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Introduction

The Warner Range lies in the northeastern corner of California, near the 

Oregon and Nevada borders (see yellow box in Figure 1). Mt. Shasta sits 
approximately 100 miles to the west (orange circle in Figure 1) and is visible 
from the top of the range. The Surprise Valley, adjacent to the steep 

eastern flank of the range, hosts the town of Cedarville. 

Geologically, the Warner Range marks a border between two provinces with 

very different histories: the Basin and Range to the east and the Modoc 
Plateau to the west. Because of this unqiue geological setting, we are 

interested in learning more about the structure of the crust in this area and 
how that structure has changed through time. 

The Stanford project in the Warner Range - Surprise Valley region consists 

of three major components:

• A high-resolution seismic reflection line across the Surprise Valley

• Geologic mapping in the Warner Range and Surprise Valley
• Connections with others working in the region Figure 1. Relief map of northern 

California with major roads.

Addressing these components requires collaboration across disciplines, resulting in the involvement of 

people from two departments within the Stanford School of Earth Sciences - Geophysics and Geological and 
Environmental Sciences. Lead faculty, students, and staff on the project are

• Simon Klemperer - Professor, Geophysics

• Elizabeth Miller - Professor, Geological and Environmental Sciences 
• Anne Egger - Undergraduate Program Coordinator, Geological and Environmental Sciences

• Joe Colgan - graduate student, Geological and Environmental Sciences (now USGS)
• Derek Lerch - graduate student, Geological and Environmental Sciences (now Feather River College)

Our work in this region is ongoing, and this web site serves as a means to inform our students and 
collaborators of our progress. 

Funding for the Warner Range - Surprise Valley project has come from several sources:

• Petroleum Research Fund of the American Chemical Society - grant #39063-AC8 to Elizabeth Miller
• NSF Divison of Tectonics - grant EAR 0229854 to Elizabeth Miller

• NSF Division of Geosciences - Earthscope grant 0346245 to Simon Klemperer and Elizabeth Miller
• NSF Division of Engineering - Geoenvironmental Engineering and Geohazard Mitigation grant 0444696 

to Simon Klemperer and Kenneth Stokoe (University of Texas - Austin) 
• Stanford University Vice Provost for Undergraduate Education - grants to Simon Klemperer, Elizabeth 

Miller, and the GES Department 
• Stanford University School of Earth Sciences
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Please contact Anne Egger if you have any questions 
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Seismic reflection line 

In September 2004, geophysicists and geologists from Stanford University conducted a seismic experiment in 
northwest Nevada. One component of that experiment was a high-resolution seismic reflection line across the 

Surprise Valley near Cedarville, California. 

• Why conduct a seismic experiment?

• How do you conduct a seismic experiment?
• What were the results of the experiment?

Why conduct a seismic experiment?

Geologists are able to infer a lot about what is going on below the surface by looking at the geology that is 
exposed. In the Warner Range region, we were able to map a large fault on the east side of the range. What 

if we want to find out how much motion has occurred along that fault? There are several ways to do so, but 
one way is to look at the subsurface. By sending sound waves down into the earth and measuring them when 

they return, we can get a "look" at the rocks below the surface.

How do you conduct a seismic experiment?

On a basic level, a seismic experiment requires a source of seismic waves and a lot of strategically placed 
receivers. For this high-resoution profile across the Surprise Valley, we used a tri-axial Vibroseis truck called 
T-Rex (see photos below), on loan from the University of Texas-Austin. "Tri-axial" means that it is capable of 

shaking in three directions: vertically, horizontally in line with the length of the truck, and horizontally across 
the truck. 

The T-Rex tri-axial vibroseis truck in 

the Surprise Valley (photo by Simon 
Klemperer) 

The baseplate and mass, lowered into 

"shake" mode (photo by Simon 
Klemperer)

Teethmarks left by the baseplate after 

shaking (photo by Simon Klemperer) 

The receivers, or geophones, were buried in the ground every 40 m across the valley and into the mountain 
range. Each geophone is attached by a cable to a recorder, which was programmed at our staging grounds in 

Cedarville to turn on, record data, and turn off. The recorders are called "Texans" in honor of their 
development by the Texas Universities Seismic Instrumentation Alliance, and were loaned from 
PASSCAL/IRIS (see photos below).
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Digging a hole for a geophone in the 

easement along the road (photo by 
Anne Egger) 

Burying the geophone (on the left) and 

the "Texan" recorder (on the right) 
(photo by Anne Egger)

A case full of Texans, ready to be 

buried with a geophone (photo by Anne 
Egger) 

The truck was driven for 16 km across the valley, stopping every 10 m to shake. Although this meant that 
the truck only travelled a few km per day, it used approximately 90 gallons of diesel every day. The 

geophones and receivers were then dug up and returned to their cases. Once back in Cedarville, they were 
connected to computers and the data from them was downloaded before the batteries went dead. 

What were the results?

The data collected in the field is initially processed by PASSCAL and were further processed by Derek Lerch 

here at Stanford. They combine data for each "shake" of the truck from all of the recorders, in order to get 
something like this:

Image courtesy Derek Lerch 

The small flag near the middle of the graph at the top represents the location of the T-Rex truck, and the 
numbers along the top are meters of offset, or distance away from the truck. The vertical axis is not depth, 

but travel time of the seismic waves, which is roughly related to distance. The dark areas represent strong 
reflecting surfaces.

Data from all of the shaking events are then combined to form something more like this:
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Image courtesy Derek Lerch

Again, the vertical axis is two-way travel time in milliseconds, and the horizontal axis is distance across the 
valley. Based on these combined data, we can begin to make some interpretations of the data:

Image courtesy Derek Lerch, annotated by Anne Egger 

The red line is a very strong reflector, and probably represents the subsurface expression of the range-

bounding normal fault. THe blue line probably represents the tilted basalt flows that are exposed on the 
eastern side of the Surprise Valley and continue at depth, but it is unclear if these units are cut by the fault. 

The flatter reflectors in the central portion of the image are probably a series of lake sediments that have 
repeatedly filled the Surprise Valley over the past few million years. 

Please contact Anne Egger if you have any questions 
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Geology

Our work on the geology of the region consists of geologic mapping, logging the core drilled for geothermal 
exploration, geochemical analysis of volcanic rocks, and geochronology and thermochronology. 

Geologic mapping

Geologic maps are one of the basic datasets for understanding the geologic history of a region, and learning 

how to both create and interpret geologic maps is a fundamental component in the education of every 
geologist. In 2004, we began bringing students into the field to map the geology of the Warner Range -
Surprise Valley region at a 1:24,000 scale, more detailed than previously existed for this area. Our initial 

efforts focused on the region surrounding the high-resolution seismic reflection line. 

The first step in beginning to map in a new region is to examine what work has already been done there, and 

to spend some time familiarizing yourself with the rocks. Most of the previous work in the Warner Range has 
been done on a smaller scale, so we hoped to define more units within the units already mapped by other 

workers. 

All of the rocks exposed in the Warner Range are younger that about 35 
million years, and they are all sedimentary and volcanic rocks. The 

youngest volcanic rocks in the region are about 4 million years old. We 
worked to be able to distinguish units of different ages and depositional 

environments in order to both create a more detailed map and to determine 
the geologic history of the region. We were also able to examine older rocks 

by looking at the rocks brought up to the surface through core drilling, 
described below. 

Student Konstanze Stuebner examining 

a volcaniclastic debris flow near Payne 

Peak. Photo courtesy Anne Egger 

These students are sitting 
on the ridge approximately 

at the location of the white 
circle. They have measured 

the orientation of the basalt 
they are sitting on, which is 

dipping about 8 degrees to 
the west, and are now 
looking east, the way the 

white arrow is pointing. 
From their vantage point, 

they can see where to draw 
in the boundaries of a 

landslide (Qls) and the river 
alluvium (Qal). Mapping will 

Students Hari Mix and Steve Davis 
mapping structures on the east side of 

the Surprise Valley. Photo courtesy 

Anne Egger
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continue during the summer 

of 2006.

These basalt units probably correlate to the strong reflectors on the east side of the seismic profile. If so, 
they allow us to draw strong connections between the orientation of rocks at the surface and the way they 

continue below the surface. 

Core Log

During the summer of 2005, a core was drilled in the Lake City geothermal field. Dick Benoit was kind 
enough to give us access to that core, which we logged and sampled, and on which we have begun to 

conduct geochronological and geochemical analyses.

Section of core from depth of 2837' consists 

of pebbly volcanic mudstone. Photo 
courtesy Joe Colgan

Section of core from depth of 3973' consists 

of arkosic sandstone and conglomerate. 
Photo courtesy Joe Colgan 

Section of core from depth of 4017' consists of 

well-rounded cobble conglomerate with 
granitic clasts. Photo courtesy Joe Colgan 

The rocks within the core consist of volcanic, volcaniclastic, and sedimentary rocks down to a depth of 4717'. 
The core crosses the range-bounding fault at a depth of 1260', near which is a zone of intense alteration and 

brecciation. 

Geochemical analysis

Analyzing the geochemistry of volcanic rocks can give us an indication of the possible source of the magma. 
Because the Warner Range is on the border between the Basin and Range and the Modoc Plateau, there are 
multiple possible sources: 
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• Subduction-related magmatism (like Mt. Shasta)
• Extension-related magmatism (like the rest of the Basin and Range)

• Hot spot- or plateau-related magmatism (like the Columbia Plateau basalts)

Each of these potential sources has a different geochemical signature of major and trace elements. This work 
is still in process. 

Significant work on the young basalts in the region has been done by Ian Carmichael and others at the 
University of California at Berkeley. 

Geochronology and Thermochronology 

By determining the age of volcanic rocks and the timing of uplift within the Warner Range - Surprise Valley 

region, we can assess the relationship between magamtism and extension. The age of volcanic rocks is 

generally determined through 
40
Ar/

39
Ar analysis either of whole-rock basalts or of individual minerals such as 

hornblende. Again, significant work on the youngest basalts has been done by Ian Carmichael and others at 

the University of California at Berkeley. Our geochronological work is ongoing.

In addition, by using techniques such as apatite fission track analysis and U-Th/He analysis, we can 
determine when rocks passed through temperatures below 100° C, most likely related to rapid motion along 

the Surprise Valley fault bringing those rocks closer to the surface. Preliminary work indicates that this 
motion is as young as 3 Ma in the Warner Range, but much more work remains to be done in this area. 

Example of U-Th/He data for the Warner Range, showing a 3 Ma cooling age near the base of the range. Though more 

ages are needed to constrain uplift and exposure, these indicate that major motion along the fault is quite recent. 
Cross-section courtesy Joe Colgan.

Finally, we can also use geochronological techniques to date granite cobbles within the conglomerate at the 
base of the core. While this does not tell us how old the conglomerate itself is, we can use this data to find a 

potential source area for the granite cobbles and thus the conglomerate. Preliminary results are sufficient to 
rule out regions, such as the Klamaths, but are not yet specific enough to pinpoint the source area. 

Please contact Anne Egger if you have any questions 
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Connections

Many other scientists are working in the Warner Range - Surprise Valley region as well, and we have had the 
opportunity to connect with them in the field and beyond. In particular, we benefitted significantly from 

interactions with a USGS paleoseismology project and a geothermal drilling project. 

Paleoseismology

A team of scientists from the USGS Earthquakes Hazards Program is working to understand the 
paleoseismology, or earthquake history, of the Surprise Valley fault. Documentation of prehistoric 
earthquakes is necessary because the recorded history of earthquakes in the region is so short (<150 years). 

This study has four objectives:

• Identify evidence of geologically recent  (last 100,000 years) prehistoric earthquakes 

• Determine the age of the earthquakes
• Estimate the size (magnitude) of the earthquakes

• Gauge the level of activity on the fault 

All of these objectives help to provide a sense of the seismic hazard associated with the fault. The main 

technique they use to acquire paleoseismological data is trenching the fault itself. During the summer of 
2005, we visited the trench they dug a few miles north of Cedarville.

A Quaternary scarp along the Surprise Valley fault (steep, 

shaded area in middle ground; blue line marks base of the 

scarp). The red line shows where the trench was dug. Photo 
courtesy Steve Personius, USGS.Photo courtesy Steve 

Personius, USGS. 

Students from Stanford in the trench with USGS scientists. The 

tree in the upper right is the same tree in the upper right of 

previous photo. Photo courtesy Anne Egger. 

After trench excavation, the team identifies and maps exposed faults and deposits, determines the origin and 

processes that formed these features, and infers the geologic events that produced them. The final step is 
locating and sampling materials for radiometric dating, in order to interpret the timing of prehistoric 

earthquakes.
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The trench exposed a steeply east-

dipping normal fault, which places 
hillslope-derived colluvial debris 

against thinly-bedded lake sediments. 
Along this fault, the Warner Range is 

being uplifted while the Surprise 
Valley is sinking. The lake sediments 

record the periodic filling of the valley 
with water during the last Pleistocene 

glaciation about 15,000-20,000 years 
ago. All together, this information will 
be used to determine the size and 

timing of large prehistoric 
earthquakes along the fault, and the 

potential for future seismic hazards in 
the region.

USGS scientist Anthony Crone maps layers 

of lake sediments and colluvium. Photo 

courtesy Anne Egger. 

The Surprise Valley fault as exposed in the 

trench. The gray layers on the right are 
lakebed sediments; the brown material is 

colluvium. Photo courtesy Anne Egger 

The scientists involved in the trenching project are Steve Personius, Anthony Crone, Michael Machette, Dave 

Lidke, and Lee-Ann Bradley. The Surprise Valley Fault investigation is part of a larger project on seismic 
hazards in the Intermountain West. 

Back to top

Geothermal drilling 

The Surprise Valley region hosts a number of hot springs, suggesting that the area might be a feasible source 

of geothermal energy. The eruption of a mud volcano in the northern part of the valley in 1951 launched a 
series of geothermal investigations that continue today. During the summer of 2005, Lake City Geothermal, 

LLC, drilled a core in the Lake City geothermal field, directed by Dick Benoit, a geothermal energy consultant. 

Lake City is located about 15 miles north of 
Cedarville in the Surprise Valley and is at the very 

bottom of the map shown to the left. The hottest 
part of the geothermal field is about 2 miles north of 
Lake City and is marked by a series of hot springs at 

the surface (blue squares) and a snowmelt line in 
the winter. In 2005, the LCSH-5 temperature 

gradient well was drilled to a depth of 4720 feet 
below the surface. 

Much more information about the results of this and 
other geothermal exploration in the Surprise Valley 

can be found in these publications:
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Overview of the Lake City Geothermal System
(2004) Dick Benoit, Colin Goranson, Steve 

Wesnousky, and David Blackwell (PDF)

Core Hole Drilling and Testing, Lake City, California 
Geothermal Field (2005) Dick Benoit, Joe Moore, 

Colin Goranson, and David Blackwell (PDF)

Map and legend are modified slightly from Figure 1 of Benoit et al, 

2005, and was provided courtesy of Dick Benoit.

We had the opportunity to examine the core extracted from LSCH-5, extending our geologic information deep 
below the surface. There is more information about the core in the geology section of this web site. 

Back to top 

Please contact Anne Egger if you have any questions 
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Outreach

In conjunction with the project, we have conducted a variety of public outreach activities in Cedarville and 
the surrounding area.

Date Presentation and location Presenter

June 26, 2006 Alturas USFS 
Download PowerPoint (65 Mb!)

Anne Egger 

June, 2005 Cedarville town hall presentation Anne Egger, Joe Colgan, Elizabeth 
Miller, Steve Personius 

Sept. 2004 3rd-grade class presentation Anne Egger 

Sept., 2003 High School presentation Simon Klemperer 

In addition, we held a number of interviews with local newspaper reporters, resulting in publication of the 

following articles:

Scientists Ready to Have a Blast Near Cedarville

by Jean Bilodeaux
Klamath Falls Herald and News

September 10, 2004 

Geologic Research is a Blast
by Jean Bilodeaux

Klamath Falls Herald and News
September 16, 2004 

Stanford Geologists Present Preliminary Findings
by Patricia Hensley
Modoc County Record

July 7, 2005 

Please contact Anne Egger if you have any questions 
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Publications

Insight into the evolution of a major Basin and Range normal fault through combined geological and 
geophysical investigation
Egger, Anne E.; Lerch, Derek W.; Klemperer, Simon L.; Colgan, Joseph P.; and Miller, Elizabeth L.
Abstract presented at the 2007 Annual Meeting of the Geological Society of America, Denver, CO

PPT presentation 

Reflection imaging the 35-dipping normal fault that bounds the Basin and Range province (BEWARE - this is 

an 80 Mb PDF file)
LERCH, Derek W., Klemperer, Simon L., Egger, Anne E., Colgan, Joseph P., Miller, Elizabeth L.

poster presented at the 2007 Earthscope meeting in Monterey, California 

The Nature of Extension on the Western Edge of the Basin and Range: Evolution of the Surprise Valley Fault 
System
SURPLESS, Benjamin E. and EGGER, Anne E. 

abstract presented at the 2006 Fall Meeting of the American Geophysical Union, San Francisco, CA 

The northwestern boundary of the Basin and Range province: A structural study of the northen termination of 
the Warner Range, CA
SURPLESS, Benjamin E.

presented at the 2006 Geological Society of America Cordilleran Section meeting, Anchorage, AK

Application of the NEES T-Rex Vibrator for 3-component Crustal Reflection/Refraction Profiling: 2004 Test in 
the Basin and Range
LERCH, Derek W.; KLEMPERER, Simon L.; STOKOE, K.H.; MENQ, F.
presented at the 2005 American Geophysical Union Annual Meeting, San Francisco, CA 

Open Access to Field Research: Engaging the General Public and Dispelling Misconceptions
EGGER, Anne E. Eos Trans. AGU, 86(52), Fall Meet. Suppl., Abstract U11C-04

presented at the 2005 American Geophysical Union Annual Meeting, San Francisco, CA 

Drill core data from the Warner Range and Surprise Valley
MILLER, Elizabeth L., COLGAN, Joseph P., SURPLESS, Benjamin, RIEDEL-BASH, Shauna, STRICKLAND, Ariel, EGGER, Anne E., and BENOIT, 

Dick 
presented at the 2005 Geological Society of America Annual Meeting, Salt Lake City, UT

Cenozoic evolution of the northwestern boundary of the Basin and Range: Geologic constraints from the 
Warner Range and Surprise Valley region
FOSDICK, Julie, EGGER, Anne E., COLGAN, Joseph P., SURPLESS, Benjamin, MILLER, Elizabeth L., and LERCH, Derek
presented at the 2005 Geological Society of America Annual Meeting, Salt Lake City, UT

Proposals

USArray FlexArray augmentation of a seismic study of the extension paradox at the northwest margin of the 

Basin-&-Range Province | PDF of proposal
NSF Division of Geosciences - Earthscope grant 0346245 to Simon Klemperer and Elizabeth Miller

Collaborative Research: Field demonstration of utility of NEES Vibrator to meet EarthScope science objectives 
for earthquake-hazard and crustal-structure studies | PDF of proposal
NSF Division of Engineering - Geoenvironmental Engineering and Geohazard Mitigation grant 0444696 to Simon Klemperer and Kenneth 
Stokoe (University of Texas - Austin)
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Please contact Anne Egger if you have any questions 
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Scientists ready to have a blast near Cedarville

Published September 10, 2004
in the Klamath Falls Herald and News 

By JEAN BILODEAUX

CEDARVILLE - Researchers from Stanford University will use a carefully timed set of explosions next week to 
study what scientists call the "extension paradox" that has been found in northern Nevada.

Scientists and graduate students from the university will set off six simultaneous explosions along a line 
stretching from north-central Nevada to the Modoc National Forest near Cedarville.

Seismic waves generated by the explosions will be recorded by more than 1,000 portable seismographs and 
geophones.

The extension paradox refers to variations in the thickness and structure of the earth's crust. As the crust is 
stretched it becomes thinner and, usually, lower in elevation. But that's not the case in some sections of 
northern Nevada. Scientists hope to find out why.

Stanford University obtained permits from the Bureau of Land Management's Surprise and Winnemucca field 
offices to set off the series of explosions.

The explosions, tentatively scheduled for next Wednesday or Thursday, will occur at night to reduce 
interference from background noise from other human activity in the region. Before the detonations, areas 

will be cleared for safety.

Visual and audio alarms will be used to signal the impending explosions. Noise from each shot will be a 
muffled thud sometimes accompanied by a sharp crack similar to a rifle shot. The shots may be heard up to a 

mile away.

Earth shaking from the detonations will not be felt beyond a few hundred feet.

Measurements of the time it takes for the waves from each location to reach the recording instruments will 
be used to create an accurate picture of the different rock types and structures present deep in the earth's 

crust.

Tests will use six boreholes drilled along a roughly east-west line in remote areas north of the Black Rock 
Desert in northwestern Nevada and into Modoc County's Surprise Valley.

All activities will be conducted in areas where the ground has already been disturbed, such as along roadways 
and within a gravel pit.

The recording devices will also be placed along existing roads. The data recorders will be retrieved following 
the detonations and the data transferred to a central computer.

All data gathered will be archived and publicly released through an Earthscope data center. Earthscope is a 

National Science Foundation program that is also providing the latest technology and equipment for the 
project.
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Stanford will use the project to train a group of its undergraduate students in geologic and geophysical 
techniques required to study the continents. The goal of the project is to increase public appreciation of local 

geology and expand knowledge of the earth's crust to help scientists better understand the earthquake 
hazard in the region.

Correspondent Jean Bilodeaux covers Surprise Valley. She can be reached at (530) 279-2031, or at P.O. Box 

5, Cedarville, CA 96104, or by sending an e-mail to jeanb@hdo.net

Please contact Anne Egger if you have any questions 
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Geologic research is a blast

Scientists use dynamite to probe earth's crust in Nevada, California region

Published September 16, 2004

in the Klamath Falls Herald and News

By JEAN BILODEAUX

CEDARVILLE - Scientists detonated tons of dynamite buried deep in the earth early this morning as part of a 

test to learn more about the structure of the earth's crust in northeastern California and northern Nevada.

The explosions set off at 1 and 3 a.m. went unnoticed by most residents of the area, alleviating fears the 

experiment would touch off earthquakes.

The study is being conducted by geologists, geophysicists, and graduate and undergraduate students from 

Stanford University.

The dynamite charges were placed in up to six holes located along a line extending from near Winnemucca, 
Nev., across Surprise Valley to the plateau region along Highway 139 northwest of Canby, Calif.

Dynamite was placed at the bottom of the 200- to 400-foot-deep, 10-inch diameter wells by an explosives 
expert from the U.S. Geological Survey in Menlo Park, Calif.

There were 4,000 pounds of explosives in the two end holes and 2,500 pounds of explosives in the other 
holes. Once the dynamite was placed, the holes were filled with gravel and capped with concrete.

The charges were detonated at night so truck traffic and other and other extraneous noise wouldn't generate 

false data on the seismographs. 

"They will be more like mining explosions, no big craters, just a blast of sound into the earth," explained 

Anne Egger, of Stanford University's Geology Department.

Egger said there was absolutely no chance of the explosions triggering an earthquake.

"Earthquakes come from deep in the earth's crust. We are much too shallow with our blasts to generate any 
big earthquake," Egger said.

The sound waves generated from the explosions travel through the earth's crust, which is rocks and other 

material with the density of granite. Below the earth's crust is the mantle, which is much more dense.

"We are sending the sound waves down and they will bounce off the more dense mantle and return. The time 

the waves take to return will be recorded and that will tell us how think the earth's crust is in this locale," 
Egger said. "Usually it is about nine miles thick."

To measure the sound waves, the group has placed 1,300 geophones along the line approximately 300 

meters apart. The geophones are in 10-inch cylinders with a 3-inch diameter, with red sensors attached. 
Inside each cylinder is a small seismograph and computer.

The geophones are owned and remotely operated by a team from the Program for the Array Seismic Studies 
of the Continental Lithosphere of Socorro, N.M. The team set up its headquarters at the Modoc County 
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Fairgrounds in Cedarville. Another team set up in Winnemucca and a small team is working out of Soldier 
Meadows. They are running the eastern part of the project.

On Wednesday afternoon the geophone team activated all 1,300 units. They will remain activated until 

Friday, when they will be collected by the Stanford group. Each geophone holds 32 to 64 megabytes of data, 
which will be transmitted to the fairgrounds. The data will be processed at Stanford and may take up to two 

years to be made public.

The experiment will tell some of the earth's history and processes, and why it looks like it does.

After the geophones are collected and downloaded, they will be redistributed in an area a few miles north of 
Cedarville for a more intense study of the Surprise Valley area.

Correspondent Jean Bilodeaux covers Surprise Valley. She can be reached at (530) 279-2031, or at P.O. Box 

5, Cedarville, CA 96104, or by sending an e-mail to jeanb@hdo.net

Please contact Anne Egger if you have any questions 
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Stanford geologists present preliminary findings

Special to the Modoc County Record

July 7, 2005

By Patricia Hensley

A group of geologists from Stanford University and representatives from a team working with the US 
Geological Survey (USGS) out of Denver met with interested folks in Cedarville on June 23 for a lively lecture 

some humorously dubbed "Seismic Geology 101".

The event was sponsored by the Greater Surprise Valley Chamber of Commerce. It included a presentation of 

preliminary findings from a series of experiments conducted in the region last summer as well as an overview 
of two recent projects which concluded in late June.

The Stanford team was in the area to conduct detailed geologic mapping in specific areas of the Warner 
Mountains. Older geologic maps of the area are too simplistic to be of use in the team's ongoing projects.

Anne Egger, the Undergraduate Program Coordinator and Lecturer in the Department of Geological & 

Environmental Sciences, said the finished maps will "tie in to what we're seeing below the surface as we chart 
the faults and types of rocks visible on the surface. Existing maps are unsatisfying for us at this point. We 

want to add more detail to them." The team is also collecting samples to have processed in their labs at the 
university.

Presenting a detailed update on one of their last evenings in the valley was in many ways a "thank you" to 
community members who have shown an enthusiastic interest in the ongoing work of the scientists. "We've 
run into many people as we hike about", said Egger. "We all want to thank everyone who has helped us: the 

BLM and Forest Service, Modoc County Roads Department, and the fairgrounds staff. Everyone we've 
encountered has been friendly and helpful. We hope to be able to come back soon!"

The team, headed by Professor Elizabeth Miller, Dr. Joseph Colgan (who will join the USGS in Menlo Park in 
the fall), and Egger, brought along a wide variety of local geologic maps and fault maps for people to inspect. 

Colgan also passed around a core sample contributed by drillers working on a geothermal project near Lake 
City.

The heavy rock "cylinder", collected at 4,020 feet under the valley's sedimentary layers, revealed a colorful 
conglomerate of pebbles indicating it may have once been part of an ancient river channel. Though he called 
the core "interesting and beautiful", Colgan contrasted what it revealed with the way geologists can now 

"see" much deeper under the earth's crust using man-made seismic waves. Even the deepest drilling samples 
can't answer basic questions geologists are beginning to ask about the area. Apart from monitoring 

occasional earthquakes, creating and then recording the behavior of induced seismic waves promises to yield 
a much clearer understanding of the geologic forces at play under the mountains and valleys in the region. 

"We 'look' at the boundary where the solid crust meets the earth's molten mantle by studying the generated 
sound waves", said Colgan. "As we understand the behavior of the waves and begin to create a high-

resolution image of the geologic formations under Surprise Valley and beneath the crust, we can surmise 
what the earth's interior looks like."

Colgan, who recently wrote his doctoral thesis on the "Basin and Range" topography which begins at the 

Warners and stretches east to the Wasatch Range in Utah, explained how the previous experiments 
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conducted in the area allow geologists to get a much fuller picture of the forces that shaped Surprise Valley 
and the geologically fascinating region east of the valley.

Last September, Colgan's team set off a succession of precisely timed explosions along a 270-kilometer line 

stretching from north of Winnemucca to west of Canby. The seismic waves created were recorded and stored 
on computer chips set in receivers known as "texans".

"The waves from our explosions went 20 miles deep. The biggest variation we saw was right under 
Cedarville", he said. "We saw down to the base of the crust and even into the mantle. We got a nice data set 

out of it all!"

A second phase of experiments was carried out within Surprise Valley. A massive truck dubbed "T-Rex" was 
used to send vibrations deep into the earth along 49 Lane north of Cedarville. Texans were again used to 

record the sound waves.

Part of the experiment's value was determining that the 60,000-pound vibrator truck, previously only used 

commercially to explore for underground oil deposits, worked well for the purely "theoretical" application. 
University students are still processing the data from the T-Rex experiments, Colgan reported.

The Surprise Valley area is increasingly interesting to scientists studying what Miller characterized as the 
"corrugated topology" known as the "Basin and Range Geomorphic Province" which appears to end at the 

Warner Mountains. "To the west of the Surprise Valley boundary, the crust is smoother, not as stretched out 
and thinned as what we see in the Basin and Range area", said Professor Miller.

"This area is fast becoming the new "Geologic Mecca" of California!" BLM Geologist Ken Collum who works out 

of the Surprise Field Office in Cedarville, mentioned that archeological, paleontological and geologic groups 
from the University of Nevada, Reno, Utah State, Chico State, Stanford, and UC Berkeley have been working 

in the area within the past few weeks, an unprecedented phenomenon which reinforces Miller's observation 
that the heretofore understudied region has been "discovered".

Miller, Egger, Colgan and a group of undergraduate students were joined at the community presentation by 
Drs. Tony Crone and Stephen Personius also happened to be working in the area at the same time as the 
Stanford team. Their group of paleoseismologists, affiliated with the USGS, is studying the Surprise Valley 

Fault which runs along the base of the Warner Mountains.

After digging a deep trench across the fault north of Cedarville on property owned by Dr. Jim and Denise 

Harrower, the scientists began mapping and taking samples from the exposed layers they believe represent 
past seismic events along the fault. Crone caused a few shivers in the audience when he announced the 

valley's largest fault "runs about a half-mile west of here, paralleling your Main Street." "Our suspicions are 
the SV Fault is one of the more active faults in the region that stretches from the Wasatch Mountains to the 

Pacific", said Crone. "The best way for us to collect information and interpret past movement is to study a 
cross section of the fault."

The team dug "as deep as we comfortably could", using a backhoe to reach a uniform depth of about 20 feet. 

They mapped the deposits exposed in the trench, though for now their painstaking field work raises more 
questions than it answers. "It's like working with pieces of an incomplete puzzle. We have to fill in a lot of 

blanks", said Crone. The team is collecting samples to analyze later though they did pass around scrapings 
from an unusually thick layer of volcanic ash discovered at about 17 feet deep. "The ash may be from Mount 

Mazama which erupted over 7,000 years ago", said Crone. It will be analyzed and compared with known 
deposits from the colossal explosion that created Crater Lake.

While Egger and the others peppered their discussion with many questions they hope to answer after further 
experiments, each will be sharing their findings with an ambitious project dubbed "EarthScope"

EarthScope is a national science initiative to explore the structure and evolution of the North American 

continent and to understand the physical processes controlling earthquakes and volcanoes.

With approximately $200 million in funding from the National Science Foundation, geologists from the USGS 

and universities such as Stanford are joining together to systematically monitor and study the earth's 
interior. They will deploy an array of equipment that includes seismometers, strainmeters, and GPS receivers 

across the US.

"EarthScope is the largest systematic survey of the continent funded by Congress since the Lewis and Clark 
Expedition 200 years ago", say project organizers.

All of EarthScope's data will be freely and openly available to the scientific community as well as to teachers, 
students and the general public. The public can follow the national progress of the project at the website 

www.earthscope.org.
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Please contact Anne Egger if you have any questions 
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The northwestern boundary of the Basin and Range province: A structural study of the 
northen termination of the Warner Range, CA

SURPLESS, Benjamin E., 2006, Geological Society of America Abstracts with Programs, Vol. 38, No. 5, p. 19
presented at the 2006 Geological Society of America Cordilleran Section meeting, Anchorage, AK

The Warner Range is a young, tectonically active range in the northwestern-most Basin and Range and is 
ideally located to elucidate how the extensional province dies out to the north. This study examines the tilts 

of Miocene basaltic lava flows which cap the range and relates those tilts to the fault systems on both the 
east and west flanks of the Warner Range. For most of the central portion of the range, the eastern flank is 

defined by an east-dipping, high-angle normal fault with a maximum offset of > 2 km. A slip rate of at least 
1.6 mm/ yr along the east dipping system has created the Surprise Valley to the east, which has a fill of 1 –
2 km. At the latitude of maximum extension, tilts in the capping basaltic flows are ~20° W. The magnitude of 

these tilts decreases to ~10° W further north, and to the north of Fandango Valley, a major, northwest-
trending accommodation structure which cuts across the entire Warner Range, the polarity of tilting is 

reversed, with the capping flows dipping ~10° E. This abrupt change in tilt direction as well as the 
topographic expression of faulting to the north of the Fandango Valley structure suggests that faults along 

the western flank of the range, not the eastern flank, accommodate most extension north of the Fandango 
Valley. The eastern range-bounding fault system dies out as a localized, discrete fault zone immediately to 

the north of the Fandango Valley structure, at the northern end of Surprise Valley (41°54'). Further north, 
the eastward tilts in the capping basalts decrease to sub-horizontal by latitude 42° 15' as the Warner Range 
dies out as a well-defined fault block. Although the Abert Rim and the South Warner Rim fault scarps can be 

traced northward from the western and eastern Warner Range fault systems, respectively, previous studies 
indicate that these structures accommodate relatively little extension. Thus, the Warner Range appears to be 

the northwestern-most expression of significant Basin and Range extension, with a very gradual transition to 
very low magnitude extension north of the Fandango Valley accommodation zone.

Please contact Anne Egger if you have any questions 
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Application of the NEES T-Rex Vibrator for 3-component Crustal Reflection/Refraction 
Profiling: 2004 Test in the Basin and Range

LERCH, Derek W.; KLEMPERER, Simon L.; STOKOE, K.H.; MENQ, F., 2005, S23B-0258
presented at the 2005 American Geophysical Union Annual Meeting, San Francisco, CA 

In September 2004, Stanford University and UT Austin collected crustal reflection/refraction data with the 
Network for Earthquake Engineering Simulation (NEES) tri-axial (T-Rex) vibrator in two separate surveys: (1) 
a 40 km crustal-scale profile in the Black Rock Desert and Black Rock Range, NV; and (2) a 16 km `high-
resolution' basin imaging profile in Surprise Valley, CA. Both experiments were completed in the 
northwestern Basin and Range transition zone as part of a larger, 300 km wide-angle refraction line, recorded 
by an IRIS-PASSCAL transportable array. Our broad goals were to test the feasibility of the T-Rex in crustal-
scale applications with existing IRIS-PASSCAL equipment, and to augment our refraction data with structural 
information. 

T-Rex, acquired by NEES-UT Austin in 2002, is a 64,000 lb buggy-mounted vibrator with a tri-axial mass, 
producing P, SV, and SH waves. In order to balance desired upper-crustal resolution with an attempt to 
record mid-crustal reflectivity and shear-wave data during the crustal-scale profiling, T-Rex swept at 300 m 
intervals for 5 minutes (1 min. P, 2 min. SV, 2 min. SH), and at 3 km intervals for 50 minutes (10 min. P, 20 
min. SV, 20 min. SH). This source configuration afforded coverage of a relatively wide aperture in a modest 
amount of field time, while stacked sweeps recorded at 3 km intervals provided greater source effort than 
individual vibration points for the 1983 COCORP 40ON Nevada deep reflection profile which recorded strong 
Moho reflections. Crustal data were continuously recorded in four-hour windows at 125 sps on a combination 
of vertical (RefTek Texan) and 3-component (RefTek RT130) instruments forming a 40 km array spaced at 
100 m, embedded within the larger wide-angle profile. 

The `hi-res' survey (250 sps, 40 m receiver spacing, 10 m source spacing) imaged the active Surprise Valley 
basin to constrain basin depth, fault geometry, and basin-fill P- and S-wave velocities. Our source effort 
(single 1 min. sweeps) is comparable with prior successful efforts to image upper-crustal basement structure 
(e.g., Virginia Tech's 1981 Atlantic Coastal Plain survey). Despite attenuation and poor coupling in the 
unconsolidated basin fill (Vp ~ 1.8 km/s) of Surprise Valley and the Black Rock Desert, coherent refracted 
energy on raw, single-sweep gathers is visible to 9 km offset, with reflections visible to ~ 3 sec (twtt). Our 
data indicate the NEES T-Rex vibrator is a viable source for upper crustal P- and S-wave surveys, and may 
produce useful mid-crustal data under favorable conditions. 

Please contact Anne Egger if you have any questions 
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Open Access to Field Research: Engaging the General Public and Dispelling Misconceptions

Egger, Anne E., 2005, AGU, 86(52), Fall Meet. Suppl., Abstract U11C-04

presented at the 2005 American Geophysical Union Annual Meeting, San Francisco, CA 

The general public holds many misconceptions about the geosciences. Often, people confuse geologists with 

archaeologists, or believe geoscience careers are limited to petroleum and/or mineral exploration. People in 
resource-rich areas may have had only negative experiences with geoscientists, where resource extraction 

has come at the expense of quality of life and property. These misconceptions and negative perceptions are 
serious threats that can result in uninformed and biased teaching of the geosciences.  

To address these threats, the true nature and relevance of the geosciences need to be communicated to 

students and the general public whenever possible. Field work, an essential component of geoscience 
research and education, offers an ideal opportunity for such communication by bringing researchers and 

students in direct contact with private citizens and local agencies. By providing open access to field research, 
a meaningful outreach opportunity can be seamlessly integrated into a research program. Encouraging all 

students and the general public to participate in field-based research activities can promote understanding of 
the scientific process, the nature of the geosciences, and the importance of scientific research to a wide 

variety of audiences, dispelling misconceptions.

For a field project conducted in the Warner Range of northeastern California, we initially had two goals: to 
corroborate an NSF-funded seismic experiment with surface geologic mapping, and to offer a research 

opportunity for undergraduates. The nature of a seismic experiment necessitates extensive communication 
with local citizens and agencies. This logistical communication soon led us to add more goals to the project: 

to conduct outreach activities in the small, rural communities in and around the field area and to collaborate 
with the many researchers from multiple institutions and government agencies with projects in the region. 

These outreach and collaboration efforts have now become essential components of the field work and have 
led us to continue and expand the research goals of the project as well.

Throughout the project, we took steps to ensure that misconceptions were minimized. These included school 
presentations, public presentation of data from the seismic experiment, and sharing of mapping and data 
with local agencies and other researchers. In addition, we invited local landowners, reporters, and 

representatives from local agencies to spend time in the field with us – and many did. The Warner Range lies 
in a volcanically and seismically active region with numerous hot springs and geothermal energy resources 

under development. We found that locals wanted to know more about their surroundings, and in addition to 
providing specific information about our research in the region, we were very successful in educating many 

people about the nature of scientific research and the geosciences in general.

Field work provides an unequaled opportunity for outreach. A minimal investment of time reaps huge rewards 

in public perception of scientific research and the nature of geoscientists, and begins to mitigate the damage 
caused by misconceptions and negative experiences. Additionally, outreach can feed back into the research 
goals of the project and expand opportunities for collaboration and cross-disciplinary studies. This synergy 

between research and education must be highlighted and encouraged if we wish to reduce threats to the 
teaching of the geosciences.

Please contact Anne Egger if you have any questions 
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Drill core data from the Warner Range and Surprise Valley

MILLER, Elizabeth L., COLGAN, Joseph P., SURPLESS, Benjamin, RIEDEL-BASH, Shauna, STRICKLAND, Ariel, 

EGGER, Anne E., and BENOIT, Dick, 2005, Geological Society of America Abstracts with Programs, Vol. 37, 
No. 7, p. 203

presented at the 2005 Geological Society of America Annual Meeting, Salt Lake City, UT

The Warner Range/Surprise Valley fault system in northern California represents the northwesternmost 

expression of active Basin and Range extension. A thick, 3-km succession of volcanic, volcaniclastic, and 
sedimentary units (base not exposed) is present in the range, with units tilted WSW at 10 – 35 degrees, due 

to significant rotation and dip-slip motion along the east-dipping Surprise Valley (SV) normal fault. Drill core 
data from an exploratory geothermal well to the north of Lake City, CA, cuts the SV fault system and 
elucidates the details of deeper stratigraphic units not exposed in the range. The well intersected the footwall 

of the SV fault at ~390 m, where abundant hydrothermal alteration and fault zone deformation are present, 
suggesting that the fault dips as little as ~30 degrees, consistent with the westward tilt of units in the 

footwall. From 390 m to 1030 m depth, the core transects units in the footwall that consist of massive 
volcanic breccias (lahars), andesitic(?) lava flows, volcaniclastic sandstones and reworked ignimbrites, and 

pebbly volcaniclastic mudstones. This sequence is similar to the units exposed in the Warner Range and 
indicate little variation in geologic environment during deposition of more than 3.5 km of volcanic and 

volcaniclastic lithologies. A significant change occurs at 1030 m depth where mudstones, siltstones, arkosic 
sandstones, and clast-supported pebble and boulder conglomerate beds are present. The conglomerates 

contain well-rounded granitiic, volcanic, metasedimentary and sedimentary cobbles providing evidence for 
uplift and erosion of pre-Tertiary basement This clastic, non-volcanic sequence extends to a depth of 1300 
meters, below which aphanitic and porphyritic basalt dikes or flows dominate, with an intervening 45 m 

section of arkosic sandstone. The drill core bottomed in basalt at ~1500 m, indicating that the total Tertiary 
section is >4.5 km thick. The depth to pre-Tertiary basement remains unknown, but the core extends the 

previously known record of volcanism and sedimentation further back into the Tertiary and has important 
implications for the paleogeography of the northern Sierra-Klamath Mountain-western Basin and Range 

region at the end of the Cretaceous and into the early Cenozoic. 

Please contact Anne Egger if you have any questions 
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Cenozoic evolution of the northwestern boundary of the Basin and Range: Geologic 
constraints from the Warner Range and Surprise Valley region

FOSDICK, Julie(1), EGGER, Anne E.(1), COLGAN, Joseph P.(1), SURPLESS, Benjamin(2), MILLER, Elizabeth L.(1), and LERCH, Derek(1), (1) 
Geological & Environmental Sciences, Stanford Univ, 450 Serra Mall, Braun Hall, Building 320, Stanford, CA 94305, julief@stanford.edu, (2) 

Geosciences, Trinity University, 1 Trinity Place, San Antonio, TX 78212

Geological Society of America Abstracts with Programs, Vol. 37, No. 7, p. 70 
presented at the 2005 Geological Society of America Annual Meeting, Salt Lake City, UT

The Warner Range in northern California is bounded to the east by the Surprise Valley Fault, a major down-to
-the-east normal fault that forms the active western boundary of the Basin and Range Province at this 

latitude. Preliminary mapping, geochronology, seismic reflection data, and drill core data from the Warner 
Range and Surprise Valley provide insight into the Cenozoic evolution of this boundary.

Geologic mapping at 1:24,000 documents a 3 km thick sequence of volcanic, volcaniclastic and sedimentary 
units in the range, dipping WSW at 10-35 degrees. Paleocurrent indicators in conglomerates near the base of 

the section suggest multiple sources from the SW, W, and SE. An exploratory geothermal well north of Lake 
City drilled through the range-bounding fault, revealing similar but stratigraphically deeper units. Based on 

this drill hole data, the thickness of the entire Tertiary section exceeds 5 km; the depth to pre-Tertiary 
basement is unknown.

Basalt flows and tuffaceous sediments exposed in eastern Surprise Valley dip 5-20 degrees WSW and are cut 

by a series of small-offset, east-dipping normal faults. Seismic reflection data across the valley indicate 
several kilometers of sediments may overlie these flows in the west, thinning rapidly to the east. The basalts 

range in age from 9 to 3 Ma and are similar in composition and age to the Devil's Garden Basalt on the 
western side of the Warner Range (Ian Carmichael, pers. comm., 2005). Although the basalt does not crop 

out at the top of the range, it is locally tilted with underlying units on its western flank; it is therefore 
possible (though not required) that Pliocene basalt flows were once continuous across the range and may 

predate significant faulting in the region.

These data, combined with geometric relationships in cross-section and U-Th/He ages of ~3 Ma from the 
base of the exposed section, imply that at least 8 km of slip has occurred on the Surprise Valley fault, 

possibly in the last 3-5 my. This value is significantly greater than the 3.6 km of slip proposed by previous 
workers, and represents an averaged slip rate of 1-3 mm/yr. This rate is consistent with slip rates suggested 

by Quaternary fault scarps and preliminary results from a USGS paleoseismic study of the Surprise Valley 
fault.

Please contact Anne Egger if you have any questions 
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USArray FlexArray augmentation of a seismic study of the extension 
paradox at the northwest margin of the Basin-&-Range Province

Abstract of funded proposal NSF-GEO 0346245, by Simon Klemperer 

Nevada has high topography – even the valleys between the mountain ranges are at elevations of several 
thousand feet.  Because this average elevation does not change significantly between the Oregon border and 

central Nevada, we believe that the Earth’s crust (colloquially, the iceberg floating on the mantle) must be 
the same thickness across this region.  What is remarkable, however, is that we have discovered that the 

amount of extension – the amount of stretching of the crust by faulting at the borders between the 
mountains and the valleys – increases by a factor of about 5 as we go south across this same region.  When 

the crust is stretched it thins, so why then is the crust not thinner, and the elevation lower, in central 
Nevada?  This is the “extension paradox” that we are studying.

We believe the answer may be that the lower part of the crust is weak enough that it can flow over geological 
timescales, and that the lower crust beneath northern Nevada is flowing south to central Nevada, helping to 
equalize the crustal thickness and balance the elevations across this region.  We are testing this hypothesis 

by collecting a new seismic profile that will measure the crustal thickness and structure in great detail across 
northwestern Nevada, a region that has not been well-studied by this method in the past.   We are making 

use of the latest technology and equipment that has recently been developed and acquired for the national 
scientific enterprise by NSF’s Earthscope program. Earthscope, through one of its divisions “US-Array”, has 

funded the development of a “FlexArray”, a large pool of easily transportable seismographs.  We will use this 
new equipment to study the Earth’s crust in more detail than has previously been possible – we expect to lay 

out over 1000 seismographs to record the sound waves created by 6 explosions that we will detonate at 
precisely controlled times and locations.  By measuring the time it takes for the seismic waves to travel 

through the Earth’s crust from each explosion to each seismograph, we can build up an accurate picture of 
the seismic wave-speed through the Earth, which in turn lets us map out the different rock types and 
structures present at depth.

During our project we are training a group of Stanford undergraduates in the combination geologic and 
geophysical techniques required to understand the continents.  By extending the classroom from campus to 

the Nevadan deserts and mountains, and by extending theory to practice, we are enriching the education of 
the next generation of scientific leaders. We are also working with Bureau of Land Management and National 

Forest managers to carry out a safe experiment with no lasting environmental impact, and in so doing we 
expect to enlarge public understanding of scientific methodologies, and public appreciation of local geology.  

All our data will be archived with and publicly released through an Earthscope Data Center; ultimately our 
new understanding of the crust beneath northern Nevada will help us and other scientists better understand 
earthquake hazard in this region. 

Please contact Anne Egger if you have any questions 
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