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A four-day workshop “Understanding a Large Silicic Volcanic System: An 

Interdisciplinary Workshop on Volcanic Process in Long Valley Caldera-Mono Craters” 

was held October 8-12, 2003, at the Mammoth Mountain Lodge perched on the 

southwest rim of the caldera. The National Science Foundation and U.S. Geological 

Survey supported the workshop, which included over 65 participants from academia, 

government agencies, and the private sector, with participants from Italy, Japan, New 

Zealand, and Great Britain. A field trip led by Marcus Bursik, Wes Hildreth, and Gail 

Mahood visited deposits of the ~600 ybp Inyo Domes eruptions, the Horseshoe Lake 

tree-kill area of high CO2 flux, and outcrops of Bishop Tuff along Owens Gorge. 

  

Volcanism in the Long Valley Caldera – Mono Craters (LVCMC) volcanic field over the 

past 4 Ma is dominated by the 0.76 Ma caldera-forming eruption of 600 km3 of rhyolite 

to form the Bishop Tuff. Over the last 150 kyr, volcanism has concentrated along the 

Mono-Inyo chain, which extends 45 km northward from Mammoth Mountain to Mono 

Lake (Figure 1).  Recent eruptions along this chain have occurred from multiple vents 

650±50 ybp and from a vent in the middle of Mono Lake about 300 ybp. An earthquake 

swarm in May 1980, including four M6 earthquakes, accompanied by uplift of the 

resurgent dome in the center of the caldera called attention to the restless nature of Long 

Valley caldera. Subsequent activity has included recurring swarms of earthquakes (M ≤ 

5.8), episodic uplift of the resurgent dome, diffuse outgassing of magmatic CO2 and mid-

crustal (10- to 25-km deep), and long period (LP) volcanic earthquakes.  

 

The goals of the workshop were to 1) develop an interdisciplinary assessment of our 

current understanding of the LVMC volcanic system, and 2) identify outstanding 

questions that might be resolved with new observations/experiments as a framework for 

guiding future proposals to both NSF and the USGS Volcano Hazards Program.   

 



Wide-ranging discussions during the workshop emphasized that, although we have 

learned a great deal about this complex magmatic system over the past 25 years, major 

questions have yet to be resolved. The most recent eruptions were localized along the 

Mono-Inyo chain, yet recent ground deformation has focused on the resurgent dome, and 

seismicity is concentrated beneath the south moat of the caldera, Mammoth Mountain, 

and the Sierra Nevada block south of the caldera (Figure 1).  Where is the next eruption 

most likely to occur?  Could magma driving uplift beneath the resurgent dome erupt from 

vents along the Mono-Inyo chain?  These questions highlight uncertainty in the size, 

distribution, and connectivity between magma bodies in the upper crust, as well as the 

deep roots of the magmatic system in the lower crust and upper mantle. Although magma 

intrusion seems a likely cause of uplift, available evidence does not preclude a role for 

magmatic brines or hydrothermal fluids. More broadly, the relationship between 

magmatism and Basin-and-Range extension remains unresolved.  

 

Although viewpoints varied on many issues, the discussions revealed consensus on a 

number of points.  While there is evidence for recent magmatic intrusion beneath the 

LVMC system, data do not support the existence of large (caldera-scale) magma bodies 

in the upper crust, as presumably existed prior to eruption of the Bishop Tuff. Seismic 

observations require fast, low attenuation wave-paths through the central caldera.  

Tomographic studies using local earthquake sources and magnetotelluric surveys show 

no evidence of a large magma body in the upper 10 km beneath the caldera.  

Furthermore, no volcanic activity has occurred in the eastern 2/3 of the caldera in the last 

300,000 years (Figure 1). Eruption of basalts in the western third of the caldera in the last 

150 kyr limits the extent of any silicic melt pockets, which would prevent denser basaltic 

magmas from reaching the surface.  However, the western structural boundary of the 

caldera, defined by the ring fracture system is 2 to 4 km inboard of the topographic rim 

(Figure 1), such that most post-300 ka  vents fall outside the structural caldera.  Other 

evidence needing to be reconciled with any model of the LVMC system includes the lack 

of volcanic gas emission in the central caldera and the decidedly cool temperatures (100 
oC at depths of 2 to 3 km) in the Long Valley Exploratory Well (LVEW) located near the 

center of uplift.  



 

Considerable evidence supports recent emplacement of melt beneath both the 

resurgent dome and Mammoth Mountain.  Evidence for intrusion in the central caldera 

includes uplift of as much as 80 cm during the past two decades.  The uplift was 

accompanied by gravity changes that are interpreted to require intrusion of silicate melt. 

The deformation data constrain the shape (vertically elongate), the depth (6-10 km), and 

the volume change (~0.2 km3, since the late 1970s), but not the total volume of the 

inflation source.  Teleseismic tomography shows low P-wave velocities at mid crustal 

depths (10 to 30 km) that are consistent with 10-20% partial melt. The fact that south-

moat seismicity increases following the onset of accelerating uplift implies a causal link 

between the inflation source and south moat earthquakes.  Intermediate lavas erupted 

within the west moat show evidence of mixing with magma of Bishop Tuff affinity, 

indicating that some residual melts or partly crystallized residues remain.  Although 

magnetotelluric data show no evidence for a low resistivity zone in the upper crust, the 

data have not been examined with current techniques and have limited depth resolution 

due, in part, to highly conductive rocks within the caldera fill. 

 

Evidence for intrusion of small amounts of magma beneath Mammoth Mountain is 

stronger.  The 1989 seismic swarm outlines a tabular zone, interpreted to be a dike in the 

upper 7 km of crust.  Deep (10-20 km) long period (LP) earthquakes, thought to represent 

fluid flow, began during the swarm, followed within a few months by the onset of CO2 

emission around Mammoth Mountain. Fumarolic 3He/4He ratios as high as 6, indicative 

of mantle sources, increased and have remained high since 1989.  All of this data can be 

explained by emplacement of a small basaltic dike in late 1989. The ongoing CO2 flux of 

~300 tons/day is too large to be explained by a single dike, suggesting longer-term gas 

accumulation or continued outgassing from a deeper magmatic source.  

  

Earthquake focal mechanisms with clear volumetric (non-double-couple) components 

and the systematic migration of seismicity from 6-7 km up to depths of 4 km or less 

suggests fluid involvement in the earthquake swarms beneath Mammoth Mountain and 

the south moat. Strain transients and water level changes in monitoring wells are 



consistent with upward migration of fluids, possibly hydrous brines derived from magma.  

A conspicuous lack of a thermal anomaly and absence of volcanic gases dissolved in the 

hydrothermal system of the south moat suggests that deep magmatic fluids may be 

isolated from near surface fluid reservoirs beneath the south moat. 

 

An important goal of the workshop was to identify areas of future research with 

expected high payoff in terms of addressing outstanding problems. Recommendations 

include:  

� Improve understanding of the link between regional tectonism and magmatism 

within the LVMC volcanic system and in particular, the link between seismic 

activity in the Sierra Nevada and that within the caldera. 

� Improve resolution of the structure and physical state of the upper 5 to 20 km of 

the crust using seismic, electromagnetic, and potential field studies, including the 

northern Mono-Inyo chain. 

� Apply recently developed inversion techniques (e.g. double difference 

tomography and receiver function inversion) to existing seismic data sets. 

� Acquire new high-resolution seismic data using active and passive sources for 

better resolution of the structure and physical properties of the lower crust and 

upper mantle beneath the caldera and the deep roots of the magmatic system. 

� Develop laboratory data on the influence of temperature, percentage of partial 

melt, and water content on seismic velocities in silicic rocks.  

� Analyze existing magnetotelluric data using current analysis methods and 

undertake a modern MT survey including data both within and outside the 

caldera. 

� Complete simultaneous leveling, GPS, and microgravity surveys so that existing 

data in different reference frames can be unified, resulting in tighter constraints on 

the density of inferred intrusions. 

�  Analysis of continuous deformation data from expanded arrays planned under the 

Plate Boundary Observatory (PBO) initiative will better constrain sources of 

deformation including the seismogenic domain in the Sierra Nevada south of the 

caldera. 



� Install additional 3-component, broadband seismometers for reliable full moment 

tensor inversions of earthquake source mechanisms. 

� Obtain additional thermal, fluid, and geochemical data from existing and future 

wells to support realistic models including rock-fluid thermal interactions linking 

magmatic heat sources to seismicity and hydrothermal flow in the crust beneath 

the caldera. 

 

The productive exchanges between specialists in different fields highlighted the 

importance of interdisciplinary research, field observations, modeling, and laboratory 

studies.  Overall, the many positive comments by the participants suggest that the 

workshop was successful in meeting its objectives, and the participants seemed 

committed to working together to better understand this complex volcanic system. The 

workshop was dedicated to the memory of Roy Bailey, who mapped and extensively 

studied the volcanic field and passed away in July 2003. 

 

Figure caption 

Figure 1: Pattern of Holocene volcanism in the Long Valley – Mono Craters volcanic 

field together with epicenters for M≥2 earthquakes (small circles) for 1978 

through 1999. Geology generalized from Bailey [1989]. 
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