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on KRZ volcanism using deposits of the phreatomag-
matic eruption that produced Hanauma Bay (a popu-
lar snorkeling spot) and spatially associated lava flows.
Numerous continuous basaltic ash units within the
walls of Hanauma crater contain lithic fragments of
well-preserved coral reef, beach rock, and marine mol-
lusks, indicating that the eruption occurred in a near
shore environment. 238U-234U-230Th dating of coral
clasts in the deposit demonstrates that the eruption
breached reef of MIS stage 7 age (200 £ 30 ka), thereby
ruling out the K-Ar age of 320 ka. U-series nuclides in
normal MIS 7 coral lithics are indistinguishable from
those in the island encircling Waianae Reef of the same
age. However, U-series components in some originally
aragonitic coral clasts were offset during the eruption
when the rims recrystallized to calcite. 87Sr/86Sr,
234U /238U and Sr and U concentration indicate chem-
ical mixing with host basaltic ash during this event,
from which potential ages of the eruption can be con-
structed using isochron methods. More modeling of the
data remains to be done but our preliminary estimate
places the eruption at less than 100 ka. This result is
consistent with new data on paleointensity and pale-
omagnetic secular variation within the lava flows ex-
posed in or around the crater. This U-series dating
approach should prove useful for eruptions in other lo-
cales where carbonate bioclast lithics are present in the
deposits.
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Various tremor sources, shallow as well as deep,
are commonly observed below the island of Hawaii.
Eruption tremor is almost constantly and continually
present since the onset of the Pu‘u‘O‘o east rift zone
eruption 20 years ago. Its source is found at shallow
depth below the eruption crater. Indirectly related to
the ongoing eruption, tremor is also recorded below the
summit of Kilauea about 15 kilometers away from the
eruption site.

Time-frequency transforms (sgram) are automati-
cally processed in real-time at the Hawaii Volcano Ob-
servatory via the Earthworm system for several seismic
stations situated in Kilauea’s summit area. This pro-
cessing indicates the presence of marked spectral peaks,
sometimes common to several stations. It also empha-
sizes changes in tremor spectral content and cyclic be-
haviors. During small eruption crises, changes in the
signal relative amplitude at the different stations sug-
gest the presence of several tremor sources.

We locate the sources using seismic amplitude dis-
tributions corrected for the site effects. Amplitudes are
calculated in several frequency bands and spatial am-
plitude distributions across the summit area are usually
smooth and coherent. We search for the source of those
distributions by approximating the decay of the ampli-
tude as a function of the hypocentral distance. The
application of our location method to tremor recorded
between March and August 2001 indicates the presence
of at least two shallow sources whose locations are per-
sistent with time. In the case of a small crisis that oc-
curred in April 2002, we distinguish two main sources
of activity, with a first deeper one triggering the acti-
vation of a second shallower source. Those results sug-
gest the possibility of using tremor for mapping fluid
transport below Kilauea volcano.
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Geodetic leveling and Global Positioning System
(GPS) measurements image a deflating magma reser-
voir in the southern part of Kilauea caldera. This
reservoir, centered about 3.5 km below ground level,
has been slowly deflating (~ 2.5 x 10% km3 per year)
since the beginning of the Pu‘u ‘Of‘o eruption. Elec-
tronic borehole tiltmeters reveal a secondary, much
shallower magma chamber located just east of Hale-
maumau Crater at about 750 m below ground level.
This secondary reservoir produces episodic deformation
events, many of which share striking similarities that
suggest a corresponding similarity of process.

The self-similar episodic events are characterized by
a three-phase deformation pattern. In the first phase,
tiltmeters surrounding Kilauea caldera record slow de-
flation centered at the Halemaumau magma reservoir
that persists for about 24 hours. The second phase be-
gins as the slow deflation abruptly gives way to rapid
inflation, again centered at the Halemaumau reservoir.
The inflation is short-lived, lasting about 20 minutes.
In the final phase, tiltmeters record exponentially de-
caying deflation, lasting from 8 to 20 hours, that brings
the final tilt close to pre-event levels. The seismicity
during these events is dominated by bursts of volcanic
tremor coincident with the onset of the second (infla-
tionary) deformation phase.

We interpret these events as arising from an inter-
ruption in magma supply. At the onset of the interrup-
tion, deflation begins at the summit as magma contin-
ues to exit the system through flank vents at Pu‘u ‘O‘o.
When the interruption ends, rapid inflation ensues as
the accumulated and over-pressurized magma below the
locus of interruption surges up into the shallow magma
system.

Several significant inferences follow from this inter-
pretation of the episodic deformation events. First,
from the duration of the initial deflation and from its
size, we estimate the magma supply rate into the shal-
low system to be (~ 5 — 10 x 10° m3 per day). Sec-
ond, from the instantaneous volumetric inflation rate
and the lag time between inflation at the summit and
inflation at Pu‘u ‘O‘o cone, we calculate the approxi-
mate radius of the connecting magma conduit to be 2
m. Finally, from the style and timing of the deforma-
tion and seismicity, we conclude that the conduit from
Kilauea summit to Pu‘u ‘O‘o probably begins at the
shallow Halemaumau magma reservoir rather than at
its deeper counterpart in the south caldera.
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The installation and development of a continuous
Global Positioning System (GPS) network on Kilauea
Volcano, Hawalii, has significantly improved the quality
and resolution of deformation data for the volcano. The
continuous GPS monitoring network of 17 stations on
Kilauea was installed from 1995 onward in a collabora-
tive project between the Crustal Deformation Group at
Stanford University, the Hawaiian Volcano Observatory
(HVO), and the University of Hawaii, Hilo.

Continuous GPS measurements made on Kilauea be-
tween 1996 and 2001 show a long-term signal of nearly
constant velocity with respect to the Pacific Plate. The
horizontal component of velocity is characterized by
south- to southeastward motion of all stations, with
maximum rates of up to 8 cm per year occurring on the
south coast of Kilauea. The vertical component shows
uplift of nearly 3 cm per year on the south flank and
highlights an area of rapid subsidence ( 4.5 cm per year)
in the southernmost part of Kilauea’s summit caldera.

Combined with campaign GPS data from annual
surveys made between 1990 and 1996, there is now a
12 year record of GPS for Kilauea. Using the new,
high quality data set from the continuous GPS network
we are able to model the deformation of Kilauea with
greater confidence and to test and refine past models
for deformation. For example, Owen et al. (2000) give
a deformation model for Kilauea estimated from cam-
paign GPS data. This model consists of two disloca-
tions representing a basal decollement structure, two
dislocations representing a deep rift system, and one
point source for a summit magma chamber. We com-
pare the predicted velocities from this model to the sta-
tion velocities from the continuous GPS. Owen et al.’s
model fits the recent data reasonably well, but there
are significant disagreements. First, it fails to account
for the uplift south of the east rift zone (indeed, it pre-
dicts subsidence). Second, it overestimates the amount
of subsidence in the south caldera while also under-
estimating the horizontal velocities in the same area.
Finally, their model does not well represent the veloc-
ities, both horizontal and vertical, at the stations lo-

cated along the western and eastern edges of the net-
work.

Using non-linear optimization techniques, we have
refined the details of Owen et al.’s model to see if the
gross character of that model can be preserved without
significantly violating the new continuous GPS data.
Moreover, we have explored alternative, considerably
simpler, deformation models that depart from the cou-
pled decollement/deep rift zone hypothesis. Early re-
sults suggest that the simpler models, consisting of a
single dislocation plane, can fit the data equally well.

Owen, S., P. Segall, M. Lisowski, A. Miklius, R.
Denlinger, and M. Sako, Rapid deformation of Kilauea
volcano: GPS measurements between 1990 and 1996, J.
Geophys. Res. 105, 18,983-18,998, 2000.
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Geochemical data were examined for a suite of
1,000 near-vent lava samples from the Pu‘u ‘O‘o-
Kupaianaha eruption of Kilauea, collected from Jan-
uary 1983 through October 2001. Bulk lava and
glass compositions reveal short- and long-term changes
in pre-eruptive magma conditions that can be cor-
related with changes in edifice deformation, shallow
magma transfer and eruptive behavior. Two decades
of eruption on Kilauea’s east rift zone has yielded
~2 km3 of lava, 97% of which is sparsely olivine-
phyric with an MgO range of 6.8 to 9.6 wt%. Dur-
ing separate brief intervals of low-volume, fissure erup-
tion (episodes 1 to 3 and 54), isolated rift-zone reser-
voirs with lower-MgO and olv-cpx-plg-phryic magma
were incorporated by more mafic magma immediately
prior to eruption. During prolonged, near-continuous
eruption(e.g.,episodes 48-53 and most of 55), steady-
state effusion is marked by cyclic variations in olivine-
saturated magma chemistry. Bulk lava MgO and erup-
tion temperature vary in cycles of monthly to bi-annual
frequency, while olivine-incompatible elements vary in-
versely to these cycles. However, MgO-normalized val-
ues and ratios of highly to moderately incompatible ele-
ments (HINCE/MINCE), which nullify olivine fraction-
ation effects, reveal cycles in magma chemistry that
occur prior to olivine crystallization over the mag-
matic temperature range that is tapped by this erup-
tion (1205-1155° C). These short-term cycles are super-
imposed on a long-term decrease of HINCE/MINCE,
which is widely thought to reflect a 20-year change in
mantle-source conditions. While HINCE/MINCE varia-
tion in primitive recharge magma cannot be ruled out,
the short-term fluctuations of this signature may re-
quire unreasonably complex mantle variations. Alter-
natively, the correspondence of HINCE/MINCE cycles
with edifice deformation and eruptive behavior suggests
that the long-term evolving magmatic condition is a re-
sult of prolonged succession of short-term shallow mag-
matic events.

The consistent limits of repeated MgO and temper-
ature variation imply end-member magma conditions
that are regulated by open-system recharge of the shal-
low magmatic plumbing system. The low-end of MgO
variation (7 wt%) approaches the low-pressure multi-
phase cotectic, which is maintained by open-system re-
plenishment of a persistent magma reservoir. The high-
temperature end-member (10 wt% MgO) is probably
regulated by olivine fractionation in a zone of turbu-
lent mixing between primitive recharge magma (15 wt%
MgO) and resident cotectic magma. The highest tem-
perature magmas are associated with eruption pulses
that occur in response to intrusive events at the summit
and initiate short-term increases of HINCE/MINCE.
Subsequent changes toward lower magmatic tempera-
tures are associated with periods of overall summit de-
flation, relatively low-level effusion, and frequent erup-
tive pauses. The long-term trends can be explained
by episodic mixing of chemically uniform recharge
melt with diminishing proportions of pre-1983 summit
magma (maintained at cotectic conditions). Decreas-
ing HINCE/MINCE may signify that a greater propor-
tion of recharge magma is being diverted directly to
Pu‘u ‘O‘o with minimal summit interaction or that the
mass ratio of those mixing end-members has changed
due to a depleted summit chamber (or both). The co-
incidence of long-term summit deflation since the 1982
summit eruption suggests that shallow processes re-
lated to summit reservoir depletion may be responsible
for decreasing HINCE/MINCE and Pb isotopes in post-
1982 steady-state eruption products. Magma derived
from a uniform mantle-source, after having flushed out
older resident magma, may now completely occupy the
shallow magmatic plumbing system.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.
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The Pu‘u Ofo eruption offers excellent opportuni-
ties to examine petrologic and geochemical processes in
shallow, basaltic magma chamber due to the intense,
multi-disciplinary monitoring of its activity, frequent
sampling and repeated eruptions at the same vent.
Strong compositional variations were observed during
some of the high fire-fountaining (400 m) episodes in
1985. Following a 20-30 day hiatus in eruptive ac-
tivity, the shallow magma chamber was largely evac-
uated during brief (1-2 day) eruptions. Samples col-
lected during these episodes, especially at the begin-
ning and end, document the compositional variation be-
tween and during eruptive episodes. Lavas and tephra
from episodes 30 and 31 showed a remarkable and sys-
tematic variation (2 wt% increase in MgO; 7% decrease
in incompatible elements like Ba) during and between
these episodes. Most of the intra-episode lava composi-
tional variation was observed during a brief period (<2
hours) with little variation before or after. Olivines in
these weakly prophyritic Pu‘u O‘o lavas are in equi-
librium with the host rock composition indicating that
compositional variation is not related to magma mix-
ing or accumulation of olivine. We interpret the vari-
ation to reflect crystal fractionation within the shal-
low (tens to hundreds of meter deep) Pu‘u O‘o magma
chamber. This extremely high rate of crystallization
(up to 0.3%/day) and cooling (2°C/day), compared to
estimates of 1°C/year for the rift zone interior, must
reflect the high surface area of the dike-shaped and
open topped magma chamber. These features may rep-
resent the tapping of a diffusive interface separating
well mixed zones of hotter and more primitive magma
in the lower part of the chamber from cooler, somewhat
evolved magma above.
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High-precision measurements of the U-series isotope
abundances of basaltic lavas from the current Puu Oo
eruption of Kilauea Volcano are presented to investi-
gate the dynamics of partial melting within the actively
upwelling Hawaiian mantle plume. Lavas from the Puu
Oo eruption are thought to partially bypass the shal-
low magma storage reservoir beneath the summit of Ki-
lauea, and thus, may represent a relatively direct ”win-
dow” to mantle. Previous studies show that these lavas
display a systematic temporal decrease in their MgO-
normalized abundances of CaO and highly incompat-
ible elements with relatively constant Pb, Sr and Nd
isotope ratios (after the early period of magma mix-
ing within the volcano’s rift zone). Modeling of these
data suggests that Kilauea has tapped a mantle source
component that was depleted of incompatible elements
and clinopyroxene by ”recent” prior melting within
the Hawaiian plume. Our results show that Puu Oo
lavas also display small, but significant, temporal de-
creases in their 230Th-238U and 226Ra-230Th disequi-
libria from 2.5 to 1.4% excess 230Th and 14 to 12% ex-
cess 226Ra (relative to our 4 /-2 sigma analytical uncer-
tainty of 0.3%). These changes in the (230Th)/(238U)
and (226Ra)/(230Th) activity ratios of the lavas corre-
late systematically with larger decreases in the abun-
dance ratios of highly versus moderately incompatible

trace elements from a maximum of 23% for Ba/YDb to a
minimum of 4% for Nd/Sm, which is the dominant geo-
chemical signature of the prior source depletion at Puu
Oo. The systematic correlation between the 230Th-
238U and 226Ra-230Th disequilibria and these trace
element ratios shows that this depletion must have oc-
curred within several half-lives of 230Th (375 kyr) and
226Ra (8 kyr), respectively. Modeling suggests that the
decreases in the 230Th-238U and 226Ra-230Th disequi-
libria of Puu Oo lavas result from essentially zero-age
depletion of the volcano’s source region. Thus, we pro-
pose that relatively fertile mantle within the Hawaiian
plume may have become progressively exhausted during
the eruption, allowing the increasingly depleted, and
thus, more refractory, residue to continue melting.
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For the past 2 years we have been monitoring the
persistent activity at the Pu’u 'O’o crater (Kilauea,
Hawaii) with a permanent system of infrared ther-
mometers. Our intent has been to implement a cheap,
robust, modular real-time thermal system capable of
surviving the harshest of conditions. The system cost
810,000 to construct and consists of three modules:
field-based sensors, a repeater station and a recep-
tion site. The field-based component consists of three
thermal infrared thermometers, housed in pelican cases
with selenium-germanium-arsenic windows. Two 1 de-
gree field of view (FOV) instruments allow specific but
small areas to be monitored, and a 60 degree FOV pro-
vides an overview for all crater floor activity. A hard
wire connection extends 25 m to a pelican-case-housed
microprocessor, modem, and power module. From here,
data are transmitted using Yagi antennas, via the re-
peater site, to a dedicated PC in the lobby of the
Hawaiian Volcano Observatory. Here, the three chan-
nels of data are displayed on-screen, with a delay of 3
seconds between data acquisition and display. Data are
also used to automatically update web-based plots for
general access. Aside from some minor glitches, such
has sensor damage during probable tampering and un-
resolved data stream failures, the system has been in
continuous operation since March 2001. In this regard,
careful waterproofing of connectors, cables and protec-
tive cases has kept out the extremely wet and acidic
atmosphere encountered at the crater edge. We have
also constructed self-contained versions with internal
loggers for $1500/unit. These have been deployed in a
temporary fashion at Stromboli, Masaya and Erta Ale.
Together these instruments have proved capable of de-
tecting thermal signals associated with (1) gas puffing
and jetting, (2) spattering, (3) lava effusion, (4) crater
floor collapse, (5) vent blockage-and-clearing, and (6)
lava lake overturn.

URL: http://hotspot.higp.hawaii.edu/punoco/
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Three IR-sensitive (8 to 14 micron) radiometers sit-
uated on the north rim of Pu’u O’o provide University
of Hawaii and HVO with real-time telemetered thermal
time-series (2 Hz) data. During the past two years,
these instruments have targeted the crater floor as well
as various hornitos and pit vents to monitor fluctua-
tions in eruptive activity, understand cycles in the on-
going eruption, and investigate linkage of various vents.

Between June 18th and July 23rd, 2002, our system
recorded spectacular thermal signals associated with
‘gas pistoning’ at one of the Pu’u O’o central pit vents.
This pistoning is characterized by discrete and vigorous
gas jets (possibly ballistic-laden) that recur regularly
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at intervals ranging from 2 to 10 minutes. The thermal
intensity of these pulses produces radiation equivalent
to a blackbody at 400 degrees C, a marked contrast
to the background that radiates at only 20 degrees C.
Central vent gas pistoning rarely occurs as an isolated
pulse. Instead, our thermal records show intervals of
quasi-continuous gas emission (mean equivalent black-
body temperature 100 degrees C) alternating with se-
quences of ten or more gas piston pulses. Between July
16th and July 21st, 2002 the central vent activity was
nearly dominated by pistoning, with as many as 300
individual pulses occurring in succession over 12 hour
periods. The onset of this period of elevated gas pis-
toning appears to coincide with a series of lava flows
(detected by our radiometers) that erupted from the
central crater pit vent starting on July 11th. We hy-
pothesize that pistoning is a stable mode of degassing
for volatile-rich basaltic magmas with particular supply
rates and conduit geometries.

Our current work focuses on forward modeling of
eruption phenomena to produce various thermal sig-
nals (both gas pistoning as well as lava flow emplace-
ment/cooling curves). The end goal is to convert our
thermal records to calibrated temperature-time wave-
forms that will be used to constrain mass transport es-
timates.
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‘We have applied glass geothermometry to a suite
of very glassy lava samples collected from the upper
(pond) and lower (coast) ends of the Episode 48 tube
system, throughout the lifetime of the Kupaianaha
pond, and also to a small suite of skylight samples col-
lected from various tubes active between 1987 and 1993.
The results for the pond-coast pairs are: (1) From
November 1986 through January 1988 (15 months), the
average change in glass quenching temperature from
pond to coast (for 12 pairs) is 12.4°C. The average
increase in crystallinity (inferred from observed enrich-
ment of TiO2 and K2O in the coastal glasses) is 11-
12% by weight. (2) For the 23 months from February
1988 through November 1989, the average change in
inferred quenching temperature (for 25 pairs) is 8.4°C.
The average increase in crystallinity is 4-5% by weight.
Within this part of the data set, pond and coastal tem-
peratures rise and fall together much of the time, even
though these temporal fluctuations are at or below the
limit of resolution of glass geothermometry (AT < 3
degrees). (3) The minimum difference in temperature
for any pond-coast pair is 7° C. Twenty-four (out of 37)
pairs have AT = 7-9°C , over the three year period.

About half of the skylight samples have glass MgO
contents consistent with their linear position along the
tube system. In other samples, the skylight glasses are
displaced to lower MgO contents, suggesting that such
samples are not consistently as well-quenched as the
pond and littoral spatter samples. For the data from
1992-93, the new tube system was 2 km shorter than the
earlier, Kupaianaha-fed tubes. The best-documented
AT of 6°C for some 1993 samples observed for this 10-
km long tube, gives exactly the same temperature de-
crease with distance (0.6° /km) as the limiting AT of
7°C observed for the 12-km Kupaianaha tube systems.
This cooling rate may represent the limiting thermal ef-
ficiency of tubes of the current Kilauea East Rift erup-
tion.
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We have begun to collect seismic data on lava tubes
at Kilauea volcano in an effort to develop a real-time
method for monitoring lava tube flux. Utilizing seis-
mometers whose responses collectively vary from about
1 Hz to 1000 Hz, we find that most tube signals range
between about 1 to 150 Hz, though some sites exhibit
transient signals that range upward to several hundred
Hz or more. Part of the lower frequency band—perhaps
1-10 Hz—may be volcanic tremor from Pu‘u ‘O‘o, the
source of the lava flowing in the tubes. We attribute the
higher frequencies to flowing lava, though wind noise
and helicopter noise complicate interpretation. At a
given site, both the amplitude and frequency spectrum
change with time. We strongly suspect that at least
some of the changes are related to changes in lava ve-
locity and/or lava flux. Our strongest evidence that the
part of the spectrum greater than 10 Hz contains veloc-
ity /flux information is that the signal amplitude of this
band decreased by about 90 percent when the indepen-
dently measured VLF (Very Low Frequency) tube flux
decreased from about 300,000 mS/day in early Febru-
ary, 2002 to less than 5,000 m3/day in late August.
Qualitative field observations of this tube system are
in agreement with the VLF measurements.
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A better understanding of the evolving surface ther-
mal structure of active lava flow fields is possible with
the synoptic view and high spatial resolution afforded
by satellite-borne hyperspectral instruments such as
the Hyperion sensor aboard Earth Observing-1. Hy-
perion data collected on March 21, 2001, over the ac-
tive Kilauea flow field, allow us to examine the surface
structure of each thermally active 30-m pixel over an
entire flow field. Because Hyperion offers 220 measure-
ments within the 0.4-2.5 pm spectral range, it enables
us to solve for numerous thermal components. Field-
based spectroradiometer and single-channel radiome-
ter measurements of active lava flow surfaces provide
spatial and spectral detail necessary for validation of
satellite observations. Data collected from an Ana-
lytical Spectral Devices field spectroradiometer with
a wavelength range of 0.4 to 2.5 pum and a spectral
resolution of 1-5 nm has been used to calculate ra-
diative temperatures of active pahoehoe flows on Ki-
lauea Volcano, Hawaii. A portable Minolta/Cyclops ra-
diometer roughly encompassing the same field of view
(~60-250 cm2) provided an integrated surface temper-
ature as an independent means of validation. A total of
1075 spectra of cooling pahoehoe flows were collected
over three periods of observation on July 7f’h, gth
215t of 2002. A two component numerical model (Flynn
et al. 1992) has been applied to the spectroradiometer
data in order to describe the pahoehoe surface in terms
of temperature and radiant area. Owver small spatial

, and

scales (~60-250 cm?) a single temperature component
is sometimes adequate in describing the surface struc-
ture of a cooling pahoehoe lobe. However, previous
studies (Flynn et al. 1992; Harris et al. 1998) and our new
data describe the exposed molten surface as a mesh-like
structure, which is actually an integrated temperature
of ~800 °C composed of two thermal components. Set-
ting an appropriate integrated high-temperature com-
ponent is essential when understanding the overall ther-
mal budget of a lava flow. This becomes especially
true over larger spatial scales when multiple temper-
ature components are necessary to describe a 900 m?
satellite pixel.
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The since 1986 (with the beginning of episode 48)
activity at Kilauea has been dominated by pahoehoe
lavas. The nearly continuous presence of active pa-
hoehoe lava flows in the past decade has allowed for
repeated field experiments to refine models for differ-
ent aspects of the emplacement of pahoehoe lava flows.
For example, in 1995 a simple field experiment was con-
ducted to verify theoretical predictions for the cooling
at the base of pahoehoe lava flows. The thermocouple
temperatures from the base of pahoehoe lobes showed
an unexpected increase in temperature a few minutes
after the lobe was extruded. The proposed explana-
tion was that the dynamics of crystallization led to a
rapid release of latent after a few tens of degrees of
super-cooling had developed. Field experiments in 1999
were conducted in which pahoehoe lobes were quenched
at various points in their early cooling history, allow-
ing the temporal progression of crystallization to be
directly observed. The conclusions of this experiment
will be presented. Another example is the comparison
of different heat loss mechanisms determined by tun-
ing a numerical model to match 1991-1995 radiometer
and thermocouple data for the cooling of the top of
pahoehoe lava flows. The results indicated that cool-
ing by the wind was the dominant heat loss term, over
the life of a pahoehoe lava flow. However, this term
was extremely poorly constrained, requiring a new set
of field measurements. While attempts to collect these
field data started in 1995, the complexity of quantifying
the turbulent airflow over active lava defeated us until
2002. The results from this series of field experiments
will be presented. Theoretical and field studies of the
rheology of pahoehoe flows have also been conducted.
It had been suggested that a visco-elastic layer, close to
the solidus temperature, controlled much of the behav-
ior of pahoehoe lava flows. Field measurements from
1991 and 2002 on the rheological properties of the ini-
tial skin to form on pahoehoe lava will be reported on.
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Hawaiian ‘a‘a lava flows often erupt from the vent as
pahoehoe and undergo a down-flow evolution in surface
morphology. This evolution can be characterized by
mapping the two dominant surface morphologies (pa-
hoehoe and ‘a‘a) as a function of distance from the
vent. The fraction of the flow surface covered by pa-
hoehoe typically decreases in a sigmoidal fashion, re-
flecting three distinct regions: iso-morphic pahoehoe,
followed by a transitional region containing both pa-
hoehoe and ‘a‘a, and iso-morphic ‘a‘a. The surface
morphology distribution can be fit by an equation of
the form P=1/[1+4 (K xd)™],
where P is the fraction of the flow surface that is pahoe-
hoe and d is the distance from the vent in kilometers.
The fit parameter K describes the location of the tran-
sition from iso-morphic pahoehoe to mixed pahoehoe
and ‘a‘a and m describes the rate of transition between
the iso-morphic regions. K and m can be used to in-
fer some physical parameters of the eruption, such as
eruption temperature, effusion rate, flow advance rate,
cooling rate, and topographic gradient, provided that
other parameters can be constrained by observation or
analysis of flow features.

We apply this technique to selected lava flows from
episodes 1 to 48 of the Pu‘u ‘O‘o-Kupainaha eruption
to further refine our understanding of how flow facies
evolution relates to parameters of flow emplacement,
as well as to constrain the type of eruption (e.g. vent
type, duration, etc.) that are candidates for this type
of analysis. Surface morphology maps are created us-
ing geo-spatially registered airphotos taken after each
episode. The surface morphology maps are then made
into binary images and divided into slices at given in-
tervals from the vent. We determine the fraction of
surface area that is pahoehoe (P) for each slice using
NIH image, and plot it as a function of distance from
the vent.

Within the subset of flows examined, a sigmoidal
surface morphology distribution is always observed in
fissure-fed flows (episodes 1 and 11) and in some point
source flows (episodes 5, 12, 25, and 40). The effusion
rate and flow advance rate of these flows do not differ
dramatically from those of episodes with more complex
surface morphology distributions (2, 3, 18, 21, 22, and
39). More complex signatures, marked by a flattening
of P(d) in the transitional zone, develop under condi-
tions of protracted flow duration or when flow paths
are strongly influenced by pre-existing topography. In
flows that show a sigmoidal surface morphology dis-
tribution, our results suggest that the parameter K is
influenced primarily by the eruption temperature and

effusion rate of the flow, with higher temperatures and
effusion rates producing smaller K values (i.e., a greater
distance to the pahoehoe to ‘a‘a transition). The pa-
rameter m shows greater variability, but in general is
larger (i.e. a more rapid transition) in fissure fed flows
that have larger fields of pahoehoe in the proximal re-
gion of the flow.
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Temperature measurements of lava lakes and active
flows from erupting volcanoes are important because
they indicate the degree of activity and may be used to
estimate flow viscosity and effusion rates, and therefore
to predict ultimate flow length and width. Tempera-
tures are measured in situ with thermocouples or ra-
diometers, or from aircraft or spacecraft with radiome-
ters. Remote measurement allows rapid response to
eruptions in inaccessible areas and therefore is a rea-
sonable approach to global monitoring of volcanic ac-
tivity and hazard. In measuring radiometric tempera-
tures, there are two unknowns: (1) the kinetic temper-
ature, and (2) the emissivity, which in order to solve for
the temperature is generally assumed to be the same as
for the cooled lava. Kinetic and radiometric tempera-
tures, however, appear to differ substantially for lava;
for example, during the 1984 eruption of Mauna Loa we
measured apparent radiometric temperatures of 750°C
near the vent, rising to 900°C 1 km downstream. In
contrast, thermocouple measurements near the vent are
1140° C. Explanations include: (1) absorption of emit-
ted radiance by gases evolving from the lava near the
vent (SO2, H20, CO2); and (2) emissivity rising as the
lava cools. Since our ground radiometry in 1984 was
made looking downwind, absorption alone cannot ex-
plain the observations. To test possibility 2, we mea-
sured the emissivity of cooling lava from PuuOo (ki-
netic T = 1050-400° C) using paired broadband (1.25-
15 um) radiometric measurements made under clear sky
(R(T)) and in a hemispheric reflector (BB(T)) on the
lava. Under the hemispheric reflector the lava emits as
though in a cavity (blackbody radiation) and therefore
emissivity=R/BB. We also made narrow-band radio-
metric measurements to test the sensitivity of the re-
covered emissivities to the spectral shape of the black-
body spectrum alone and for better comparison to lab-
oratory emissivity spectra. Broadband emissivities ap-
pear to rise systematically as the lava cools, from 0.55
at 1050°C to 0.85 at <500°C, and <5% of that rise
can be attributed to the methodology. The emissivities
of metals are known to rise with temperature, and the
emissivities of dieletrics are known to decrease, con-
sistent with our findings. We conclude that the rise
in emissivity as the lava cools is real. These results
suggest that emissivity must be treated as a function
of temperature if accurate lava temperatures are to be
recovered for active flows. In addition, accurate re-
covery probably requires compositional classification of
the erupting lava, an unsolved problem.
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At Kilauea, Hawaii, one may observe red-brown sur-
faces on basalt lava. Such surfaces are not unique to
basalt but are typical for any oxidation horizon and are
due to the formation of Fe-oxides or -hydroxides. Con-
trary to expectation, however, these lava surfaces are
not well-exposed to rain-weathering. Instead, they are
found where the lava is in the shadow of direct expo-
sure to rain, for example a the interface between lava
lobes or at the interior of former skylights. Elemental
distribution line profiles from the surface to the lavas
interior confirm an Fe-enrichment of a few microns at
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these surfaces. By contrast, this basalt quenched to
glass, if re-heated in air at temperature between 775
and 900° C, shows a Ca-enrichment at the surface. The
underlying Ca-diffusion is a result of the oxygen gradi-
ent between glass and air, and was assigned to the very
negative AG for the CaO-formation [1]. According to
microprobe analyses of pyroxene and plagioclase that
form during re-heating above 930°C, both phases in-
crease in Ca with increasing T. It is therefore possible
that Ca becomes largely fixed in these crystals and is
hence not available for diffusion at higher T.

[1] Burkhard D.J.M. (2001) J. Petrol. 42, 507-527.
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New compositional and age data from offshore pil-
low lavas and volcaniclastic sediments, along with on-
land geologic, seismic, and deformation data, provide
broad perspectives on the ancestral growth of Kilauea
volcano and the long-term geometric evolution of its
rift zones. Sulfur-rich glass rinds on pillow lavas and
volcaniclastic sediments derived from them document
early underwater growth of a large compositionally di-
verse alkalic edifice. The alkalic rocks yield 40Ar/39Ar
ages as old as about 275 ka; transitional-composition
lavas, which mark beginning of the shield stage while
the edifice remained below sea level, were probably
first erupted at about 200 ka. Breccias from Papau
Seamount, long interpreted as a landslide mass from the
south flank of Kilauea, instead are fragments derived
from subaerial Mauna Loa, requiring that the flank of
a large Mauna Loa edifice underlies western parts of Ki-
lauea at shallow depth. Seismic and gravity data show
that the deep plumbing system for Kilaueas magma
supply extends through the oceanic crust to depths
of at least 30-35 km, directly below its present-day
caldera. Proximity of Kilaueas caldera to the surface
boundary with Mauna Loa and the presence of Mauna
Loa rocks at shallow depth are difficult to reconcile
with a submarine origin for early Kilauea alkalic lavas,
unless geometric relations between the two volcanoes
changed substantially during growth of the Kilauea
shield since its inception at about 200 ka. Seismic and
ground deformation data suggest seaward spreading of
the entire south flank of Hawaii Island, independently
of the boundary between Kilauea and Mauna Loa, along
a landward-dipping detachment fault system largely
following the basal contact of the composite volcanic
edifices with underlying sea-floor sediments. Current
steady-state horizontal displacements increase progres-
sively seaward, at rates of 1.5 cm/yr on the lower flank
of Mauna Loa and reaching 5-8 cm/yr at the Kilauea
coastline. Infrequent ( 100 yr) large earthquakes gen-
erate similar displacement geometries, but 102 larger
displacements per event. Prior to inception of Kilauea
and during its early growth, Mauna Loa is inferred
to undergone more active volcano spreading, involv-
ing the Kaoiki-Honuapo fault system (considered a ge-
ometric analog of the Hilina system on Kilauea). Cu-
mulative deformation of Mauna Loas south flank dur-
ing growth of Kilauea since 200-300 ka is estimated to
have involved 10-15 km of seaward spreading, displac-
ing the rift zones of Kilauea while its deep plumbing
system and summit magma reservoir remained nearly
fixed in space. Kilaueas rift zones, rather than migrat-
ing southward with time solely due to dike emplace-
ment preferentially on the mobile seaward side, alterna-
tively are interpreted to have largely been transported
passively southward, ”piggyback” style, during shield-
stage growth of Kilauea on a still-mobile south flank of
Mauna Loa. Such an evolution of Kilauea can account
for the arcuate geometry of the present-day rift zones,
proximity of the summit magma supply to the exposed
flank of Mauna Loa, initial submarine growth of the an-
cestral edifice, and present-day location of Mauna Loa
rocks at shallow depth beneath the south flank of Ki-
lauea.
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The midslope bench on the submarine south flank
of Kilauea volcano consists of volcaniclastic breccias
and sandstones shed from Mauna Loa and Kilauea.
Highly alkalic clasts (alkali basalt to nephelinite and
phonotephrite), previously dated between 275 and 130
ka, record early Kilauea volcanism. High S concen-
trations (>750 ppm) in clasts and many sandstone
glasses have suggested that early Kilauea alkalic mag-
mas were erupted in deep water. To better evalu-
ate eruption depths, we have measured (FTIR) HoO
and COg dissolved in glasses from early alkalic brec-
cias and sandstones and overlying alkalic to tholei-
itic pillow lavas. Saturation pressures were calculated
from mixed-volatile solubility models, then converted
to eruption depths assuming gas saturation pressure is
equal to or greater than eruption pressure.

Despite high dissolved S concentrations in most
samples, 22 of 31 alkalic glasses were erupted at or near
sea level (HoO ~0.1 wt %, COg below detection). Of
the remaining nine, none were erupted below ~3000 m
water depth (COg < 130 ppm). High S in otherwise de-
gassed alkalic glasses indicates incomplete S degassing
due to rapid ascent rate, compositional dependence,
or both; S content is not a reliable indicator of erup-
tion depth. The subaerial to relatively shallow subma-
rine eruption depths for the alkalic magmas indicate
that early Kilauea grew high on the submarine shoul-
der of the Mauna Loa edifice, well above the surround-
ing sea floor at ~5500 m depth. These results require
that Mauna Loa is larger, and Kilauea smaller, than
commonly postulated. Glass rinds of in-place transi-
tional pillow basalts (pre-shield-phase Kilauea), from
three sites above and east of the midslope bench, have
HpO (0.2-1.0 wt %) and COg (170-270 ppm) concentra-
tions that indicate eruption depths of 3500 to 5500 m.
As the alkalic phase waned (post-130 ka) and transi-
tional lavas erupted, activity propagated eastward into
deeper water, marking the inception of Kilauea’s east
rift zone (Puna Ridge). During the volcano’s mature
shield stage, tholeiitic magmas have erupted subaeri-
ally and as pillow lavas along the east rift zone, re-
flecting continued growth both upward and laterally to
the east.
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Basaltic glass grains in sandstone from the subma-
rine south flank of Kilauea, Hawaii, have Cl concen-
trations of 0.01-1.68 wt%, and are products of brine
assimilation by tholeiite magma. To our knowledge,
these include the highest dissolved Cl concentrations
reported for mid-ocean ridge or ocean island basaltic
glasses. The ultra-high Cl glasses are grains in a sand-
stone clast in bedded breccias draping the southwestern
end of Kilaueas submarine mid-slope bench, collected
by the JAMSTEC ROV Kaiko in 2001. The clast con-
tains two distinct suites of comagmatic glass grains.
Most abundant are degassed (low S, Cl, HoO; COgq
< detection) Loa-type tholeiite grains (n=22 analyzed)
likely from subaerial lavas of Mauna Loa that shattered
upon ocean entry. A second suite of Kea-type tholeiite
grains (n=17 analyzed), has higher S (780-1050 ppm)
and a wide range in Cl (110-16800 ppm). Ten grains
in this group have Cl >1000 ppm, six >5000 ppm, and
two grains have >10,000 ppm dissolved Cl. The grains
contain traces of olivine, clinopyroxene, and spinel, but
no plagioclase. FTIR analyses show that the glasses
have elevated water (0.42-1.27 wt%) and COg (<50-
130 ppm) concentrations, consistent with eruption at
2000-3000 m water depth. Water and CI concentrations
increase together to ~1.2 wt% HoO and ~3000 ppm CI;
HpO remains at ~1.2 wt% in grains with >3000 ppm
Cl. The correlation of HoO with Cl indicates assimila-
tion of fluid, not salt or rock. Coupled major-element
variations characterize the assimilant as ~70 % HoO
(wt), 17 % Cl, 5.5 % Na, and 3.8 % each Ca and K
(a brine, not seawater) and that ~10 wt% assimilation
was necessary to produce the highest CI glasses. As-
similation of this composition as a single-phase brine
at magmatic temperature would require pressure >175
MPa. Subsequent ascent to a submarine vent degassed
HoO from the more strongly contaminated magmas,
reducing HoO to ~1.2 wt% without lowering Cl, Na,
or K measurably. Small amounts of crystallization ac-
companied fluid assimilation, but plagioclase crystal-
lization was suppressed due to elevated HgO. Cl-rich
glasses are strongly enriched in Ba (to 1.6x), Rb (to
2x), and Pb (to 3x) (LA-ICPMS) relative to grains
with normal tholeiite Cl contents (110-200 ppm); other
trace elements correlate weakly (Sr), or not at all (F,
Zr, Nb, REE), with Cl. The high-H50O, -Cl Kilauea
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glasses show that droplets of hydrothermal fluid can
enter and be absorbed by active magma bodies. Under
rare circumstances, the quantities of assimilated fluid
can be substantial (to 10 wt%), can modify the course
of crystallization-differentiation, and can dominate the
budgets of some petrogenetically important trace ele-
ments. Fluid assimilation would be difficult to recog-
nize in degassed subaerial magmas or for assimilation
of Cl-poor fluids.
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In terms of their detailed volcanology and facies ar-
chitecture, Continental Flood Basalts (CFBs) and as-
sociated volcanic rifted margins reveal important in-
formation to help our understanding of their evolu-
tion. Mafic volcanism, which makes up the majority
of preserved material, is characterized by flows 2-3 m
to several 10s of meters thick, with ponded flows and
occasional massive flow events of the order of 100 m
thick. Although most of the flows are emplaced by
the same mechanism as passive inflated sheets, a va-
riety of different facies associations exist dependent on
flow volumes and to some extent flow composition. The
largest silicic volcanic events are comparable in size
to the largest recorded mafic events, however, they
are potentially more catastrophic if erupted as ign-
imbrite flows. Facies, and facies associations identi-
fied in CFBs include: Tabular-Classic flows, Compound
Flows, Ponded flows, truncation-onlap volcanic discon-
formities, burial-onlap volcanic disconformities, pro-
grading hyaloclastite facies, preserved shield volcanic
features, and sill facies. Many of these features occur
on an intermediate to large basin wide scale and may
only be revealed by detailed fieldwork, photogramme-
try and 3-D geological models

URL: http://www.dur.ac.uk/d.a.jerram/
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The Columbia River Basalt Group (CRBG) in the
northwestern United States is one of the smallest (ap-
prox. 174,000 km2) and youngest example of a con-
tinental tholeiitic flood basalt province that was once
generated by the Yellowstone plume. Individual lava
flows of the CRBG have flooded over hundreds of km?
area. The CRBG has been divided into several forma-
tions based on their first order geochemical differences.
Among them, the Grande Ronde Formation (GR) is vol-
umetrically most significant, constituting about 87%
of the CRBG. GR lavas are chemically quite evolved
(SiOg: 52-57 wt%, MgO: 3-6%) and erupted essentially
as melts carrying no more than about 5% phenocrysts
(large crystals of plagioclase, pigeonite, and augite).
Basalts from elsewhere in the world that are chemi-
cally as evolved as the GR generally contain 15-20%
phenocrysts, and therefore the scarcity of phenocrysts
in the GR basalts on such a large spatial scale is a fun-
damental problem. One view is that these lavas repre-
sent primary or near primary melts generated by large-
scale melting (30-50% melting) of eclogite in Yellow-
stone plume. A second view is that the magmas had
high dissolved HoO, which kept the magmas close to
their liquidi and prevented crystals from forming. On
a normative cpx-ol-pl-qz projection, GR lavas plot very
close to the 1 atmosphere pseudo-cotectic; clearly indi-
cating that the erupted melts underwent fractionation
and mixing processes at a very shallow level, possibly
in an upper crustal network of sills and dikes, and thus
these lavas cannot be primary melts. Analysis of whole
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