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Summary of Objectives, Approach, Results, Conclusions, & Importance 

There are two primary objectives of this project. The first objective consists of developing a 
complete data set of physical parameters from Long Valley caldera and the Bishop Tuff to constrain the 
initial and boundary conditions for numerical simulations. The second objective will be the completion of 
a series of numerical simulations that will provide explicit and testable models constraining the evolution 
of the caldera eruption that formed the Long Valley caldera and associated pyroclastic deposits (Bishop 
Tu@. 

Achieving the proposed objectives will require two steps. First, a comprehensive analysis of the 
intracaldera Bishop Tuff will be performed using high precision micro-beam analytical techniques on melt 
inclusions found in quartz phenocrysts. Second, data obtained from the analysis of the intracaldera Bishop 
Tuff together with data obtained from other studies will be used to constrain the initial and boundary 
conditions of the numerical simulations. 

intracaldera Bishop Tuff was formed from a high silica rhyolite magma. Major element concentrations in 
melt inclusions did not vary significantly with depth in the intracaldera Bishop Tuff, and are similar to 
major element concentrations identified in melt inclusions from the outflow Bishop Tuff. C1 
concentrations, determined by electron microprobe, increase with depth and are generally higher than 
concentrations in the outflow Bishop Tuff. Secondary ion mass spectrometry analysis for trace element and 
volatile phases revealed concentration gradients for FeO, H,O, Ba, Sr, Y, Zr, and Nb that increase with 
depth. The H20 concentration gradient follows the trend observed in the outflow Bishop Tuff. F 
concentrations varied inconsistently with depth and were considerably higher than concentrations in the 
outflow Bishop Tuff. 

and volatile concentrations found in the intracaldera Bishop Tuff indicate that erupted pyroclastic material 
would not have the required momentum to escape the caldera depression. 

Bishop Tuff may indicate that the intracaldera Bishop Tuff represents a different phase of the eruption that 
occurred at Long Valley. The volatile contents found in melt inclusions of early intracaldera Bishop Tuff 
was not in sufficient quarltity in the erupting magma to drive pyroclastic material beyond the rim of a 
forming caldera, as demonstrated by initial numerical simulations. For these reasons, the intracaldera tuffs 
at Long Valley were most likely deposited after tuffs deposited on the outflow sheet. Furthermore, the 
decreasing trend of H,O from Early Bishop Tuff to Late Bishop Tuff to caldera Bishop Tuff indicates that 

Electron microprobe analysis of melt inclusions for major element oxides indicate that the 

Preliminary simulations based on initial and boundary conditions defined by the caldera structure 

Different concentrations in the volatile phases between the intracaldera Bishop Tuff and the outflow 
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the source magma of the intracaldera Bishop Tuff was less evolved than the source for the outflow Bishop 
Tuff, and possibly came fiom deeper within the Long Valley magma chamber. 

Introduction 

Caldera evolution involving large-volumes (greater than 100 km3) of silicic magma usually begins 
with the catastrophic failure of an over pressured magma chamber that results in the violent expulsion of 
heated pumice, ash, and gases with the subsequent deposition of pyroclastic material. We have begun to 
assemble a complete set of constraining parameters to use in leading edge computer simulation programs of 
volcanic eruption dynamics developed at Los Alamos National Laboratory with a never before studied suite 
of pyroclastic material fiom the Long Valley Exploratory Well (LVF 51-20) at Long Valley, California. 
State of the art microbeam analysis of melt inclusions obtained fiom the LVF 5 1-20 core and cuttings 
provide the data necessary to constrain both initial and boundary conditions for the first detailed numerical 
simulations of a caldera forming eruption. The results will be tested against previous studies of measured 
dispersal parameters of the eruptive products. Applications of this study will provide important and timely 
conclusions regarding the formation of silicic calderas, the dynamics of explosive, high-volume eruptive 
columns, and the mechanics of large-scale pyroclastic flow deposition and its associated hazards. 

We are using a two-step approach to achieve this task. First, a comprehensive analysis of melt- 
inclusions found within quartz phenocrysts in the LVF 5 1-20 core samples and cuttings is performed by 
using electron microprobe analysis for the determination of major-element and high-concentration volatile 
phases (e.g., C1 and F) and secondary ion mass spectrometry analysis for the determination of trace- 
element (e.g., REEs) and volatile phase (i.e., H,O, C1, and F) concentrations. The second step involves 
the development of numerical simulations. Quantitative modeling of eruptions through the use of 
numerical simulations can provide insight to the processes involved in eruption dynamics that cannot be 
obtained by conventional laboratory methods. A complete data set to constrain the initial and boundary 
conditions of the numerical simulations can be obtained by combining the data fiom melt inclusions with 
information fiom previous research on the outflow Bishop Tuff. The numerical simulations are based on 
numerical solutions of the time dependent, two-phase, Navier-Stokes equations for jets in a gravitational 
field. Results from the numerical simulations will yield information on volume hc t ion  gradients, 
temperature gradients, pressure gradients, flow direction and flow velocity, and how these variables change 
in linear time. This information will be instrumental in forming a better understanding of the processes 
which take place during the formation of silicic calderas, and how silicic calderas provide clues to the 
formation of continental crust. 

Progress During the Reporting Period 

Significant progress has been made during this past year (1 October, 1993 - 3 1 August, 1994) in 
both the geochemical characterization of the intracaldera Bishop Tuff and the development of numerical 
simulations. The first step in our approach (geochemical characterization of the intracaldera Bishop Tu@ is 
complete. The second step, which involves developing the data sets for constraining the initial and 
boundary conditions of the numerical simulations, is now in progress. 

C1 indicate that the intracaldera Bishop Tuff was formed fiom a high silica (70 - 76% S i 0 3  rhyolitic 
magma. Major element concentrations in melt inclusions did not vary significantly with depth in the 
intracaldera Bishop Tuff. The concentration of C1, however, increased with depth from 700 to 1200 ppm. 
Secondary ion mass spectrometry analysis of melt inclusions were performed for FeO, H20, F, Li, Be, B, 
Ti, Rb, Sr, Y, Zr, Nb, Ba, Ce, and Th. Concentrations of FeO, H,O, Ba, Sr, Y, Zr, and Nb also 
increased with depth. Most notable was the change in FeO (0.22 to 0.58 wt%) and H,O (0.1 to 1.2 wPh). 
In contrast, the concentration of Li decreased (70 to 15 ppm) with depth. The concentration of F varied 
from 800 to 5000 ppm with the highest concentrations below 2700 feet. The lowest concentrations of F 
(100 to 500 ppm) were concentrated above 2700 feet except for samples at 5625 feet. There were no 
significant changes in the concenfration of Be, B, Ti, Rb, Ce, and Th. All trace element concentrations in 
melt inclusions from the intracaldera Bishop Tuff are similar to analyses of melt inclusions found in the 
outflow Bishop Tuff except for the volatiles H,O, C1, and F (Figure 1). 

Major Findings: Electron microprobe analysis of melt inclusions for major element oxides and 
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Preliminary computer simulations based on initial and boundary conditions defined by the caldera 
structure and volatile concentrations found in the deepest (or earliest ) intracaldera Bishop Tuff indicate that 
erupted pyroclastic flows would not have had the required momentum to travel beyond the caldera 
boundary even for cases where a caldera wall had not formed. Using a water content of 1.35 wt% and a 
hydraulic vent radius of 100 m, a simulated eruption column of solid particles did not exceed a height of 1 
km, and the resulting pyroclastic flow moved only about 2.5 km away from the vent (Figure 2). 

Conclusions: H20 concentrations in melt inclusions from the deepest (or earliest ) intracaldera 
Bishop Tuff continue the trend of decreasing H,O from Early Bishop Tuff to Late Bishop Tuff. The 
significance of this trend is twofold 1) the intracaldera Bishop Tuff was not deposited contemporaneous 
with the outflow Bishop Tuff and was most probably deposited directly after deposition of the outflow 
Bishop Tuff and 2) decreasing H20 concentrations in the erupting magma were not sufficient after fill 
expansion to propel the pyroclastic material out of the caldera, as supported by computer simulation 
results. 

Equipment Obtained & Facilities Used: Preparation of all samples of the intracaldera Bishop 
Tuff was performed in the thin-section laboratory of the Department of Earth and Planetary Sciences at the 
University of New Mexico. Melt-inclusion analysis for major-element and high-concentration volatile 
phase characterization by electron microprobe was performed on a JEOL 733 Superprobe located in the 
Department of Earth and Planetary Sciences at the University of New Mexico. Melt-inclusion analysis for 
trace element and volatile phase characterization by secondary ion mass spectrometry was performed on a 
Cameca IMS-4f located at the Advanced Materials Laboratory which is operated as a joint venture between 
the Sandia National Laboratory and the University of New Mexico. 

adapted to a Digital Equipment Corporation (DEC) Decstation 5UUU/2UU located in the Earth and 
Environment Science (EES-1) facility at Los Alamos National Laboratory. This workstation was obtained 
for this project through an unused property transfer from another group in January 1994. 

Numerical simulations were initially performed on Cray YMP machines at LANL, and later 

Tangible Results: 
1. Publications in press - 

Servilla, M.S. and Papike, J.J., Melt inclusions as recorders of pre-eruptive geochemical 
characteristics of the intracaldera Bishop tuff: an ion and electron probe investigation, Fall 
1994 GSA Abstracts 

Future of Project 

Continuation of Present Research: To date, all geochemical characterization of the intracaldera 
Bishop Tuff is complete. The remaining work in this project. consists of developing a complete data set of 
initial and boundary conditions that can be applied to the computer simulations. A small set of 
preliminary simulations have been performed at this time. A much greater set of detailed simulations will 
be performed to better understand the dynamics of explosive eruptions and, in particular, the eruption of 
the Bishop Tuff that occurred at Long Valley, California. 

Funding for the completion of this project has been obtained from the Institute of Geophysics and 
Planetary Physics at Los Alamos National Laboratory. 

Continuation Beyond Present Funding and Research: Evidence from past volcanic events 
have detailed the enormous energy released during a silicic eruption. Modem day analogs of such an event 
must be well understood to avoid the possibility of a catastrophic incident. The recent seismic crisis at 
Mammoth Mountain near Long Valley could be an indicator to such an event. Computer simulations can 
aid in this understanding. There exists,.however, limitations in present simulation design. Future 
development of simulations using a three-dimensional space domain (in contrast to two-dimensional space 
domains in present numerical simulations) in conjunction 'with scientific visualization techniques will be 
paramount to achieve a greater understanding of caldera forming eruptions and its associated hazards. 

National Science Foundation or by the Department of Energy BES Geoscience program. 

Funds Received as a Result of IGPP-Sponsored Research 

Should this project be successfil, fbture funding of similar research might be provided by the 

There has not been any funding outside of the primary IGPP grant. 

Los Alamos Facilities Used 
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LANL Cray YMP supercomputers were used to make initial simulations with DASH, a 2-D 
multiphase, compressible hydrodynamic code (Wohletz and Valentine, 1990). This work involved 
Servilla and Wohletz and required approximately 20 hours of CPU time. The DASH code was then ported 
to the EES- 1 tephra lab DEC workstation where simulations were repeated, using 64-bit precision, in order 
to compare results to those given by the Cray. We found results agreeing within less than 1% error after 
several hundred seconds of simulation, such that M e r  simulations using the DEC workstation can be 
considered reliable. 

Figure 1 - Average volatile concentrations in the intracaldera LVF 51-20 exploratory well and outflow 
pyroclastic units. Outflow pyroclastic units are ordered in time based on Hildreth's (1979) 
geothermometry and compositional gradients. Volatile concentrations for the outflow pyroclastic units are 
from Dunbar (1992). 

Figure 2 - Time series plots of solid volume fraction of simulations based on structural and geochemical 
data from the deepest (or earliest) intracaldera Bishop Tuff. T = 10.2 seconds produces the highest column 
(< 1 km) and T = 500 seconds shows the lateral extent of pyroclastic flows. 
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