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Fig. 4. (Upper chart) Mercury content of potential plant and animal foods compared to grizzly bear flesh
and hair from the Greater Yellowstone Ecosystem. Grizzly bears from the Yellowstone Lake area
have dramatically higher mercury content in their hair than other bears. Samples collected by the
Interagency Grizzly Bear Study Team under the direction of Chuck Schwarz (USGS-BRD) as part
of an ongoing study of the effects of mercury on grizzly bears. (Lower chart) Mercury content of
cutthroat and lake trout muscle is shown from the Yellowstone Lake area. Potamodromous
cutthroat trout (live in lake; spawn in streams) are the only important high mercury food source to
grizzly bears. High mercury in Yellowstone Lake cutthroat trout is attributed to high mercury in
sublacustrine hydrothermal vents and this proposal will investigate possible bacterial processes at
vents that lead to mercury incorporation into the food chain.
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Figure 3a. Seismic reflection profile across a hydrothermal explosion crater about 2km south of Storm
Point.

idksisniface normal fault (red line) with
about 3 meters of offset,
20} buried normal faults  cutting the surface
(red lines) that cut Holocene sediments
Holocene sediment consist of layered
40 lacustrine mud and
diatomite l

4 km )

Figure 3b. Seismic reflection profile across the north-trending graben near Lake Village.
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Figure 2a. New high-resolution swath bathymetric map of northern Yellowstone Lake.
Mapped in 1999.
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Figure 1. Index map of Yellowstone Lake and surrounding geology, showing mapping strategy through
2002. (Geology from USGS, 1972; single-channel bathymetry from Kapliniski, 1991).
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more cost effective when done in large blocks). For FY2002 and 2003, the Mineral Resources Program
(GD) is committed to staffing these efforts. Additionally, the National Park Service has consistently
committed matching funds towards these efforts. Maximum funding is requested as the total cost for
mapping is anticipated at ~§205K; we are requesting $75K net from the Geologic Division’s Venture
Capital Fund.

FY 2002 GD Venture Capital Request

Distribute budget amounts by cost center -

Fiscal Year 2002 Budget Identify 4-digit Cost Center Code

Year 1: (start date - 5/01/02) 7310
CONTRACT SERVICES for

high-resolution bathymetric

mapping, seismic reflection $75,000

profiling, and ROV ground-truthing
and sampling

OTHER EXPENSES:
(ex. travel, equipment & supplies,
and laboratory analyses)

TOTAL DIRECT 75,000
GROSS ASSESSMENT RATE

(total of discipline and cost center 29.45%
rates)

INDIRECT COSTS ESTIMATE

(Gross Assessment rate times Total 22,087
Indirect)

TOTAL $97,087
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hydrothermal explosion events. Bathymetric mapping and sub-bottom seismic reflection studies will prove
useful in positioning sublacustrine monitoring devices on or near features that will correlate observed
deformation with local and regional seismic activity, inferred heat fluxes, and geochemical discharges from
known sublacustrine hydrothermal vents for future hazards evaluation. In addition, several major active
fissures and recent faults have been identified in the northern and central lake (Fig. 3b). Mapping in 2002
in the southern lake is likely to identify additional sublacustrine landslides, fault zones, methane gas sites,
and hydrothermal explosive features that constitute potential geologic hazards.

Microbial activity inside the hydrothermally active Yellowstone caldera, with abundant
sublacustrine rhyolitic lava flows (Morgan et al., submitted), may be fundamentally different than
for sublacustrine warm and hot springs outside of the caldera. Hydrothermal venting in the lake leads
to toxic element build-up and bioaccumulation in aquatic life. We know from ROV sampling of vents in
the northern lake and West Thumb that sublacustrine vent waters are enriched in Hg, As, Sb, Mo, and W.
We also know that lake trout and cutthroat trout in the lake are enriched in Hg. ROV sampling and
chemical studies will focus on the processes around vents that support unique chemosynthetic ecosystems
and often lead to bioaccumulation of potentially toxic elements.

Objectives: In 2002, bathymetric, seismic, and submersible ROV work will focus on the South and
Southeast Arms of Yellowstone Lake. This will allow publication of complete bathymetric and geologic
maps of the entire lake, which will clearly be “showcase” USGS products. Mapping will once again be
“ground-truthed” using an ROV submersible to examine and sample geologic features such as faults,
fissures, hydrothermal vents, vent fauna and explosion craters. Toxic element studies of the endangered
cutthroat trout and illegally introduced lake trout, vent fauna (bacteria, zooplankton, etc), and hydrothermal
vents will be sampled using the submersible ROV, scuba divers, and plankton nets.

Expected Results/Products: The mapping portion of this project is a guaranteed success. It will complete
a high-resolution bathymetric map of the entire Yellowstone Lake that is suitable for 3-d images, fly-
thoughs, and visualizations. It will also produce, for the first time, a geologic map of the lake floor that
will compliment the existing geologic maps of YNP. The proposed surveys will afford the opportunity to
compare geologic environs in the lake controlled within and outside of the caldera; these observations will
give insights into the geological influences affecting present-day lake biodiversity. Geochemical and
biological studies, with the included expertise of Frank Chapelle, will result in a greatly enhanced
understanding of biodiversity in Yellowstone Lake and the pathways of toxic elements in the lake
ecosystem.

Products include: (1) a Science paper summarizing geological and hydrothermal features in our 1999 and
2000 survey areas, (2) a Geologic Society of America Bulletin paper on the seismic reflection interpretation
of lake bottom geology, (3) a USGS Professional Paper summarizing results from the 1999-2001 surveys,
(4) a USGS bathymetric, geologic, seismic facies maps of Yellowstone Lake in both digital and paper
format, (4) a paper on pathways of toxic elements in the Yellowstone Lake ecosystem, and (5) a paper on
the timing and mechanisms of hydrothermal explosions and tectonic events in Yellowstone Lake basin.

Scientists/Cooperators:

Dave Lovalvo, Eastern Oceanics

Sam Johnson, USGS-GD, Geologic Hazards Team

Bill Stephenson, USGS-GD, Geologic Hazards Team

Ken Pierce, USGS-GD, Northern Rocky Mountain Science Center

Greg Lee, USGS-GD, Mineral Resources Team

Mike Webring, USGS-GD, Crustal Imaging Team

Robert L. Christiansen, USGS-GD Volcano Hazards Team

John Varley, Yellowstone Center for Resources, NPS, Box 168, Yellowstone National Park, WY 82190,
307-344-2441, john_varley@nps.gov (also Tom Oliff and Henry Heisler, YNP-NPS)

Dan Mahoney, Aquatic Resources Center, NPS-YNP

Budget: The ability to complete the bathymetric map of Yellowstone Lake must be considered in terms of
economy of scale (because of the high cost of mobilization/demobilization, mapping and ROV work is



the lake show these islands to be underlain by large, previously unidentified, rhyolitic lava flows now
mantled with glacial debris. The discovery of rhyolitic lava flows, covered by meters to tens of meters of
post-glacial lake sediments, are a direct result of our systematic field approach, combining high-resolution
bathymetric mapping, seismic reflection sub-bottom profiling, and aeromagnetics with ROV (remotely
operated vehicle) submersible follow-up observations and sampling. In addition, sub-bottom seismic
profiling has allowed identification of hydrothermal vent channelways and subsurface distribution of
hydrothermal fluids. Chemical studies of the vents, sampled by ROV, indicate that 20% of the total
hydrothermal flux in Yellowstone National Park occurs on the lake bottom (Balistrieri et al., in press).

ROV studies of lake-bottom hydrothermal vents in recent years have shown that the native cutthroat trout
frequent several shallow water vents, feeding on bacteria and zooplankton that inhabit the vents. Because
hot springs on the lake bottom, like those throughout the Park, are substantially enriched in many
potentially toxic metals (As, Hg, Mo, Sb, and W: Balistrieri et al., in press; Ball et al., 1998), we have
carried out a preliminary study of the trace metal contents of cutthroat and lake trout (Fig. 4). Fish muscle,
liver and stomach contents from cutthroat and lake trout reveal elevated mercury in both. These data are of
potential concern because cutthroat trout are an important food source for endangered osprey, eagle, and
grizzly bear populations in the Greater Yellowstone Ecosystem; the National Park Service (NPS) considers
this as a serious resource management issue. Bacteria in the vents probably have a significant role in
mercury methylation and it is critical to identify the pathways of vent-derived Hg and other potentially
toxic elements (As, Sb, Mo, W, TI).

Related to potential ecosystem, geologic hazard, and hydrothermal impacts, significant resource
management issues are at YNP and include: 1) the proposed bathymetric map of Yellowstone Lake will
identify geologic features present on the lake floor, including locations of explosion craters, domal
structures, recent faults, diatomaceous spires, hydrothermal vents, and gravelly areas known to be spawning
grounds for the pisciverous lake trout; 2) studies of heavy metal concentrations (e.g., Hg) in fish may
impact the health of cutthroat-eating megafauna; 3) the identification of young, potentially risky thermal
and seismic areas near the lake shore will affect the placement of monitoring devices, popular tourist trails,
and citing of park facilities.

Problem/Hypotheses:

The geology of the Southeast and South Arms of Yellowstone Lake, which is dominated by glacial,
alluvial, and tectonic processes, will provide a stark contrast to the rest of the lake, which is located
within the active Yellowstone caldera, host to numerous large hydrothermal explosion craters, active
hydrothermal vents and fields, active fissures and faults, and post-caldera rhyolitic lava flows. The
Yellowstone River flows from a broad alluvial delta into the southern part of the fault-bounded Southeast
Arm. This results in a very different sedimentary regime in the southern part of the lake than other areas of
the lake. How does this affect the geochemical and microbiological processes occurring there, and is it
significantly different than similar processes in the caldera part of the lake? Within Yellowstone National
Park, most known subaerial and sublacustrine hydrothermal activity occurs within the Yellowstone caldera;
however, the full extent of this correlation in the lake rests on the proposed mapping that will identify and
sample additional hydrothermal vents and explosion craters. Vents outside the caldera will be sought in
this summer’s mapping/sampling and will be compared geologically, geochemically, and microbially to
vents within the caldera. A strong thermal anomaly occurs at Brimstone Basin (Ball et al., 2001) east of the
Southeast Arm, located in the 45-52-Ma Absaroka volcanic suite. Kaplinski (1991) identified lake-bottom
thermal anomalies near the south end of Southeast Arm, an area not associated with Quaternary volcanism,
but associated with young faulting. What do these represent and what geological features control the
distribution of heat flow in these areas? Additionally, submerged lake shorelines along the margins of the
Arms provide datum that record the past history of resurgence of the Yellowstone caldera.

Within Yellowstone Lake, young faults and domal structures and landslides identified by our
mapping techniques pose potential geologic hazards. Our previous mapping in the northern, central, and
West Thumb basins has allowed identification of hydrothermal explosion craters up to 800 m diameter that
have produced significant deposits of explosion breccia (up to 4 m thick along the shore of Mary Bay).
Domal structures up to 50 m high and 1-2 km wide on the lake floor contain deformed lacustrine sediments,
hydrothermal vents, and pockets of gas, presumably steam (Fig. 3a); these may be precursors to



Proposal to the U.S. Geological Survey (Geologic Division) FY2002 Venture Capital Fund

Title: The Floor of Yellowstone Lake is Anything but Quiet: Linkages between
Geologic, Hydrothermal, and Tectonic Processes and Potential Geologic Hazards

Principal Contact: L.A. Morgan, USGS-GD, Federal Center, Box 25046, MS 966, Denver, CO 80225,
303-273-8646, Imorgan(@usgs.gov

Principal Investigators: Lisa Morgan, USGS-GD, 303-273-8646, Imorgan@usgs.gov; Pat Shanks,
USGS-GD, 303-236-2497; pshanks@usgs.gov

Introduction and Scientific Rationale: Yellowstone Lake is the centerpiece of the Greater Yellowstone
ecosystem and, with a surface area of 341 km?, is the largest high altitude lake in North America. (For
comparison, West Thumb, a relatively small part of Yellowstone Lake (Fig. 1), is approximately equivalent
in size to Crater Lake, OR.) For this proposed work, we have assembled an interdisciplinary team that will
provide a broad understanding of geological, geochemical, and geophysical processes that have shaped the
lake and affect the Yellowstone ecosystem. Mapping this lake basin in Yellowstone National Park (YNP)
is a multi-year effort that began in 1999. To date, mapping of the northern part of the lake (1999) (Morgan
et al., 1999; Shanks et al., 1999), West Thumb basin (2000), and the central lake basin (2001) has been
completed. This proposal requests funds to map the South and Southeast Arms of Yellowstone Lake,
completing mapping of the entire lake, thus allowing an in-depth comparison between the geology,
geothermal, and tectonic characteristics, and geophysical signatures with the part of the lake within the
active Yellowstone caldera. This opportunity will enable critical evaluation of many processes associated
with geologic hazards that exist in the lake. Mapping in 2002 will test the hypothesis that sublacustrine
volcanic, sedimentary, geochemical, and microbiological processes occurring outside the 0.640-Ma
Yellowstone caldera margin (Fig. 1) are fundamentally different from those within the caldera.

Background: Results from our past three lake surveys have been phenomenal in terms of the insights we
have gained into the geology, structure, geochemistry, biodiversity, and potential seismic and hydrothermal
hazards of this area (Morgan et al., submitted: Johnson et al., submitted; Morgan et al, in review). Right
now, approximately 70% of the lake bottom is mapped (Figs. 1, 2, and 3) and, with a concerted effort in
2002, we can complete the final critical piece of information relevant to understanding the evolution of the
640-ka Yellowstone caldera (Christiansen, 2001, 1984; Muffler et al., 1971; Pierce et al., 1997) and the
geologic forces that shaped the lake and surrounding areas. With 3 weeks of mapping in 2002, we will be
in position to publish bathymetric, geologic, and seismic facies maps of the entire lake, which will be
showcase USGS products. Our posters, lake maps, 3-d images, and fly-through graphics are already being
used at the Yellowstone Center for Resources and in National Park Service videos (“A Symphony of Fire
and Water”, Northern Light Productions for Yellowstone National Park, NPS) recently completed for the
Canyon and Old Faithful Visitor Centers.

Discoveries from 1999-2001 efforts are a direct result of a multi-faceted approach using high-resolution
bathymetric, seismic reflection, aeromagnetic (Finn and Morgan, in press) and submersible surveys.
Integrating these disciplines has led to identification of the trace of the topographic margin of the
Yellowstone caldera, of previously unknown sublacustrine rhyolitic lava flows that control lake
morphology and hydrothermal venting, over 200 new hydrothermal vent sites, several very large (>500
meter diameter) sublacustrine hydrothermal explosion craters as well as many smaller ones, several
systems of elongate fissures that cut post-glacial (<12 ka) sediments and underlying rhyolitic lava flows,
landslide deposits, siliceous hydrothermal spires 5-8 m tall composed of diatoms and silicified bacteria, and
recently active faults within a graben that trends directly beneath Lake Village. Earthquake epicenter maps
of YNP (http://volcanoes.usgs.gov/yvo/) show concentrations of earthquakes along linear N-S trends in the
lake. Rhyolitic flows in the northern part of the lake do not have mapped subaerial equivalents and may
represent new undiscovered major volcanic features that exert controls on the geomorphology of the lake,
localization of hydrothermal systems, and major hydrothermal explosion events (Morgan et al., 1998).
Until our recent mapping efforts, Stevenson, Dot, and Frank Islands, in the northern and central part of the
lake, were mapped as remnants of glaciolacustrine sediments. Studies in the northern and central basins of



