

               Monitoring the Pu‘u ‘Ō‘ō Eruption


Pre-lab reading and questions
1. Growth of the Island of Hawai‘i and Kīlauea Volcano

The island of Hawai‘i rises from the ocean floor 5 km below sea-level up to 4.2 km above sea-level. The Hawaiian volcanoes are built on a basement of 5–6-km-thick Cretaceous (~100 Ma) ocean crust overlain by a thin layer (~200 m) of pelagic sediment and Hawaiian volcanic detritus. The growth history of the island is thought to extend over a million years, during which five separate shield volcanoes grew above sea-level. Two other shield volcanoes, Mahukona and Lō‘ihi, form part of the island’s northwestern and southern submarine flanks (Figure 1). 
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Figure 1. Map the island of Hawai‘i (also known as the Big Island) and Kīlauea Volcano on the southeast part of Hawai‘i (panel a from Eakins et al., 2003). Red areas in panel (a) are historical (<210 years) lava flows.  The most recent historical eruptions for each volcano are: Hualālai, 1801; Mauna Loa, 1984; Lō‘ihi, 1996; and Kīlauea, today. Panel b shows the rift zones on Kīlauea and general area of active flow fields since 1983. Map from Marske et al. (2008).

Kīlauea Volcano rises 1240 m above sea-level and is growing on the southern flank of Mauna Loa Volcano (Figure 1). Eruptions on Kīlauea occur at the summit caldera and the Southwest and East Rift zones, which radiate from its summit. Approximately 90% of the subaerial surface of Kīlauea Volcano is covered with tholeiitic lava less than 1100 years old. The East Rift Zone extends about 55 km subaerially and 60+ km underwater (Puna Ridge). The East Rift Zone probably formed early in the growth of Kīlauea Volcano and was influenced by the presence of Mauna Loa and gravitational stresses. The East Rift Zone is larger and more active than the Southwest Rift Zone and, since 1983, it has received the highest rate of magma supply in historical times. Gravitational spreading of Kīlauea Volcano is occurring along a detachment fault system that is rooted near the base of the volcano making the south flank of the volcano susceptible to landsliding.

2. Pu‘u ‘Ō‘ō-Kupaianaha eruption on the East Rift Zone
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Figure 2. Diagramatic cross section of Kīlauea summit and part of the East Rift Zone showing the inferred shape and location of the crustal magma reservoir system. The summit reservoir (S) has been inferred to be either a plexus of dikes and sills or a simple body. The East Rift Zone and reservoir beneath Pu‘u ‘Ō‘ō (R) are thought to contain dike-like bodies. Diagram derived from Garcia et al. (1996).
On January 3, 1983, the intrusion of a dike into Kīlauea’s East Rift Zone led to the onset of new eruptive activity along the central portion of the rift zone (Figure 3). Within five and a half months, the initial 8-km-long fissure system had localized over a primary vent named Pu‘u ‘Ō‘ō and had begun to produce high episodic lava fountains. Over the next three years, cinder and spatter from these episodic fountains built the 250-m-high Pu‘u ‘Ō‘ō cone.  In 1986, the eruption shifted 3 km down-rift and the eruptive style changed from episodic fountains to near-continuous effusion. This effusive activity constructed the Kupaianaha shield which became the center of activity for the next five and a half years. Then, in 1992, Kupaianaha died and Pu‘u ‘Ō‘ō returned as the locus of effusion from vents on the southwest flank of the Pu‘u ‘Ō‘ō cone. Variations of this flank activity continued until mid-1997, when lava began erupting from a new vent low on the east flank of Pu‘u ‘Ō‘ō.

In simplest terms, the Pu‘u ‘Ō‘ō-Kupaianaha eruption, active now over 27 years, can be categorized into 3 broad phases based on eruptive style and location. These are summarized below and shown diagrammatically in Figure 3. 

· -1983-1986: 3½ years of episodic fountaining, mainly from the Pu‘u ‘Ō‘ō vent

· -1986-1992: 5½ years of gentle effusion from the Kupaianaha vent
· -1992-2010: 18 years of gentle effusion, mostly from vents on the southwest and east flanks of Pu‘u ‘Ō‘ō and fissures between Pu‘u ‘Ō‘ō and Kupaianaha
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Figure 3. Map of flow fields from the Pu‘u ‘Ō‘ō-Kupaianaha eruption from 1983 to 2010 and a timeline summarizing the predominant style of eruptive activity. Episode 54 was a fissure eruption that occurred over 23 hours in January, 1997, following the collapse of the Pu‘u ‘Ō‘ō cone. Map data from U.S. Geological Survey.

3. Monitoring Pu‘u ‘Ō‘ō  Using Ground Deformation and Seismicity
Volcano monitoring techniques can effectively track the movement of magma through Kīlauea’s plumbing system. There is a close temporal connection between ground deformation (tilt), frequency of earthquakes, and eruptions on the East Rift Zone. This is because there is a hydraulic link between Kīlauea’s summit and the East Rift Zone (Figure 2); measurements of ground tilt and earthquakes respond to changes in magmatic pressure in the reservoir system. A network of tiltmeters measures very small changes in uplift (inflation) or subsidence (deflation) of Kīlauea’s summit, the rift zone, and Pu‘u ‘Ō‘ō cone. As magma rises into the summit reservoir this causes the surface of the volcano to rise and is recorded by an increase in microradians (Figure 4). When magma flows out into the rift zone and erupts the summit subsides, which is recorded by a decrease in microradians. When the summit undergoes uplift there are often an increasing number of shallow short-period earthquakes (tectonic earthquakes) related to extension and fracture of brittle rock. Swarms of long-period, deeper earthquakes (volcanic earthquakes) usually occur at the end or after eruption episodes from large movement of magma as it moves to refill the reservoir system. Magma moves in response to pressure gradients within the magmatic plumbing system and episodic eruptions may begin and end due to an increase and decrease in pressure in the magma reservoir system.
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Figure 4. East-west summit tilt, daily frequency of short-period and long-period earthquakes, and amplitude of shallow harmonic tremor beneath Kīlauea caldera recorded during episodes 15-17 of the Pu‘u ‘Ō‘ō eruption. A pattern of increasing summit tilt (inflation) and number of short-period earthquakes preceded each high episodic fountaining event and was followed by rapid subsidence and long-period earthquakes. An increase in one microradian in tilt is equivalent to placing a dime beneath a rod 1 km in length. Figure from Wolfe et al. (1987).

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

The early eruptive episodes at Pu‘u ‘Ō‘ō, from 1983 to 1986, were characterized by high episodic fountaining events (usually lasting less than 24 hours), separated by repose periods averaging about 24 days. This phase of eruptive activity involved a pattern of deformation and seismic activity (Figure 4). The summit inflated during the repose period as pressure built up and the number of short-period earthquakes increased beneath Kīlauea caldera. Then when an eruption initiated on the East Rift Zone, soon after Kīlauea’s summit would rapidly subside and long-period earthquakes occurred as large amounts of magma moved. During the early years of several historic eruptions on the East Rift Zone (e.g. Mauna Ulu; 1969-1974) eruptive activity was episodic. Within a few years the activity became continuous and predominantly effusive. Several factors may contribute to more efficient magma transport as long-lived eruptions persist, and thereby leading to continuous effusive activity. Magma passageways may become enlarged and more streamlined and an increase in magma temperature may reduce crystallinity and melt viscosity allowing for more efficient magma flow.
Question:
What type of measurement may detect an intrusion of magma into the East Rift Zone? What would this measurement likely show?

3. Monitoring Pu‘u ‘Ō‘ō Using Geochemistry
A time-series analysis of the geochemistry of lavas erupted at Pu‘u ‘Ō‘ō provide important information about crustal magmatic processes occurring within Kīlauea Volcano. Olivine fractionation and accumulation are the dominant crustal processes that have occurred during the Pu‘u ‘Ō‘ō eruption. During certain intervals of the Pu‘u ‘Ō‘ō eruption, crustal assimilation and magma mixing have also affected the composition of lavas. The compositional variation of lavas over time, in conjunction with ground deformation and seismicity measurements, can help us infer the predominant magmatic processes that were operating at particular times, and perhaps places, during the eruption. 
Temporal geochemical variations show Pu‘u ‘Ō‘ō lavas have distinct major element compositions during the early episodic fountaining phase. Lavas erupted during the early fountaining phase are evolved lavas with low MgO and SiO2 (Figure 5).

The top of the reservoir at Pu‘u ‘Ō‘ō was open during episodic fountaining and the high surface area allowed heat and gases to escape and for rapid crystal fractionation to take place. During episodic fountaining, magma in the reservoir system beneath Pu‘u ‘Ō‘ō underwent significant fractionation of olivine during repose periods between eruptions, which led to compositional changes in the lavas. Kīlauea’s East Rift Zone also contains numerous pockets of stored evolved magmas from intrusions over the last 50 years. Petrographic and geochemical evidence from early episodic eruptions indicate magma mixing between evolved (low-MgO) stored rift-zone magma and more mafic (higher-MgO) magma. Based on rapid changes in trace element geochemistry of Pu‘u ‘Ō‘ō lavas, lavas that feed directly into the East Rift Zone may partly or completely bypass the summit reservoir (Figure 2). Seismic and ground deformation studies suggest that the East Rift Zone supplies a shallow magma reservoir beneath Pu‘u ‘Ō‘ō that is ~0.5-2.5 km deep. Since the onset of continuous effusive eruptive activity, there is a less systematic pattern of summit deformation, seismic activity, and eruptions because magma moves almost continuously into the East Rift Zone.
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Figure 5. Major-element variation diagrams for Pu‘u ‘Ō‘ō lavas from 1983-2010. SiO2 wt% are normalized to 10 wt % MgO (the most primitive lava erupted from Pu‘u ‘Ō‘ō) by addition of equilibrium composition olivine. Early episodes of Pu‘u ‘Ō‘ō involved mixing of evolved magmas stored in the rift zone and MgO-rich magma. The three intervals of eruptive activity in the legend correspond with the intervals of eruptive activity shown in Figure 3.
Before lab please review material at the following website https://vepp.wr.usgs.gov/ under the Techniques and History sections. Specifically read the Tilt and Seismic pages of the Techniques page
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