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BATHOLITHS
HOW THE COAST MOUNTAINS
OF BRITISH COLUMBIA FORMED
A Canada - U.S.A. Earth Science Research Project

What is BATHOLITHS?
BATHOLITHS (www.eos.ubc.ca/batholiths) is a new Earth science research project to better
understand the geological formation of the Coast Mountains of British Columbia. More generally,
BATHOLITHS is a multidisciplinary research project that addresses one of the great unsolved
problems in Earth science: What processes generate continental crust? Many scientists consider that
the processes that produce batholiths play a major role in the observed bulk composition of the
continental crust globally. So what is a batholith? A batholith is a very large volume of previously
molten rock from deeper in the Earth that worked its way upward and solidified within the crust;
erosion has now exposed it at the Earth’s surface. The Coast Mountains of B.C. form the largest
collection of batholiths in North America (Fig. 1).
The project focuses on the geology and origin of the Coast Mountains between Douglas
Channel in the north and Burke/Dean Channels in the south (Fig. 2). We chose this area because of
the exceptional exposure of the batholith and unique access opportunities throughout a relatively
remote region. In addition to the limited road system that crosses the Coast Mountains, the marine
waterways of Douglas and Burke/Dean Channels provide excellent access for ships to penetrate into
the interior of the batholith. This allows a comprehensive application of marine seismological
techniques combined with the use of high-tech, passive land-based seismic recorders. The use of
marine techniques is important because in this region they are substantially cheaper and much more
logistically feasible than comparable onshore techniques. The combination of geological and
geophysical access makes the Coast Mountains the only place in the world where a multidisciplinary
project like BATHOLITHS can be conducted.
BATHOLITHS is very much a multidisciplinary research project. It involves geological mapping
and related laboratory studies, geochemical studies and age dating of the rocks, and a seismic
program to image the structure and composition of the lithosphere (the upper 100 km of Earth), of
which the Coast Mountains are a part. Active-source seismic imaging using a marine acoustic pulse
generator is a key part of the scientific program. Because of this, an environmental impact
assessment must be, and is being, prepared. The planned duration of the full scientific program is five
years. However, based on operational and environmental factors, the active-source seismic imaging
is being planned within a 3-week period in October 2006.
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Figure 1. Distribution of Cordilleran batholiths (in red) along part of the west coast of North America.
The “Coast Plutonic Complex” is the subject of the BATHOLITHS project. The area of Fig. 2 is
outlined by the rectangle.

BATHOLITHS will be similar to the 1994-2000 project called ACCRETE, which focused similar
Earth science studies along Dixon Entrance and Portland Canal, and in the mountains south to the
Skeena River. Information on ACCRETE is available on the web site:
http://geoweb.princeton.edu/research/ACCRETE/accrete.html.
The great success and international acclaim of ACCRETE led to the new proposal, BATHOLITHS,
that would continue studies of the Coast Mountains of British Columbia. For the U.S. participation, the
National Science Foundation has funded the proposal; for the Canadian participation, funds are
provided by Science and Engineering Research Canada (NSERC). In both cases, release of funds for
the active-source seismic program is dependent upon receiving the necessary environmental permits.
Following the successful example of ACCRETE, the BATHOLITHS team will meet with local
groups, including teachers and school classes, to discuss what we are doing and what our results
mean, as these results are obtained. Our interests are purely scientific – we want to understand more
about how the Coast Mountains, which are representative of similar, less accessible mountain belts,
formed. The distribution of that information to people in the region concerned, to other scientists and
to the general public is part of our responsibilities.
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Figure 2. Geological map of the region including the study area. BATHOLITHS is focused on the
rocks on the western B.C. mainland. Douglas, Burke and Dean Channels are identified.
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The Tool Kit of Earth Science Studies for BATHOLITHS
Geology, the science of studying the Earth, has evolved tremendously since scientists began
in earnest to study the Coast Mountains almost 50 years ago. Theories continue to evolve on how
rocks form, and new tools for the study of rocks continue to be developed. The questions that
consume our interest in this study weren’t defined until the last decade or so, but the information
collected by generations of geologists before us and the fundamental results of ACCRETE form the
basis for our new project. Earth science investigations such as BATHOLITHS require a
multidisciplinary approach to address all the issues. We will use a variety of tools that will allow us to
explore the Coast Mountains from the surface to depths exceeding 100 km.
Geological mapping of exposed rocks with the taking of small samples for later study in the
laboratory is still the foundation of basic Earth science studies. We will focus our efforts along the two
main channels and in accessible regions between them. Such studies are already underway.
Geochemical tools involve analyzing rock samples in sophisticated chemical laboratories at our
universities. They allow us to determine the composition, temperature and pressure at places of origin
of rocks that were brought to the surface from depth. They also allow us to determine the ages of the
rocks, so we know when geological processes took place. Sampling for these studies will follow the
same routes as geological mapping and is also in progress.
Seismological tools provide us with the “telescope” that looks deep into the Earth, below the region
that we can sample. However, our telescopes use sound waves instead of light waves to “see” into
the Earth. In BATHOLITHS, we will apply three different and complementary seismological tools that
make use of different sources of sound energy. Two of these, seismic reflection and seismic
refraction, are active-source techniques and thus require an environmental assessment. The third is a
passive-source method that utilizes sounds waves generated by earthquakes.
The seismic reflection technique involves sound waves that go down into the Earth directly
below the source, traveling nearly vertically. Every major change in rock properties results in some of
the energy being reflected back to the surface where it is recorded. Computer processing of the data
yields an image of the structure or fabric of the upper 40-50 km of the earth. The technique is similar
to that of a medical ultrasound but at a vastly larger scale! For BATHOLITHS, the seismic source is
sound energy generated from a device towed by a ship that produces a pulse of compressed air at
about 7 meters depth in the ocean and at known locations and times (Fig. 3). The sound waves are
detected by sensors called hydrophones that are towed behind the ship that generates the energy.
The seismic refraction method involves sound waves that are recorded at distances from a
few kilometers to a few hundred kilometers from the energy source. Because the speed of sound in
the Earth generally increases with depth, the sound waves bend (refract) and can travel long
distances. These waves provide lower resolution than the seismic reflection data but they allow us to
image large-scale features and determine rock composition and properties such as temperature to
depths of at least 50 km. In principle, the technique is similar to the catscan method for imaging within
the human body. For BATHOLITHS, we will use two sources of sound energy. The first and primary
source will be the same pulses of compressed air generated for the seismic reflection study, as was
done with ACCRETE. The second energy source will come from about ten explosive shots on land,
these being detonated at the bottom of holes drilled to 50 m depth. The energy from either source is
detected and recorded by individual seismographs that are placed on land along the roads and
shorelines and by marine seismographs placed on the ocean bottom seaward of the main channels.
This combined seismic reflection and refraction recording was successfully used in inland
waterways by ACCRETE, with the help and support of many people from the communities of northern
coastal British Columbia. We hope and expect that such recording will be just as successful in the
fjords to the south of the ACCRETE area. We are working toward securing the necessary permits and
awaiting the availability of the seismic ship to carry out this phase of BATHOLITHS.
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The passive teleseismic monitoring technique uses sound waves generated by large
natural earthquakes that occur all over the globe. Self-recording seismographs are deployed at
accessible locations throughout the study area and are left for a year or more to record the
earthquakes. During this time, they require regular servicing. The recorded data provide much lower
resolution images than the active-source data, but they allow us to “see” much deeper into the Earth
below the array of instruments, to depths exceeding 300 km. This project is now in progress with the
seismographs being deployed in June/July 2005 and recovery planned for September/October 2006.

Figure 3. Schematic illustration of marine seismic reflection acquisition

Who Is Involved and Who Funds BATHOLITHS?
The BATHOLITHS project involves 4 scientists from two Canadian universities, 11 scientists
from six U.S. universities, plus their graduate students and research assistants, and one Scientist
Emeritus from the Geological Survey of Canada. Dr. Ronald Clowes of the University of British
Columbia, Vancouver is the Principal Investigator for the Canadian participants and has a primary
involvement with the environmental assessment procedure required for the study. The U.S. scientist
who led ACCRETE, Dr. Lincoln Holllister of Princeton University, and the Scientist Emeritus, Dr.
Glenn Woodsworth, also are primarily involved in the environmental assessment procedure. Dr. Chris
Andronicos of the University of Texas, El Paso and Dr. Mihai Ducea of the University of Arizona,
Tucson are the co-Principal Investigators for the U.S. participants. More information is provided below
within the section “Contacts for Further Information”.
Funding for the project is provided by Science and Engineering Research Canada (NSERC)
for the Canadian participants and the National Science Foundation (NSF) for the U.S. scientists.
Funds have been released for the non-active-source components of the project, but funds for the
active-source experiment are being withheld pending approval from the environmental assessment
procedure. The complete project has a planned scientific duration of five years.
NSF also owns a new seismic vessel, R/V Langseth, formerly the industry ship MV Legend
(see Fig. 4), from which the marine component of our research will be carried out. The ship is
operated on behalf of NSF by the Lamont Doherty Earth Observatory (LDEO) in New York. The R/V
Langseth is currently being refitted at LDEO and is scheduled to be ready for sea trials in the spring of
2006. The seismic vessel is exclusively used for university research; the new ship design and
equipment improve its capabilities from both a scientific and environmental perspective.
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Figure 4a. Photograph of M/V Legend prior to refitting for NSF as R/V Langseth

Figure 4b. Architect’s drawing of the R/V Langseth after conversion from the M/V Legend
BATHOLITHS – No Relation to Oil and Gas Exploration
We are aware of the discussions and concerns regarding exploration for oil in Queen Charlotte
Sound and Hecate Strait. Some individuals and organizations have expressed concern that the
BATHOLITHS project may be an attempt to circumvent the existing moratorium and “get oil
exploration in through the back door.” This is definitely not the case.
Most of the research for our project will be done in coastal inlets and passages with absolutely
no oil or gas potential. Our work in the eastern Hecate Strait and Queen Charlotte Sound is in an area
unlikely to have any hydrocarbon potential. Throughout our study, the focus of our work will be on
parts of the crust some tens of kilometers deeper than the typical depths at which hydrocarbons can
be found (deeper in the crust, temperatures become too hot for oil to be preserved). BATHOLITHS
has no relation to, nor relevance for, oil and gas exploration.
Furthermore, the mandate of the principal funding agencies for the project (NSERC and NSF)
is to fund basic and applied scientific research; funds and assets of NSF and NSERC cannot be used
for commercial exploration projects. If there were an oil exploration component to our project, the
project would not have been funded. None of the scientists involved in BATHOLITHS are connected
with any proposed hydrocarbon exploration in this area.
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What is the Active-source Seismic Research Component?
The active-source seismic component comprises both seismic reflection and seismic refraction
surveys as described above. The purpose of the active-source seismic survey in relation to the main
scientific questions of “what processes generate continental crust and how does the crust change
over time” is to provide details on the current structure and characteristics of the crust to depths of
about 50 km. The survey will incorporate both onshore and offshore work. For the seismic sound
sources, the survey will use acoustic pulse generators that release compressed air in the marine
environment and chemical explosives in drill holes on land. A passive hydrophone streamer, which is
towed behind the ship that generates the acoustic pulses, ocean-bottom seismographs (OBSs) and
land-based seismographs (LBSs) will record the sound sources. The active-source seismic survey is
scheduled for a 3-week period in October 2006, assuming availability of the ship and environmental
approvals are in place. Details are provided in the following sections.
The study area for the seismic survey encompasses three primary physical regions (Fig. 5):
(1) offshore region including eastern Hecate Strait and eastern Queen Charlotte Sound;
(2) the fjord region of western mainland British Columbia, specifically Douglas Channel in the
north to Burke Channel and Dean Channel in the south, and passageways between offshore islands
and the B.C. mainland; and
(3) onshore areas between the northern and southern channels, including specifically Highways
37 and 16 from Kitimat to New Hazelton and Highway 20 from Bella Coola to Anahim Lake.
The active-source survey comprises two logistically distinct components, one in the marine
environment, regions (1) and (2) in the preceding; and one on land, corresponding to land along the
fjords of (2) and region (3). Note that the marine track lines and seismograph instrument locations
shown on Fig. 5 represent our best estimates at present, based on continuing environmental
assessment studies. However, the large scale of the experiment allows considerable flexibility in the
final selection of track lines and instrument locations.
The Marine Component: Seismic Sources in B.C. Inland Waters
Technical Aspects
The schedule for R/V Langseth’s cruise off western North America in 2006 is not yet
established. However, for a variety of reasons, the BATHOLITHS seismic survey is planned for a 3week period in October; see the section “Timing of Seismic Program” below. The new array of
acoustic pulse generators for the R/V Langseth is designed to minimize any environmental impact.
Figure 6 shows a schematic of this array. It consists of 36 pulse generators with a total volume of
6600 cubic inches (106 L). The largest single generator is 360 cubic inches (5.8 L). The width and
length of the array are 24 m and 15 m, respectively. It is towed 75 to 100 m behind the ship. During
the survey, the ship travels at about 5 knots (9 km/hour). The signal is generated by compressed air
pulses, typically at 2000 psi, released at depths of 5-10 m about every 20-60 seconds (or about every
50-150 m at a ship speed of 5 knots). To generate the near-vertical-incidence dataset, the sound
signal from the array is recorded using a 3 to 5 km-long plastic streamer containing 240-400 passive
receivers called hydrophones. The streamer is towed by the R/V Langseth. It has devices attached to
it such that its position can be controlled and a lighted buoy is placed at the end of the streamer cable.
The compressed air pulses also provide the primary seismic source for the wide-angle recording on
passive ocean bottom and land-based seismographs.
The seismic source array on R/V Langseth generates the far-field signatures and amplitude
spectra shown in Fig. 7. The red lines show the waveform and spectrum as encountered directly
below the array of acoustic pulse generators. The blue lines show the waveform and spectrum as
encountered approximately horizontally away from the array. The peak pressure in the water is 220
dB relative to 1 µPa/Hz at 1 m in water.
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Figure 5. Location map for the BATHOLITHS active source seismic survey. Solid purple lines:
proposed marine track lines for the seismic ship; solid black lines: highways; red circles: nominal
locations for ocean bottom seismographs; stars: scouted locations for explosive shots (primary sites
in red and alternate ones in green); blue triangles: nominal locations for land-based RefTek 3component seismographs; orange line: ACCRETE transect. Stations in Tweedsmuir Park will be
deployed by float plane, if permitted and logistically feasible; otherwise they will be deployed along
roadways. See Fig. 9 (area shown by dashed rectangle) for greater detail in the offshore and fjord
regions.
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Figure 6. Schematic arrangement of the array of acoustic pulse generators. Numbers in the
rectangles give the volume in cubic inches of the individual acoustic pulse generators. The array is
towed from the end with the 360 cubic inch pulse generators.

Figure 7. Far-field source signatures referenced to 1 m (left) and amplitude versus frequency spectra
(right, units are db relative to 1 µPa/Hz referenced to 1 m) for the R/V Langseth 2D source array (Fig.
6). The red lines show the responses in the vertical direction; the blue lines show the responses in the
horizontal direction. Note that the amplitude for energy directed vertically is many times more than
that directed horizontally.

BATHOLITHS: Project description for Seismic Research Component

Page 10

Figure 8. Aft (to the left) and fore (to the right) directivity of the R/V Langseth 2D source array (Fig. 6).
Note that the sound exposure level is directed primarily downward, as indicated by the source
signatures of Fig. 7.

Environmental Issues
Marine seismic reflection surveys have been used for industrial and scientific purposes for
many decades and their environmental effects are well documented. The technique has been used in
virtually all waters of the globe, including previous academic studies in Queen Charlotte Sound, Puget
Sound, Juan de Fuca Strait and San Francisco Bay on the west coast of North America. The
ACCRETE project included an academic seismic study similar to BATHOLITHS. It used acoustic
pulse generators along the coastal waters of of B.C. in Portland Canal, Hecate Strait and Dixon
Entrance and also within the Alaskan panhandle (Fig. 5; see ACCRETE web site). During ACCRETE,
monitoring of possible effects from the seismic source by observers on the seismic ship and by local
fishermen showed that the acoustic pulse generators did not kill fish or disrupt the behavior of marine
mammals.
The effects on marine life of acoustic pulses of the type we will generate in water have been
extensively studied. The sound levels quickly decrease with distance from the source and most of the
acoustic energy from the pulse generators is directed downward (Fig. 8), away from the majority of
marine life that inhabits the upper part of the water column. However, in order to minimize any
possible effects, our survey will be carefully planned in consideration of the following:
Marine mammals: Whales and other large marine mammals are not damaged by seismic surveys.
The only documented cases of marine acoustic sources affecting whales, of which we are aware,
have been military sonars frightening and confusing whales. However, military sound sources are not
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operated at regular, predictable intervals and their energy propagates mainly horizontally. In contrast,
the energy associated with seismic sources is repeated at regular intervals and is directed primarily
downward (Fig. 8). Seismic pulses will be noticed by Humpback and Orca whales and other marine
mammals. Studies show that they may briefly modify their courses as the seismic ship passes by; this
effect is taken to occur at about 170 db referenced to 1 microPascal at 1 m (Fig. 8). According to
research studies on the effects of seismic acoustic pulses on marine mammals, the steady, spaced
repetition of the sound source allows marine life to become accustomed to the noise and not to have
a "startle" response. This also diminishes the possibility that the acoustic source will be released
close to a marine mammal because the marine mammals (and fish) will avoid close approach to the
ship and its towed instruments. Care is taken during experiment start-up and when operating in
narrow channels to allow marine mammals the time and space to respond. For academic
experiments, this is done in conjunction with independent marine mammal observers. During start-up,
these observers determine that no marine mammals are in the vicinity, the acoustic pulse generators
begin “firing” at low pressures (low energy levels) and they progressively increase energy levels to
their operating pressures in order to disperse any marine life that happens to be in close proximity to
the generators. If any whales are encountered during the study, the observers on board can shut
down the acoustic pulse generators until the ship is clear of the encounter. Note that in BATHOLITHS,
the seismic ship will make one pass through a region so any minor behavioral disruption would be of
very short duration. During the ACCRETE survey along the B.C. Coast in 1994, no marine mammal
behavioral disruption was observed by independent observers or the general public.
Mature fish: Acoustic pulse generators are not a hazard to mature fish. Being mobile, they simply
swim away from the slowly advancing seismic ship. All of the seismic work will be done in deep water
and more than 300 m from shore. The major concern related to fish is to avoid maneuvering
difficulties of the seismic ship and fishing vessels. Therefore, the seismic experiment will not be
carried out during the fishing season.
Larvae, fingerlings, eggs: These organisms do not have the ability to swim away from the seismic
source. Controlled studies have shown that larvae, fingerlings and eggs can be affected if very close
to the seismic source (within 10 m). Note that pulses are only released every 100-150 m and that only
one pass is made through an area. Therefore, disruption is very localized. In order to minimize these
effects in BATHOLITHS, the seismic study will take place in early October when fewer of these
organisms are in the near-surface waters.
During the time that the streamer and array of seismic generators are deployed, one or two
small, fast boats will accompany the R/V Langseth for the purpose of warning stray vessels away
from the towed instruments. The boats also can assist with watching for marine mammals that may be
encountered by the Ewing. We expect to charter the small boats locally. This procedure is essentially
the same experimental design that proved successful, both environmentally and scientifically, in the
fjord environment for the ACCRETE project.
Figure 9 shows the planned track lines for the seismic ship with reference to areas of
biological sensitivity. Note that the track lines are chosen to avoid the ecologically sensitive Hakai
Conservation Study Area, Fjordland Recreation Area, areas of sponge reefs in eastern Hecate Strait
and other sensitive regions. In all, about 1200 km of seismic profiling will be undertaken by the R/V
Langseth during the project. This should be accomplished within an 8-day period, assuming both
daytime and nighttime operations. The personnel on the seismic ship will include one or more trained
marine biological observers, who will ensure that environmental permitting conditions are met. A
complete environmental assessment report is being prepared and will be one of the main components
of the assessment procedure.
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Figure 9. Track line map (solid red lines) and environmentally sensitive areas for the marine active
source seismic component of the BATHOLITHS project. The map can be viewed on our web site
version of this project description, thereby allowing for enlargement of any segments.
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The Land-based Component: Explosive Shots in Drill Holes
Following recording of the marine seismic sources generated by the array towed behind the
R/V Langseth, a small program of 10 conventional explosive charges, detonated in drill holes
established for the purpose on the mainland, will be undertaken. The seismic signals from these shots
will be recorded on the same instruments deployed for receiving signals from the marine array and on
an additional 400 land-based seismographs deployed specifically for the explosives program. The
explosive shots are important because they provide a reversal of ray paths relative to the airgun
sources (i.e., energy propagates primarily in the opposite direction for recording). This provides
considerable improvement in resolution of crustal structure when analyzing the complete data set.
The stars on Fig. 5 show the planned location of the 10 explosive shots, four along each of the
northern and southern transects and two at locations between the two transects. Figure 5 also
includes alternate locations for these shots in light of possible restrictions on the primary sites. The
sites have been selected following an initial scouting trip in September 2003 and will be checked for
suitability during a second scouting trip during the summer of 2005. Each site and its alternate are
located off of the highways concerned. They are accessed through existing roads or trails; no new
trails will be cut. Each shot site and alternate site requires a provincial permit before they can be
considered for use in our project.
For each shot, a contracted drilling company will drill a 20 cm hole to about 50 m depth.
During the drilling, the drill rig brings up cuttings that form a small pile near the site of the drill holes.
The area affected is typically less than a few meters square. Often metal or plastic casing is required
to secure the sides of the holes in their upper parts where the material tends to collapse into the hole.
After drilling, the lower half of the hole is filled with about 1000 kg of commercial explosives; the upper
half is refilled with cuttings from the drilling and/or water to act as a tamp and limit the amount of
energy that escapes up the hole. That is, almost all the force of the explosion is contained within the
hole; they are designed to not “blow their tops”. Following detonation of the explosives, the hole is
plugged and any remaining casing is left in the hole.
The land-based explosives program has minimal environmental effects. The shot sites are
typically road-accessed areas such as quarries. If any debris or subsidence results from an explosion,
it is cleaned up afterwards.

Deployment of Recording Instruments
Recording instruments include 24 ocean bottom seismographs (OBSs), 170 RefTek 3component land-based seismographs (LBSs) and 400 RefTek Texan vertical-component LBSs. The
U.S. National Ocean Bottom Seismometer Instrumentation Facility, supported by NSF, makes the
OBSs available. The IRIS/PASSCAL academic consortium, based at New Mexico Tech in Socorro,
New Mexico provides the RefTek 3-component instruments. One of the participating U.S. universities,
the University of Texas at El Paso, provides the RefTek Texan seismographs. All of these instruments
are passive recorders of ground motion.
Ocean bottom seismographs: Scientists on board the R/V Langseth will deploy 24 OBSs, 12 along
the northern transect and 12 along the southern transect. The OBSs will be deployed at 5-10 km
intervals along lines running approximately SW to NE (Fig. 5). These instruments weigh about 90 kg
and measure about 1 m on each side, with most of their volume consisting of buoyancy floats.
Weighted down by a 1 m by 1 m, 35 kg thin anchor, the OBSs free-fall to the sea bottom. They are
recovered through an acoustical release, triggered from the R/V Langseth, which separates the
instrument from the anchor, leaving only the small anchor on the sea floor.
RefTek 3-component seismographs: RefTeks will be deployed on land along the shores of fjords
and islands using small boats for access and along road allowances from trucks. Each on-shore
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package consists of a 3-kg, 20-cm diameter geophone sensor that detects the ground vibrations, a
recording device about 20 x 30 x 30 cm that contains a computer hard drive and timing capabilities, a
GPS satellite receiver for timing and a 12-volt large-capacity marine battery for power. The
components are connected with cables. Along the fjords, the geophones are cemented to exposed
bedrock using plaster of Paris; along road allowances they are placed into a hole dug into the ground
about 50 cm deep, unless they can be placed on bedrock exposures. The seismograph recorders are
placed in protective plastic bags, camouflaged and left beside the geophones. The 3-component
seismographs will be deployed in the field for less than three weeks. When the instruments are
recovered, the plaster is chipped out and taken away or the hole in which the geophone was placed is
refilled. There are no environmental effects.
In the fjord region, about 30 RefTeks will be deployed along Douglas Channel (northern
transect) and about 40 RefTeks along Burke/Dean Channels (southern transect) at 4-5 km intervals.
Another 20 – 25 instruments will be deployed at about 8-10 km intervals on islands and the mainland
adjacent to the nearby track lines. The exact location for each instrument is not critical (as long as the
overall general spacing is maintained) and this will allow the deployment crew to avoid pictographs,
areas with culturally modified trees, or other potential culturally or ecologically sensitive sites. (The
locations of any such sites found by our crews will be recorded by GPS and reported to the
appropriate agencies or First Nations groups.)
In the mainland region, about 30 RefTeks will be deployed at 4-5 km intervals along the road
allowances of Highways 25 and 16 from Kitmat to New Hazelton (northern transect). Another 30
seismographs will be deployed at 4-5 km intervals along the road allowances of Highway 20 from
Bella Coola to Anahim Lake (southern transect). An additional 20 – 15 RefTeks will be deployed at
strategic locations between the two main transects, generally forming a broad swath running NW to
SE.
RefTek Texan seismographs: The Texans are small, special purpose seismographs that comprise a
geophone and a recorder with internal timing. Each of the components is about the size of a pop can.
Along the channels the geophones are placed on bare rock and plastered on if necessary. The
recorders are left in protective plastic bags near the geophones. Along highway road allowances, the
geophone is placed into a hole dug about 50 cm deep and the recorder is placed in a small trench
about 20 cm deep. Upon recovery, any plaster is chipped and taken away and all holes are filled.
There are no environmental effects.
For the explosive shots program, 400 Texan seismographs will be deployed, 100 instruments
along each of the two main transects, to provide denser recording of these shots. Along each of
Douglas Channel and Burke/Dean Channels, about 60 Texans will be deployed at ~ 2 km intervals by
boat. The additional 140 instruments per transect will be deployed at ~ 1 km intervals along the
highway road allowances.

Timing of the Active Source Seismic Experiment
The dates the active source seismic experiment will be carried out requires the selection of a
time period that is possible from a scientific standpoint and that minimizes potential hazards related to
commercial fishing and the environment. Because our study requires deployment of instruments by
small boats, we cannot do it during the winter months, approximately November 1 to April 1, because
of generally poor weather and sea conditions. Deployment of land instruments at higher elevations is
restricted by snow until June. Furthermore, the most intense period of commercial fishing begins
during the last week of June and extends through August. Although good communication between the
two operations (fishing and seismic) should minimize interference, we plan to avoid this time interval
because of the possibility of misunderstanding and the hazard with respect to the 3-5 km long
instrument cable towed behind the seismic ship. In addition, the seismic ship will be accompanied by
one or two small, fast boats that will warn other traffic of the approaching ship. As discussed above,
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although environmental impact would be minimal at any time, the seismic survey also will be timed so
as not to overlap with local salmon migration, larval phases of different fish or other important
biological processes.
After considerable analysis by, and discussions with, our environmental and fishing industry
consultants, we suggest that the optimal time period for the active-source seismic study would be
during the first three weeks of October. This time period avoids the ice of winter, the Pacific storms,
and the commercial fishing fleet. A careful evaluation of all biota in the region of the proposed study
by the environmental consulting firm indicates that the seismic study will have minimal to no effects on
the biota of the study area during this proposed time interval.

Contacts for Further Information
The BATHOLITHS research team includes fifteen professors and their graduate students from
two universities in Canada and six universities in the U.S., and one research scientist emeritus,
formerly employed by the Geological Survey of Canada (GSC). Most of the scientists involved have
worked in British Columbia for decades and many were involved with ACCRETE. These researchers
include Lincoln Hollister from Princeton University, who was in charge of the ACCRETE project, Ron
Clowes from the University of British Columbia, who participated in the ACCRETE seismic program
and is the Canadian Principal Investigator for BATHOLITHS, and Glenn Woodsworth, the research
scientist emeritus. In addition to their scientific involvement, these three individuals are coordinating
the permitting process for BATHOLITHS. Thus, questions on permitting and the outreach activities for
BATHOLITHS should be directed to Hollister, Clowes and/or Woodsworth (see below). Lamont
Doherty Earth Observatory (LDEO) in New York manages and operates the seismic ship for the U.S.
National Science Foundation. LDEO has a marine safety and environmental coordinator, Michael
Rawson. He can be contacted for information about the seismic ship (also see below).

Contacts for Permitting (Hollister, Clowes, Woodsworth, Rawson)
Lincoln S. Hollister linc@princeton.edu
Professor
609-258-4106
Department of Geosciences
Princeton University
Princeton, NJ 08544

Glenn Woodsworth tricouni@telus.net
Research Geologist (retired)
604-224-1178
101-605 Robson Street
Vancouver, BC V6B 5J3

Ron M. Clowes clowes@eos.ubc.ca
Professor
604-822-4138
Department of Earth and Ocean Sciences
6339 Stores Road
University of British Columbia
Vancouver, BC V6T 1Z4

Michael Rawson rawson@ldeo.columbia.edu
Marine Safety and Environmental
Coordinator
845-365-8456
Lamont Doherty Earth Observatory
Palisades, NY 10964

Co-principal Investigators (Andronicos, Ducea)
Christopher L. Andronicos
andron@utep.edu
Associate Professor
915-747-5503

Department of Geological Sciences
University of Texas at El Paso
El Paso, TX 79968
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Mihai N. Ducea ducea@geo.arizona.edu
Associate Professor
520-621-5171
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Department of Geosciences
University of Arizona
Tucson, AZ 85721

Scientists participating in the Active Source Seismic Experiment
Ron M. Clowes clowes@eos.ubc.ca
Professor
604-822-4138
Department of Earth and Ocean Sciences
6339 Stores Road
University of British Columbia
Vancouver, BC V6T 1Z4

Igor Morozov igor.morozov@usask,ca
Associate Professor
306-966-2761
Department of Geological Sciences
University of Saskatchewan
Saskatoon SK S7N 5E2

Kate C. Miller miller@geo.utep.edu
Professor
915-747-5424
Department of Geological Sciences
University of Texas at El Paso
El Paso, TX 79968

John A. Hole hole@vt.edu
Associate Professor
540-231-3858
Department of Geosciences
Virginia Polytechnic Institute and State
University
Blacksburg, VA 24061

BATHOLITHS web sites
University of British Columbia: www.eos.ubc.ca/batholiths
University of Arizona: www.geo.arizona.edu/tectonics/batholiths

