

crossing a “known” trace of the San Jose fault (Figure 8). In spectrometer line C-

C’ (Figure 10) however, this trace is labeled at a low potassium to thorium ratio 

(K/Th) instead of an anomalous high as was the case in Figure 9. Therefore, the 
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interpretations of these spectrometer data appear to be inconsistent. We should 

also note that the use of this type of data to locate or detect faults is not a 

common approach in the engineering geology industry. 

 

Figure 10. A plot of the spectrometer readings used by GeoCon to help 
determine the location of the San Jose fault. Spectrometer measurements for line 
C-C’ in Figure 8.  The approximate location for each of the measurements is 
shown as a diamond. The ratio of potassium to thorium (K/Th) is plotted as a 
function of distance. Figure from GeoCon (2001). 

 

Research Approach 

This research seeks to investigate whether the San Jose fault affects the 

subsurface resistivity around the Cal Poly Pomona campus and if resistivity 

anomalies can be used to help map the location of the fault in this area. In this 

process, our results will also be compared to GeoCon’s (2001) characterization of 

the San Jose fault and interpreted in the context of the previously obtained 

geophysical and geological data documented in their report. 

Resistivity is the measure of how conductive the subsurface is to an 

electrical current. We hypothesize that the presence of the fault may cause 

anomalies that may be imaged with resistivity surveys. Resistivity anomalies may 

be caused by the offset of sediments due to the fault, the fault acting as a barrier 



	
17 

to hydrogeologic flow, the presence of water along a fault damage zone, or any 

combination of the three.  Since fluids contained in pore spaces are a main 

controlling factor for subsurface resistivity measurements, the presence of a fault 

and its effect on any subsurface fluids could create a resistivity anomaly. 

Water may respond to the presence of faults in different ways. The fault 

zone may contain brecciated rocks (Figure 11). Depending on clast size, the fault 

gouge may act as a barrier or as a passage to fluid flow. Large clasts on the slip 

zone increase permeability whereas small, silt-like clasts can act as a barrier. 

Surrounding the slip zone is a damage zone. The damage zone consists of many 

small fractures that can increase permeability in the area surrounding a fault 

(Gudmundsson, 2000). The water table may also be offset by the fault as shown 

in Figure 11. Observations to this effect were made by the GeoCon survey (Figure 

8) and are described in a previous section. The California Department of Water 

Resources describes the San Jose fault as “nearly watertight” (California 

Department of Water Resources, 1970), due to the discontinuities of the ground 

water table as seen in Figure 5. 



	
18 

 
Figure 11. The slip zone of the fault. It is made up of the 
brecciated rocks and these may inhibit water flow or act 
as a passageway for fluid flow. This zone is surrounded 
by a damage zone that is characterized by numerous 
small fractures. The water table may be offset due to fault 
movement. Figure from Gudmundsson (2001). 
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CHAPTER 2 

SURVEYING METHODS, EQUIPMENT, AND SOFTWARE 

Resistivity 

Electrical resistivity is the measure of how conductive the subsurface is to 

electrical current. Utilizing geophysical equipment, the subsurface distribution of 

resistivity can be mapped and analyzed. A major reason electrical resistivity 

tomography is so versatile is that electrical conductivity is sensitive to a number 

of textural, mineralogical, and environmental conditions. Table 1 includes the 

resistivity values for several earth materials. Resistivity measurements have a 

much higher range of values than other geophysical methods and can vary by 

several orders of magnitude. The sensitivity of resistivity measurements to 

geologic conditions combined with the versatility of conducting these 

measurements makes resistivity ideal for mapping subsurface structures. 
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Table 1. Resistivity values for various rocks, soils, and chemicals. Table values 
from Loke (1999). 

 

Geoelectric resistivity measurements are performed by injecting a direct 

current, I (in units of amperes), through a pair of electrodes coupled to the ground 

and utilize two other electrodes to measure the potential difference, V (in Volts) 

(Figure 12). Utilizing Ohm’s law (equation 1.1), the resistance is calculated in 

ohms*meters (Ωm). 

V = IR  (1.1) 

Prior to the 1980’s, only simplified resistivity data was collected using one 

of five electrode array configurations (Stummer et al., 2004). The Wenner, 

Schlumberger, dipole-dipole, pole-dipole, and pole-pole electrode arrays supplied 
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one-dimensional resistivity-depth information. If the subsurface resistivity stays 

constant with depth, mapping could be achieved by incrementally moving the 

survey across the surface. Measuring deeper into the subsurface could be 

achieved by spreading the potential and current electrodes farther apart, 

assuming no lateral changes in resistivity. However, in areas of complex 

structure, ignoring vertical or horizontal changes in resistivity is not an 

appropriate assumption. 

 

Figure 12. Current flow in a simplified homogeneous half space. Current is 
injected at electrode A and B and the electrical potential is measured at M and N. 
The solid lines represent current flow from A to B in the direction indicated by the 
arrows. The dashed lines are lines of equipotential. Figure from Carpenter et al. 
(2012). 
 

The electrical conductivity of the measured material in the subsurface is 

the inverse of the property’s resistivity via a geometric factor (Demanet et al., 

2001a; Suzuki et al., 2000). In a simplified model, such as a homogeneous half-

space, the measured apparent resistivity (! a) at the sink is a function of distance 
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from the source to the sink (equation 1.2; Figure 12). 

!! = ! !
!   (1.2) 

 The 2!" is a geometric factor (k) consistent across Wenner arrays 

(Suzuki et al., 2000) and is applied since electrical current from the source 

electrode is dissipated in all directions, and not just in the direction of the sink. 

The term r is the distance between the electrodes during the measurement. 

Since current dissipates in all directions, the current measured in a 

homogeneous half space is inversely proportional to distance. In the real Earth, 

the apparent resistivity is a more complicated function that varies with depth 

(Figure 13) and changes laterally. 
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Figure 13. Current flow between two electrodes. The model becomes more 
complex as more layers and other features are added. (a) Current flow in a 
homogeneous half space. (b) Current flow between two electrodes with a low 
resistive layer overlying a layer with higher resistivity. (c) Current flow with a layer 
of high resistivity overlying a layer with lower resistivity. Adapted from Samsudin 
(n.d.). 
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Conductions through electrolytic solutions are the main constraint on 

electrical resistivity experiments in the shallow subsurface (Stummer et al., 2004; 

Sasaki, 1992). These aqueous solutions may be distributed within pores, 

fractures, or faults. However, faults may also act as barriers to flow 

(Gudmundsson, 2000). This is the case with many of the faults within the Los 

Angeles Basin, where discontinuities in the ground water table are used to map 

faults (Figure 4; Hauksson and Jones, 1991). 

Once multi-electrode systems along with 2D and 3D inversion schemes 

became available, utilizing resistivity surveys in areas of complex structure 

became possible. These new techniques are based on making multiple 

measurements along the same profile with minor changes in the midpoints and 

varying electrode spacing (Suski et al., 2010). The term ‘resistivity tomography’ 

was first used by Shima and Sakayama to describe the technique of creating a 

resistivity cross-section utilizing multiple electrodes (Sasaki, 1992). The 

redundancy in the current paths allows electrical resistivity tomography to be 

possible (Suski et al., 2010). These new acquisition systems (multi-electrode 

array configurations) combined with new inversion techniques now allow for real 

time tomographic images of the subsurface resistivity (for example, Caputo et al., 

2003). 

Examples of Fault Studies Using Resistivity 

Electrical resistivity experiments are employed in diverse experiments 

within geotechnical, hydrogeological, and environmental investigations to obtain 

2D and 3D high-resolution images of the resistivity of the subsurface in areas of 
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complex geology at shallow depths (see examples in Dahlin and Loke, 1998; 

Stummer, 2003; Nguyen et al., 2005; Rizzo et al., 2004; Colella et al., 2004; 

Suski et al., 2010). The distribution of electrical resistivity in subsurface can be 

used to interpret lithology, structure, and fluid content (Terrizzano et al., 2010). In 

recent years, studying seismically active faults with near-surface geophysical 

prospecting tools has become commonplace (Suski et al., 2010). The electrical 

resistivity tomography (ERT) method has been applied in areas of active 

tectonics to map near-surface traces of faults (Rizzo et al., 2004; Suski et al., 

2010). Although ground penetrating radar and seismic methods may produce 

more detailed images than ERT, they can be more susceptible to noise and 

require more demanding and time-consuming interpretation. Despite its lower 

resolution and more ambiguous quantitative interpretation, the relatively fast and 

economical geophysical method of electrical resistivity tomography may be a 

cost-effective tool to help in characterizing deformation and fault hazard 

assessments. ERT can also be used as an economical scouting method in 

advance of other more costly techniques such as reflection seismology or 

trenching. The simplicity, efficiency, and robustness of the ERT method and the 

interpretation make it ideal for remote and poorly developed regions (Suski et al., 

2010). The consistency of the results as well as their consistency with other 

geologic data make resistivity imaging an optimal tool to visualize fault traces at 

depth. The versatility of the technique and equipment used has been found to be 

ideal when used for exploring recent tectonic activity, delineation of the structural 

setting of volcanic areas, the investigation of geological structures of the Earth 
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upper crust, the identification of sliding surface in landslide bodies, and the 

monitoring of groundwater pollution phenomena. In the following section we will 

describe some recent studies in which resistivity surveys were used to detect 

and/or characterize faults. Several of these studies involve the presence of 

water. 

Terrizzano et al. (2010) found that electrical resistivity surveys across the 

Los Avestruces deformation zone in Argentina allowed the observation of 

different rock bodies in the subsurface. The distribution of rock bodies in the 

subsurface as inferred from the ERT profiles made it possible to interpret the 

Quaternary alluvial deposits that were tilted against their original slope (Figure 

14). The ERT was also able to successfully image the NNW reverse fault that 

cuts through the Central high, since the fault separates the low resistive clayey 

Miocene sediments on the hanging wall from the less conductive crystalline rocks 

on the footwall. The zone of low resistivity cross-cutting the high resistivity 

metamorphic rocks was interpreted to be part of the fault zone. 
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Figure 14. An ERT image of the Los Avestruces Central High in Argentina shown 
above its interpreted coss-section. Figure from Terrizzano et al. (2010).  

 

The NW-SE striking Sudetic Marginal Fault that lies within the Bohemian 

Massif in central Europe was successfully located by ERT (Štěpančíková et al., 

2011). Since ERT has been used to image shallow discontinuous structures up 

to 100 m below the surface, this technique is useful in areas where faults are 

seldom exposed at the surface due to erosion and vegetation. It was assumed 

that the fault separates the crystalline rocks from the footwall and the Miocene 

sediments from the hanging wall (Figure 15; Štěpančíková et al., 2011). The fault 

was interpreted as the resistivity gradient that can be seen in all areas of the fault 

where ERT was employed. These interpretations were later confirmed by 

subsequent trenching. The trenching also made it possible to interpret the ERT 
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profiles with greater accuracy. 

 

 

Figure 15. An ERT image utilizing a Wenner-Schlumberger array in the 
Kamenička municipal in the Czech republic. The main fault of the Sudetic 
Marginal Fault (SMF) zone coincides with the resistivity gradient marked with an 
arrow as the main fault. These interpretations were confirmed with a trench 
between stations 17 and 32. Figure from Štěpančíková et al. (2011). 

 

Colella et al. (2004) were able to image the deep (up to 500 m) and 

complex structure of the High Agri Valley Basin in Southern Italy using ERT 

(Figure 16). The high conductivity deposits are interpreted to be the muddy 

lacustrine sediments and the sharp contrast with the high resistivity units is 

interpreted to be the contact with the bedrock. The tiered topography of the 

bedrock is characteristic of the extensional faults that crosscut the basin. The 

resolution of ERT helped illuminate the complex geometry of the basin and 

helped contribute to the overall knowledge of the geological setting. 
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Figure 16. A cross section of the High Agri Valley Basin in Southern Italy. (a) The 
basin imaged with ERT and a dipole-dipole survey. (b) A simplified geologic 
cross-section of the basin. Figure from Colella et al. (2004). 

 

Electrical resistivity tomography combined with geomorphic data was used 

to locate, image, and characterize Quaternary active faults in the Andean 

Precordillera of Western Argentina (Figure 17; Fazzito et al., 2009). The highly 

resistive zones are the consolidated Triassic clastic rocks that outcrop in the 

area. The areas with lower resistivity at depth correspond to fault zones in the 

subsurface. The low resistivity zone at an along profile distance of 220 m is 

hypothesized to be part of a blind fault associated with the San Bartolo fault. The 

ERT method was able to locate fault planes in the subsurface, and in some 

cases, the orientation of the fault planes. The distribution of electrical resistivity 

on either side of the fault also allowed the study to infer areas where the fault 

plane may be acting as a hydrologic barrier. 
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Figure 17. ERT across the San Bartolo fault scarp in the Percordillera of western 
Argentina. (a) A Wenner-Schlumberger array was run across the fault scarp. The 
red dashed line outlines the depth surveyed by the dipole-dipole array. (b) A 
dipole-dipole array was run across the same area as the Wenner-Schlumberger 
array. Figure from Fazzito et al. (2009). 
	

Electrical resistivity tomography was also used to locate a fault splay and 

damage zone in San Miguel Uspantán, Guatemala (Figure 18; Suski et al., 

2010). The Quaternary deposits underlying the city consist mostly of water-

saturated pumice (Figure 18; Formation A) that corresponds to the low resistivity 

area. The ERT, combined with groundwater data, also suggests that the damage 

zone of the Tierra Blanca Fault could be a feeder of water to the corresponding 

aquifer and therefore is characterized by a zone with high conductivity. Utilizing 

this data, the study was able to detect the electrical signature of the Tierra 

Blanca Fault and was able to locate it within a few meters. 
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Figure 18. An ERT survey across the Tierra Blanca fault in the city of San Miguel 
Uspantán, Guatemala. (a) and (b) are two parallel ERT profiles taken in the city. 
The black dashed lines show the interpreted separation between Formation A, 
Formation B, and Formation C. The red lines mark the fault zone. Figure from 
Suski et al. (2010). 

 

The Geleen Fault in the Roer Valley graben has been active throughout 

the middle and late Pleistocene and continues to be active into the Holocene 

(Vanneste et al., 2008). The very low slip rate (<0.1 mm/yr) and thus a low 

topographic offset, combined with centuries of human impact, make the Geleen 

Fault difficult to locate. According to Vanneste et al. (2008), dip-slip faults may be 

observed in ERT profiles as sharp resistivity contrasts due to the offset of 

sediments now juxtaposed against layers of different resistivity (Figure 19). 

Electrical resistivity tomography utilizing Wenner arrays was able to determine 

displacements of fluvial gravel associated with the Geleen Fault. 
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Figure 19. An ERT profile across the Geleen fault in the Belgian Maas River 
valley. (A) is the full profile of the survey and extends ~45 m deep. (B) is inset of 
(A) and highlights the fault zone. (C) is inset of (B) with added geologic horizons 
to show offset. Figure from Vanneste et al. (2008).  
	

Terrizzano et al. (2012) used ERT profiles to successfully study the 

neotectonic structures of the northwestern Precordillera Sur in the Central Andes 

of Argentina (Figure 20). The study found that the ERT surveys were effective 

when studying the Yalguaraz high, the fault, and the geometry of the adjoining 

layers. The surveys were also able to discern the thickness of sediment layers 

and concluded that some of the low-resistivity zones correspond to fluid seeping 

into the fractures of fault. 
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Figure 20. An electrical resistivity tomography (ERT) profile with the 
corresponding interpreted geologic cross-section across the Yalguaraz fault in 
the Central Andes of Argentina. Figure from Terrizzano et al. (2012).  

 

Villani et al. (2015) utilized seismic tomography and resistivity data (Figure 

21) to determine the details of the Piano di Pezza fault structure and basin infill. 

The shallow, low resistive layer is separated from the underlying highly resistive 

layer by the Piano di Pezza fault. 
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Figure 21.  An ERT survey utilizing a dipole-dipole array. Villani et al. determined 
that a thin, low resistive layer overlays a thick, layer of high resistivity. Adapted 
from Villani et al. (2015). 

 

Wenner Arrays 

Geoelectrical surveys can be carried out using active or passive methods. 

An active, or resistivity survey, uses a controlled source that injects a stationary 

electric current in the ground. A self-potential or passive survey measures the 

natural electrical field observed at the earth’s surface. Computer-controlled multi-

electrode arrays allow efficient and easy data acquisition in arrays (Figure 22). 

These computer-controlled systems automatically select the active electrodes for 

each of the measurements. Numerous measurements are carried out for 

combinations of potential and current electrodes that would otherwise be too 

labor intensive and complex to be practical.  

Wenner electrode arrays were chosen over dipole-dipole surveys for this 

research project because they provide the best results for imaging purposes. It 

has been found that Wenner profile data is less affected by near-surface 

resistivity variations that can cause distortions in dipole-dipole pseudo-sections 

(Griffiths and Barker, 1993). The Wenner arrays provide good signal-to-noise 

ratios and also exhibit a high sensitivity to vertical resolution (Nguyen et al., 

2007; Stummer et al., 2004; Vanneste et al., 2008). These vertical resolutions 

are important when trying to determine fault offsets (Nguyen, 2007). However, 
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they are susceptible to electromagnetic coupling between the electrodes and the 

cables connecting them (Stummer et al., 2004). When using Wenner arrays, the 

resolution laterally suffers in comparison to its vertical resolution (Stummer et al., 

2004). 

 

Figure 22. A Wenner electrode array with 24 electrodes. Increasing the level (# 
lvl) allows for deeper structure to be seen. Setting the Syscal KID to level 1 
allows only measurements for the minimum electrode spacing to be used. The 
maximum depth level possible for 24 electrodes is level 7. Adapted from IRIS 
(2001). 
	

The electrodes are positioned in a straight line along across the surface 

with equal spacing (Figure 22). The electrodes are metal rods that are driven into 

the ground (Figure 23). Each electrode is cylindrical in shape with a pointed tip 

on one end. They are 40 cm in length and 1.2 cm in diameter. For the purpose of 

this research, 24 electrodes are used in conjunction with a switcher unit. 
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Figure 23. Survey 063005A conducted at Site 5 
(Figure 24). Electrodes in the ground, at a spacing 
of 2 m, along with the switcher cable (orange). 
The Syscal KID switcher unit is in the background 
alongside the switcher cable 

		

Equipment 

The electrodes are connected to a switcher cable with a small connector 

cable. This connector cable is 40 cm in length and has an alligator clip on either 

end. One of the alligator clips clamps onto the electrode, while the other end is 

connected to an open slot in the switcher cable. The connector cable is 

positioned so that is approximately 2-3 inches from the top of the electrode. This 

allows the alligator clips along with the exposed slot in the switcher cable to be 
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elevated off the ground. This is to minimize the amount of current that may be 

transmitted into the ground in other places besides the electrode. 

Each of the switcher cables is 130 m long and covered by a plastic 

sheath. There are gaps in the sheath with hookup locations for each of the 

electrodes. Each cable is capable of accommodating 12 electrodes utilizing the 

alligator clips. For each of the cables, the hookup locations for the electrodes are 

separated by 5 m. There is 5 m of extra cable on either end, where a connector 

is located for the switcher unit. The cable is bi-directional, so the connector on 

either end is the same. 

The cables are connected to a Syscal KID switcher unit built by IRIS 

Instruments. It is a self-contained unit encompassing a 12 V internal battery and 

weighs 4.1 kg. It is also sufficiently compact (23 cm x 18 cm x 17 cm) for easy 

transportation and has an operating range of -10° to +50° C. It has a maximum 

voltage of 200 V, a maximum power of 25 W, and a maximum current of 500 mA. 

It has the capacity to hold 1828 data points with an accuracy of measurement of 

1% (IRIS Instruments, n.d.). 

Procedure 

Numerous sites around campus were chosen to conduct resistivity 

surveys. Many of these locations (Figure 24: Location 1, 2, 3, and 6) were 

chosen to coincide with the GeoCon 2001 borehole sites, so that the results 

could be directly compared to the results from the GeoCon 2001 survey. 

GeoCon’s overview map as well as a map depicting our survey sites is included 

in the CD inserted in the thesis cover. Some locations (Figure 24: Location 4 
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and 5) did not correspond to GeoCon survey sites. These locations were 

chosen because they are on suitable terrain for surveying, and despite not 

having performed boreholes there, GeoCon interpreted the fault to run through 

the area. 
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Figure 24. The GeoCon (2001) fault traces along with the survey sites on the Cal Poly Pomona Campus. Figure included 
in attached CD. Adapted from GeoCon (2001) using Google Earth (2015).	
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Electrode spacing varies from 1-5 m, depending on desired imaging depth 

and available space. Increasing the spacing allows for a longer survey profile and 

allows the electrical current to penetrate deeper into the ground, however, it limits 

the lateral resolution. The surveys all consisted of 24 electrodes with 12 

electrodes hooked up to each switcher cable in a Wenner electrode array. This is 

advantageous, since it simplifies setup and takedown. However, it is one of the 

limiting factors to maximum spacing. The maximum spacing between each 

electrode on the line is 5 m and therefore the maximum total length of the 

surveys is 115 m. 

The number of data points for a survey is restricted by the number of 

electrodes. For this research, 24 electrodes were used for all surveys and each 

survey was run with a level (or number of iterations) of 7. The number of data 

points for each specific electrode spacing is: 

!"#" !"#$%& = ! − (3!) 

where n is the iteration, and E is the number of electrodes. For the first 

iteration (n=1) with an electrode spacing of a, there will be 21 data points. There 

are 21 data points, and not 23 because each survey requires 4 electrodes – 2 

potential electrodes and 2 adjacent current electrodes (Figure 22). This setup does 

not allow the potential electrodes to be at the extreme end of the survey lines. On 

the second iteration (n=2), the electrode spacing will be 2a and there will be a total 

of 18 measurements. The iterations will continue to increase the electrode spacing 

until the last iteration at n=7. For n=7, the electrode spacing will be 7a and there 

will be 3 data points. 
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It was found that when using the Syscal KID with 24 electrodes, the 

survey could image to a depth of 4 times the electrode spacing - about one sixth 

of the length of the total survey line. For an electrode spacing of 5 m, the survey 

can image to a depth of 20 m, with a total length of the survey of 120 m. The 

target depth should be about half the maximum depth that can be imaged 

(Griffiths and Barker, 1993). This indicates that the target depth would be 2 times 

the electrode spacing, or one-twelfth the total length of the survey. 

Once electrode spacing is determined, a tape measure is utilized to 

measure the survey length. The measuring tape is placed on the ground such 

that it has minimal deviations due to bushes, plants, sidewalks, and other 

obstacles. The Global Positioning System (GPS) coordinates of the location of 

electrode 1 and electrode 24 are recorded for each survey. If the positions of the 

end points are known, it is possible to determine the position of electrodes 2-23.  

Distances to landmarks were also recorded, so that they could help more 

accurately constrain the absolute location of the electrodes. The end electrodes 

were measured off of landmarks that were unlikely to change positions with time, 

such as sidewalks, plants, fire hydrants, and fences. It was found that often the 

handheld GPS coordinates were off by more than their stated accuracy, so the 

additional positional data from landmarks proved invaluable. 

All the GPS points were transferred to WGS84 format so that they could 

be plotted in Google Earth. Often, the plotted GPS points were not positioned 

within the stated accuracy of the GPS unit. These surveys were then 

repositioned according to the drawings from the field. Distances measured from 
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landmarks were the primary source for repositioning the surveys on the maps. 

Electrodes were placed so that they made good contact with the ground. 

They were inserted at least 6 cm into the ground and checked to verify they were 

firmly in place. If insertion by hand was not possible or if there was any 

noticeable wobble in the electrode, it was either driven in deeper with a mallet or 

re-inserted in a different location. Commonly this was due to loosely consolidated 

or rocky ground. Driving the electrode stake deeper was typically the approach 

taken, since it does not cause an error in electrode location. Re-locating the 

electrodes typically only happened when the electrode hit a hard object such as a 

rock, asphalt, or it could not make a good contact. Some locations had hard 

compacted soil that made insertion of the electrodes difficult, such as Site 1 

(Figure 24).   

The switcher cable was laid on the ground next to the electrodes. The 

cable is set so that a hookup location is adjacent to an electrode. Electrodes 1-12 

are on one cable, and electrodes 13-24 are on another cable. The electrodes 

were connected to the switcher cable utilizing double-sided alligator clips.  

Once the electrodes and the switcher cable were connected, the cable 

was placed so that it looped upon itself. This elevated the hookup location so that 

it did not make contact with the ground. This helped prevent current from being 

transferred from the exposed hookup location into the ground. If current were 

transferred in a location other than the electrode, it could cause an error and 

deviation in the end results. Once the cables were set up and connected, the 

parameters for the experiment were input into the Syscal KID (Figure 25).  



	
43 

 

Figure 25. The Syscal KID switcher unit from IRIS Instruments, France. The 
Syscal KID is a self-contained unit that includes data storage, automatic 
switching, and a power source. 

 

The name of the survey corresponds to the date, survey site, and the 

order in which that survey was run that day. This follows the naming convention 

as described in Appendix A. After a filename has been established, several input 

parameters were selected: the stack maximum, the stack minimum and the q 

maximum (for a description of the complete workflow, see Appendix A). When a 

survey is conducted, the Syscal KID first takes all the measurements for 

electrode combinations that include the first electrode. The Syscal KID then 

automatically switches to the next electrode to take all measurements for 

combinations that include the second electrode. This continues until all possible 
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combinations of electrodes have been used. 

The Syscal KID was set to perform each measurement between a 

particular set of electrodes multiple times before moving on to another set of 

electrodes. The q maximum is the quality factor, or the maximum allowable 

standard deviation of voltage over current (V/I) in %. Typically, the q maximum 

was set to 2%. As each measurement was performed, they had to be within 2% 

of each other for the instrument to move on to the next set of electrodes. Setting 

the q maximum to 2% provides accurate results. The stack minimum is the 

minimum number of stacks per quadripole. If set to two, at least two 

measurements must be performed before the switcher moves on and the next 

set of electrodes are utilized. If these two measurements have a standard 

deviation (voltage over current) within 2%, the survey moves on to the next set of 

electrodes. If not, more measurements will be made for this electrode 

configuration until the standard deviation drops below the chosen maximum, or 

the maximum stack number is reached, whichever occurs first. 

The type of survey was selected to be Wenner PRF switch for the purpose 

of this research. The CC/3, or electrode spacing, also has to be entered. This 

varies by location, and was heavily dependent on the available space in the 

survey area. The shortest surveys had each of the electrodes separated by 1 m 

for a total length of 23 m. The longest survey utilized the full length of the 

switcher cables and had each of the electrodes spaced 5 m apart for a total 

length of 115 m. This length of survey was often not possible, and the most 

frequently used survey length was 23 m with 1 m spacing. 
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The level on the Syscal KID was set to the maximum, level 7, for all of the 

surveys. Level 1 would only take measurements with the minimum electrode 

spacing. Level 7 is the maximum depth level possible for surveys with 24 

electrodes. Survey length is not the only determining factor for survey depth. 

Survey depth is also limited by the amount of current that can be injected into the 

ground during the survey. As the switcher unit injects current through the 

electrodes, current dissipates in all directions. The farther the source electrode is 

from the receiving electrode, the more the current dissipates. The current injected 

needs to be strong enough to reach the farthest measurement electrodes. 

Underlying bedrock may also act as a barrier to survey depth. If an impermeable 

layer is present, this could prevent the electrical current from traveling any 

deeper.  

Complex variations in measurements may occur in areas where building 

infrastructure may affect the measurements. This is because pipes or other metal 

structures may give false readings of resistivity. These types of significant 

features that would likely cause variations in the survey were recorded (if visible 

in the field) and their distances to the survey were indicated in drawings. This 

aided in accurate repetition of surveys and allowed precise positioning in Google 

Earth. For example, at survey 102301A, there was a fire hydrant in close 

proximity to the survey (Figure 26). These features could also be an indicator that 

some subsurface infrastructure may be in place. Running almost parallel to the 

survey were metal posts for grape vines. In this area, it was also noted that the 

dirt was hard-compacted and it was dry, since it had not rained recently. All these 
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factors could affect the resistivity measurements of the survey and as such, were 

all noted. 

 

Figure 26. Survey 102301A at location 1 off of Citrus lane. This site corresponds 
with L-1 (Figure 8) of the borings and GeoCon's cross section A-A'. Yellow place 
markers show the location of electrode 1 (102301A E1) and electrode 24 
(102301A E24). Created using Google Earth (2015). 

 

Data Processing Software 

Downloading and processing of data was done using IRIS’ Prosys II 

software (see Appendix A; IRIS Instruments (n.d.)). To transfer data, the Syscal 

KID unit is connected via a transfer cable to a computer. The software allowed 

for the data to be exported as a .TXT file so that processing could be done via 

Excel. Processing via Excel proved to be more time intensive than processing via 

the Prosys II software and was found to offer no advantages.   

The Prosys II software allowed data with high standard deviations to be 

removed prior to use in the inversion software, so that they do not negatively 
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affect the inversion. These high standard deviations could be due to many 

factors, so care was given not to remove data indiscriminately. Some specific 

survey locations produced measurements with higher than average standard 

deviations. Deviations could also be due to outside influences or to measurement 

error when conducting the surveys. These anomalous deviations can be 

problematic and may not be produced by geologic structure. Removing these 

data points ensures that a few high standard deviation measurements do not 

negatively affect an otherwise good inversion. For example, surveys conducted 

at location 1 (surveys: 102301A, 072401A, 072401B) had numerous 

measurements with high deviations. This could be due to the metal fence posts 

for the grape vines adjacent to the survey. Also, a fire hydrant was nearby and 

some discarded metal pipes were seen protruding from the ground.  

However, some of the high standard deviation values were systematic 

across all the surveys for all locations. It was found that measurements that were 

made for configurations with 3 times the electrode installation spacing (3a) 

typically had high deviations. If these data points were not removed, some of the 

inversions would not run without significant errors. After these data points (for 

electrode spacing equal to 3a) were removed, the inversion could be successfully 

completed. This problem persisted throughout the surveys, and it was not 

uncommon for the deviation to be 2-3 orders of magnitude greater than for the 

other measurements of the survey. Since it was a systematic error, those data 

points were often removed before doing the inversion. It was later found that the 

error was caused by the order in which the Syscal KID switches the electrodes 
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that are conducting the measurement. For this particular spacing, the 

measurement electrodes for one measurement had been used as current 

electrodes for the previous measurement and the time delay between these 

measurements did not allow for adequate time for the residual current to 

dissipate.   

The Prosys II software was also able to take into consideration the 

topography along the profile for the surveys when needed. Topography was 

measured in the field, and the elevation for each of the data points was recorded.   

Inversion Software 

A subsurface model of resistivity may be determined by the process of 

inversion (Terrizzano, 2010). Geotomo’s RES2DINV software was used to invert 

the data in order to create an image of subsurface resistivity that varies with 

depth as well as laterally. The software first builds a pseudo-section (Figure 27) 

for each of the surveys to display all measurements (Demanet et al., 2001a). The 

measured values for apparent resistivity are plotted in a location according to the 

array type used and the setting of the Syscal KID (Terrizzano et al, 2010; Fazzito 

et al., 2009). As distance between the source and sink electrodes increases, so 

does the depth of the midpoint. For an electrode spacing = a, the apparent 

resistivity measurements utilizing an electrode configuration with a spacing of 1a 

are plotted just below the surface at the midpoint between the two sink electrodes. 

The measurements utilizing an electrode spacing of 2a are plotted at the midpoint 

between the sink electrodes, but at greater depth than the measurements with an 

electrode spacing of 1a. This continues until all the measurements are plotted. The 
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resulting plot, called a measured apparent resistivity pseudosection, shows the 

apparent resistivity measurements versus depth and distance along the survey. 

This image is only meant to visualize the measurements of apparent resistivity, 

and neither the resistivities nor the depth are correct for the subsurface of the 

given survey (Demanet et al., 2001a). Therefore it should not be considered 

equivalent to a true subsurface resistivity profile. Although the distribution of 

resistivity values is not correct or realistic, the measured apparent resistivity 

pseudosection allows anomalous data points to be easily seen. These points 

usually are obvious as a point that has a drastically different value of apparent 

resistivity than points surrounding it. Once these points are removed, an inversion 

of the data is required in order to obtain a true two-dimensional model profile of 

subsurface resistivity (Figure 27; Loke and Barker, 1996).   

The RES2DINV software inverts the measurements to create an accurate 

representation of lateral and vertical variations in resistivity: the inverse model 

resistivity section. The software inverts the pseudosection through several 

iterations of a least-squares equation (Terrizzano et al., 2010; Fazzito et al., 

2009) that seek to optimize the model (Demanet et al., 2001a). The inversion is 

based on a smoothness-constrained least-squares inversion (Caputo et al., 

2003). This routine is implemented by a Gauss-Newton optimization technique 

(RES2DINV Manual, 2013). The optimization adjusts the resistivity inversion 

model and seeks to iteratively reduce the difference between the calculated and 

measured apparent resistivity values (Terrizzano et al., 2010; Rizzo et al., 2004; 

Caputo et al., 2003; Colella et al., 2004, Fazzito et al., 2009). How well each 
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model fits is indicated by the Root Mean Squared (RMS) error and each iteration 

should reduce the sum of the square of the discrepancies. After each iteration, 

the model is updated, until the improvement in fit from the previous model no 

longer exceeds 5%. At this point, the user can choose to continue the modeling 

until a lower rate of improvement is achieved, but further improvements in the 

model will be marginal. The final iteration produces the final model of the 

resistivity distribution (Terrizzano et al., 2010; Fazzito et al., 2009). 

 

Figure 27. A plot from Geotomo's RES2DINV of survey 082002C at survey site 2 
(Figure 24). The measured apparent resistivity pseudosection (top) shows the 
measurements from the survey. The inverse model resistivity section (bottom) is 
the inverse model generated by the software. The calculated apparent resistivity 
pseudosection (middle) is the predicted resistivity pseudosection calculated for 
the final inverse model shown on the bottom. The root mean square (RMS) error 
is displayed above the inversion model resistivity section to give an indication of 
how well the calculated apparent resistivity values for the model agree with the 
measurements. The azimuth of the survey is shown just above the inverse model 
resistivity section. Elevation and distance are shown in meters. 
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An RMS value is determined to show how well the apparent resistivity 

pseudosection that is calculated for the final inversion model fits the measured 

apparent resistivity pseudosection from the survey (Figure 27). If the 

measurements have high standard deviations, the software may not be able to 

successfully generate an inversion with a low absolute error.   
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CHAPTER 3 

INVERSION RESULTS AND INTERPRETATIONS 

The electrical resistivity tomography (ERT) results from the surveys were 

compared to the borehole logs, trench data, and cross-sections from GeoCon’s 

2001 geotechnical survey of the San Jose fault in the vicinity of the campus. 

When reviewing the report, several of GeoCon’s (2001) interpreted cross-

sections did not appear to accurately match some of the borehole log data. 

Additionally, some of the locations of the boreholes along the cross-sections 

were not placed in their proper (relative) location. Therefore, more emphasis was 

placed on the borehole log data if a discrepancy was found between the logs and 

the interpreted cross-section. Some of the features depicted in the GeoCon 

cross-sections seem to lack geologic evidence for their orientation or placement. 

These features were ignored in our interpretations, unless additional data 

supported them. In the next sections, we will go site by site describing GeoCon’s 

results, and then ours.  

Site 1 

Site 1 was located on the northeast side of the Cal Poly Pomona campus 

(Figure 24). It is a relatively undeveloped field just north of the intersection of 

South University Drive and Kellogg Drive (Figure 28). To the north of this field is 

Interstate 10 and the edge of the area of the San Jose fault mapped by GeoCon 

(2001). 
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Figure 28. Survey site 1. The survey site was located in the northeastern part of 
campus. For all similar site maps in this thesis, North is oriented up and the scale 
bar is listed at the bottom of image. The dark green lines are the location of 
GeoCon cross-sections. The red lines are the “known” traces of the San Jose 
fault from GeoCon. The light green lines are the “probable” traces of the San 
Jose fault from GeoCon. The yellow lines are the buried contacts of the fault from 
GeoCon. The pink line is the location of a trench. Created using Google Earth 
(2015). 

 

This field is used to grow grapes, and the area is covered with metal 

posts strung with wire. The wires and fence posts can be seen in Figure 29 as 

the uniform lines in the dirt trending northwest. Citrus Lane also runs northwest 

directly through the survey area. On the southwest side of Citrus Lane is a fire 

hydrant about 20 m northwest of the GeoCon fault trace. The hydrant likely 

connects to pipes that run adjacent to Citrus Lane to Kellogg Drive. These pipes 

should be at a depth of about 2-3 m.  
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Figure 29. Survey site 1 with the location and orientation of each of the survey 
lines. Pinpoints display the name of the survey and the location of electrode 1 
(E1) and electrode 24 (E24). Symbols and lines as in Figure 28. Created using 
Google Earth (2015). 

 

A discarded metal pipe was observed on the northeast side of Citrus 

Lane. The pipe was partially sticking out of the ground, and it was evident that it 

had been left there for a significant amount of time. Based on the presence of 

this pipe and the need for irrigation for the grapevines, it is likely that there are 

more pipes distributed throughout the area. 

GeoCon created an interpreted cross-section in the vicinity of survey site 

1 (Figure 30). This cross-section is based on 2 boreholes performed by 

GeoCon as well as a trench (Figure 28). Borehole 1 (L1-B1) was terminated at 

9 m depth, while borehole 2 (L1-B2) was terminated at 1 m. According to their 

logs, borehole 1 encountered the fault zone at a depth of 5 m. The cross-
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section indicates that a reverse fault exists in the area and evidence of this 

faulting was also seen in a trench performed in the area. The trench was not 

sufficiently deep to encounter the Puente Formation, but saw the offset present 

in the more shallow alluvium. However, the offset of the Puente formation as 

depicted in the cross-section appears to be indicative of a normal fault, contrary 

to the reverse motion indicated by the arrows on the fault and cross-section 

from the trench that also shows this reverse motion. 

 

Figure 30. A cross-section of survey site 1 as interpreted by GeoCon (2001). 
Elevation and Distance along the cross-section are shown in feet. Qal = 
Quaternary Alluvium. Tp = Miocene Puente Formation. L1-B1 = Line 1-Borehole 
1. The inverted triangles are the water table. Figure from GeoCon (2001). 

 

GeoCon (2001) interpreted a “known” trace of the San Jose fault to run 

through site 1. A trench was performed here, and GeoCon (2001) conducted two 

boreholes in this locations. We conducted resistivity survey 072401A 
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perpendicular to GeoCon’s trace of the San Jose fault, just east of the trench and 

the boreholes and adjacent to Citrus Lane (Figure 29). The survey line trends 

southeast with an electrode spacing of 3 m. Electrode 1 was placed in the 

northwestern most point of the survey line, with electrode 24 in the southeast. 

There was no precipitation for several months prior to this survey, and there is 

little to no vegetation at this site.  

 The inversion model was able to determine the subsurface resistivity down 

to a depth of 12.9 m with the resistivity ranging from 2 to 26 ohm*m (Figure 31). 

The highest resistivity was found near the surface. Measurements in the center 

of the profile and towards the northwest were very uniform. At 50 m southeast of 

electrode 1, at depths greater than 4 m, the highest conductivity was found. The 

measurements across this survey and others during the research were at the low 

end of the resistivity range for alluvium which has a resistivity range of 10-800 

ohm*m and clay which has a range of 1-100 ohm*m. 
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Figure 31. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 072401A. Elevation and distance are shown in 
meters. Measurements were conducted with a 3 m spacing on July 24th, 2014. 
Image generated from RES2DINV. 

 

 The measured apparent resistivity pseudosection displays the 

measurements (Figure 31) and an inversion model is created from this data. A 

calculated apparent resistivity pseudosection is created from the inversion model 

and then the calculated apparent resistivity pseudosection is compared to the 

measured apparent resistivity pseudosection. An RMS error is displayed showing 

how well the calculated apparent resistivity pseudosection fits the measured 

apparent resistivity pseudosection. These images are explained in depth in 

Chapter 2. The RMS error for this survey was 10.6%. This atypically high error is 

likely due to deviations in measurements due to a hydrant located adjacent to the 

survey.  
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The inverse model resistivity section shows an area with high resistivity 

that starts 45 m southeast of electrode 1 and continues southeast to the end of 

the profile (Figure 31). Coincidentally, a fire hydrant is located adjacent to the 

survey at this location. Hydrant piping frequently is laid 2 m deep and adjacent to 

a road to make it easy to install. It is possible that the high resistivity readings 

near the surface are affected by the pipes leading from the hydrant down to 

Kellogg Drive or the presence of the hydrant itself. 

When performing borehole 1 (L1-B1), GeoCon (2001) logged the fault at a 

depth of 4 m. GeoCon (2001) placed their surface trace of the San Jose fault 

directly over this borehole, although the fault was seen at depth at this location 

(Figure 29; Figure 30) and did not label this fault as a buried contact in their 

interpretations. It is possible that the high conductivity zone at depth of 4 m could 

be the fault gouge logged in borehole 1. In one of their cross-sections, Fazzito et 

al. (2009) found that very low resistivity values at depth are indicative of the fault 

acting as a barrier to hydrogeological flow. This could be what is seen in our 

inversion model, since the California Department of Water Resources (1970) 

describes the fault as water-tight. The low resistivity values could be due to water 

seeping into the fault gouge because, as was shown for example by 

Gudmundsson (2001), the fault gouge can have some of the highest hydraulic 

conductivity, while the fault core can have some of the least. This low resistivity 

anomaly is directly under GeoCon’s (2001) “known” fault trace and it is first seen 

at the same depth that borehole 1 encountered the San Jose fault. 

Survey 102301A was conducted on October 23rd, 2014. The lack of 
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precipitation caused the ground to be very dry, and the electrodes were difficult 

to install. As in survey 072401A, an electrode spacing of 3 m was used and the 

line was centered on GeoCon’s (2001) “known” fault trace (Figure 29). This 

survey was conducted on the other side of the Citrus Lane to minimize the effect 

of the hydrant and its associated piping on the survey.   

An ERT profile was generated by inversion down to 11.6 m depth and 

displayed a distinct trend in the southeast half of the profile (Figure 32). The 

highest resistivity in the inversion model was found from the surface down to a 

depth of about 6 m with the zone of lowest resistivity directly beneath it. 

Measurements ranged from 5 ohm*m to 15 ohm*m. The northwest end of the 

profile exhibited an interesting step-like trend. A low resistivity zone is seen close 

to the surface between 12 to 24 m distance from electrode 1. Underneath this 

layer, a few measurements of slightly higher resistivity caused the gradient and 

the step-like feature seen. 
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Figure 32. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 102301A. Elevation and distance are shown in 
meters. Measurements were conducted with a 3 m spacing on October 23rd, 
2014. Image generated by RES2DINV. 

 

The high resistivity values were displayed in the model from 42 m 

southeast of electrode 1 up to electrode 24. This seems to correspond with 

where the survey lies within 1 m of the grapevines and this, combined with the 

discarded metal, could be the cause of the anomalous values near the surface. It 

is unclear what could be causing the low resistivity measurements at the 

northwest end of the survey line from 12 to 24 m. It is possible that the zone of 

high conductivity at the southeast end of the profile at depths greater than 6 m is 

the fault zone of the San Jose fault. A similar feature was seen in survey 

072401A, which was conducted to the west of this line.	

Site 2 

Survey site 2 is located on the northern part of the central campus at the 

intersection of Mansion Lane and South University Drive (Figure 24). The survey 
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site was located in a field used to grow tangerines, oranges, and other fruit 

(Figure 33).  

	
Figure 33. Survey site 2. The survey site was located in the northern part of 
campus. Symbols and lines as in Figure 28. The fault traces are adapted from 
GeoCon (2001). Created using Google Earth (2015). 

 

The majority of the surveys at this site were conducted at the southern 

end of the area (Figure 34; Figure 35). This area consisted of a dirt field with low-

lying bushes. Two surveys extended from the southern part of the survey area to 

the north, where there is a slight incline and overhead coverage from the trees. 

North of the survey area, up Mansion Lane, is a steep hill. 



	
62 

	
Figure 34. Survey site 2 with the location and orientation of survey 072402A, 
082002B, and 082002C. Symbols and lines as in Figure 28 and Figure 29. 
Created using Google Earth (2015). 
	

	
Figure 35. Survey site 2 with the location and orientation of survey 082002A, 
011302A, 011302C, 122302A, and 011302A. Symbols and lines as in Figure 28 
and Figure 29. Created using Google Earth (2015). 
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GeoCon performed several borings in the area (Figure 36). Boreholes L8-

B4 and L8-B3 were performed in the southern part of the survey area. Boreholes 

L8-B2 and L8-B1 were performed in the northern part of the survey area where 

there was tree coverage.  An indication that the fault was present was that the 

depth to the water table varied in the boreholes. The California Department of 

Water Resources states that the San Jose fault is nearly water-tight and thus 

would be a barrier to hydrogeological flow (California Department of Water 

Resources, 1970). When performing the boreholes, GeoCon found the depth to 

groundwater at the northernmost borehole (L8-B1) to be 5 m higher than the 

southernmost borehole (L8-B4) (Figure 36). 

	
Figure 36. A cross-section of survey site 2 as interpreted by GeoCon (2001). 
Geological units, symbols and units as in Figure 30. Af = Artificial Fill. Qoal = 
Quaternary Old Alluvium. Tt = Topanga Formation. Figure from GeoCon (2001).  

 

Survey 072402A was conducted on July 24th, 2014 with an electrode 

spacing of 1 m. Electrode 1 was placed at the south side of site 2 with electrode 

24 to the northwest (Figure 34). This was the first survey where hard packed dirt 

was encountered. The dirt was dry, and this made it exceedingly difficult to insert 

the electrodes by hand. As such, the workflow was amended to include 

provisions to aid with installation of electrodes in hard packed soil. The final 



	
64 

workflow can be found in the Appendix A. 

 The data recorded in this survey has been excluded from the 

interpretations, due to the erratic measurements in the measured apparent 

resistivity pseudosection (Figure 37). After inserting the electrodes, if the 

electrode is not adequately coupled to the ground, the pre-survey check will 

notify the user and allow the user to adjust the electrode in order to achieve 

better coupling. Since this survey was the first time this issue was encountered, it 

was assumed that the user had to select to continue the check. It was later 

discovered that once the electrode was adequately coupled, the pre-survey 

check would continue individually checking electrodes without any input from the 

user. Since we did not know this, we manually caused the survey to skip 

checking problematic electrodes, resulting in measurements with high standard 

deviations. For this reason, this survey will not be included in the interpretations, 

because the inversion model is not representative of the true subsurface 

resistivity.	
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Figure 37. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 072402A. Elevation and distance are shown in 
meters. Measurements were conducted with a 1 m spacing on July 24th, 2014. 
Image generated by RES2DINV. 

 

Survey 082002B was conducted at site 2 on August 20th, 2014 with the 

electrodes in the same location as for survey 072402A. An electrode spacing of 1 

m was used for greater resolution. The survey trends north-northwest with 

electrode 1 in the south-southeast and electrode 24 in the north-northwest 

(Figure 34). The San Jose fault was interpreted by GeoCon (2001) in their 

geotechnical report to cut through site 2. The interpreted “known” trace cuts 

through the survey at about the 16 m marker (Figure 38).  

 The ERT generated an inversion model down to 4.3 m in depth. Model 

values of resistivity ranged from 5 ohm*m to 16 ohm*m. The model contains 

some very high conductivity values at depths less than 0.5 m. Underlying this 

was a layer with slightly higher conductivity. At greater depths is an anomaly with 

a relatively low resistivity.  
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 Site 2 is home to a citrus field planted and maintained by the university. It 

is possible that the very high conductivity in the very shallow subsurface is due to 

watering of the field by maintenance. If the ground was not watered to the point 

of saturation, it is very likely that the water remained close to the surface, 

therefore lowering the resistivity in this very shallow layer. It is possible that the 

low resistivity zone found at depth is the same anomaly found in survey 011302C 

and 122302A (Figure 41), 011302A (Figure 40), and 011002A (Figure 42). It is 

hypothesized that the anomaly is ground water pooling up against the San Jose 

fault since the south side of the survey is downhill from the north side. This would 

mean that the San Jose fault trace would be farther south than where GeoCon 

interpreted it to run. The anomaly may not have been seen in survey 082002A, 

which was conducted that same morning, since that survey has lower resolution 

due to the much greater electrode spacing. 
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Figure 38. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 082002B. Elevation and distance are shown in 
meters. Measurements were conducted with a 1 m spacing on August 20th, 2014. 
Image generated from RES2DINV. 
	 	

GeoCon (2001) interpreted the San Jose fault to split directly west of site 2 

into a splay that runs north, and a splay that runs south (Figure 33). The splays 

recombine after a short distance, into a single trace of the fault. The majority of 

the survey lines at site 2 run across a single trace of the San Jose fault east of 

where the fault splits (Figure 34; Figure 35). Survey 082002C differs from the 

other surveys performed at site 2, because it was run with a west-northwestern 

trend directly over where GeoCon (2001) interpreted the fault to split. This survey 

was the 3rd survey performed on August 20th, 2014. Survey 082002A and 

082002B were completed earlier in the morning. There had been no precipitation 

for several months, which may have made it difficult to detect contrasts in the 

subsurface. For example, survey 082002A had trouble detecting an anomaly that 

could easily be seen after the ground has been saturated (Figure 40). GeoCon 
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(2001) interpreted the fault to split directly adjacent to Mansion Lane. Combined 

with the proximity of the split to the road, and the need for the electrodes to be in 

a straight line, the survey 082002C was restricted to 2 m electrode spacing 

(Figure 39). The maximum depth for the ERT profile was 8.6 m. 

 Electrode 1 for survey 082002C was located in the southeast and 

electrode 24 was in the northwest. Vegetation near the road caused the survey to 

not be centered on the split, but rather southeast of it. The point where the San 

Jose fault splits lies under distance marker 40.0 m. Unfortunately the ERT profile 

cannot resolve resistivity values for a depth greater than a few meters this close 

to the end of the survey line (Figure 39). 

 Not unlike other surveys, a high resistive layer is found at the surface. This 

could be due to the alluvium not being saturated and making it difficult for current 

to be transmitted. The measured resistivity ranged from 10 to 100 ohm*m, which 

means that this surface layer had the highest resistivity measured for any of the 

surveys conducted. The ERT profile for this survey indicates that the subsurface 

resistivity decreases with depth. At the center of the survey the resistivity 

distribution is not continuous, and it appears that the southeastern side is offset 

lower than the northwestern side. This is aligned with what we expect in this area 

because the San Jose fault is a reverse	 fault. This also follows what is seen in 

the other surveys where the surface trace of the fault is interpreted to be south of 

where GeoCon (2001) interpreted the fault trace to lie. When looking at the ERT 

profile, it is however unclear if the split where the fault separates into a northern 

and southern splay can be seen in the inversion model. 
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Figure 39. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 082002C. Elevation and distance are shown in 
meters. Measurements were conducted with a 2 m spacing on August 20th, 2014. 
Image generated from RES2DINV. 

 

Survey 082002A was run on August 20th, 2015 when there had been no 

precipitation for several months. Five months later, survey 011302A was 

performed after rain had fallen throughout the month of December on January 

13th, 2015. All the electrodes were placed in the same location for both of the 

surveys with electrode 1 in the south and electrode 24 in the north (Figure 35). 

Both of the surveys had an electrode spacing of 3 m and a total length of 69 m. 

Both the ERT profiles shown in Figure 40 represent a subsurface cross-section 

of the resistivity distribution across the same surveyed area. 
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Figure 40. Two surveys at site 2 illustrating the difference between surveys 
conducted before and after rainfall. The inverse model resistivity section for 
survey 082002A (top) and survey 011302A (bottom), which were both performed 
in the same location. Elevation and distance are shown in meters. Image 
generated from RES2DINV. 

 

 For both ERT profiles, the resistivity measurements ranged from 

approximately 2-17 ohm*m with both models showing the subsurface resistivity 

distribution down to about 12 m. The dry alluvium is the most resistive material in 

the ERT profile and this pattern is also found at other sites. The inversion models 

for survey 082002A and survey 011302A show similar resistivity distributions, but 

some distinct differences are apparent. This is likely because survey 082002A 

was performed during the summer months when there was no precipitation. 

When survey 011302A was performed after precipitation had fallen, a low 

resistivity anomaly became more clearly visible in the ERT profile. This same 

anomaly is visible in survey 011302C (Figure 41) that had an electrode spacing 

of 5 m.  

 GeoCon shows a “known” trace of the San Jose fault crossing the profile 

at a distance of approximately 24 m in Figure 40. GeoCon’s L8-B3 should have 
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detected this fault, but it was not logged.  

Survey 011302C and 122302A were both completed at site 2 with an 

electrode spacing of 5 m. Both surveys were run with the electrodes in the same 

location, therefore the ERT profiles represent the same imaged subsurface. 

Electrode 1 was the southernmost electrode with the survey trending north 

(Figure 35). Moving north, the survey line experienced a slight incline. Electrode 

24 was the northernmost electrode and the survey had a total length of 115 m. 

Survey 011302C was conducted on January 13th, 2015. There had been some 

rainfall in the month prior to this survey. As a follow up to survey 011302C, 

survey 122302A was performed in the same location after significant precipitation 

had fallen for a few days. This allowed the ground to be saturated prior to 

surveying. 

 The ERT profiles had a relatively small range of values in their resistivity 

distribution, between about 18 and 12 ohm*m (Figure 41). The ERT profile was 

able to image down to a depth of about 19 m. Survey 122302A was able to 

image deeper, possibly due to the increased conductivity from the heavy 

precipitation that fell for the few days preceding the survey. A low resistivity 

anomaly can be seen in the southern end in both of the ERT profiles. This 

anomaly can only be imaged after the ground has been saturated from 

precipitation. Prior to these surveys, no anomaly could be seen, possibly due to 

the severe lack of rain in this region. Both of the ERT profiles exhibit the same 

general subsurface resistivity distribution. 

 The highest resistivity measurements were found to be on the surface and 
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outlining the low resistivity anomaly. The anomaly in survey 011302C and 

122302A had the same general shape. Borehole 3 (L8-B3) corresponds with 

roughly the center of the ERT profile (Figure 36). In GeoCon’s (2001) boring of 

L8-B3, the fault was not listed in the borehole log and therefore the report could 

not determine the depth to the fault. However, in the interpreted cross-section, 

the fault is found to be at a depth greater than 12 m at this location. We 

hypothesize that the low resistivity anomaly is water collecting along the fault 

gouge. GeoCon (2001) logged alluvium down to a depth of 12 m in their borehole 

log for borehole 3 (L8-B3). The high resistivity material resting against the 

stepped shape of the anomaly is likely the alluvium that GeoCon (2001) logged. 

We hypothesize that the high resistivity material at the surface is the dry 

alluvium. This follows what was found at some of the other sites. Borehole 2 (L8-

B2) corresponds to the southern end of the ERT profile and it logged alluvium 

down to 9 m. The high resistivity zone in the ERT profile extends down to 9 m 

and matches what GeoCon (2001) logged in borehole 2. 
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Figure 41. Two surveys conducted one year apart. The inverse model resistivity 
section for survey 011302C (top) and 122302A (bottom), which were both run in 
the same location. Elevation and distance are shown in meters. Image generated 
from RES2DINV. They both were conducted after rainfall, and although they 
were performed a year apart, the inversion models are similar indicating that the 
results are repeatable. 

 

After precipitation, a low resistivity anomaly can be seen at site 2 near 

where GeoCon (2001) interpreted a trace of the San Jose fault to run. This 

anomaly can be seen in other surveys performed at this site. Many of these 

surveys were repeated with the electrodes in the same location, and thus the 

ERT profiles are representative of resistivity with respect to depth of the same 

subsurface cross-section. Survey 011002A was conducted on January 10th, 2016 

in order to verify that this anomaly was not unique to this stretch of land. The 

survey was oriented the same way as previous surveys, but located 

approximately 7 m to the west (Figure 35). 

 An electrode spacing of 5 m was used, with electrode 1 in the southeast 

and electrode 24 due northwest up the slight incline. Heavy rainfall had fallen 3 

days prior, which should allow the anomaly to be seen in the ERT profile. The 

ground was saturated with water and the soil was sticky and moist. The ERT 

profile was able to invert a model down to 19.4 m with measurements ranging 
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from 0.2-16 ohm*m (Figure 42).  

As expected, the highest resistivity was found at the surface. This pattern 

is consistent across several of the sites that had alluvium near the surface. The 

same very high conductivity anomaly that was seen in surveys 011302A (Figure 

40), 011302C, and 122302A (Figure 41) can be seen in the inversion model at 

depths greater than 8 m. This indicates that the anomaly has measurable width 

and is not unique to surveys 011302A, 011302C, and 122302A. It is 

hypothesized that water pooling up against the San Jose fault causes this low 

resistive anomaly. However, the anomaly does not have the characteristic slope 

on the south side of the survey as seen in previous surveys (Figure 41). On 

average, the resistivity model values immediately to the southeast of the anomaly 

were less than those in previous surveys such as survey 011302C and survey 

122302A. It is possible that the extreme saturation from the recent heavy rains 

has caused a more uniform resistivity distribution in the subsurface than when 

the ground was less saturated earlier in the year. This in theory could cause the 

anomaly to become less pronounced than what was previously seen.   
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Figure 42. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 011002A. Elevation and distance are shown in 
meters. Measurements were conducted with a 5 m spacing on January 10th, 
2016. Image generated from RES2DINV. 

 

Since extensive surveys were conducted at site 2 across the GeoCon’s 

(2001) interpreted trace of the San Jose fault, survey 011302D was conducted 

just south of the trace in order to determine the subsurface resistivity off of the 

fault (Figure 34). An electrode spacing of 1 m was used for this survey. This 

allowed for the maximum resolution of the ERT profile, but limits the imaged 

depth. The maximum depth of the inversion model is about 4 m.  The survey is 

oriented in line with the other surveys at site 2, with electrode 1 in the southeast 

and electrode 24 to the northwest.  

 The inversion model shows a very uniform resistivity distribution (Figure 

43). The highest measured resistivity was found near the surface at the 

southeast side of the survey line, which is consistent with the other surveys 
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conducted at site 2.  The majority of the survey had approximately the same 

resistivity (~20 ohm*m). Near the surface, a zone of low resistivity juts across the 

ERT profile from the north. The survey was conducted after a month of sporadic 

rainfall, so it was concluded that the site could be saturated. In several of the 

surveys conducted in the area, a low resistivity zone was observed at depth. At 

site 2, the elevation increases as you move northward. A difference in hydraulic 

head exists between the northern end of the survey and the southeastern end of 

the survey at the base of the incline. The groundwater level in borehole 4 (L8-B4) 

was found to be lower than in borehole 3 (L8-B3) located to the north of it. It is 

hypothesized that this low resistivity anomaly could be water pooling from up 

hydraulic head in the north against the trace of the San Jose fault in the south. 

The trend in the anomaly lines up with the slope of the anomaly seen in survey 

011302C and 122302A (Figure 41) and 011302A (Figure 40). 
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Figure 43. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 011302D. Elevation and distance are shown in 
meters. Measurements were conducted with a 1 m spacing on January 13th, 
2015. Image generated from RES2DINV. 
 

Site 3 

Survey site 3 is located on the northern part of campus to the east of site 2 

and to the west of site 1 (Figure 24). The surveys were conducted on an elevated 

hillside cut that was located north of many of the campus dorms (Figure 44). 

North of this hillside cut, the topography increases until it encounters Interstate 

10. Southeast is an enclosed basketball court that is directly adjacent to the 

survey area. 
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Figure 44. Survey site 3. The survey site was located on the northern edge of 
campus between some campus dorms and Interstate 10. Symbols and lines as in 
Figure 28 and Figure 29. The fault traces are adapted from GeoCon (2001). 
Created using Google Earth (2015). 
  

Two surveys were conducted at site 3. The hillside where the surveys 

were conducted was a dirt field (Figure 45). The dirt field had some tall grass that 

was brown in color along with lots of dead vegetation indicating that the soil was 

likely dry. The soil was very loose, and the ground was loosely packed. The field 

has not been used for some time, and remains relatively undisturbed.   
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Figure 45. Survey site 3 with the location and orientation of each of the survey 
lines. Symbols and lines as in Figure 28 and Figure 29. Created using Google 
Earth (2015). 
   

GeoCon performed 1 borehole (L9-B1) at site 3 (Figure 46). Two other 

boreholes were performed further south. These 3 boreholes were used to create 

an interpreted cross-section of the area.  

GeoCon (2001) encountered landslide debris in the area of site 3. 

GeoCon (2001) interpreted the buried contact to follows service road used by Cal 

Poly Pomona, and that it dips at a relatively low angle (<20°). Measurements of 

the groundwater table in borehole 2 (L9-B2) and borehole 3 (L9-B3), which are 

separated by 43 m horizontally, varied significantly in depth. The groundwater in 

borehole 3 (L9-B3) stood 12 m lower than the groundwater in borehole 2 (L9-B2). 

This led GeoCon to conclude that a low angle (<20°) fault separated borehole 2 

and borehole 3 and acts as a groundwater barrier. 
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Figure 46. A cross-section of survey site 3 as interpreted by GeoCon (2001). 
Geological units, symbols and units as in Figure 30 and Figure 36. Qls = 
Quaternary Landslide. Figure from GeoCon (2001). 

 

Site 3 was the location of two survey lines: 102303A and 050903A. Survey 

102303A was performed when little precipitation had fallen, and the soil was dry 

and loosely consolidated. The survey trends northeast, with electrode 1 located 

in the southwest, and, according to GeoCon, crosses a buried contact of the San 

Jose fault at about a 45-degree angle (Figure 45). GeoCon’s borehole 9 (L9-B1) 

was conducted directly north of the center of the survey line. Electrodes 21-24 

were on the slightly elevated service road above electrodes 1-14. Electrodes 15-

20 were located on the gradual slope leading up to the service road. Elevation 

changes were not accounted for the inversion model, because the change in 

elevation was negligible (~1 m) over the length of the survey. 

The survey had an electrode spacing of 1 m with a maximum depth of 4.3 

m imaged in the ERT profile (Figure 47). The resistivity measurements ranged 

from 4 ohm*m to 65 ohm*m with the highest resistivity found near the surface. 

Below the high resistivity surface layer is a layer of extremely low resistivity (3-10 
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ohm*m). This layer likely corresponds to the landslide debris encountered in 

GeoCon’s borehole 1 log (L9-B1). A more resistive anomaly can be seen 

emerging at a depth of about 2.5 m on the northeast end of the profile. 

We hypothesize that the high resistivity found at the surface is due to the 

loosely consolidated soil hindering the current from being transmitted into the 

subsurface. This surface layer is comprised of artificial fill. Throughout the 

surveys, it was observed that the artificial fill often found on the top layers had 

some of the highest measured resistivity readings in the ERT inversions. The 

more conductive underlying layer corresponds to the landslide debris found in 

GeoCon’s (2001) borehole 1 log (L9-B1). It is unclear what the more resistive 

anomaly seen in the northeast could be. The borehole 1 log encountered a fault 

gouge of the San Jose fault at 10 m within the Puente Formation. However, there 

was not sufficient open area to space the electrodes far enough apart in order to 

image down to that depth.  
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Figure 47. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 102303A. Elevation and distance are shown in 
meters. Measurements were conducted with a 1 m spacing on October 23rd, 
2014. Image generated from RES2DINV. 

  

A second survey was conducted on May 9th, 2015 at site 3. It had rained 

one to two days prior, but it is believed that it was not enough to saturate the 

ground. The survey trends north from the hillside cut, up a slight incline to a 

service road, then continues up the hill north of site 3 (Figure 45). The soil was 

still moist from the rainfall and allowed the electrodes to be inserted easily. 

Electrodes 1-10 were located on the flat hillside cut, while electrodes 11-15 

increased in elevation up to the service road located about 1 m above the hillside 

cut (Figure 49). Electrodes 16-18 were placed on the service road and electrodes 

19-24 were located on the hill leading up to Interstate 10. 

Elevation measurements were taken for each of the electrodes and 

incorporated into the inversion file (See Appendix A for procedure). Modeled 

resistivity values for the survey ranged from 3 - 55 ohm*m (Figure 48). As was 
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the case in survey 102303A, the highest resistivity measurements were found 

near the surface (< 1.5 m depth). From borehole 1 (L9-B1), it appears that these 

high resistivity measurements are likely the artificial fill unit found near the 

surface or they could also have been caused by construction equipment that was 

adjacent to the survey. The underlying layers are comprised of landslide debris 

with a much lower resistivity than the surface layers. 

 

Figure 48. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 050903A. Elevation and distance are shown in 
meters. Measurements were conducted with a 1 m spacing on May 9th, 2015. 
Image generated from RES2DINV. 

 

The ERT profile displays down to a depth of 4 m. Due to the topography, 

some of the data points were as high as 2 m in elevation above the reference 

point. As in the case of survey 102303A (Figure 47), the lowest resistivity was 

observed directly under the service road. The hillside cut also had some of the 

lowest resistivity values and it is unclear what caused these low resistivity 

measurements. When conducting borehole 1 (L9-B1), GeoCon (2001) logged a 

fault gouge of the San Jose fault at a depth of 10 m. Unfortunately the survey 

was not long enough and the ERT profile was unable to reach down to this 
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depth. 

	
Figure 49. Survey 050903A being conducted at site 3 on May 9th, 2015. 
Electrodes 1-10 can be seen on the hillside cut as well as the adjacent 
construction equipment. Electrodes 11-15 are located on the incline leading up to 
the service road. 
 

Site 4 

	 Survey site 4 is located in the central part of campus, just north of the 

Classroom, Laboratory, & Administration (CLA) building (Figure 24). A trench 

was performed northwest of the survey area. GeoCon (2001) created an 

interpreted geologic cross-section directly to the east of the area. Several ERT 

surveys were conducted perpendicular and one along the fault traces as 

indicated in GeoCon (2001). 

  



	
85 

	
Figure 50. Survey site 4. The fault traces are adapted from GeoCon (2001). 
Symbols and lines as in Figure 28. Created using Google Earth (2015). 
  

Site 4 is covered in grass and is well maintained by the facilities personnel 

(Figure 50). There are several light poles in the area, and it possible that some of 

the wiring for them may be imaged in the ERT surveys. A metal storm grate is 

located in the middle of the survey area, just west of the path that trends north-

northeast to the center of the circular rose garden (Figure 51). 
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Figure 51. Survey site 4 with the location and orientation of each of the survey 
lines. Symbols and lines as in Figure 28 and Figure 29. Created using Google 
Earth (2015). 
  

Based on their geotechnical study, GeoCon (2001) interpreted the San 

Jose fault to run directly through the CLA building. The CLA building has 

experienced several issues with its plumbing since its completion and the 

California State University (CSU) Seismic Review Board lists the CLA building as 

a Priority 1 building on the list of most seismically hazardous buildings in the 

CSU system (CSU Office of the Chancellor, 2015). Priority 1 buildings warrant 

urgent attention for seismic upgrade as soon as possible. Planning has begun for 

a replacement for the CLA building. 

 Adjacent to site 4, GeoCon (2001) created an interpreted geologic cross-

section that runs across their trace of the San Jose fault (Figure 52). The 

southeastern end of the geologic cross-section stops as it encounters the trace 

that GeoCon mapped to run under the CLA building. The borings conducted 
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(L12-B1 to L12-B5) mapped a sharp discontinuity in the units of the Topanga 

Formation, Puente Formation, and the Old Alluvium unit. 

	

Figure 52. A cross-section of survey site 4 as interpreted by GeoCon (2001). 
Geological units, symbols and units as in Figure 30 and Figure 36. Figure from 
GeoCon (2001). 
  

GeoCon (2001) listed a “probable” trace of the San Jose fault to cut 

across the lawn south of the Rose Garden and north of the CLA building. Survey 

050904A was conducted just to the south of the GeoCon (2001) interpreted 

“probable” trace (Figure 51). Electrode 1 is located in the north with electrode 24 

located south of it on the survey line.  

 The measured resistivity for the surveys ranged from 6 to 25 ohm*m. With 

an electrode spacing of 1 m, the ERT profile was able to image down to about 4 

m (Figure 53). A longer survey would have been more desirable, but the total 

length of the survey line would not allow it to fit solely on the lawn. It would have 

been possible to place some of the electrodes across the Rose Garden, but it 

was unclear if the planters were completely enclosed by concrete in the 

subsurface. 

 Near the surface were areas of relatively high conductivity. This could 

possibly be attributed to soil saturation from frequent watering. Unlike most of the 

surveys conducted, at site 4 the highest resistivity measurements were not found 

at the surface, but at depth of a few meters. The most interesting feature is the 
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highly resistive body intruding from the deep subsurface. This feature can be 

seen in the other surveys conducted in this area. Farther to the north, other 

surveys concluded that this feature continues up to the surface.  

 GeoCon’s (2001) interpreted cross-section (Figure 52) shows that the fault 

should be approaching the surface near site 4. GeoCon (2001) did not include 

the borehole logs used to make their interpreted cross-section in our version of 

the geotechnical engineering report. From GeoCon’s (2001) cross-section of the 

area, it appears that there is no data to constrain the location of the fault other 

than the ground water offset between borehole 4 (L12-B4) and borehole 5 (L12-

B5). Thus, it is possible for the fault to be located north or south of GeoCon’s 

trace.  

 It is unclear what the high resistivity anomaly seen in (Figure 53) could be. 

Teri Jo Schneck from Cal Poly Pomona Facilities Management indicated that the 

area has been extensively developed over the past 35 years (personal 

communication, February 8, 2016). Aerial photos from HistoricAerials.com 

confirm this and it is possible that the high resistivity anomaly seen is a byproduct 

of the extensive development and thus unrelated to the San Jose fault. 
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Figure 53. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 050904A. Elevation and distance are shown in 
meters. Measurements were conducted with a 1 m spacing on May 9th, 2015. 
Image generated from RES2DINV. 

 

GeoCon (2001) maps a “probable” trace of the San Jose fault through site 

4. The trace runs southwest through a well-maintained lawn. The majority of the 

surveys were conducted perpendicular to this fault trace. Survey 050904B was 

conducted along strike of the interpreted trace, and attempts to intersects the 

fault while it curves (Figure 51). However, the survey is slightly south of the fault 

trace according to where GeoCon mapped the fault trace and barely touches it. 

The survey has electrode 1 in the southwest and electrode 24 in the northeast. 

The fault should cross the survey line about 16 m northwest from electrode 1.  

With an electrode spacing of 4 m, the survey was able to invert a model down to 

17.2 m (Figure 54).  

 The lowest resistivity displayed in the model was at the deepest point in 
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the profile. Due to the high gradient surrounding this measurement, it is likely an 

error. Other than that measurement point, the first few meters below the surface 

is where the lowest resistivity values were displayed in the model. Below this 

layer, a highly resistive body can be seen in this survey, as well as others done 

at this site. This body seems to be focused in two locations: the very middle of 

the survey line and northeast side of the survey line.  

GeoCon (2001) has the fault listed as a probable fault, and in their cross-

section, they do not show the fault intersecting with the surface (Figure 52). 

GeoCon did not include the borehole logs and it is evident from the cross-section 

that the fault was based on the offset of the ground water table observed 

between borehole 4 (L12-B4) to borehole 5 (L12-B5). It is therefore possible for 

the fault to be located north or south between these two boreholes.  

The highly resistive zone appearing in the center of the ERT profile and 

the northeast may be attributed to the extensive development of this area of 

campus. As evidenced in aerial photos from historicaerials.com, the surveyed 

areas and surrounding areas have undergone substantial development and it is 

possible that this unusual subsurface resistivity distribution is a product of it. 
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Figure 54. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 050904B. Elevation and distance are shown in 
meters. Measurements were conducted with a 4 m spacing on May 9th, 2015. 
Image generated from RES2DINV. 
  

 Survey site 4 is directly north of the CLA building that is affected by the 

San Jose fault. GeoCon (2001) stated in their 2001 geotechnical engineering 

report that there is a “probable” trace of the San Jose fault running through site 4 

(Figure 50). Survey 083104A and 083104B were run through this site with a 

northwestern trend with electrode 1 in the southeast on south side of the 

“probable” fault trace (Figure 51). Electrode 24 was placed in the northwest on 

the other side of the “probable” fault trace.  

 The surveys were performed on August 31, 2015 during a period of 

intense heat with no precipitation. The ground is not expected to be as saturated 

as it is after heavy precipitation, but since this site is a well-maintained lawn, the 
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soil may be moist from frequent watering. Survey 083104A was initially 

conducted, then survey 083104B was run with half the electrode spacing. This 

was done to check the repeatability of the survey methods and to illustrate the 

resolution lost when increasing the electrode spacing. An electrode spacing of 2 

m and 1 m were used for survey 083104A and 083104B respectively. When 

reducing the length of survey 083104A to an electrode spacing of 1 m, the center 

of the survey remained the same and electrodes were removed from the very 

ends. 

 For survey 083104A, the ERT model displays an almost uniform resistivity 

distribution in the shallow subsurface (Figure 55). The most prominent feature is 

that the resistivity seems to increase gradually when moving northwest across 

the profile at constant depth.  At the surface, a zone of low resistivity is cut into 

the ERT profile from the southeast and stops at about 12 m from the northwest 

end of the profile. At this point, the surface layer appears to pinch out and the 

underlying layer comes to the surface.   
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Figure 55. The inverse model resistivity section (bottom) for survey 083104a 
(top) and 083104b (bottom). Elevation and distance are shown in meters. 
Measurements were conducted with a 1 m and 2 m spacing respectively on 
August 31st, 2015. Image generated from RES2DINV.  
  

Survey 083104B with its smaller electrode spacing offers higher resolution 

over survey 083104A (Figure 55). The shorter survey, 083104B, shows higher 

resolution at the very near surface. However, for the purposes of this research, 

the added resolution is not generally needed. Survey 083104B was able to 

create a model down to 3.85 m while survey 083104A was able to invert a model 

to 7.85 m, roughly double that.  

The shorter survey also was too short to image where the underlying layer 

comes to the subsurface. It is difficult to determine what this highly resistive zone 

could be because the borehole logs for lines 11 and 12 were not included in 

GeoCon’s (2001) geotechnical report. This area has been heavily developed 

over the years as evidenced from aerial photos. It is very likely that zone of high 

resistivity seen is due to this development and is unrelated to the San Jose fault. 
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Site 5 

Survey Site 5 is located on the southwestern extent of the Cal Poly 

Pomona campus (Figure 24). The survey site and the area immediately 

surrounding the site are undeveloped and are located on a hill that is part of 

Kellogg Ranch (Figure 56).  

North of the survey site is parking lot M and J that are used by the 

university. A flat, grassy field for grazing cattle is to the northwest. Immediately 

south as well as west of the site are more hills owned by Kellogg Ranch. Further 

south of the hills is Temple Avenue and the southern most extent of the campus. 

east of the site is a road that leads down to the cattle fields for Kellogg Ranch. 

	
Figure 56. Survey site 5. Survey site 5 is located west of the main campus. 
Symbols and lines as in Figure 28. The fault traces are adapted from GeoCon 
(2001). Created using Google Earth (2015). 

 

The hill that the site is located on is covered with low-lying brown grass 

with some native brush and sparse tree coverage (Figure 57). Site 5 is located 
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on a hill that sits atop a larger hill system. The hill is on the northern edge of this 

hill system, with the surveys being performed on the southern face of this hill. At 

the base of the southern face of the hill is a valley amongst the hill system. 

Westward and downhill from this valley is the cattle holding area for Kellogg 

Ranch. 

	
Figure 57. Survey site 5 with the location and orientation of the survey line. 
Symbols and lines as in Figure 28 and Figure 29. Created using Google Earth 
(2015). 
	

One ERT profile was conducted at site 5 on June 30th, 2015. There had 

been no recent precipitation, and the days leading up to it were hot and dry. The 

soil in the location was loosely consolidated with lots of dry grass, scattered 

bushes, and sparse tree coverage (Figure 59). The survey was oriented north-

northwest with the electrode 24 located in south-southwest at the bottom of the 

hill and had an electrode spacing of 2 m (Figure 58). The San Jose fault trace as 

interpreted by GeoCon (2001) is located to the north of the survey line at the 
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crest of the hill 

. 

 
Figure 58. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 063005A. Elevation and distance are shown in 
meters. Measurements were conducted with a 2 m spacing on June 30th, 2015. 
Image generated from RES2DINV. 
  

No topography readings were used in the inversion model because the 

survey was conducted on a slope of a hill that had a constant grade. The 

measured resistivity ranged from 3.5 ohm*m to 38 ohm*m. The highest resistivity 

readings were observed at the very near surface (<1.5 m deep). Immediately 

below this near surface layer is a thick layer of very low resistivity. A layer with 

slightly higher resistivity cross cut into this layer, separating the north-northwest 

from the south-southeast side of the line. The south-southeast side of the line is 

at the base of the hill and slightly more conductive. Much deeper (>4 m), there is 
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an anomaly with high resistivity (16 ohm*m) on the down-dip side of the ERT 

profile. 

	

Figure 59. Survey 063005A at site 5. 
 

The low conductivity at the very near surface (<1.5 m deep) could be due 

to the loosely consolidated soil and the lack of moisture not allowing for good 

contact and current transfer. Since the survey was conducted on a hillside, it is 

likely that the highly conductive layer could be landslide debris as seen at site 3. 

However, it is unclear what caused the resistive anomaly at depths greater than 

4 m. Unfortunately, it was not possible to perform additional surveys at site 5 

beyond this initial one. The property has restricted access and permission was 

not obtained. 
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Site 6 

Site 6 is located at the center of campus. In GeoCon’s (2001) geotechnical 

report, they interpreted a trace of the San Jose fault to cut across this location 

(Figure 24). This GeoCon (2001) fault trace transects the campus and several of 

its buildings including the CLA building, buildings 13, 6 and 5, before merging 

with the northern splay of the fault. Surrounding site 6 to the east, west, and 

south are campus buildings, with University Road to the north (Figure 60). 

	
Figure 60. Survey site 6 is located in the central part of campus. Symbols and 
lines as in Figure 28. The fault traces are adapted from GeoCon (2001). Created 
using Google Earth (2015). 

 

Site 6 is on a grass lawn that is maintained by the school (Figure 61). 

Trees and planters are spread around the area and several concrete paths 

crisscross the site. It is very likely that subsurface infrastructure is in place to 

support the numerous adjacent buildings, light poles, sprinklers, and drainage 

grates. The shallow subsurface is comprised of alluvial backfill as indicated by 
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the GeoCon (2001) borings.   

 

	
Figure 61. Survey site 6 with the location and orientation of each of the survey 
lines. Symbols and lines as in Figure 28 and Figure 29. Created using Google 
Earth (2015). 

 

Site 6 corresponds to GeoCon’s Line 4 in their 2001 geotechnical survey. 

Utilizing 6 boreholes, GeoCon (2001) created a south-north cross-section that 

cuts across the area (Figure 62). Boreholes 2, 3, 4, and 6 (L4-B2, L4-B3, L4-B4, 

L4-B6) were performed directly over site 6, whereas borehole 1 (L4-B1) and 5 

(L4-B5) were performed north of the site, but in the general vicinity. The last and 

deepest borehole was borehole 6 (L4-B6) with a depth of 24 m. 

GeoCon’s (2001) cross-section includes only “probable” faults. A normal 

fault is also shown in the cross-section. Despite these four faults in the cross-

section, the trace between borehole 2 and 3 is the only one shown on GeoCon’s 

overview map (Figure 24).  
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Figure 62. A cross-section of survey site 6 as interpreted by GeoCon (2001). 
Geological units, symbols and units as in Figure 30 and Figure 36. Qaf = 
Quaternary Alluvial Fill. Figure from GeoCon (2001). 

 

Survey 063006A cuts across site 6 with a south-southeast trend. 

Electrode 1 is located to the north-northwest while electrode 24 is south-

southeast (Figure 61). There was no precipitation for several months preceding 

the survey, but site 6 is on a lawn that receives frequent watering (Figure 64). 

The fault trace as interpreted by GeoCon (2001) bisects the survey near 

electrode 8 (12 m in Figure 63). Borehole 3 (L4-B3) is located directly to the 

northwest of the survey line with borehole 2 (L4-B2) south of it, adjacent to the 

concrete path. From boreholes 3 and 2 (L4-B3 and L4-B2), GeoCon found that 

the near surface consisted of alluvial fill overlying Quaternary Alluvium. Under 

this Quaternary Alluvium, a 3.5 m thick layer of fault gouge was found. 
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Figure 63. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 063006A. Elevation and distance are shown in 
meters. Measurements were conducted with a 1.5 m spacing on June 30th, 2015. 
Image generated from RES2DINV. 
  

The highest resistivity readings were found in the shallow subsurface (<3 

m deep) (Figure 63). The lowest measured resistivity value was 3 ohm*m located 

at the southeast end of the ERT profile. This zone of high conductivity seems to 

be isolated to depths of 3 m and deeper. Northwest of this zone is a zone with 

slightly higher resistivity, but lower than that found in the very shallow 

subsurface. 

	 It is possible that this zone of low resistivity represents the fault gouge 

found in borehole 3 (L4-B3). The trace of the San Jose fault as indicated by 

GeoCon (2001) is listed as a “known” fault in their overview map (Figure 24). 

However, in the interpreted cross-section GeoCon (2001) does not indicate 

where the San Jose fault reaches the surface (Figure 62). No fault gouge was 
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found in borehole 2 (L4-B2). Therefore, it is likely that the San Jose fault reaches 

the surface between borehole 3 (L4-B3) and borehole 2 (L4-B2). Since the fault 

dips north, this would cause the fault gouge to approach the surface southward. 

This would explain the presence of fault gouge near the surface in Figure 63. 

	
Figure 64. Survey 063006A being conducted at site 6. The food court located 
south of the site is pictured. 

  

Survey 081906A was conducted at site 6 in August of 2015. The survey 

runs at about a 45-degree angle to survey 063005A and trends southeast (Figure 

61). Electrode 1 was located to the northwest, and electrode 24 is southeast of 

the line. Having the line not oriented directly in line with survey 063006A helps 

constrain the width of the highly conductive anomaly seen in Figure 63.  

The spacing was increased from the 1.5 m used for survey 063006A to 
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3.5 m in order to image deeper into the subsurface. The survey was centered on 

one of the fault traces from GeoCon’s (2001) geotechnical report. One of the 

boreholes, borehole 3 (L4-B3) is very close to the location of the survey, and 

corresponds with the center of the ERT profile (Figure 62, Figure 65). Prior to 

August 2015 there was no precipitation, but the survey area is part of a lawn that 

receives frequent watering.  

The measured resistivity for this ERT profile measured from 3 to 25 

ohm*m (Figure 65). Like survey 063006A, the largest resistivity measurements 

were found at the surface and resistivity generally decreased as the depth 

measured increased. The point where the lowest resistivity measured was 

consistent with the low resistivity anomaly in survey 063006A (Figure 63). From 

GeoCon’s (2001) cross-section from their geotechnical engineering report, a 

trace of the San Jose fault should cross the ERT profile. 
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Figure 65. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 081906A. Elevation and distance are shown in 
meters. Measurements were conducted with a 3.5 m spacing on August 19th, 
2015. Image generated from RES2DINV.  

 

Borehole 3 (L4-B3) found that a layer of alluvial fill overlays Quaternary 

alluvium in the northwest. Although it does not show in GeoCon’s cross-section, 

the same fill from borehole 3 (L4-B3) is also found in borehole 3 (L4-B2) and 

therefore extends further south than the cross-section depicts. From borehole 2 

(L4-B2), just south of borehole 3 (L4-B3), the fill is comprised of silty sand and 

gravel was found down to a depth of 2 m. The high resistivity layer at the very 

near surface (<3 m deep) is likely the alluvial fill seen in GeoCon’s cross-section 

(Figure 62). Beneath the Quaternary alluvium, at a depth of 6 m, lies a unit 

GeoCon describes as old alluvium. It is possible that the more conductive layer 

seen in Figure 63 and Figure 65 underlying the highly resistive layer is the 

Quaternary alluvium seen in the cross-section. According to borehole 3 (L4-L3), 
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beneath the layer of old alluvium is the fault zone at a depth from 7.5 m to 11 m. 

From GeoCon’s cross-section, the fault zone nears the surface southward. It is 

possible that the zone of low resistivity seen in Figure 65 corresponds to the fault 

zone seen in the borings. 

Site 7 

 Survey site 7 is situated at the western edge of main campus, at the 

northwest base of the hill where the campus’s hospitality management program 

resides (Figure 24). South University Drive and Camphor Lane run directly 

through the site (Figure 66). Immediately to the west are Parking Lots M and J. 

Kellogg Ranch and the cattle holding area is to the southwest. To the north is 

Building 7, which holds the College of Environmental Design and the Student 

Health Center. 

	
Figure 66. Survey site 7. Symbols and lines as in Figure 28. The fault traces are 
adapted from GeoCon (2001). Created using Google Earth (2015). 

 

West of site 7, GeoCon (2001) interpreted the San Jose fault to follow 
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around the hill before separating off into a northern and southern splay. The 

southern splay is interpreted to run between Building 4 and 9 before crossing 

through Building 5 and site 6. To the west, GeoCon (2001) interpreted the fault to 

follow Camphor Lane before splitting off into a northern and southern splay by 

Lot M. The northern splay continues under lot M and then runs under an open 

grass field until the extent of its mapping. The southern splay is interpreted to run 

through Kellogg Ranch and into the hills where site 5 is located. At the extent of 

the mapping in the west, the trace terminates after it insects 3 trenches.  

Survey 081907A was conducted on the southeast corner of the 

intersection of Camphor Lane and South University Drive (Figure 67). The survey 

does not cross the fault trace as mapped by GeoCon (2001), but was performed 

about 12 m to the southeast. The survey had an electrode spacing of 2 meters 

with Electrode 1 oriented in the northeast and electrode 24 in the southwest. The 

ground was slightly damp, but there had been no precipitation in the preceding 

months.	
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Figure 67. Survey site 7 with the location and orientation of each of the survey 
lines. Symbols and lines as in Figure 28 and Figure 29. Created using Google 
Earth (2015). 
	 	

The ERT profile exhibited a minimum resistivity of about 3 ohm*m and a 

maximum value of about 23 ohm*m (Figure 68). The inversion exhibited higher 

resistivity readings close to the surface. Moving southwest, the shallow layer 

thins, and a layer of lower resistivity is found close to the surface. A pocket of low 

resistivity is found to the southwest. It is unclear if this feature is geological in 

nature, or an anomaly created by the proximity of the survey to infrastructure. As 

the survey moves southwest, it gets closer to the transformer on the grass. The 

transformer is within 5.5 m from electrode 12 and this point is where the anomaly 

first shows up. It is possible that this anomaly is due to the transformer and its 

associated wiring.  

From the inversion model, the resistivity measurements on the northeast 

end of the survey are generally higher than those to the southwest. Since the 
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trace in GeoCon’s (2001) report is only 12 m from the ERT profile, it is possible 

that the change in resistivity readings could be to the presence of the fault.  

 
Figure 68. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 081907A. Elevation and distance are shown in 
meters. Measurements were conducted with a 2 m spacing on August 19th, 2015. 
Image generated from RES2DINV. 
   

Survey 491G3C was conducted directly south of Building 7, on the lawn 

between Building 7 and Camphor Lane (Figure 67). The survey was centered on 

the trace that GeoCon (2001) labeled as a “known” fault in their overview map. 

This survey was conducted in close vicinity to Building 7, as well as a light pole 

and a metal drainage grate. It is likely that some of the infrastructure may run 

through the subsurface imaged in the survey.  

 The resistivity values in the model ranged from approximately 2 - 45 

ohm*m down to a depth of about 8 m (Figure 69). The inversion model exhibited 

an almost uniform resistivity distribution. The most shallow layer (~0-2 m in 
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depth) had a resistivity of about 15-25 ohm*m. Beneath the shallow layer, the 

model display a thick layer (~4 m) of a relatively high resistivity (>30 ohm*m). 

Layers deeper than 6 m become progressively more conductive. 

 
Figure 69. The measured apparent resistivity pseudosection (top), calculated 
apparent resistivity pseudosection (middle), and the inverse model resistivity 
section (bottom) for survey 491G3C. Elevation and distance are shown in 
meters. Measurements were conducted with a 2 m spacing on May 22nd, 2015. 
Image generated from RES2DINV. 

 

Although the survey was run across the interpreted GeoCon (2001) trace, 

the inversion model did not display any lateral resistivity variations. This suggests 

that the San Jose fault might not run through the area surveyed. It is possible 

that the fault lies deeper than the survey can image, however it is not listed as a 

buried contact in the GeoCon (2001) report. Another possibility is that the 

development of the campus in close proximity to the area being surveyed 

destroyed subsurface resistivity variations. If a pit was dug, the infill could create 

an area with a homogeneous medium.	  
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CHAPTER 4 

Conclusions 

 We have successfully imaged resistivity profiles on Cal Poly Pomona 

campus down to a depth of 21 m. The repeatability of these measurements was 

confirmed for several profiles. Based on our interpretations of resistivity profiles 

that were inverted from measurements obtained from these resistivity surveys, 

we will describe our major findings per site. Site 1 is located at the northeastern 

most extent of the Cal Poly Pomona campus. We interpret low resistivity zones 

seen in each of two surveys at this site as water pounding up in or against the 

San Jose fault zone. GeoCon (2001) placed the surface trace of the San Jose 

fault directly over a borehole where the fault gouge was logged at a depth of 4 m 

below the surface, and therefore it may be more appropriate to label it a “buried 

contact”. The location of the fault in GeoCon’s cross-section shows the fault at 

depth where it intersects with borehole 1. The cross-section also shows the fault 

approaching the surface farther south than the GeoCon overview map and 

therefore would agree with the location of the low resistivity anomalies. 

Site 2 is just north of the central part of campus at the intersection of 

Mansion Lane and South University Drive. Profiles for surveys that were 

performed when little to no recent precipitation had occurred exhibited little 

variation. However, for post-precipitation surveys, a low resistivity anomaly 

appeared south of where GeoCon (2001) mapped the fault surface trace. If we 

interpret this anomaly as groundwater pooling up against the fault, then this 

would suggest that the surface trace of the San Jose fault may be located about 
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20 m to the south of GeoCon’s mapped trace. 

The surveys at site 3 are located at the northern edge of campus, on a 

hillside cut adjacent to Interstate 10. Space limited how far the electrodes could 

be spaced apart. These surveys imaged landslide debris and did not show 

evidence of the San Jose fault.  

Site 4 is located in the middle of campus, adjacent to the CLA building. 

GeoCon’s (2001) main constraint on the location of the fault is the offset of the 

groundwater table observed in boreholes, which provides only a limited 

constraint on the location of the San Jose fault. Our resistivity models show 

inconsistent patterns of resistivity compared to the other sites, possibly due 

extensive development in the area. 

Site 5 is located in the hills to the west of Kellogg Ranch and main 

campus. The GeoCon (2001) “known” fault trace is located in the hills and 

separates the Topanga formation from the Puente formation. The only survey 

profile at this site was not conducted across GeoCon’s (2001) interpreted trace, 

but instead on the side of a hill to the south of it. The survey appears to exhibit 

the same trends in resistivity as those at site 3, and as such, may also image 

landslide debris in this location. 

In the center of campus, surveys at site 6 were performed just to the south 

of site 2. These surveys cross GeoCon’s (2001) mapped surface trace, based on 

borehole data. We interpret our results at this site as imaging fault gouge in the 

form of a low resistivity zone in each of the ERT profiles. GeoCon’s cross-section 

shows 4 faults, all of them are queried and one of them, a normal fault, is dipping 
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in the opposite direction of the San Jose fault. In their overview map, only one 

“known” trace is shown to run through this area. Based on the ERT profiles, we 

interpret the fault to be further southward than where GeoCon places it in their 

overview map. 

Surveys for site 7 were conducted at the corner or Camphor Road and 

South University Drive. One survey was performed directly through an 

interpreted GeoCon (2001) trace. This survey exhibited no lateral changes in 

resistivity and therefore we find no evidence in the resistivity model that the fault 

runs through this survey line. 

Closing Remarks 

Our resistivity models appear to agree with the location of the San Jose 

fault based on GeoCon’s (2001) interpreted traces in some areas. In other areas, 

no evidence of the fault was seen in the resistivity models that were produced 

from surveys across GeoCon’s (2001) traces. According to our interpretation, the 

“known” fault trace that crosses Citrus Lane at site 1 should be labeled a “buried 

contact”. Alternatively, the trace could be moved further south to where the fault 

would intersect the surface. Based on our results, we suggest that the “known” 

fault trace at site 2 may be located approximately 10 m to the southwest, closer 

to South University Drive. At site 6, based on our interpretations, the surface 

trace may be located slightly to the south, about 10 m from where GeoCon 

(2001) mapped it. Alternatively, the “known” fault should be changed to a “buried 

contact”. GeoCon (2001) labels a “known” fault to run directly to run through a 

grassy area at site 7, but the ERT profile across this area exhibits no lateral 
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anomalies that would be evidence of a fault.  

We experienced some challenges when examining GeoCon’s (2001) 

geotechnical engineering report for the evidence that formed the basis of their 

interpretive cross-sections. For example, in the area of site 6, GeoCon’s (2001) 

interpreted cross-section shows several “probable” faults (Figure 62). One of 

these is shown to be a normal fault with that dips to the south even though the 

San Jose fault is considered to be a reverse fault that dips to the north. The 

cross-section for site 6 also shows the fault intersecting one of the boreholes. 

However, this borehole log does not indicate that it intersected the fault. We also 

found that several of the interpreted cross-sections were not the length of the 

cross-section lines as indicated on the map. The spacing of some of the 

boreholes in their cross-section did not agree with the locations shown in their 

overview map. Therefore it is difficult to discern the true location of some of the 

boreholes. At site 4, the borehole logs were not included in our copy of the 

report. GeoCon (2001) did not see evidence of the fault in several of the trenches 

and other datasets, and therefore appears to have interpreted their traces to 

snake around these areas. This is for example seen where their cross-section 

lines stop just short of fault traces and therefore do not include them. The use of 

gamma-ray spectrometer surveys is also not an industry standard approach in 

locating faults. Upon examination of the spectrometer surveys, several of them 

seem to contradict their overview map. 

Recommendations for Future Work 

 Since several resistivity anomalies are only detected after rainfall or at 
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least appear to be strengthened after rainfall, more resistivity surveys should be 

conducted before and after significant precipitation at each of the survey sites. 

New equipment has been acquired, and could be used for future surveys. This 

new equipment is more powerful, allows an electrode spacing of up to 10 m, and 

it can be expanded to utilize up to 48 electrodes. This would allow for deeper 

imaging than was possible with the surveys conducted for our research. 

  Future investigations are needed at site 3, site 4, site 5, and site 7 

because we are not able to correlate our interpretations with some of GeoCon’s 

(2001) borehole data with reasonable certainty. The electrode spacing required 

to image down to the fault gouge seen in the boreholes at site 3 is not possible 

with the current equipment setup. The newer equipment may have an electrode 

switching cable long enough to allow the surveys to extend on the side of the 

hillside cut and therefore allowing for a longer survey line. It is possible that a 

seismic survey may also be able to better image the fault at this location. Since 

the San Jose fault likely acts as barrier to flow, this technique may be able to see 

the contrast between saturated and unsaturated subsurface. An offset of the 

ground water level could indicate the presence of the fault. Ground penetrating 

radar (GPR) with a low frequency antenna may be able to image the fault zone.  

The ERT profiles at site 4 did not find the results that were expected. 

GeoCon (2001) did not include their borehole logs for this area. It was inferred 

from their cross-section that their boreholes did not intersect the San Jose fault. 

However, it may be possible that some of their boreholes intersected the fault 

despite GeoCon showing otherwise in their cross-section. At site 6, the cross-
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sections show the fault intersecting one of the boreholes, but there is no 

indication of this in the borehole log. Examination of aerial photographs as well 

as personal communication with employees who have first hand accounts of this 

area, have indicated several drastic changes to this site. These drastic changes 

may make it difficult to see the fault in this area due to the construction disturbing 

the subsurface. A borehole placed between Geocon’s boreholes to the east of 

this site may be the best way to see the fault and better constrain its location. 

 Only one survey was conducted at site 5 due to lack of access to the site.  

More resistivity surveys are needed in this area especially after rainfall to 

increase contrast. A survey was run directly over an interpreted trace of the San 

Jose fault at site 7 and did not exhibit any lateral variations. An additional survey 

was conducted just south of the interpreted trace, on an open lawn where lateral 

changes were likely due to the proximity of nearby electrical equipment. A 

seismic survey would be better suited to image this area for the exact location of 

the fault without disturbance by the electrical equipment. 
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Appendix A 

Experimental Setup and Use of Software 

Electrodes are placed in a straight line with a constant spacing. In 

instances where the ground was too hard for easy insertion of the electrodes, a 

rubber mallet was used. Without the assistance of this aid, in some cases the 

stakes could not be successfully inserted into the ground. The mallet also 

allowed the stakes a vertical insertion with minimal side-to-side deviation that 

often occurred when trying to insert them by hand. Once the electrodes were 

pushed past the hard surface, the electrodes would typically make a good 

contact with the ground.  

The Syscal KID is placed in between electrodes 12 and 13. The end of the 

cable next to electrode 12 is plugged into the slot labeled 1-12. The end of the 

other cable next to electrode 13 is plugged into the Syscal KID slot labeled 13-

24. Plugging the cable for electrodes 1-12 into the slot labeled 13-24 and 

plugging the cable for electrodes 13-24 into the slot labeled 1-12 switches the 

direction of the survey. For example, doing this would cause electrode 1 to 

become electrode 24 and electrode 2 to become electrode 23. Since the cables 

are bi-directional, connecting the cables so that the directions are switched can 

easily happen. It is important to note which electrode was electrode 1 and which 

was electrode 24, because this dictates the direction into which the Wenner array 

will be activated. Switching the cables would cause any model to show the mirror 

image of the actual subsurface conditions. 

A filename is selected for the survey before any other parameters are 
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entered. For this thesis, we used the nomenclature of starting the filename with 

the month of the experiment. For single digit months, the filename began with a 

0. The next two numbers would be the numerical day of the month of the 

experiment. Again, if this was a single digit, then it would begin with a 0. The 

following two digits were the location number followed by an A if it was the first 

survey at that location that day, B if it was second survey, C if it was the third 

survey, etc.. For example, for a survey that was conducted on March 5th, which 

was the second survey at location 3 that day, the filename would read: 030503B. 

For the first survey on August 10th at location 6, the filename would read: 

081006A. 

After a filename is chosen, the stack minimum, the stack maximum, and 

the q maximum is set. The Syscal KID performs each measurement between a 

particular set of electrodes multiple times before moving on to another set of 

electrodes. The q maximum was the quality factor, or the maximum allowable 

standard deviation of voltage over current (V/I) in %. If this value has a standard 

deviation less than the q maximum, the survey moves on to the next set of 

electrodes, if the minimum number of stacked measurements has been reached. 

The stack minimum is the minimum number of measurements that must be 

performed for a configuration of electrodes. The stack maximum is the maximum 

number of measurements that can be performed before moving on to the next 

set of electrodes. The user can choose individual values for each of the desired 

parameters. When the potential is measured across the electrodes: 

-if q < q max and stack number > stack minimum, then the stacking 



	
126 

process stops 

-if q > q max then the stacking process will continue until q < q max or until 

the maximum number of stacks is reached (stack max) 

After the stack minimum, the stack maximum, and the q maximum have 

been set, the type of a survey is selected as well as the electrode spacing. A 

Wenner PRF is selected and the survey electrode spacing (CC/3) is set. When a 

survey is conducted, 4 electrodes are used for each measurement (Appendix A-

1). The term CC refers to the distance between the two current electrodes. 

Dividing this distance by 3 gives the electrode spacing (a) for the measurement. 

The survey spacing is entered into the Syscal KID in units of meters, so that, 

when the data is plotted by the software, the pseudosection displays the depth 

and distance in units of meters. 

 

Appendix A-1. Current flow between two source electrodes and two receiver 
electrodes in a Wenner electrode array. As current flows between electrode C1 
and C2, current is dissipated in all directions. This current is measured at 
electrodes P1 and P2. The term CC refers to the distance between the two 
current electrodes (C1 and C2). Dividing this distance by 3 yields the electrode 
spacing. Adapted from Samsudin (n.d.). 
	

The level is then set for the survey (Appendix A-2). As a survey is 

conducted, measurements are first taken with the minimum electrode spacing 

(a). This is the CC/3 distance or how far the electrodes are spaced apart. 
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Measurements are then taken for 2 times the electrode spacing (2a), 3 times the 

electrode spacing (3a), and this continues until all combinations have been used. 

The level denotes when to stop increasing the electrode configuration spacing.  

If level 7 (the maximum) is selected, the sequence of the first few measurements 

is: 

Electrode spacing =   a 1 2 3 4 

Electrode spacing = 2a 1 3 5 7 

Electrode spacing = 3a 1 4 7 10 

Electrode spacing = 4a 1 5 9 13 

Electrode spacing = 5a 1 6 11 16 

Electrode spacing = 6a 1 7 13 19 

Electrode spacing = 7a 1 8 15 22 

With 24 electrodes, 7 is the maximum level that can be performed. Setting 

the Syscal KID to a level lower than its maximum level will not allow deeper 

structure to be seen. 



	
128 

 

Appendix A-2. A Wenner electrode array with 24 electrodes. For a survey with 24 
electrodes, 7 depth levels can be performed. Adapted from IRIS (2001). 

 

The user can then choose to start the survey. Running the survey with 

maximum level should take about 20-30 minutes depending on how many times 

the survey needs to measure using the same electrode configuration before 

moving on to the next set of survey points. While this is done, the exact 

placement of the survey line can be noted.   

The GPS coordinates were recorded utilizing either decimal degrees or in 

UTM format and in NAD27 or WGS84 using hand held GPS units. The GPS 

points were converted to WGS84 format using an internet GPS converter 

(http://www.cohp.org/coordinate_transformations.html). This allows easy input 

into Google Earth. Distances to landmarks that cannot move such as sidewalks, 

light pools, streets, fire hydrants, etc. were also recorded. Measurements of the 

exact location of the survey relative to surrounding landmarks were made. This 

allowed for accurate placement of each of the survey lines in case GPS 
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measurements were inaccurate. 

Software Usage 

The Prosys II software can be downloaded from the IRIS website free of 

charge (http://www.iris-instruments.com/Support/support.html). Version 03.07.04 

was used throughout processing, and specific workflow notes pertain to it. After 

downloading the data from the resistivity unit utilizing the Prosys II software is 

complete, the data is saved as a bin file. The bin file can be opened by clicking 

on the bin file and setting the default program as the Prosys II software. It can 

also be opened by opening the Prosys II software, then going to file, hitting open 

(the first option), and selecting your desired bin file from the directory (Prosys 

IIàfileàopen). 

Processing 

Once the desired data file has been opened, the Prosys II software can be 

used to process the data. When using the Syscal KID switcher unit, it was found 

that measurements with 3 times the electrode spacing had unusually high 

deviations. The default sequence that each of the measurements is taken in is 

the reason for this deviation. Part of the measurement sequence for the switcher 

is: 

Electrode spacing =   a 1 2 3 4 

Electrode spacing = 2a 1 3 5 7 

Electrode spacing = 3a 1 4 7 10 

Electrode spacing = 4a 1 5 9 13 

The middle two electrodes serve as the measurement electrodes while the 
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first and last electrode are the source electrodes. When the sequence switches 

from an electrode spacing of 2a to an electrode spacing of 3a, an electrode that 

was previously a source electrode becomes a receiver electrode. When this 

switch happens, residual current is still present on the old source electrode. This 

causes a deviation during the measurement. This deviation only occurs during 

this particular part of the sequence, since this is the only occurrence of switching 

an electrode from source to receiver in subsequent measurements. Due to this 

systematic error, it was found that removing the measurements with 3a electrode 

spacing significantly improved the results of the inversions, as would be the case 

for any measurement with large error.  

 The software has a built in filter that removes measurements that have a 

resistivity (ρ) lower than 0.100000001490116, any resistivity (ρ) value greater 

than 20000, or any data point that has a standard deviation greater than 20. This 

filter aids in processing, and removes bad data points. The automatic filter can be 

accessed by going to processing, then selecting automatic filter 

(ProcessingàAutomatic Filtering). The removed points will be unchecked from 

the selection, and any removed points will have a white background in the 

software spreadsheet, while the points that are still selected will have a red 

background.  

 Alternatively, a data point can be removed manually by unchecking the 

data point in the software. This may be desired for many different reasons, but is 

most commonly associated with a measurement that has an anomalously high 

standard deviation. It is important to deselect these data points at this stage of 
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the processing, since it will be more difficult to remove these data points at a later 

stage. The corresponding region of the calculated apparent resistivity 

pseudosection will be missing and shown as empty space (Appendix A-3). Care 

must be taken to not remove too many data points from the data set or it will 

adversely affect the inversion model. Measurements that had high standard 

deviations and were removed from the inversion were commonly associated with 

features that could cause serious errors such as metal fences, fire hydrants, and 

other infrastructure. However, discretion must be used to ensure that the user is 

not removing valid data points. 
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Appendix A-3. An inversion from RES2DINV for survey 072401B at survey site 
01.  This dataset had 25 points removed, as can be seen in the measured 
apparent resistivity pseudosection. This results in a zone of missing data that can 
be seen as a cut across the measured apparent resistivity pseudosection (top).  
 

Topography 

Topography in the survey locations can negatively affect an inversion if it 

is not properly taken into account. Topography can be inserted into the data set 

when using the Prosys II software. When in the field, each electrode’s position 

must be recorded if there is a change in topography. Topography needs to be 

inserted when the electrodes are not on a consistent slope  (Appendix A-4). 
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 The Prosys II software can incorporate topography variations by 

characterizing each electrode’s position in an XYZ format. By default, the X field 

is the spacing between each of the electrodes. Since the terrain is not flat, an 

option is selected to indicate that this is the distance across the surface and not 

true horizontal distance. The Y field was left blank since the electrodes were 

spaced in straight line with relation to each other. The Z field was populated with 

the vertical position of each electrode in relation to a reference electrode. For 

survey 063003A, the reference electrode was chosen to be the first electrode.

 

Appendix A-4. Survey 050903A at location 3. The inconsistent elevation causes 
variations in in the resistivity model if the topography is not taken into account. 

  

The dataset must be transformed into an XYZ space before topography 
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can be entered. This is done by going to processing, then selecting the transform 

spacing XYZ option (ProcessingàTransform spacing XYZ). Each of the selected 

data sets in the Prosys II software will have a red background. The user can now 

insert topography by going to the processing tab and selecting Insert topography 

(ProcessingàInsert topography). The data points will then be shown with an 

option to change the Z spacing (elevation) of each of the data points (Appendix 

A-5). 

 

Appendix A-5. Topography insertion screen on the Prosys II software. When 
inserting topography data, the position of each electrode is transformed into XYZ 
space. Once this is established, elevation positions (Z) can be entered into the 
data file. 
	

 The X position and the Y position in the XYZ position window will remain 

fixed and already be filled out. When conducting a Wenner array, each electrode 
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will be separated by the same distance, thus each position is known. The Y 

position will be a constant value of 1. Since a Wenner array is conducted on a 

straight line, each electrode will have the same Y position. The Z position is the 

vertical position of each electrode in relation to a reference electrode. Typically 

choosing the electrode with the lowest vertical position as the reference simplifies 

input, but any reference electrode can be used. When entering the Z position for 

each electrode, it is important to enter the position in the same units as you used 

for the spacing. When you are done entering the topography, select the ok button 

on the bottom of the screen and you will be returned to the original processing 

screen. 

Exporting 

Once the user is done processing the data, the data can be exported into 

a dat-format file that can be read by Geotomo’s RES2DINV software. The user 

goes to File, Export and save, and then selects RES2DINV/RES3DINV… 

(FileàExport and saveàRES2DINV/RES3DINV…) (Appendix A-6). 
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Appendix A-6. Topography insertion screen on the Prosys II software. When 
inserting topography data, the position of each electrode is transformed into XYZ 
space. Once this is established, elevation positions (Z) can be placed into the 
data file. 
	

A window will pop up giving the user a few options (Appendix A-7). It 

allows the user to save the data as a bin file in a Wenner array. The X location 

distance can be selected to be either true horizontal distance or along the ground 

surface. The difference between true horizontal and along the ground surface is 

only significant when topography is introduced. Separating the electrodes with a 

tape measure resting along the surface results in the spacing along the ground 

surface. True horizontal distance is when the electrodes are spaced the same 

distance apart in a horizontal plane regardless of topography. The type of 
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measurement selected is Apparent resistivity (Rho). 

	

Appendix A-7. The Prosys II window asking the user to export the 
file for use in RES2DINV. 

	

 Selecting the RES2DINV box will save the bin file and then allow the user 

to save the data as a dat file. The user can choose a save destination for the dat 

file (Appendix A-8) and the location of the dat file should be noted. The dat file is 

used as input into the RES2DINV software when conducting the inversion. 
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Appendix A-8. The window asking where to save the file that the user will use for 
RES2DINV. It is important to note where the file is located because the file will 
need to be read to carry out the inversion. 
 

Carrying Out the Inversion 

 The RES2DINV software must be open on the computer. The dat file 

created using the Prosys II software must be transferred to the computer running 

RES2DINV. The file can be read from a directory on the computer or read from a 

flash drive. Reading of the dat file is accomplished by going to File and selecting 

Read data file (FileàRead data file).  If done correctly, a message will appear 

indicating that the reading of the data file has completed. Once the data file has 

successfully been read, the user can carry out the inversion by going to inversion 

and selecting Carry out inversion (InversionàCarry out inversion). Before the 

inversion can be run, a file must be saved for the inversion results as an inv file. 
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Once a file has been saved, the inversion will run. 

The inversion will create a model of subsurface resistivity that varies 

laterally and with depth. The model will continue to iterate until the model is no 

longer improving by at least 5% in Root Mean Square (RMS) error from one 

iteration to the next. This will continue until the maximum number of iterations is 

reached or until the improvement in the model is no longer significant (Appendix 

A-9).  

	

Appendix A-9. The window showing that the model is 
no longer improving by more than an RMS Error of 
5%. 

 

The user can decide if they want to set a lower percentage for the 

threshold for iterations to stop, or they can decide to stop the iterations now. If 

yes is selected, a threshold lower than 5% must be selected (Appendix A-10). 

Iterations will continue until the model is no longer improving by the new 

minimum threshold, or the maximum number of iterations is reached. 
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Appendix A-10. The display window asking if a new 
convergence limit would like to be set. When the model’s 
RMS Error is no longer improving by more than 5%, the 
inversion stops. The user can choose to set the 
convergence limit lower at the expense of more processing 
time. 

	

 Once the user has decided to stop the iterations, the pseudosection is 

displayed (Appendix A-11). This final screen shows the measured apparent 

resistivity pseudosection, the calculated apparent resistivity pseudosection, and 

the inverse model resistivity pseudosection.   
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Appendix A-11. A typical display when an inversion is made using RES2DINV.  
	

Resistivity Contour Intervals 

 Resistivity contour intervals can be manually changed from the default 

logarithmic contour intervals. Once the user is finished carrying out the inversion, 

the user goes to the Display Sections Window (DisplayàShow Inversion 

Results). The user then opens the display data model and sections window 

(Display sectionsàModel displayàDisplay data and model sections). A window 

will appear asking how many iterations the user wants to use. The user cannot 

select more iterations than were performed when carrying out the inversion. For 

reference, the window indicates how many iterations were performed during the 

inversion. For example, if it took 11 iterations for the model before the model was 

no longer improving by 5% or more, than the user can select a maximum of 11 

iterations. The default setting is logarithmic contour intervals, but the user can 

choose to select linear contour intervals, user defined linear contour intervals, 

user defined logarithmic contour intervals, user defined contour intervals, or the 
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user can choose to read contour values from a file. When user defined contour 

intervals are chosen, they can be saved as a val file. The option to read contour 

values from a file allows the user to read these resistivity contour values that 

were previously saved into a file. 

Inclusion of Topography  

 Carrying out an inversion that include the profile topography involves 

many of the same steps as inverting data that does not include topography, but a 

few extra steps are involved. First the user reads the data file by following the 

same steps as a normal inversion. This is done by going to File and selecting 

Read data file (FileàRead data file). Then the user selects the desired dat file. 

The software will notify the user when the reading of the data file is complete. 

Next, the user goes to the Inversion drop down menu and selects Carry out 

inversion (InversionàCarry out inversion). The inversion will continue until the 

model is no longer improving by 5% or more from one iteration to the next 

(Appendix A-10). The user can choose to stop the iterations there or add 

additional iterations. The software requires an inv file to be saved and the user 

can select where to save the inv file. The default file name will be the same as 

the data file being read with an inv extension.  

 Checking the topography can be done by going to the Topography 

Options menu and selecting Display topography (Topography OptionsàDisplay 

topography) (Appendix A-12). If this step is taken, the data file must be read and 

the inversion carried out again. 
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Appendix A-12. Displayed Topography section. When checking the file for 
topography, a window will appear showing the topography the user entered in the 
Prosys II software. 

 

The user then goes to Display menu and selects Show inversion results to 

continue onto the Display Sections Window (DisplayàShow inversion results). 

To get a model that includes the topography, the user goes to the Display 

sections menu, selects Model display, and then selects Include topography in 

model display (Display sectionsàModel displayàInclude topography in model 

display). A window will appear asking how many iterations the user wants to use. 

Next, the user can select the type of contour intervals of resistivity the user wants 

to use for the inversion model. A detailed explanation of the iteration window and 

the contour interval window can be found in the section titled Resistivity Contour 

Intervals. An inversion model that includes topography will then be displayed with 

the indicated contour intervals (Appendix A-13). 
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Appendix A-13. An inversion model displayed with topography inserted. The 
surface is not flat due to the topography of the surface where the survey was 
conducted. 


