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Abstract

The discovery and description of hydrothermal features such as geothermal
vents, gas fumaroles, and even geysers within Yellowstone Lake is presented.
Research was carried out over a period of 17 years beginning in 1984 and
employed SCUBA to observe the sublacustrine hot springs and microbial matsin
Sedge Bay, Yellowstone Lake. These initial observations led to the use of a
remotely operated vehicle (ROV) to observe, sample, and study hot springs and
gas fumaroles in the deepest regions of the lake, off Stevenson Island, in waters
over 120 m deep. Relict hydrothermal structures varying in size (from centime-
ters to metersin height) and shape (from solitary pipes or chimneysto irregular-
ly shaped structures) were located and sampled in various areas of the lake,
including Mary Bay, Bridge Bay, and West Thumb.

Introduction

Yellowstone Lake, at an dtitude of 2,356 m and with a surface area of
~342 km?, isthe largest high-altitude lake in North America. The lake is a natu-
ral habitat for the cutthroat trout (Oncorhynchus clarki bouvieri) and provides an
important sports fishery for tourists that pass through Yellowstone National Park
each summer (Gresswell et a. 1994). The fishery, combined with the lake’ s pris-
tine beauty, is enough to make it an important resource. However, because it is
located inYellowstone National Park, one of the most tectonically and geotherm-
ally active regions of the world, it has an additional characteristic that makes it
even more interesting: hydrothermal vents.

TheYellowstone plateau, with an average elevation of about 2,000 m, overlies
magma chambers that are the source of the heat for the well-known geothermal
features in the park: geysers, hot springs, fumaroles, and mud pots (Eaton et al.
1975). Like the Hawaiian Islands, Yellowstone lies over a hot spot in the earth’'s
crust. Over the last 2.1 million years there have been three major volcanic
episodes in the Yellowstone area; the most recent of these, the eruption of the
Lava Creek Tuff of theYellowstone caldera, occurred approximately 0.65 million
years ago. During this |ast episode more that 900 km? of rhyolitic pumice and ash
erupted, resulting in the collapse of a 75 x 45-km area and the formation of the
Yellowstone caldera. Following this collapse, the rising magma chamber uplift-
ed the floor of the caldera and formed two resurgent domes within the caldera
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boundary (Christiansen 1984; Good and Pierce 1996).

Most of the park’s well-known geysers and hot springs occur within the
Yellowstone caldera (Figure 1). Groundwater within the park percolates down
through cracks and crevices in the rock and is heated to above boiling when it
nears vast underground reservoirs of magma (Fournier 1989). It then resurfaces
to create the park’ s famous thermal features, such as Old Faithful and Mammoth
Hot Springs. What was generally unappreciated until the 1980s was that much of
this same activity also occursin Yellowstone Lake.
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Figure 1. Line drawing of Yellowstone National Park showing Yellowstone Lake and var -
ious geothermal features nearby. Also shown is the boundary of the old caldera rim and
itsrelationship to the lake. From Remsen et al. 1990.

In 1983, a small group of limnologists and other researchers from the
University of Wisconsin-Milwaukee's Center for Great Lakes Studies visited
Yellowstone National Park to collect some sediment cores from the West Thumb
Basin and other areas of Yellowstone Lake. The objective of our work at that time
was to examine these cores from a historical perspective and to see if we could
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re-create, or estimate, the productivity of the lake over the past several hundred
years. The National Park Service (NPS) was interested in this study because
other scientists (Shero and Parker 1976) previously hypothesized that
Yellowstone Lake productivity had consistently decreased over the last 1,500
years and that this decrease might be related to long-term decreases in nutrient
supplies. Declining nutrients available for the growth of algae—and, in turn,
fish—had ominous overtones for the cutthroat fisheries in Yellowstone Lake.
This appeared to contradict the norm, in that most lakes become more eutrophic
over time and in some cases actualy fill in, asin the case of bog lakes. Shero and
Parker (1976) suggested that the decrease in total nutrient supply might be relat-
ed to decreases in annual precipitation.

During this study in 1983, it was observed that some of the park’s thermal
basins literally rested on the shores of the lake, and, while working in the West
Thumb Basin, bubbles were observed breaking the surface of the lake. These
observations, combined with thermal gradient data from the lake floor (Morgan
et al. 1977; Blackwell et al. 1986) indicated the presence of hydrothermal activ-
ity within the lake itself. Areas of geothermal activity were noted, and were
examined in greater detail the following summer.

Thus began a study that continues until this day. At the time an initial research
proposal was submitted to the National Geographic Society, very little was
known about sublacustrine hydrothermal systems in Yellowstone Lake, or for
that matter in other lakes around the world in which hydrothermal activity was
known or suspected to occur. Presented hereis ageneral review of the discover-
ies made while investigating the sublacustrine geothermal activity in'Yellowstone
Lake over the past seventeen years.

Research in Yellowstone Lake: Observations with SCUBA Divers

The first extensi ve search for underwater geothermal activity in Yellowstone
Lake occurred from 1984 through 1986 in Mary Bay and in an adjacent bay to
the south of Steamboat Point that we have called Sedge Bay (Remsen et al.
1990). Sedge Bay became an attractive site because there was a large emergent
rock at thefoot of a picnic area off the main road, where mobilization for our div-
ing activities could occur. From the rock, approximately 12 ft from shore, diving
excursions were made to the shallow-water vent areas (approximately 1 ha) and
adjacent communities. SCUBA diver observations in these shallow bays (< 7 m
deep) revealed avariety of geothermal features, including numerousfields of gas
fumaroles, hot-water springs, and spectacular microbial mat communities
(Remsen et al. 1990). Curtains of gas bubbles consisting mainly of carbon diox-
ide (plus, occasionaly, some methane and hydrogen sulfide) and other nutrients
were observed emanating from barren sandy sediments where temperatures
reached 100°C at 5 cm below the surface (Klump et al. 1988). In these sandy
areas, the gas fumaroles often formed a series of 10- to 12-cm domes created by
the sorting of sandy sediments entrained in rising gas bubbles, resulting in the
deposition of the finer-grained particles at the periphery of the gas vent. The hot
gas vents were found dispersed over the barren sandy bottom as well as origi-
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nating in areas of dense submergent plant growth. Gas fumaroles that contained
hydrogen sulfide and also made contact with macrophytes (Potamogeton,
Ranunculus, Drepanocladus, aquatic mosses, and filamentous algae) often pro-
duced conditions ideal for the colonization of chemolithotrophic bacteria: sul-
fide-oxidizing bacteria that actually use sulfur compounds as food from which
they build new bacteria. When this occurred, white filaments could be seen
attached to the plants (Figure 2). These particular bacteria (known as Thiothrix
spp.) form long filaments that coil upon themselves. Similar bacteria have been
found around hot vents in the ocean as well (Ruby and Jannasch 1982).

-

Figure 2. Photograph of macrophytesin Sedge Bay, Yellowstone Lake, coated with sulfide-
oxidizing bacteria (arrow). Photo by J. Val Klump. ISMAMUWM Great Lakes WATER
Institute.

Hydrothermal springs within the lake bottom create a range of thermal and
chemical gradientsthat promote the growth of different types of bacteria as well
as higher forms of microorganisms not typicaly found in deep, cold, nutrient-
poor lakes. These gradients have resulted in the development of microbial mats
(Figure 3) containing purple and green photosynthetic sulfur bacteria, sulfide-
oxidizing bacteria, agae that can use the energy of the sun in the absence of oxy-
gen (anoxyphotosynthetic cyanobacteria) as well as awide variety of nematodes,
protozoa, and other small animals that feed on these bacteria (Remsen et al.
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1990). Enrichment culture techniques employed back in our university laborato-
ries have yielded a diverse group of microorganisms, including methane-oxidiz-
ing bacteria, photosynthetic bacteria, thermophilic sulfate-reducing bacteria, and
others. Similar types of microorganisms have been found attached to natural sur-

Figure 3. Photograph of a portion of a microbial mat located in Sedge Bay, Yellowstone
Lake. The chemical and temperature gradientsthat exist in these mats deter mine the types
of micro- and macro-organisms present in the mat. Photo by J. V. Klump, UWSUWM
Great Lakes WATER Institute.

faces near oceanic hydrothermal vents at the Galapagos spreading center in the
Pacific Ocean, in the Quaymas Basin of the Sea of Cortez, and on sediments and
rocks in Crater Lake, Oregon (Jannasch and Wirsen 1981; Tuttle et al. 1983;
Dymond et al. 1989).

Dense populations of oligochaete worms were found congregated near many
of the fumaroles on the down-current side. These fumarole colonies were circu-
lar, distinctly formed units compared with the sparsely colonized substrates avay
from fumaroles. Worm abundances were about an order of magnitude greater at
the fumaroles than avay from the vents. The fumarole worm colonies were made
up of three tubificid oligochaete species, Limnodrillus hoffmeisterii, L. udekemi -
anus, and L. profundicola (Brinkhurst and Jamieson 1971). The worms' hormal
orientation in the sediments is to have their front end (and mouth) pointed down
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in the sediment, while their back end is projected up and into the water. Usually
their front end is as much as 1.5 inches deep in the sediment; however, it is
unlikely that they are that deep when near hot-water vents, where the tempera-
tures can reach nearly 80°C. The worms are most likely attracted to the ventsin
part because of the healthy bacterial flora supported by the nutrient and thermal
activity of the fumaroles.

Generally speaking, when temperatures in sediments were less than 30°C,
vegetative growth in the form of mosses and other macrophytes flourished; how-
ever, when temperatures increased and began to approach 40-50°C, then plant
growth was absent. This phenomenon was quite evident in Sedge Bay, where
ambient water temperatures approached 15°C at the time; the hypothesis for
these observations was that the establishment of temperature and/or chemical
gradients (radiating from the center of maximum vent activity) could provide

Table 1. Concentrations of ions and nutrients dissolved in hydrothermal vent waters and
surface waters in Sedge Bay, Yellowstone Lake. Source: Klump et al. 1988.

Sample CIr  SO* Mg* Ca* Na* K* Si0, NH;* XCO,
Vent ) (mM)
4 97 113 : 425 73 27 19.9
5 100 929 176 196 532 63 150 2.2
6 99 592 2,900 2,300 4,100 535 2,429 179 28.9
8 102 734 2,700 2,300 510 2,429 23.2 26.6
9 113 442 1,900 1,600 3,200 401 2,429 93.1 10.1
10 68 566 1,829 33.7 19.2
11 94 634 2,429 22.7 259
12 179 187 341 273 5.25
13 95 556 2,400 2,000 3,800 519 3,172 36.8
14 87 503 3,800 496 3,074 39.7
15 79 532 2,300 1,900 3,700 501 3,152 53.8 19.4
16 193 348 2900 2400 4,700 606 3,290 23.1 25.6
17 211 349 2,700 2,200 4,400 528 3,310 74.3 24.1
19 659 173 1,700 1,000 4,600 536 3,113 80.4 16.0
20 950 98 395 290 3,600 420 2,033 218.0 6.34
22 179 366 2,800 2,200 4,400 554 3,211 0.0 25.5
23 156 286 2,000 1,600 3,200 413 2,387 41.6 14.5
Lake water (average of all samples)

149 80 102 143 490 46 167 0.15 0.66
+ 24 6 2 3 27 3 8 0.25 0.06

hydroponic conditions conducive for plant growth. However, it is now known
that the hydrothermally influenced waters are high in dissolved carbon dioxide,
ammonium, silica, phosphate, and sulfide, and that fumarole gases are primarily
carbon dioxide (Tables 1 and 2; Klump et al. 1988, Remsen et al. 1990).

A New Technology: The Remotely Operated Vehicle
Starting in 1987, aremotely operated vehicle (ROV) has been employed in the
underwater studies of Yellowstone Lake. Over 280 separate dives by the ROV
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were made over the period 1987-1999 (Table 3). It has provided direct observa-
tions of even the deepest areas of the lake, off Stevenson Island, in over 120 m
of water.

Table 2. Chemistry of hydrothermal fluids collected from sublacustrine hydrothermal
springs in Yellowstone Lake, 1988-1989. Source: Remsen et al. 1990.

Cr SO, NH,* K* Na pH 2XCO, NH, Sio,

(mM) @™ ™M M) (mM) (mM) M) (M)
Mary Bay: Storm Point Vent (n = 11)
High 3.30 45 82 1,157 3.91 7.20 16.13 224 1.620
Low 2.50 32 57 947 3.23 6.85 14.03 6.8 861
Mary Bay: Pipe Garden Vent (n = 13)
High 0.171 111 11.1 51 0.83 6.18 5.34 30.6 355
Low 0.164 96 2.0 44 0.69 5.28 2.02 71 197
Sedge Bay Vents (n = 17)
High 0.95 734 93.1 606 4.7 nd 28.9 nd 3,310
Low 0.07 99 17.9 401 32 nd 53 nd 2,030
Average ambient lake water
Mean 0.16 87 0.15 45 0.64 6.89 0.80 0.44
Sdev 0.01 4 0.25 3 0.06 0.11 0.06 0.23 8

Table 3. Number and location of ROV dives, Yellowstone Lake, 1987-1999.

87 88’89 90 92 94 95 9% 97 98 99 Tot

Sedge Bay 3 2 1 2 2 1 1 3 15
Mary Bay 7 6 18 11 7 21 19 7 7 13 6 122
Storm Pt 4 3 1 8
Steamboat Pt 1 1 2 6 1 2 1 17
Pelican Roost 1 1 7 9
Stevenson Is 5 7 7 7 1 6 1 1 7 2 44
Off Lake 1
Bridge Bay 1 4 6 2 13
West Thumb 2 5 6 1 13 14 7 48
Pumice Pt 3 3
Dot Is 1 1
Breeze Pt 1 1
Wolf Pt 1 1
Southeast Arm 1 . 1
Total 18 16 32 24 21 30 34 16 30 37 26 285

With hundreds of small “microquakes’ shaking Yellowstone every year, pos-
sibly triggering underwater landslides and changes in hot-water flows, sending a
manned submersible into the depths of Yellowstone Lake would be very expen-
sive and extremely risky. Thus, our little yellow submarine (Figure 4), later mod-
ified into a larger “open-frame” ROV (Figure 5), became vital to unlocking the
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Figure 4. Photograph of early version (1987) of ROV used in these studies. Photo by C.
C. Remsen, UWS/UWM Great Lakes WATER Institute.

Figure 5. Photograph of a later version (1996) of ROV used in these studies. Note the use
of an “ open frame” which allows the attachment of various sensors, cameras, and water
sampling devices. Photo by C. C. Remsen, UWS'UWM Great Lakes WATER Institute.
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secrets of Yellowstone Lake, particularly in the deeper waterswhere SCUBA div-
ing was not practical.

Early designs of the ROV, with a mass of ~18 kg, alowed us to take video
footage and confirm the presence of hot springs and fumaroles at numerous loca
tions and depths throughout the lake. However, the successors of the early yel-
low submarine, which have amass of about 115 kg, have provided amore sophis-
ticated and useful system (Klump et al. 1992). The growth and development of
the ROV system was something that evolved over time and, like any evolution-
ary process, continues today.

Briefly, the main ROV pressure housing contains control electronics, a video
camera, and a vertical thruster, with horizontal thrusters on either side of the
housing. For navigation, combinations of sonar, fluxgate compass, and a mag-
netic compass are used, all housed separately on the open-frame ROV. At various
times throughout its development and use, an array of sensors has been used on
the ROV. Consistently, temperature sensors are used to monitor ambient and vent
water temperatures (Figure 6). Conductivity sensors have also been used, and, as
needed, a multi-probe (Hydrolab Model 4) has been attached to the ROV for
extended sampling capabili-
ties. Other instruments have
included a three-function
manipulator, a 16-loop water
sampler (Lovalvo and
Klump 1989), a Sipper sys
tem that uses a series of 60-
ml syringes, and a motor-
actuated pump from the sur-
faceto samplewater. Prior to
1986, the largest water sam-
ple collected by the ROV
was 10 ml. Subsequently,
improvements in the system
enabled us to collect 60-ml
samples, and, finally, 1-I
samples.

The manipulator is used
for grasping objects or posi-
tioning equipment directly in
a vent stream, or handling a
scoop for collecting and stor-  Figyre 6. Photograph, grabbed from video, of ROV
ing larger objects, or as a  manipulator arm equipped with a temperature sen -
“slurp gun” for collecting  sor, probing a small gas fumarole in Mary Bay,
sediment samples. Having 0 oo e e e i ihat hes been
described dll of this, anyone produced by the ogidal?on of sulfide present in the

familiar with ROV technolo-  fymarole gas. Video by David Lovalvo, Eastern
gy and field research will  Oceanics, Inc.
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know immediately that many, many hoursin the field have been spent modifying
equipment that failed or malfunctioned, or had to be improved or adapted on the
spot. In this type of work, science definitely drives the technology, and many
hours were spent late into the cool summer nights repairing and modifying
equipment so that it would be ready at daybreak the following day.

The Underwater World of Yellowstone Lake: General Observations

In 1989, 30 dives over 12 days of “on the lake” work were completed. Seven
stationsin the eastern portion of the lake were occupied; however, the main focus
of the study was on three stationsin Mary Bay, the area of the [ake with the high-
est heat fluxes (Wold et a. 1977) and highest excess radon concentrations
(Klump et al. 1988), both indicators of considerable geothermal activity. In addi-
tion, agreat deal of time was spent at a station in the central basin of the lake, off
Stevenson Island, in an area with the deepest sounding of the lake, discovered
just two years earlier in 1987 (Remsen et al. 1990; see also Kaplinski 1991). All
of these locations were indicated to have sublacustrine geothermal activity, based
upon the heat gradient data of Morgan et al. (1977; personal communications).

The Mary Bay sites, especidly in a“deep hole’ area (~50 m deep), have pro-
vided the greatest wealth of samples, including hydrothermal vent fluids (Table
2), fumarole gases, and samples of deep-living benthic communities. The most
spectacular of these were the sponge communities colonizing rock and hard clay
outcrops, microbial mat material, geological samples of fossil hydrothermal vent
chimney or pipes, and other concretions. Within this “deep hole” or depression,
the lake bottom is characterized by overhanging slopes of exposed lake sedi-
ments, slumps, hummock-like features, and amorphous concretions at scales
ranging from 0.1 to 10 m (Klump et a. 1992).

First seen in 1987-1988, and then again in 1989 and in abundancein 1990 (as
well as in the subsequent expedition years), were relatively flat sponges (Figure
7), each approximately 2-5 cm in diameter, found at a depth of 45-55 m in a
region of high geothermal activity in Mary Bay. These sponges are usually iden-
tified by the silica“spicules’ that are common to all sponges but are like finger-
printsin that no two are alike. Henry M. Reiswig and Anthony Ricciatilis from
the McGill University have identified sponges collected in Mary Bay from
spicules and fragments as Ephydatia fluviatilis (Linnaeus, 1758). A specimen has
been deposited in the Redpath Museum Invertebrate Collection as number 94-1-
23.1. As mentioned, these sponges are usualy (but not exclusively) found in the
deeper waters of Mary Bay where the ambient temperature, warmed by geo-
thermal heating deep within the sediments, remains a constant 14°C. Thisisvery
unusual, as most lake waters this deep are usualy a constant 4°C. Swarms of
zooplankton can be seen around the sponges. These sponges are also similar in
appearance to ones that have been observed in Froelicka Bay, Lake Baikal,
Siberia (Crane et a. 1991; K.H. Nelson, personal observations); however, that
comparison is only tentative as actual samples have yet to be recovered from this
area, which is approximately 1 km deep.

Our video footage reveals an extremely complex, corvoluted, and rugged bot-
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Figure 7. Close-up photograph, grabbed fromvideo, of a“ flat” sponge attached to a hard
substrate (hydrothermal relict) at about 50 min Mary Bay, Yellowstone Lake. Video by
David Lovalvo, Eastern Oceanics, Inc.

tom topography unexpected in what, in a typical lake, would be the deep pro-
fundal basins of the system. For whatever reasons, seismic activity, venting,
slumping, etc., these deep basins are not filled in with postglacia sediments,
even though sedimentation in Yellowstone Lake is active and evident. Bottom
sediments are deeply sculptured, most likely by periodic scouring by water
forces that we have not yet observed (Klump et al. 1995).

Hot water vents are fairly common in these deeper parts of Mary Bay, and it
is here that we discovered the freshwater equivalent of a “black smoker.” On a
routinedive in Mary Bay in 1995, after arelatively unsuccessful day, we came
upon a vent that was obviously quite hot. The typical shimmering effect caused
by hot vent water mixing with cold lake water was evident from quite some dis-
tance away, but what was most interesting was the fact that the hot-water plume
had a dark color to it that clearly distinguished it from the water al around it. It
was the closest we have come to a black smoker. When we measured the tem-
perature, using an Onset recording thermistor, we found it to be approximately
115°C (Figure 8; Buchholz et al. 1995; Maki et al. 1995; Maki et al. 1996).
Surrounding the vent were leeches. Some of them were feeding on the bacterial
mat material that formed a halo around the vent and covered the vent opening
like a flap; however, a number of them were dead, something we have since

202 6th Biennial Scientific Conference



Sublacustrine Geothermal Activity

Bacterial Growth
120 < Temperatures

100 T

Hyper-thermophiles
vp P Hot Vent

30 June 95
80 T

o i e e e - - - ———

Temp
°C 60 -+ Thermophiles

40 &+ - - =

Mesophiles
20 -+

09:00 10:00 o 11:00
TIME (hours)
Figure 8. Temperature profile of a hot water vent in deep waters of Mary Bay (about 50
m), Yellowstone Lake. Manipulator arm of the ROV, with attached recording thermistor,
was placed within the vent opening. Note that maximum temperatures of the vent water
reached 115°C. The figure also indicates the temperature ranges for different classes of
heat-tolerant to heat-loving microorganisms.

observed on numerous occasions. It would appear that these saprophytic leeches
are attracted to these hot vents by the bacteria that grow nearby. These bacteria,
usually sulfide-oxidizing, chemosynthetic bacteria, are utilizing the hydrogen
sulfide in the hot water as an energy source and are thus able to grow and repro-
duce quite nicely. The leeches find them to be a tasty morsel and prey on them.
Unfortunately for the leeches, however, many of these hot-water vents behave as
geysersin that they have been seen to flow intermittently. Some leeches, eager to
reach the bacteria on top of the vent, may periodically meet with very hot water
suddenly erupting out of the vent. The result is boiled leeches. Through the eye
of our ROV, these unfortunate victims, boiled white, stand out as beacons in its
light.

In the deeper areas of the lake, off Stevenson Island for example, the features
we observed most frequently were small depressions or openings in bottom sed-
iments, 2.5-7.5 cm in diameter, from which an occasional gas bubble was emit-
ted. Gas bubbles were not aways seen, however, and we assumed that, based
upon the loose, flocculent nature of these sediments, some relatively recent and
persistent physical disturbance would be required to prevent the covering over
and filling in of these depressions with sediment. Some of these small openings
were also frequently surrounded, even covered, by a mat or film of stringy bac-
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teria that fluttered and moved as warm or hot water flowed out of the vent, as
well as white material that we assumed was elemental sulfur. In fact, after the
first year or so, we used the white halo as a beacon indicating sulfide oxidation
and the presence of bacteria.

Occasionally, warm or hot water was observed flowing from a fissure or
openings in the bottom, creating a shimmering effect against a backdrop of cool-
er waters. The most dramatic example of thiswas observed at a depth of over 375
ft in a narrow depression in the main basin of the lake near Stevenson Island,
where water in excess of 125°C was observed flowing from a small vent. This
narrow, deep defile represented a sounding more than 14 m deeper than any
before recorded in Yellowstone Lake. Sediments throughout this region were
warmer than bottom waters by more that 5-7°C, and were even warmer still near
presumed thermal features.

ROV observations of the bottom of the lake have reveal ed steep topography,
sediment slumping, and “outcrops’ of exposed sediment strata. If our estimates
of deposition rates apply, these sediments are geologically quite young, no more
than afew hundred to a couple of thousand of years old at most. They appear to
be very well lithified, however, in contrast to sediments collected in other deep
areas of thelakein coresnearly 3 ft in length. The sedimentsin Yellowstone Lake
are a diatomaceous 0oze consisting of up to 50-60% biogenic silica and having
an organic carbon content of about 3%. It is possible that the exposed outcrops
we see off Stevenson Island represent older sediments or that they have under-
gone accelerated lithification due to heating from below (Klump et al. 1995).

Among the more spectacular discoveries were the incredible cliffsin the deep
canyons off Stevenson Island (Figure 9) in waters that reach 120 m or more.
When we began to study the lake in detail, the recorded depth of Yellowstone

Figure 9. Photograph, grabbed from video, showing a panoramic view of spectacular
cliffs in deep water (about 120 m) off Stevenson Island in Yellowstone Lake. Video by
David Lovalvo, Eastern Oceanics, Inc.
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Lake was 97.5 m. With our little robot submarine, however, we soon discovered
that there were holes in the lake basin that went a great deal deeper. At thetime
we felt that there are areas of the lake that may well be deeper than 120 m, per-
haps hiding more secrets that await discovery. In 1999, a side-scan sonar survey
of the northern portion of Yellowstone Lake, conducted by the U.S. Geological
Survey, Eastern Oceanics, Inc., and the University of Wisconsin-Milwaukee's
WATER Institute, indicated depths off Stevenson Island reaching 137 m.

In 1987 and 1988 we conducted 12 dives off Stevenson Island in these deep
and frigid waters. Incredible sights welcomed our eyes as we maneuvered our
small robot down steep cliffs criss-crossed with cracks and fissures, and into nar-
row crevices and deep trenches. Cliffs of recently deposited and lithified sedi-
ment rose 50 to 75 ft and showed incredible structure. Rocky ledges that sud-
denly turned 90" with dramatic outcroppings were visible to us through the video
eye of our small robot (Remsen et al. 1990). Occasionally, large, rounded hum-
mocks of silty material appeared, on which were distributed, in a random fash-
ion, stones or rocks of various sizes. These large, rounded hummock slopes often
showed hot-water seeps or vents, identified by the presence of precipitated sul-
fur produced by the oxidation of sulfide by sulfide-oxidizing bacteria (Figure
10).

Figure 10. Photograph, grabbed from video, showing a panoramic view of a sediment
slope, deep (about 100 m) in waters off Sevenson Island, Yellowstone Lake. Notethe pres -
ence of hot water “ seeps’ or vents (arrow), identified by the presence of precipitated sul -
fur produced by the oxidation of sulfide by sulfide-oxidizing microorganisms. Video by
David Lovalvo, Eastern Oceanics, Inc.

Hot water vents and fumaroles were almost a ways found at the base of these
incredible cliffs in the waters off Stevenson Island (Figures 11 and 12).
Sometimes they were hidden among the rocks and debris at the base of these
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Figure 11. Photograph, grabbed from video, of a hot water vent in deep waters (about 135
m) off Stevenson Island, Yellowstone Lake. Again note the precipitated sulfur. Video by
David Lovalvo, Eastern Oceanics, Inc.

I .:._.?. I . ; i 40 3 b .. -

Figure 12. Photograph, grabbed from video, of a hot water vent in deep waters off
Sevenson Island, Yellowstone Lake. Note the accumulation of precipitated sulfur and sul -
fide-oxidizing microorganisms near the vent opening. Video by David Lovalvo, Eastern
Oceanics, Inc.

underwater hills or mountains. These were often revealed by the white halo pro-
duced by sulfide-oxidizing bacteria living off of the hydrogen sulfide gas that
was being emitted by the fumarole. Sometimes, however, they were smply iden-
tified by strange “caves’ or “carvings’ in the sediment cliffs. It became clear to
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us, after considerable thought and examining alternati ve explanations, that these
features in the sediment were brought about by the action of hot water.

Finally, an intriguing discovery was made in 1992 while researching thermal
areas in the West Thumb Basin, near the West Thumb thermal area. On advice
from one of the loca interpretive rangers, Jon Dahlheim, we began to search
for—and found—what appeared to be an underwater geyser. With the ROV in
position some 3 to 4.5 m down in arocky, macrophyte-filled depression, a vent
was discovered that periodically emitted large quantities of hot water. Initially
erupting at approximately 20-minute intervals, a surprising observation was
made: during each eruption, cutthroat trout appeared and actively swam into the
roiling hot water, apparently feeding on particles of bacterial mat loosened by the
action of the water. Further observations that year and in subsequent years con-
firmed our initia findings and the vent was dubbed the “Trout Jacuzzi.”

Evidence of Past Activity

Found on the bottom of the Mary Bay region, and serving as a surface for
sponge colonization, were both small, hollow chimneys or pipe-like structures
(Figure 13), about 1225 cm in height and 4—7 cm in diameter, as well as larger
irregular features. Preliminary X-ray diffraction studies and elemental analyses
performed later in our laboratories at the University of Wisconsin—Milwaukee

Figure 13. Photograph, grabbed from video, of a hydrothermal relict pipe in bottom
waters (about 50 m) of Mary Bay, Yellowstone Lake. Note attached sponge. Video by
David Lovalvo, Eastern Oceanics, Inc.
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indicated that these pipes consist of approximately 90% amorphous silica.
Morphologically, and on a smaller scale, they resembled the carbonate (lime-
stone) chimneys recovered from the outer continental shelf off northern Oregon
(Kulm et a. 1988), and the so-called black smokers on the East Pecific Rise
(Francheteau et al. 1979). We have hypothesized that these pipes are relict
hydrothermal features that once served as conduits for hydrothermal fluids high
in dissolved silica. Possibly formed below the sediment surface, the pipes may
have become exposed following erosion of the surrounding (unconsolidated)
sediment. Whether such hydrothermal plumbing exists under active vents has not
yet been determined.

The pipes, or relict chimneys, that we discovered in the Mary Bay area seem
to be more concentrated in the area we call the “Pipe Garden” (Remsen et a.
1990). For the most part, they are relatively small compared with the chimneys
found in the marine environment.

Theirregular features that have been seen range in size from rather small (5-8
cm in diameter) to quite large (up to 1 min diameter). They usually are an amal-
gamation of connecting tubes molded together in awide range of shapes. Others
appear asif they were extruded from some strange mold and can be large mound-
like structures, or thin, sheet-like structures sticking out of the side of a cliff or
mound. In all cases, like the pipes, they consist amost entirely of amorphous sil-
ica. These concretions have not been observed outside of Mary Bay, certain areas
off of Storm Point, and in the West Thumb area.

In 1996, thanks to some information provided by a NPS archeological survey
team, transects were made over an area in Bridge Bay and the bottom was stud-
ied with a Furuno depth profiler (Figure 14). This work was ravarded with some
spectacular sights: relict hydrothermal chimneys (Figure 15) that varied in height
from 1.5 to 6 m and were covered with an incredible array of sponges, bryzoa,

Figure 14. Sonar profile of an area of Bridge Bay, Yellowstone Lake. Note the spires (1 m
to 10 min height) rising from the bottom (about 20 m). These spires have been identified
asrdict hydrothermal chimneys.
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and algae. These structures were analogous to the marine chimneysin their size
and shape (Kulm et a. 1988), and, when active at some time in the past, must
have been very similar to the hydrother-
mal chimneys that have been described in
the marine environment.

General Conclusions
After a number of years of research
on, and in, Yellowstone Lake involving
SCUBA and ROV development, as well
as sample collection and analysis, we are
just now beginning to understand some of
the dynamics at work, although the
details are far from clear and will require
continued research on our part. It is clear
that the lake is richer than most high-alti -
tude a pine lakes due to the nutrients that
areintroduced into it from the geothermal
activity that we have just described. In
addition, the microbial communities that
exist in the lake as a result of this inor-
ganic chemica input (chemosynthesis)
contribute greatly to maintaining a thriv-
ing alga and zooplankton community.
Furthermore, Yellowstone Lake may be
subject to violent shifts in its under-
ground plumbing caused by both minor
Figure 15. Photograph, grabbed from  gnq major earthquakes, and major sedi-
:gleo, ogrﬁr?]?%l/on ?La regﬁt dgfmtgg/' ment slumping events. These all have the
Yellowstone Lake. Note various Potential to greatly influence the biology
sponges attached to the spire. Videoby ~ and chemistry of the lake.
David Lovalvo, Eastern Oceanics, Inc. In the deeper regions of the lake, off
Stevenson Island for example, underwa-
ter hot springs and geysers are actively changing the landscape of the lake bot-
tom by a variety of activities. On the one hand, constant streams of hot water
carve out caverns in the sediment, exposing hard substrates through erosive
power. In some areas, hot water ssimply oozes slowly out of a small vent, creat-
ing gradients of both nutrients and temperature that stimulate the growth of cer-
tain types of microorganisms. In other cases, chemicals in the hot water, such as
methane or sulfur, can be used by these bacteria to produce new biomass or cell
material—new biomass that is produced by chemosynthesis, not photosynthesis.
As aresult of these observations, we hypothesize that some of the sponges that
we have observed in the deeper waters of Yellowstone Lake, as well as some of
the plankton population that we find in swarms in deep waters, are sustained via
afood chain driven by chemosynthesis. ThusinYellowstone Lake, two life-driv-
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ing forces—photosynthesis and chemosynthesis—are at work, as they are in the
oceans where hydrothermal communities have been discovered.
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