

               Monitoring the Pu‘u ‘Ō‘ō Eruption


Monitoring the Pu‘u ‘Ō‘ō Eruption of Kīlauea Volcano Using Geochemical, Ground Deformation and Seismicity Timeseries Data

In-lab guidelines and questions
Instructions 
-Student teams should work together on each of the three parts of the in-lab exercise.  
The goals of this lab are to: (1) gain background on volcano monitoring using geochemical, deformation (tiltmeter) and seismic data from the Pu‘u ‘Ō‘ō eruption; (2) make and interpret geochemical, deformation and seismic data plots as part of a time-series analysis for particular intervals of eruptive activity; and (3) answer questions and discuss information about magmatic and structural processes associated with volcanism at Kīlauea Volcano.

-Expected products:

Each student should hand in printouts of plots and answers to the questions below.

1. Episodes 1-47 (January, 1983-June, 1986): 3 ½ Years of Episodic Fountaining

This exercise looks at how ground tilt, number of earthquakes and geochemistry of erupted lavas during episodic high fountaining at Pu‘u ‘Ō‘ō were interrelated. These relationships offer insights into the processes that occurred within the volcano during early episodes on the East Rift Zone (1983-1986).
A) Observe the plot shown below (Figure 1) of ground tilt data for the time interval of January, 1983-July, 1984. Then make the following time-series plot from Table 1. Align the plot vertically below Figure 1. [Use Table data from January 3, 1983-June 30, 1984]


1.  Lava MgO (wt %) vs. time (date)
-Tips for making the geochemistry plots. MgO (wt %) should be on the y-axis of the plot.
For the date to appear correctly on the x-axis you will have to use a line plot in Microsoft Excel, and then select the data series and format the data series so there is no line showing between data points. The date will show with day, month, and year, and the scale of the x-axis should be from 1/1/1983 to 7/1/1984, with base unit as days. Use appropriate scales on the y-axis. 
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 Figure 1. East-west tilt at Kīlauea Volcano summit. Eruptive episodes 1-20 are indicated. Full-length bars are observed eruptive episodes, half-length bars are observed repose intervals. Adapted from Wolfe et al. (1987).
B) Indicate on the ground tilt plot (with vertical lines) when short-period and long-period earthquakes were most frequent.
C) Questions:

1. Explain what the pattern of summit ground tilt and short-period and long-period earthquakes indicate.

2. How did lava chemistry change during the episodic fountaining phase and what is a possible explanation?

3. What potential information does summit ground tilt data provide about magma rising into Kīlauea Volcano?
2. Episode 48 (July, 1986-November, 1991): 5 ½ Years of Continuous Effusive Eruption

This exercise looks at the relationship of summit ground tilt and geochemistry of erupted lavas from effusive eruptions at the Kupaianaha vent on the East Rift Zone (1986-1991). 

A) Observe the plot shown below (Figure 2) of ground tilt data for the time interval for the time interval of July 25, 1986-November 8, 1991. Then make the following time-series plots from Table 1. Align the two plots vertically below the Figure 2. [Use Table data from July 25, 1986-November 8, 1991]
1. Lava MgO (wt %) vs. time (date)

2. Lava CaO (wt %) vs. time (date) 
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Figure 2. MgO (wt.%) and summit tilt variations (E–W component in microradians) during the first 1600 days of episode 48, which began ~1300 days after the start of the eruption in 1983, on July 18, 1986. Changes in summit tilt are followed 20 days later by changes in MgO content. This pattern stopped in early 1990 (indicated by the dashed line), when a period of frequent eruption pauses started. These pauses caused large variations in MgO content due to olivine accumulation or depletion.
B) Make a list of any correlations between ground tilt, MgO, and CaO content of sampled lavas from July, 1986 to November, 1991.
C) Questions:

1. What are two crustal processes that cause MgO contents of erupted lavas at Pu‘u ‘Ō‘ō  to vary over time?

2. What is a possible explanation for lava chemistry correlating with ground tilt over time? [Hint: Why would magmas undergo compositional changes during repose periods?]
3. What may be the cause of changes in ground tilt at the summit? [Brainstorm with your group partners]
3. Episode 54 (January 29-30, 1997): 1 Eventful Day of Fissure Eruptions on the East Rift Zone

The events during a one day period of eruptive activity in 1997 deviated from the steady-state eruptive activity of the Pu‘u ‘Ō‘ō eruption on Kīlauea Volcano. A detailed analysis of this event provides a window into processes occurring within the East Rift Zone. This exercise looks at ground tilt data, seismic data, geochemistry and maps to understand the nature of this eruptive event.
Episode 54 (January 29-30,1997) occurred several kilometers uprift of the Pu‘u ‘Ō‘ō vent and was accompanied by collapse of the Pu‘u ‘Ō‘ō cone, rapid subsidence of Kīlauea’s summit and an intrusion into the East Rift Zone (Figure 3). Episode 54 showed a dramatic change in mineralogy and chemistry. Lavas have evolved compositions with low MgO contents and rare plagioclase phenocrysts. 

There are local bodies of magma present within the East Rift Zone as a result of numerous dike intrusions detected by seismic swarms over the last 50 years. The older magma bodies may be isolated from one another and periodically may be mixed with new batches of magma and erupt. 

A) Review the map and diagram (Figure 1) and data plots of seismic amplitude (RSAM) and ground tilt (Figure 2) from January 27 to February 1, 1997 shown below. 

B) Make two time-series geochemistry plots listed below from the data provided in Table 1 for the time interval of January 3, 1983-February 4, 2010. Align the plots vertically on a single page. Indicate on the plots the composition of lavas erupted during Episode 54.
[Use Table data from January 3, 1983-February 4, 2010, the entire spreadsheet]
1. Lava MgO (wt %) vs. time (date) 

2. Lava TiO2 (wt %) vs. time (date)
B) Questions:

1. What is distinct about the composition of lavas erupted during Episode 54 and what is a potential hypothesis to explain this?
2. What are possible explanations for seismic activity uprift of the Pu‘u ‘Ō‘ō vent during Episode 54? 

3. What may have happened within the East Rift Zone to create the chemical variation during Episode 54?  
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Figure 3. Map and diagrammatic cross-section of the summit and upper to middle East Rift Zone of Kīlauea volcano. (a) Map of flows of Pu‘u ‘Ō‘ō eruption from 1983 to 1997 and location of Episode 54 fissure eruptions on January 29–-30, 1997 uprift from Pu‘u ‘Ō‘ō vent. MgO contents for lavas erupted from fissures during Episode 54 and prior to Episode 54 are given in the legend and fissure segments A through F are labeled on the map. (b) Schematic cross-section showing possible scenarios of the magma plumbing system beneath the East Rift Zone during the Episode 54 fissure eruptions. An area of older, stored magma is shown beneath Nāpau Crater. Map is from USGS data.
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Figure 4. Geophysical data from Kīlauea’s East Rift Zone and summit recorded January 29, 1997 to February 1, 1997. (a) Relative Seismic Amplitude (RSAM) averaged over 10 minute intervals at STC station located midway between Pu‘u ‘Ō‘ō and Napau Crater. The timing of Pu‘u ‘Ō‘ō collapsing and fountaining at the six fissures (A through F, in sequential order) are indicated on panel a). The vigorous lava fountaining from fissures was recorded by peaks in seismic tremor intensity at station STC. (b) RSAM from MPR station on the south rim of Makaopuhi Crater. Note that fissure F is closer to station MPR, which recorded seismic tremors during eruptions on this fissure. (c) RSAM at NPT station within Kīlauea’s summit caldera. (d) Summit tilt (microradians) measured near the west rim of the summit caldera. Figure is from Thornber et al. (2003).
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