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silicic magmas were erupted explosively through these
faults. The fissures were filled by the pyroclastic ma-
terial and closed the vent after cooling, producing the
welded-tuff dikes.
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High-temperature water/rock reactions create the
primary hydrothermal fluids that are diluted with cool,
”crustal seawater” to produce low-temperature, diffuse
hydrothermal vent fluids. By knowing the composition
of each of the components that combine to produce dif-
fuse fluids, one can compare the composition of cal-
culated mixtures with the composition of sampled flu-
ids, and thereby infer what chemical constituents have
been affected by processes other than simple conserva-
tive mixing. Although there is always uncertainty in
the composition of fluids from the sub-seafloor, some
processes are significant enough to alter diffuse fluid
compositions from the expected conservative mixtures
of hot,primary fluid and ”crustal seawater.” When hy-
drothermal vents with a wide range of temperature are
sampled, processes occurring in different thermal and
chemical environments potentially can be discerned. At
Axial Volcano (AV) on the Juan de Fuca ridge, methane
clearly is produced in warm sub-seafloor environments
at temperatures of ∼ 100◦ or less. Based on culturing
and phylogenetic analysis from the same water samples
at AV, hyperthermophilic methanogens are present in
water samples taken from vents ranging in tempera-
ture from 15 to 78◦ C. Ratios of hydrogen sulfide to
pseudo-conservative tracers (dissolved silica or heat)
at AV decrease when primary fluids are highly diluted
with oxygenated seawater. Phylogenetic signatures of
microbes closely related to sulfide-oxidizers are present
in these same fluids. Hydrogen sulfide oxidation rep-
resents the dominant source of energy for chemosyn-
thesis at AV, as in most hydrothermal systems, but a
relatively small proportion of the total hydrogen sulfide
available is actually oxidized, except at the very lowest
temperatures.
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The subseafloor associated with hydrothermal sys-
tems is a dynamic environment in which habitat char-
acteristics change over time, especially with distur-
bances such as diking-eruptive events and earthquakes.
Little is known about the microbial ecology of the

subseafloor at active deep-sea volcanic sites and in
particular whether or not there are bacterial and ar-
chaeal phylotypes that are unique to this environment
or how the microbial communities respond to changes
in the geochemistry and temperature of vent fluids.
In this study, 16S rRNA gene sequence analysis were
used to follow changes in bacterial diversity in sub-
seafloor fluids from a single diffuse flow vent shortly
after a volcanic eruption at Axial Volcano, Juan de
Fuca Ridge, created the site in 1998 and again in
1999 and 2000. Our results show that bacterial di-
versity is high in diffuse fluids, and that it changes
with the post-eruptive evolution of vent fluid chem-
istry and temperature. The data also show increases in
species richness with time within the ε-proteobacteria,
the dominant phylotype found to be unique to the
subseafloor environment. Other phylotypes unique to
the subseafloor included high temperature groups such
as Desulfurobacterium, gram-positive bacteria, and
members of novel candidate divisions WS-6 and ABY-1
that have not previously been detected from deep-sea
vents. Phylotype richness was highest in the particle-
attached populations (>3µm) from all three sampling
periods, and diversity appeared to increase over that
time, particularly among the ε-proteobacteria. Over
this time period, temperature, hydrogen sulfide concen-
trations, and chlorinity of vent fluids reflect a cooling
of the system according to post-eruptive fluid evolution
models. Despite this cooling trend, significant numbers
of anaerobic hyperthermophiles, including heterotrophs
and methanogens, were cultured from all three years.
This suggests that while the system is cooling, there
remains a hot biotope where indigenous subseafloor hy-
perthermophiles are maintained. A preliminary model
will be presented that attempts to relate bacterial and
archaeal diversity to chemical characteristics of diffuse
flow fluids and the degree of mixing of seawater.
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A high-temperature hydrothermal activity related
to dacitic arc magmatism of Suiyo Seamount (28o34’N,
140o38’E), Izu-Ogasawara Arc, western Pacific has
been drilled in June 2001 and July 2002 using a teth-
ered, submarine rock-drill system BMS (Benthic Multi-
coring System) on-board the R/V Hakurei-Maru # 2 as
a part of Archaean Park Project*. Impermeable
sheath or cap-rock which consists of clay and anhy-
drite develops beneath the vent field and traps the end-
member fluid within the soft sediment layer 1-3 meters
thick beneath the seafloor (Urabe et al., 2002). The
sheath is likely to be formed by self-sealing process of
anhydrite through cementation of sand grains. Most of
the anhydrite from upper part of the cap-rock has sul-
fur isotopic composition similar to seawater value (+20-
21 permil). However, those coexisting with pyrite be-
neath the cap-rock often have δ34S value as low as +17
permil. Besides, carbon isotope fractionation tempera-
ture between CH4 and CO2 is as high as 700oC (Tsuno-
gai et al., 1994). These lines of evidence strongly sug-
gest that the magmatic volatiles are incorporated into
end member fluid as important components. Homo-
geneous chemistry and stable temperature of the end
member fluid for a decade indicate that the hydrother-
mal circulation system is in quasi-stable condition and
the oxygenic nature of the dacite magma has strong in-
fluence on the relatively higher redox condition of the
fluid compared to that of mid-ocean ridge hydrother-
mal activity. Such a nature may reduce the extent
of hydrogen-based sub-vent biosphere at submarine arc
volcanoes such as Suiyo Seamount.
* Funded by MEXT through the Special Coordination
Fund.
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Detailed morphological studies and sulfur isotope
analyses were performed on sulfides and sulfates in the
drilled core samples from the Suiyo Seamount in Japan.
Petrographic studies indicate that drilled samples were
extremely altered by the submarine hydrothermal pro-
cess. Notable feature of the examined samples is the
high abundance of sulfide (e.g., FeS2, CuFeS2, ZnS and
PbS) and sulfate minerals (e.g., CaSO4, BaSO4). The
euhedral shape of sulfides is most common morphology
in the examined samples. Sulfur isotope compositions
of these sulfides are ranging from +1 to +6 per mil,
suggesting that sulfides were directly precipitated from
isotopically homogeneous H2S in hydrothermal fluids.
On the contrary, framboidal form of pyrite was found
in subsurface samples (2 m depth) of APSK 03 site
(drilled site near eastern edge of caldera wall). De-
tailed SEM observation indicates that the framboidal
pyrite is aggregate (ca. 100 micro-meter in diameter)
of small grain of pyrite crystals (5 micro-meter in di-
ameter). Such morphological nature is quite similar
to these found in the modern marine sediments. Sul-
fur isotope compositions of individual framboids were
determined using the Nd-YAG laser microprobe sys-
tem at Tohoku University. Their isotopic composi-
tions are ranging from <ETH>1 per mil to +2 per
mil and slightly lighter than these of the contemporary
hydrothermal sulfides. Two possibilities are consider-
able for the origin of framboids: (1) biogenic origin or
(2) abiogenic origin. If (1) is the case, sulfate-reducing
bacteria in subvent region was responsible for the for-
mation of framboidal pyrite. Average sulfur isotope
compositions of sulfate minerals are closed to +20 per
mil in entire region. This suggest that the progressive
introduction of sea water sulfate into the shallow hy-
drothermal system. Some sulfate minerals have lighter
isotopic compositions (+17 to +19 per mil) than the
sea water sulfate value. These lighter values indicate
the mixing process between sea water sulfate (+20 per
mil) and sulfate formed by oxidation of hydrothermal
H2S (1 to 2 per mil). Two possibilities are consider-
able for oxidation of H2S: (3) biological oxidation and
(4) simple mixing between oxic sea water and reduced
hydrothermal fluids. Sulfur-oxidizing microorganism in
subvent region may be responsible for oxidation of H2S,
if (3) is the case.
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During dive programs conducted by Archaean Park
Project (2000-2002), fluid samples were extensively col-
lected from both high-temperature (up to 300◦C) and
low temperature vents within submarine arc volcano
Suiyo Seamount. Concentrations of chemical species
are explained by simple mixing between the hydrother-
mal endmember and ambient seawater, with only some
exception. This suggests a single aquifer distributes
beneath the caldera floor. Major elements chemistry
agrees with the model that the hydrothermal fluid is
equilibrated with surrounding alteration minerals by
fluid rock interaction at high temperature.
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Concentrations of reducing species in the hydrother-
mal end member were rather low compared with mid-
oceanic ridge hydrothermal system. Following two fac-
tors may explain this signature. First, concentrations
of organic-derived species (CH4 = 140µM, NH4 = 10
to 20 µM) reflect little supply of terrigenous organic
sediment over Suiyo Seamount. Second, incorporation
of magmatic volatiles could control fluid chemistry as
higher redox condition. High CO2 / CH4 ratio (CO2
= 40.6 mM), low H2 concentration (100 to 150µM),
low H2S concentration (around 1.5 mM) are attributed
to oxygenic signature of dacite magma beneath the
Suiyo hydrothermal field. Carbon isotope systematics
(δ13C(CO2 =-0.5o/oo, δ13C(CH4) = -6.0o/oo) and

sulfur isotopic ratio of sulfide (δ34S(H2S) = +1.5 to
+2.0o/oo) supports magmatic volatiles incorporation.
The hydrothermal system in the intra-oceanic arc set-
ting would provide less energy sources than that of mid-
oceanic ridge for chemosynthetic organisms beneath the
seafloor.
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Archaeal communities in extreme environment have
been analyzed by phylogenetic analysis using 16S rDNA
gene and fluorescent whole cell in situ hybridization
method. These culture-independent methods revealed
archaeal communities with much higher diversities than
those found by conventional culture methods. In this
work we have extended the culture-independent method
to the analysis of microbial diversity in a deep-sea sub-
floor.

In the Archaean Park Project supported by Spe-
cial Coordination Fund, several holes were bored and
cased in the crater of the Suiyo seamount on the Izu-
Ogasawara arc, Japan (about 1,400 m depth) in 2001.
Hydrothermal fluids were sampled at various sites of
cased hole at Suiyo seamount. Black smoker chimney
sample was also collected. The fluids were filtered to
collect the microbial cells. Filters and black smoker
chimney samples were crushed and DNA was extracted
and purified. The DNA was used to amplify archaeal
16S rDNA fragments by PCR using an archaea spe-
cific primer set. The PCR fragments were cloned and
sequenced. Archaeal PCR clone communities of sub-
seafloor showed different spectrum from that of black
smoker chimney. Archaeal PCR clones obtained from
sub-seafloor belonged to the order Archaeoglobales and
the clones related to the order Methanococcales. These
clones reflect the hydrogen dependent chemolithoau-
totrophic archaea community. However, fluorescent
in situ hybridization analysis showed that an archaeal
population in hydrothermal fluid from sub-seafloor at
the site on Suiyo seamount was low.
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After excavation trials to a hydrothermal subsur-
face biosphere of the Suiyo Seamount, Izu-Bonin Arc,
microbial diversity was examined using samples col-
lected from drilled boreholes and natural vents with an
catheter-type in situ microbial entrapment/incubator.
This instrument consisted of a heat-tolerant cylindrical
pipe with entrapment of a titanium-mesh capsule, con-
taining sterilized inorganic porous grains, on the tip.
After 3-10 day deployment in venting fluids with the
maximum temperatures from 156 to 305degC, Microbial
DNA was extracted from the grains and a 16S rDNA
region was amplified and sequenced. Through the phy-
logenetic analysis of total 72 Bacteria and 30 Archaea
clones, we found three novel phylogenetic groups in this
hydrothermal surface to subsurface biosphere. Some
new clades within the epsilon-Proteobacteria, which
seemed to be microaerophilic, moderate thermophilic,
and/or sulfur oxidizing, were detected. Clones related
to moderate thermophilic and photosynthetic microbes
were found in grain-attached samples at collapsed bore-
hole and natural vent sites. We also detected a new
clade closely related to a hyperthermophilic Archaea,
Methanococcus jannashii, which has the capability of
growing autotrophically on hydrogen and producing
methane. However, the later two phylogroups were es-
timated as below a detection limit in microscopic cell
counting, i.e., fluorescence in situ hybridization and di-
rect counting. Most of microbes in venting fluids were
assigned to be Bacteria, but difficult in specifying them
using any known probes. The environment must be
notable in microbial and genetic resources, while the
ecosystem seems to be mainly supported by chemosyn-
thetic products through the microbial sulfur oxidation,
as in most deep-sea hydrothermal systems.
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Volatiles are one of the primary links from the man-
tle to the biological communities at hydrothermal sys-
tems. Microorganisms, either free-living or symbionts,
are the primary means by which these volatiles are
utilized in hydrothermal environments. The volatiles
being discharged at active hydrothermal systems of
most importance to microbiological communities are
CH4, H2, H2S and CO2. CH4, H2 and H2S can all
serve as energy sources to various microorganisms and
CO2 is by far the most abundant carbon source in
hydrothermal systems. There are multiple sources of
these gases in hydrothermal systems, including mag-
matic degassing, water/rock reactions and microbial
processes. Hydrothermal environments where volatile-
microbial interactions may be detected include high
temperature black smokers, diffuse (low temperature)
fluids and plumes. The only evidence of microbial in-
put to high temperature fluids found to date is on the
Endeavour segment of the Juan de Fuca Ridge where
very depleted δ13C-CH4 (-55 per mil vs PDB) is found.
It seems inescapable that microbial activity is produc-
ing 13C depleted CH4 somewhere within the Endeav-
our hydrothermal convection cells. In diffuse flow envi-
ronments, subsurface microbial activity, primarily CH4
production and H2 oxidation, has been noted at 9◦N,
EPR and the CoAxial segment and Axial Volcano on
the Juan de Fuca Ridge. Tubeworm symbionts fix CO2
and oxidize H2S in these environments as well. In ad-
dition, microbial nitrogen cycle activity in the form of

elevated concentrations of N2O have been seen at Gala-
pagos and Axial Volcano. Both CH4 and H2 oxidation
have been detected in hydrothermal plumes with typi-
cal H2 lifetimes of order one day and CH4 lifetimes of
order one week.
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The hydrothermal systems on the Endeavour Seg-
ment of the Juan de Fuca Ridge have long been char-
acterized as bare rock hosted, as there is no sediment
cover at Endeavour. However, chemical evidence in
the form of anomalously high methane, ammonia and
various trace metal concentrations reported in the last
10 years are consistent with a sediment source at En-
deavour. Here we present a unique data set of sta-
ble and radiocarbon isotopic measurements made on
CO2 from Endeavour hydrothermal vent fluids. When
plotted against each other, a linear relationship be-
tween δ13CO2 and CO2 fraction modern values, sug-
gests mixing of two CO2 sources. The data supports
a mixing model between a -5.4o/oo, radiocarbon dead
magmatic endmember, and a 17.8o/oo, 18,500 year old
carbon source. The second endmember corresponds ex-
tremely well with stable isotopic measurements made
on carbonate nodules from sediments at ODP drill sites
on Middle Valley, a sedimented hydrothermal site 40km
North of the Endeavour Segment. These sediments were
emplaced during turbidite flows in the late Pleistocene,
nominally 20,000 years ago. The mixing model sug-
gests that about 20% of the CO2 found in Endeavour
hydrothermal vent fluids is from this sedimentary end-
member. We propose that the observed sedimentary
signal is incorporated as heated hydrothermal fluids mi-
grate upwards beneath the ridge axis through a zone of
buried sediments. An alternative explanation is that
there is a hydrologic link between Middle Valley and
Endeavour, and that the sedimentary signal is imported
from observed sediments at Middle Valley.

Sediments provide labile sources of carbon that may
be incorporated into microbial metabolic pathways.
Sediments at Middle Valley exhibit strongly depleted
δ13CO2 values (between 27 and 44o/oo) suggesting
microbial fractionation, most likely anaerobic methane
oxidation. While microbial methane oxidation is likely
an active process in sediments at Middle Valley, iso-
topic evidence at Endeavour suggests that this is not
occurring in buried sediments. The high temperatures
in the upflow zone of Endeavour may explain why there
is no evidence of microbial activity. The fact that En-
deavour fluids do not show this significant depletion in
13CO2 complicates the hypothesis of a hydrologic link
between the two hydrothermal systems.
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Hydrothermal plume contains several orders of mag-
nitude higher concentration of reduced chemicals, such
as methane, hydrogen, reduced sulfur compounds and
so on, than surrounding seawater. These chemi-
cals are delivered from magmatic activity through hy-
drothermal venting and provide good energy sources for
chemolithoautotrophic microbes. Activity or popula-
tion of each chemolithoautotrophic group of microbes
has been examined using various incubation techniques.
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However, there is little information about the popula-
tion in the species level, even the phylogenetic type. In
this study, microbial community structure in the hy-
drothermal plume inside a Suiyo Seamount caldera was
investigated both qualitatively (16S rDNA phylogenetic
analysis) and quantitatively (16S rRNA targeted fluo-
rescent in situ hybridization: FISH). From transmissiv-
ity data, hydrothermal plume was detected in the depth
layer of 1100m to 1250m. In this plume layer, more
than 90% of Bacteria-probable cells belonged to only
one phylotype (SUP05) of the gamma-Proteobacteria,
which were strongly related with sulfur utilizing sym-
biontes of mytilids and mussels in hydrothermal areas.
A vertical profile of SUP05 cell numbers corresponded
well with that of some chemicals, as well as transmis-
sivity. However, cell morphology analysis revealed that
there was an obvious boundary at the depth of 1200m,
suggesting that plume history may be different between
above and below this depth. Another representative
Bacteria-probable cells were specified to a group within
the epsilon-Proteobacteria (SUP01), showing a close
relationship with environmental clones from deep-sea
sediments. In addition, the both SUP05 and SUP01
phylotypes of Bacteria were strongly stainable, i.e.,
very active, in FISH analysis. These microbes may be
not negligible in both primary production and sulfur
cycling in this deep-sea hydrothermal system.
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Thermophilic and hyperthermophilic microorgan-
isms that have been isolated from diffuse hydrothermal
vent fluid are assumed to reside within hot, anaerobic
zones in the subseafloor. These microorganisms can be
metabolically versatile or highly specialized, and utilize
a variety of carbon and energy sources that are avail-
able in hydrothermal vent fluid. However, the nitrogen
sources that support subseafloor microbial communi-
ties remain unknown. Chemical analyses indicate that
nitrate and nitrite are depleted in diffuse hydrothermal
vent fluids relative to deep seawater and are absent in
reduced fluids above 30◦C. Ammonium concentrations
in low temperature vent fluid are similar to the low
concentrations in deep seawater, with the exception of
sedimented hydrothermal vent systems such as Guay-
mas Basin and the aberrant, unsedimented Endeavour
Segment on the Juan de Fuca Ridge. The largest reser-
voir of nitrogen in the ocean is dissolved dinitrogen gas,
which is abundant in deep seawater and slightly ele-
vated in hydrothermal fluids. Biological nitrogen fix-
ation was first suggested as a potential source of ni-
trogen to hydrothermal vent ecosystems based on the
nitrogen isotope ratios of low trophic level vent fauna,
which are much lower than the nitrogen isotope ra-
tios of deep sea organic nitrogen, ammonium and ni-
trate, but resemble those of deep-ocean dinitrogen gas
and marine biota associated with nitrogen fixation. We
have detected the genetic potential for nitrogen fixation
by amplifying and sequencing one of the genes respon-
sible for nitrogen fixation, nifH, from diffuse hydrother-
mal vent fluid. The nifH genes present in hydrothermal
vent fluid originate from a diverse nifH assemblage in
the subseafloor as well as a phylogenetically distinct
nifH cluster in deep seawater. While there was no major
difference in the nifH populations between nitrogen-rich
and nitrogen-poor diffuse hydrothermal vents, we will
attempt to detect the expression of nifH in situ and in
nitrogen-fixing isolates cultured from vent fluids.
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Terminal-restriction fragment length polymorphism
(T-RFLP) patterns were used to track popula-
tions of bacteria occurring within multiple bacterial

growth chambers (BGCs) deployed at eight diffuse-
flow (Tmax=78◦C) hydrothermal vent orifices located
within the caldera of Axial Volcano, Juan de Fuca
Ridge. For comparison, two distal diffuse vents located
at the Magic Mountain area on the Explorer Ridge were
also examined. Over a five-year sampling period in
conjunction with the NeMO (New Millennium Obser-
vatory) program, 52 BGCs were recovered after either
a short-term (days) or long-term (annual) deployment.
Upon recovery, genomic DNA was extracted and am-
plified using bacterial-specific PCR primers to gener-
ate 5’ fluorescently-labeled amplicons of small subunit
rRNA genes (i.e., SSU rDNAs). These PCR ampli-
cons were digested with multiple tetrameric restriction
endonucleases and the respective community diversity
and succession patterns were characterized. The aver-
age number of populations (a measure of species rich-
ness) within the community that developed in short-
term deployed BGCs was significantly lower than those
detected in long-term deployed BGCs. All short-term
BGC communities were dominated by primary coloniz-
ers or pioneer populations indicative of ε-Proteobacteria,
of which, specific phylogenetic groups were recognized
at vent sites throughout the five-year sampling period.
The long-term BGCs showed evidence of successional
events by an increased occurrence of numerous other
populations accompanying the pioneer populations of ε-
Proteobacteria. The discovery that all primary colonizing
populations were most similar to known lineages of ε-
Proteobacteria detected from hydrothermal vents located
worldwide provides further evidence that a few cos-
mopolitan populations are capable of acting as the pri-
mary microbial successors of newly-formed hydrother-
mal vent systems.
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Many extremophiles have been discovered from ter-
restrial and marine hydrothermal fields. Some ther-
mophiles can grow beyond 90◦C in culture, while di-
rect microscopic analysis occasionally indicates that
microbes may survive in much hotter hydrothermal flu-
ids. However, it is very difficult to isolate and cultivate
such microbes from the environments, i.e., over 99% of
total microbes remains undiscovered. Based on experi-
ences of entire microbial genome analysis (Y.K.) and
microbial community analysis (A.M.), we started to
find out unique microbes/genes in hydrothermal fields
through direct sequencing of environmental DNA frag-
ments. At first, shotgun plasmid libraries were di-
rectly constructed with the DNA molecules prepared
from mixed microbes collected by an in situ filtration
system from low-temperature fluids at RM24 in the
Southern East Pacific Rise (S-EPR). A gene amplifica-
tion (PCR) technique was not used for preventing mu-
tation in the process. The nucleotide sequences of 285
clones indicated that no sequence had identical data
in public databases. Among 27 clones determined en-
tire sequences, no ORF was identified on 14 clones like
intron in Eukaryote. On four clones, tetra-nucleotide-
long multiple tandem repetitive sequences were identi-
fied. This type of sequence was identified in some fa-
miliar disease in human. The result indicates that liv-
ing/dead materials with eukaryotic features may exist
in this low temperature field. Secondly, shotgun plas-
mid libraries were constructed from the environmental
DNA prepared from Beppu hot springs. In randomly-
selected 143 clones used for sequencing, no known se-
quence was identified. Unlike the clones in S-EPR li-
brary, clear ORFs were identified on all nine clones de-
termined the entire sequence. It was found that one
clone, H4052, contained the complete Aspartyl-tRNA
synthetase. Phylogenetic analysis using amino acid se-
quences of this gene indicated that this gene was sep-
arated from other Euryarchaea before the differentia-
tion of species. Thus, some novel archaeal species are
expected to be in this field. The present direct cloning
and sequencing technique is now opening a window to
the new world in hydrothermal microbial community
analysis.
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Persistent extrusion at Santiaguito during 1922-
2002 has been cyclic. Each cycle begins with a 3-6-year-
long high (0.5-2.1 m3 s−1) extrusion rate phase fol-

lowed by a 3-11-year-long low (0.2 m3 s−1) phase. The
8th cycle began in 1996 and was still in its high extru-
sion rate phase in January 2002. With time, the dura-
tion of the low extrusion rate phase has increased, peak
extrusion and time-averaged eruption rates for each cy-
cle have decreased, and the difference between extru-
sion rates during high and low extrusion rate phases
of each cycle has decreased. These trends may be ex-
plained by continued depressurization and exhaustion
of an aging source or by transition to a period of ex-
trusion fed by an increasingly stable magma supply.

The current high extrusion rate phase has been
characterized by the emplacement of a 3.75 km long
block lava flow field. This flow length is consistent with
a trend that has been developing since 1970 whereby
successive block lava flows have extended greater and
greater distances. This trend is coincident with a 2
wt % decrease in SiO2 content of erupted products.
The associated decrease in lava viscosity may (i) ex-
plain the increase in flow length and (ii) be further ev-
idence of chamber exhaustion. However, during 2002
we measured an extrusion rate of 1.4 m3 s−1, a rate
not witnessed at Santiaguito since 1963. It is possible
that time averaged estimates made to date have missed
such high effusion rate spurts. We note, however, the
highest extrusion rate obtained from frequent satellite-
based measurements during the previous high extrusion
rate phase of 1986-89 was 0.95 m3 s−1. Thus such high
extrusion rate spurts must either be of short (<1 year)
duration or Santiaguito is currently reversing an 80-
year-long trend of declining extrusion.
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We examined the development of preferred path-
ways in lava flow interiors using a unique experimental
procedure. Various colors of an analog fluid, polyethy-
lene glycol (PEG), were sequentially extruded from a
point source into a tank containing a cold sucrose solu-
tion to better image the internal structure of the flows.
The setup was videotaped from the top, side and bot-
tom to provide time-lapse views of the developing flow.
The top- and side-mounted cameras showed the devel-
opment of the surface morphology, and the bottom-
mounted camera captured the interaction of the dif-
ferent PEG colors in the flow interior. We conducted


