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FOREWORD 

 
The Federal Lands Highway (FLH) promotes development and deployment of applied research 
and technology applicable to solving transportation related issues on Federal Lands.  The FLH 
provides technology delivery, innovative solutions, recommended best practices, and related 
information and knowledge sharing to Federal agencies, Tribal governments, and other offices 
within the FHWA. 
 
At many sites where road projects are planned by the FLH, unknown or undetected lava tubes 
(subsurface voids) may be present.  To help quantify issues related to unknown voids, CFLHD 
undertook a preliminary investigation into non-invasive geophysical methods aimed at (1) 
characterizing the presence and vertical/horizontal extent of voids, (2) determining the most 
suitable geophysical methods for specifically conducting roadway surveys in terms of detection 
capabilities vs. feasibility (cost) vs. time constraints, and (3) identifying the range of applications 
nationwide 
 
This study includes background information of multiple geophysical methods and there ability to 
detect voids, a review of geophysical data collected over lava tubes at Lava Beds National 
Monument, and the results from the data.  Conclusions and recommendations for economically 
and accurately locating lava tubes were made.   
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  EXECUTIVE SUMMARY 

1 

EXECUTIVE SUMMARY 

The purpose of this report is to provide information on geophysical techniques to detect the 
presence of shallow-subsurface voids where road projects are planned.  Determining subsurface 
conditions for road projects will significantly reduce the risk to roadway construction activities, 
provide improved long-term stability and maintenance of the roadway, and improve public 
safety.  Identifying these voids will potentially preserve them from damage.  It will also provide 
planners with information on corridor alignment to mitigate impacts.   
 
In order to accurately and economically locate near-surface voids that may affect roadway 
stability, the FHWA-CFLHD in coordination with Blackhawk investigated a variety of 
geophysical techniques at Lava Beds National Monument (LBNM) in northern California.  The 
main objectives were to: (a) detect the presence of subsurface voids under specific geologic 
settings, (b) detect and characterize the vertical/horizontal extent of the voids, (c) determine the 
most economical and efficient (time effective) geophysical method(s) to use during roadway site 
investigations, and (d) identify the range of applications of such methods nationwide.  
 
Geophysical techniques were chosen for near-surface void detection because they are non-
intrusive and cost- and time-effective methods.  In general, their accuracy and resolution depend 
on the depth of investigation and geological factors (for most geophysical methods, resolution 
decreases as depth increases).  
 
The LBNM area was chosen as the site for these investigations for the following reasons: (a) the 
existence of many well-mapped caves that vary both in size and depth beneath the ground 
surface and (b) future roadwork is planned in LBNM and the results may be beneficial to this 
work. 
 
Geophysical data were collected at the site using Ground Penetrating Radar (GPR), Magnetics, 
High Resolution Shear Wave Seismic Reflection (HRSW), Electrical Resistivity (ER), and 
Electrical Conductivity methods. Each site has known underground void geometries and 
locations.  This information was used to assess the accuracy of each applied geophysical method 
for void detection at LBNM.  
 
The results of the investigation indicated that some of the geophysical methods were effective in 
detecting voids, while other methods were limited due to the localized geological setting and 
void geometries.  Depending on site conditions, such as subsurface geology or void size and 
depth, when a combination of methods were used, there was a greater chance of effectively 
delineating the location and orientation of the voids.  The combined GPR and magnetic methods 
were the most economical and least time consuming for detecting voids whose depths range 
between 0 to 9 m (0 to 30 ft).  Magnetic surveys should be performed first as a reconnaissance 
tool in order to locate the position of magnetic anomalies that may indicate the presence of 
potential voids.  A focused GPR survey would then be conducted to evaluate each magnetic 
anomaly and to determine the depth and lateral extent of the features. 
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This study includes information about the site geology, survey site descriptions, overview of the 
geophysical methods used, data acquisition parameters, and interpretations.  The results of this 
study will be of interest to federal land managers who protect these types of features, highway 
designers, maintenance crews, geotechnical engineers, owners of roads constructed over old 
mine works, and utility crews; in general, whoever is interested in locating voids beneath 
roadways.   
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REPORT ORGANIZATION 

The Executive Summary provides a summary of the geophysical study, results, and 
recommendations. 
 
Chapter One provides a brief background on engineering problems related to the presence of 
voids beneath roadways and the geophysical methods used during the study. 
 
Chapter Two outlines the regional location of the LBNM area and its geological background.  
The geological setting of investigative area is important when planning a geophysical survey.   
 
Chapter Three describes the geophysical methods/techniques available to meet the study�s 
objectives.  Five geophysical methods were used at the LBNM site.  The general background of 
the methods, data acquisition, advantages and limitations for mapping subsurface voids, and case 
studies for mapping subsurface voids are discussed. 
 
Chapter Four details the geophysical surveys at LBNM.  This chapter includes individual site 
descriptions, data analysis and interpretation, and comparisons of each method used at each site.  
 
Chapter Five lists the results from the geophysical surveys at LBNM. 
 
Chapter Six details the Quality Assurance and Quality Control activities performed in order to 
provide quality products and services. 
 
Chapter Seven states the conclusions and recommendations derived from this report. 
 
The certification and disclaimer, the acknowledgement, and references are listed at the end of the 
text. 
 
Appendix A contains photographs from LBNM. 
 
Appendix B lists survey parameters used at LBNM. 
 
Appendix C contains GPR cross sections from the data collected at LBNM. 
 
Appendix D contains electrical resistivity cross sections from the data collected at LBNM. 
 
Appendix E contains high resolution shear wave cross sections from the data collected at LBNM. 
 



   

 

 
 



  CHAPTER 1 - INTRODUCTION 

 5  

CHAPTER 1.0.  INTRODUCTION 

Lava tubes are used by many people for recreational purposes such as spelunking or cave 
exploration.  Scientists use lava tubes for research of lava flow mechanisms and evolution.  In 
the past, lava tubes have been used for dwellings and burial sites.  On the other hand, lava tubes 
may pose a threat to roadway construction activities, long-term road stability, road maintenance, 
and public safety.  Therefore, locating and imaging subsurface lava tubes will reduce a risk of 
collapse of roadways and improve lava tube preservation.   
 
This study describes the procedures and results of recent surface geophysical surveys performed 
at the Lava Beds National Monument (LBNM) located in Siskiyou County, California over 
several known lava tubes.  The main objective of this comprehensive geophysical program was 
to determine the most effective geophysical imaging technology for delineating voids that may 
pose a threat to road construction and heavy equipment working above them.  
 
To address the requirements of this study, the Central Federal Lands Highway Division 
(CFLHD), Federal Highway Administration (FHWA) in coordination with Blackhawk 
investigated a variety of geophysical techniques at LBNM.  Data were collected using Ground 
Penetrating Radar (GPR), Magnetics, High Resolution Shear Wave Seismic Reflection (HRSW), 
Electrical Resistivity and Electrical Conductivity methods.    
 
The results of this program will support a planned road reconstruction effort in LBNM and in 
Hawaii as well as to support FHWA�s more comprehensive initiatives concerning void detection. 
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CHAPTER 2.0.  LOCATION AND GEOLOGICAL BACKGROUND  

LBNM was established in 1925 with assistance from cave enthusiast J.D. Howard. Much of the  
park was developed through the hard work of the Civilian Conservation Corps (1).  �As part of 
the National Park System, Lava Bed�s mandate includes the protection and preservation of 
natural and cultural resources.  This mandate is derived from the National Park Services Organic 
Act of 1916 which outlines the fundamental purposes of the National Park System (2).�  
Previously, adventurers used the area unimpeded, leading to unnatural damage of many exhibit 
areas.  The goal of this study is to apply non-destructive and non-invasive geophysical methods 
for locating lava tubes and to continue the preservation of these protected unique geological 
features. 
 
The LBNM area contains several hundred known lava tubes from over 30 separate flows making 
it the largest concentration of lava tubes in the continental United States (3).  LBNM resides 
within the extensive flood basalts of the Modoc Plateau in northern California.  The area is 
bounded by the Cascade Mountain Range, which contains extensive dormant volcanoes, to the 
west and the northern extremes of the Sierra Nevada to the south.  This broad volcanic plateau 
extends northward across Oregon, and fades eastward into the Basin and Range of northern 
Nevada (figure 1).   
 

 

Figure 1.  Map.  Site Map of Lava Beds National Monument. (4) 

The flood basalts of the Modoc Plateau, covering hundreds of square miles, are among the 
youngest of the immense flows occurring globally in the past 250 million years.  Locally, LBNM 
is located on the northeast side of Medicine Lake Volcano, an enormous shield volcano that 
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initially erupted nearly two million years ago, with at least six different eruptions from four 
distinct events occurring in the last 2,000 years (5).  
 
Basically, there are two different types of lava tubes in LBNM.  First, �surface tubes� are created 
when the top and sides of the lava flow cool due to their exposure to the air.  This cooled lava 
solidifies creating a hard cast surrounding the flowing lava, which may then be covered by 
subsequent flows.  Generally, surface tubes that are only a few meters in diameter are abundant 
at the LBNM.  The second type of lava tube is formed when lava flows down a pre-existing 
channel, such as riverbed or a depression.  The roof of the lava, being exposed to air, cools and 
hardens forming the eventual tube roof.  Such tubes can be quite large, with some at LBNM 
exceeding 15 m (50 ft) in diameter.  In both cases, the lava tube eventually drains to become a 
subsurface void, filled with air, water, or collapsed overburden.  It is also common for tubes to 
be stacked on top of each other, often connected by intervening �skylights� (6). 
 
Geophysical surveys were conducted in the vicinity of Cave Loop Road in the southern end of 
LBNM at three locations:  Indian Well Cave, Golden Dome Cave, and Hercules Leg.  Two other 
locations, Merrill Cave, approximately 3 km (1.86 mi) northwest of the Visitor�s Center, and 
Monument Road Cave along Hill Road near Devil�s Homestead Flow were also investigated.



 CHAPTER 3 � GEOPHYSICAL METHODS FOR MAPPING VOIDS 

9 

CHAPTER 3.0.  GEOPHYSICAL METHODS FOR MAPPING VOIDS 

A variety of geophysical techniques exist with the capability of locating near-surface voids.  
Each method has limitations in depth of exploration and resolution depending on the geological 
settings, target (void) size and orientation.  
 
The general background of the methods, data acquisition, and the capabilities of these methods 
for mapping near-surface voids are based on the results of previous work and will be explained 
in more detail later in this report.  The capabilities of the proposed methods for mapping near-
surface voids within the particular geological settings at LBNM will also be addressed. 
 
The geophysical methods described in this Chapter include:  
 
� Electrical Resistivity. 
� Ground Penetrating Radar. 
� Magnetic Method. 
� Electrical Conductivity. 
� Seismic Refraction. 
� Seismic Reflection. 
� Gravity Method. 
 
However, only the following geophysical methods were used at LBNM: 
 
� Electrical Resistivity. 
� Ground Penetrating Radar. 
� Magnetic Method. 
� Electrical Conductivity.  
� Seismic Reflection. 
 
The seismic refraction method was not selected because no specific refractors are expected to 
occur at the depth of interest.  The gravity method, although potentially useful for locating voids, 
is slow and therefore expensive in the field, since great care has to be taken with each reading 
and all of the stations need accurate elevation control.  In addition, significant processing may be 
required to account for all of the factors that can influence the gravity readings. 

3.1   ELECTRICAL RESISTIVITY 

3.1.1  General Background and Data Acquisition 

Electrical Resistivity methods measure the apparent resistivity of the subsurface.  Apparent  
resistivity is the term used for the field measurements since, without interpretation, the resistivity 
measurement does not refer to any particular geologic layer.  Graphs of apparent resistivity 
against electrode separation are used to model the subsurface, thereby providing the vertical 
distribution layer thicknesses, depths and resistivities.  The electrical resistivity equipment 
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consists of a transmitter and a receiver along with the electrodes and wires.  The transmitter 
passes low frequency square wave current into the ground using two electrodes inserted into the 
ground.  The receiver measures the resulting voltage using two different electrodes.  The 
measured apparent resistivity of the ground is found by dividing the measured voltage by the 
amount of current injected into the ground and multiplying this by a geometric factor that is 
derived from the geometry of the electrode array.  The depth of investigation is a function of the 
array type and the electrode spacing.  As the distance increases between the current and the 
potential electrodes, the depth of investigation increases.  Figure 2 shows an electrode array with 
electrical current flow lines. 
 

 

Figure 2.  Drawing.  Electrode array for measuring ground resistivities. (7) 

There are basically two different types of electrical resistivity methods: the profile, or traverse, 
method and the sounding method.  In electrical profiling, where the electrode separation is fixed, 
information concerning lateral variations in resistivity is obtained.  In the electrical sounding 
method, the center of the electrode spread is maintained at a fixed location and the electrode 
spacing is gradually increased.  Sounding arrays provide information about the subsurface at 
increasing depths; however, they give limited information about lateral changes.  Electrical 
soundings and profiles (traverses) are now often combined for relatively shallow surveys.  In 
these cases, a series of electrodes are positioned at regular intervals and all connected to the 
transmitter and receiver using cables.  Using an automated switching mechanism, the transmitter 
and receiver collect data using the positioned electrodes by automatically selecting the 


