
Using Ground Crack and Very Low Frequency 
Measurements to Map the Location of the June 2007 
Father’s Day Dike, Kīlauea

Scientific Investigations Report 2024–5030

U.S. Department of the Interior
U.S. Geological Survey



Cover.  Photograph of the Father’s Day (episode 56) lava flow in the forest on the northeast flank of 
Kānenuiohamo, hours after eruption. The lava flow was the culmination of a magmatic intrusion into Kīlauea’s 
upper East Rift Zone during June 17–19, 2007. Photograph by C. Heliker, U.S. Geological Survey, June 19, 2007.
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Conversion Factors
U.S. customary units to International System of Units

Multiply By To obtain
Length

inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
mile, nautical (nmi) 1.852 kilometer (km)
yard (yd) 0.9144 meter (m)

International System of Units to U.S. customary units

Multiply By To obtain
Length

centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
kilometer (km) 0.5400 mile, nautical (nmi)
meter (m) 1.094 yard (yd)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F = (1.8 × °C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C = (°F – 32) / 1.8.

Datums
Vertical coordinate information is referenced to the World Geodetic System 1984 (WGS 84).

Horizontal coordinate information is referenced to the World Geodetic System 1984 (WGS 84).

Altitude, as used in this report, refers to distance above the vertical datum.

Abbreviations
VLF 	 Very low frequency

GPS 	 Global Positioning System





Using Ground Crack and Very Low Frequency Measurements 
to Map the Location of the June 2007 Father’s Day 
Dike, Kīlauea

By Tim R. Orr, James P. Kauahikaua, and Christina Heliker

Abstract
An intrusion into Kīlauea’s upper East Rift Zone 

during June 17–19, 2007, during the 1983–2018 Pu‘u‘ō‘ō 
eruption, led to widespread ground cracking and a small 
(approximately 1,525 cubic meters) eruption on the northeast 
flank of Kānenuiohamo, a cone about 6 kilometers upslope 
from Pu‘u‘ō‘ō. Transmitted and induced very low frequency 
(VLF) magnetic fields were measured with a handheld VLF 
receiver along transects spanning the dike trace, and zones of 
ground cracking related to the intrusion were mapped. The 
locations of crack zones and the VLF receiver measurements 
suggest that the Father’s Day dike splayed as it approached 
the surface, dividing into four segments—one between Pauahi 
Crater and Pu‘uhuluhulu and three en echelon segments 
near Kānenuiohamo. The dike did not extend appreciably 
northeastward beyond the eruption site.

Introduction
Kīlauea (United States) underwent several changes in 

2007. Years of heightened activity, caused by a near-doubling 
of the magma supply rate to the volcano (Poland and others, 
2012), culminated in a magmatic intrusion into Kīlauea’s East 
Rift Zone that spanned the period June 17–19, 2007. Poland 
and others (2008) gave an overview of the mid-June 2007 
activity, which caused widespread ground cracking in the 
upper East Rift Zone starting on June 17 and culminated in 
a short-lived, volumetrically small eruption on the northeast 
flank of Kānenuiohamo, about 6 kilometers (km) upslope 
from Pu‘u‘ō‘ō, on June 19 (fig. 1). This activity is informally 
known as the Father’s Day eruption, since it started on the 
Father’s Day holiday (United States), and it is categorized as 
episode 56 of the Pu‘u‘ō‘ō eruption (Orr and others, 2015). 
The Pu‘u‘ō‘ō eruption lasted in total from 1983 to 2018 (Neal 
and others, 2019).

Here we describe the Father’s Day eruption and discuss a 
few aspects of the activity not covered elsewhere, including the 
ground cracking associated with the intrusion and the results of 
electromagnetic measurements that were made across the trace 

of the dike using the very low frequency (VLF) technique (see, 
for example, McNeill and Labson, 1991). These measurements 
help us to better understand how the intruding dike splayed as 
it approached the surface from depth.

Eruption setting
From 1997 to 2007, magma traveled from Kīlauea’s 

summit reservoir through the East Rift Zone to Pu‘u‘ō‘ō, 
where it erupted from vents on the southwest flank of 
Pu‘u‘ō‘ō (fig. 1; Heliker and Mattox, 2003; Orr and others, 
2015). Lava tube systems carried the lava to the island’s 
southeast coast. Ephemeral outgassing spatter cones and 
small lava lakes were also commonly present on Pu‘u‘ō‘ō’s 
crater floor during this period.

Starting in 2003, Global Positioning System (GPS) 
sensors spanning the volcano’s summit and upper East Rift 
Zone showed gradual extension, interpreted as pressurization 
of the summit magma reservoir due to an increase in magma 
supply (Poland and others, 2012). This manifested as an 
upsurge in discharge from the vent active at Pu‘u‘ō‘ō at that 
time. The extent of the pressurization was expressed on May 
24, 2007, by two M4+ earthquakes and a brief swarm of 
smaller events (Wauthier and others, 2013) associated with 
Kīlauea’s outermost caldera faults. The overall pressurization 
of the volcano’s magmatic system, however, was unaffected 
by this seismicity, and extension continued.

The pressurized condition of the volcano changed 
abruptly at 0216 (all times Hawaii Standard Time [HST]) on 
June 17, 2007, when magma from Kīlauea’s summit began to 
intrude the volcano’s upper East Rift Zone (fig.1; Poland and 
others, 2008). Increased seismicity caused nearly continuous 
ground shaking felt as far away as Volcano, Hawai‘i (fig. 1), 
about 8 km north of the East Rift Zone. The seismicity was 
initially centered between Pauahi Crater and Maunaulu but 
migrated downrift to Makaopuhi Crater over the next two days 
(fig. 1; Poland and others, 2008).

Borehole tiltmeters at the summit of the volcano 
recorded the onset of rapid deflation at about the same time as 
the onset of the earthquake swarm, and tiltmeters at Pu‘u‘ō‘ō 
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Figure 1.  Map showing summit and upper East Rift Zone of Kīlauea and pertinent geological features. Kaluapele is the main 
caldera of Kīlauea. Zones of cracking are related to Father’s Day eruption in June 2007; Pu‘u‘ō‘ō lava flows that erupted 1983–2007 
are shown for reference; and lava flows erupted 1790–1982 are also included. Inset, Map of Island of Hawaiʻi showing volcano 
summits and study area.

began recording deflation a few minutes later (Poland and 
others, 2008). This was followed by slow subsidence of the 
floor of Pu‘u‘ō‘ō starting at about 0930 HST on June 17, 
and spatter cones on the crater floor and on the west and 
southwest flanks of Pu‘u‘ō‘ō collapsed as they were engulfed 
by gradually enlarging pits. The crater floor continued to 
fall over the following days, parts of it dropping about 80 

meters (m) by June 21 (Poland and others, 2008; Orr, 2014). 
The magma supply to the active tube system was severed as 
the magma column withdrew, causing the Pu‘u‘ō‘ō eruption 
to cease.

New ground cracks developed in four areas from Pauahi 
Crater to Kānenuiohamo during the Father’s Day eruption 
(figs. 1–3), and just after sunrise on June 19, gas emissions 
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photograph showing new cracks crossing Chain of Craters Road south of Pauahi Crater on June 17, 2007. Photograph by T. Orr, U.S. Geological 
Survey. B, Photograph taken showing new cracks cutting lava and tephra surfaces on plain between Maunaulu and Kānenuiohamo on 
June 18, 2007. Photograph by D. Swanson, U.S. Geological Survey. C, Photograph taken showing new cracks on plain between Maunaulu and 
Kānenuiohamo, on June 18, 2007, looking along strike. Photograph by M. Poland, U.S. Geological Survey. D, Oblique aerial photograph with 
a northeast view at new ground cracks on the plain between Maunaulu and Kānenuiohamo on June 21, 2007. Gas emissions from the cracks 
increased dramatically on June 20, 2007. Photograph by T. Orr, U.S. Geological Survey.
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Figure 4.  Oblique aerial photographs showing views of fume 
sources on June 19 and 20, 2007, Kīlauea, Island of Hawaiʻi. A, 
Oblique aerial photograph looking west (uprift) at fume sources on 
flank of Kānenuiohamo on June 19, 2007. June 19 eruption site in 
foreground; more distant area is fume rising from old fissures formed 
in 1969. Photograph by T. Orr, U.S. Geological Survey. B, Oblique 
aerial photograph looking east (downrift) at fume sources on and near 
Kānenuiohamo on June 20, 2007. Gas emissions in foreground were 
barely evident the previous day (June 19); conversely, robust emissions at 
the 1969 fissures on Kānenuiohamo on June 19 were nearly nonexistent 
on June 20. Photograph by C. Heliker, U.S. Geological Survey.

were discovered emanating from two spots in the area 
of cracking that crossed the flank of Kānenuiohamo 
(fig. 4). Specifically, whitish gas emissions were streaming 
profusely from fissures that formed in 1969 on the north 
flank of the cone, and a robust plume of bluish fume was 
rising from its heavily forested northeast flank. Fissures 
had opened at this second location overnight, erupting 
sparse tephra and two small pads of lava (figs. 5, 6). 
A third area of barely perceptible fuming was also 
observed that same morning on the lava plain just east of 
Kānenuiohamo, but it was no longer apparent a few hours 
later, as the day warmed and humidity dropped. Fuming 
from the third area reappeared and increased dramatically 
in strength overnight, forming a small white plume when 
seen in the morning on June 20, whereas the June 19 
fuming area at the 1969 fissures to the northeast was barely 
evident (fig. 4B). The June 20 fuming cracks emitted 
choking gases and were found to be too hot to approach 
closely, indicating that magma was close to the surface.

The Father’s Day eruption was followed by a 
period of repose at Kīlauea, during which there was no 
discernable eruptive activity. The Pu‘u‘ō‘ō eruption 
resumed 12 days later, on July 1, with lava erupting in 
the bottom of the Pu‘u‘ō‘ō (Orr, 2014). After a period of 
filling, new fissures opened on the east flank of Pu‘u‘ō‘ō 
on July 21, marking the start of a new episode of eruptive 
activity (Orr and others, 2022). The trace of the Father’s 
Day dike on the forested north flank of Kānenuiohamo 
became more apparent over the following years (fig. 5), as 
increased heat flow from the intrusion caused considerable 
tree die-off while leaving the understory ferns unaffected.
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cracks on June 19 and 20, 2007, Kīlauea, Island of Hawai‘i. A, Map showing zone of cracking near Kānenuiohamo and 
location of Father’s Day eruption and fuming cracks. White box indicates location of B, map showing eruptive fissures 
and areas covered by lava from Father’s Day eruption.



Methods    7

men23-7652_fig06

BA
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Kīlauea, Island of Hawai‘i. Photographs by T. Orr, U.S. Geological Survey.

Methods
The field observations used in this report were conducted 

on the ground and during helicopter overflights. Activity at 
Pu‘u‘ō‘ō was also observed by a telemetered webcam on the 
north rim of the Pu‘u‘ō‘ō cone (Hoblitt and others, 2008). 
Another telemetered webcam was temporarily deployed 
on June 20 to the west flank of Maunaulu looking toward 
Kānenuiohamo.

Cracks associated with the Father’s Day eruption were 
identified on the ground by the exposure of fresh crack 
surfaces where they cut older pāhoehoe and tephra cover 
(figs. 3B, C) and sometimes duff where forested. Larger 
cracks were visible from the air (figs. 3A, D). Crack locations 
were marked by hand-held GPS devices (horizontal accuracy 
approximately plus or minus (±) 10 m) during foot traverses 
across the affected area. The mapped extent of cracking is 
incomplete, especially where these crack zones border forest, 
which is heavily vegetated with thick undergrowth in most 
of this area, and where they abut ʻaʻā flows, which have a 

rubbly carapace that does not preserve small cracks. Crack 
width and opening direction were measured for a subset of 
cracks (fig. 2; appendix 1). Crack lengths were not measured 
during the eruption because of insufficient time and resources 
during the ongoing volcanic crisis. At later times, it was no 
longer possible to locate the smaller cracks because they were 
either covered by soil or had lost their fresh appearance and 
could not be distinguished from older cracks. In general, the 
smaller cracks could be traced for up to a few tens of meters 
before they ended or intersected natural joints in the pāhoehoe 
surface. The largest cracks could be traced for a few hundred 
meters, though individual en echelon segments were generally 
as long as a few tens of meters.

In late June 2007, we re-measured five crack stations 
on the floor of Nāpau Crater (appendix 2) that had been 
installed shortly after an eruption there in January 1997 
(Thornber and others, 2003). The stations were located along 
a major East Rift Zone crack system related to the 1997 
eruption. Each crack station is marked by a set of three or 
four hardened-steel survey nails arranged in a network that 
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spans the monitored crack. Distances between the nails, 
marked from the dimple at the center of each nail head, were 
measured to the nearest millimeter with a fiberglass surveying 
tape, allowing changes in crack width to be determined. Prior 
to our measurements in 2007, the crack stations had last been 
measured in 1999. During our 2007 survey, we found the 
survey nails to be heavily corroded, but the center of each 
nail head could still be approximated to within ±1 mm. A 
south-to-north foot traverse across Nāpau Crater to look for 
new ground cracks was also conducted.

The margins of the lava flows and the extents of 
the eruptive fissures were mapped on the ground using a 
hand-held GPS with a horizontal accuracy of ±10 m. Lava 
and tephra samples were collected by hand, after the eruption 
ended, from points along the fissures and lava pads (fig. 5). 
In most locations, tephra (spatter) was collected both from 
the top surface of the lava flows and from the forest floor 
beneath them. The density of the basalt erupted (appendix 3) 
was determined by measuring the weight of spatter and lava 
clasts in air and water following the approach of Houghton 
and Wilson (1989). Density was converted to vesicularity 
using a dense rock equivalent density of 2.75 grams per cubic 
centimeter (g/cm3) (Lesher and Spera, 2015).

Very low frequency electromagnetic energy in the 
15–28 kilohertz (kHz) range is transmitted nearly continuously 
by a global network of high-powered military transmitters, 
producing a vertical electric field and tangential magnetic 
field. These components of the VLF wave are affected by local 
conductivity heterogeneities, such as those caused by shallow 
intrusive bodies, which can generate an electromagnetic 
contrast that is orders of magnitude higher in conductivity than 
the surroundings (Zablocki, 1978; Kauahikaua and others, 
1998) that can last for decades (Davis, 2015). For a shallow, 
narrow conductor, such as a dike, the VLF wave generates 
an induced magnetic field detectable with a portable VLF 
receiver, which measures the elliptically polarized sum of the 
transmitted and induced magnetic fields. This technique has 
long been used in volcanic settings (for example, Zablocki, 
1978; Jackson and others, 1987; Kauahikaua and others, 1996; 
Davis, 2015), for instance to estimate the location of new 
dikes (Zablocki, 1978). We used the technique here to locate 
the trace of the Father’s Day dike.

Results
Ground cracking

The new ground cracks associated with the Father’s 
Day eruption were first found where they crossed the Chain 
of Craters Road southwest of Maunaulu, within Hawaiʻi 
Volcanoes National Park, midday on June 17 (figs. 1–3). This 
area is at the eastern end of the Koa‘e fault system, close 
to where it intersects the East Rift Zone (Duffield, 1975; 
Swanson and others, 2019). The crack zone was oriented 

approximately east–west and was trackable a few hundred 
meters on either side of the highway. The individual cracks 
were oriented from about 90° to 115° (roughly parallel to the 
crack zone) and ranged in width from hairline to 2 centimeters 
(cm) when first observed, but they continued to grow, and 
some were found to have widths ranging from 3 to 6 cm the 
next day (June 18). The main crack crossing the road had the 
same sense of slip as nearby fault scarps, with a slight  
north-side-down offset. The road was patched by the  
National Park Service later in the day on June 18, and the 
cracks showed no signs of widening after that. The cracks 
generally stepped left at their tips, although some right steps 
were also seen.

A larger zone of new ground cracks oriented roughly 
northeast–southwest was found June 18 on the lava plain 
between Maunaulu and Kānenuiohamo (figs. 1, 2). Later 
excursions into the area, after the Father’s Day eruption was 
over, found that some cracks had widened, and additional 
cracks had formed. The cracks, which ranged in width from 
hairline to about 10 cm (as measured on June 18), were 
generally aligned with the trend of Kīlauea’s East Rift Zone 
(approximately [~] 65°) and were identified by the exposure 
of fresh crack surfaces and lack of infilling debris and veg-
etation (figs. 2, 3). On June 18, faint pops and booms were 
heard when we were in relatively quiet spots sheltered from 
wind noise. These sounds were probably related to crack 
development in response to the propagating and ascending 
dike. The cracks define a ~0.5-km by 3-km zone that extends 
from near the east base of Maunaulu, across the north flank 
of Kānenuiohamo, and to the June 19 eruption site (fig. 1). It 
did not extend as far as the 1972 Maunaulu lava flow, which is 
720 meters farther northeast.

A poorly developed crack zone oriented roughly 
northeast–southwest was also found in the area between 
Pauahi Crater and Pu‘uhuluhulu (figs. 1, 2). Cracks within 
this zone were oriented at roughly 70° and were generally 
hairline to a few millimeters across. However, several larger, 
en echelon cracks at the southwest end of this zone crossed 
the Maunaulu access road and parking area. One set of cracks 
even formed a low (~10 cm), north-side-down hump crossing 
the pavement. The southeast edge of this crack zone borders a 
large ʻaʻā flow, which does not preserve small cracks because 
of its rubbly surface, so the shape of the zone as shown in 
figure 2A probably does not well represent its actual shape.

A single crack likely related to the Father’s Day eruption 
was also found extending across the Chain of Craters Road 
near Pauahi Crater. The crack opening increased from 4 mm 
on June 17 to 1 cm by June 21, with north-side down vertical 
motion that caused a low hump in the paved road.

We found no fresh cracks during our traverse of 
Nāpau Crater, and our re-measurement of the crack stations 
there found only a few millimeters of movement since the 
last measurements in 1999. This is within expected error 
considering the time interval between measurements and the 
rusted condition of the nails in 2007.
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Eruption Site
The Father’s Day eruption site was discovered hours after 

activity had stopped (cover photo), so direct observations can 
only narrow its timing to occurring sometime overnight on 
June 18–19. However, a distinct infrasound signal from the 
direction of Kānenuiohamo was recorded from 0015 to 0045 
HST on June 19, and this is interpreted as the approximate 
onset and duration of the eruption (Fee and others, 2011). 
The inferred eruption time was bracketed by an increase in 
real-time seismic amplitude at a seismic station about 700 m 
west-northwest that lasted from about 2330 on June 18 to 0200 
on June 19.

Two small lava pads and a sparse tephra deposit erupted 
from three east-northeast-trending fissures with azimuths 
ranging from 64° to 74° (figs. 5,6). The fissures define an 
overall trend of ~68°. The lava pad to the west is the larger of 
the two, with a mapped area of about 1,830 square meters (m2) 
and an estimated average thickness of 0.7 m. This equates to a 
bulk volume of roughly 1,280 cubic meters (m3). Most of the 
lava flowed down a gentle slope to the southeast, away from 
the fissures that fed it. The smaller, east lava pad (fig. 4B) had 
a mapped area of 490 m2 and an estimated average thickness 
of 0.5 m, giving it a bulk volume of about 245 m3. The two 
lava pads were connected by lightly fuming cracks, and 
numerous other steaming and lightly fuming cracks cut the 
forest floor nearby, especially to the north and west of the west 
lava pad.

The small total volume (~1,525 m3) of the lava pads 
suggests a short-lived eruption, which is consistent with the 
0.5-hour-long infrasound signal (Fee and others, 2011). Using 
this duration gives a bulk effusion rate of ~0.8 cubic meters 
per second (m3/s). The average vesicularity of the spatter and 
lava (appendix 3) was calculated at 52 percent (range 33–68 
percent), which equates to a dense-rock equivalent effusion 
rate of ~0.4±0.1 m3/s, which is far smaller than the effusion 
rate of 6–7 m3/s determined for Kīlauea both before and 
after the Father’s Day eruption (Poland and others, 2012). 
In addition, the small volume and short duration are unusual 
compared to other fissure eruptions that occurred during the 
Pu‘u‘ō‘ō eruption.

Very Low Frequency Measurements
The VLF receiver transects we conducted across the 

Father’s Day dike (appendix 4) help locate its axis where the 
dike is sufficiently shallow. The depth to which this technique 
can penetrate is about 100 m (Zablocki, 1978), implying a 
low-resistivity anomaly shallower than this. It is important to 
note, though, that the low-resistivity anomaly includes both 
the dike and a zone of surrounding country rock heated by the 
dike (Davis, 2015), so the low-resistivity anomaly might be 
shallower than 100 m while the dike could be slightly deeper. 
The weeks-long gap between the intrusion and the VLF 
measurements also would have had little effect on the data, 
considering that the low-resistivity anomaly associated with a 
dike can last for decades (Davis, 2015).

Figure 4.5 (appendix 4) shows the tilt and ellipticity 
profiles for transect 5 (fig. 2B), which crosses the dike trace at 
the June 20 fuming area west of Kānenuiohamo. The tilt and 
ellipticity profiles for this transect exhibit the classic shape 
expected for a transect over a shallow conductor (Zablocki, 
1978; Kauahikaua and others, 1996). By comparison, the 
profiles for transects 1, 2, and 8 (appendix 4) show no such 
shape, indicating there is no conductive anomaly in that area 
or it is too deep to be detected (deeper than 100 m).

In those profiles that obviously show the presence of a 
conductive dike (transects 3, 4, 5, and 7; appendix 4), the point 
where tilt and ellipticity cross the x-axis marks the location of 
the dike trace on the ground. We can use this, along with the 
eruption site and the prominent fume sources, to locate and 
orient the presumed trace of the Father’s Day dike (fig. 2B).

The VLF receiver results for transect 6 (appendix 4), 
which crosses the June 19 fuming area high on the north flank 
of Kānenuiohamo, are not interpretable, perhaps because the 
transect extends down the relatively steep slope of the cone of 
Kānenuiohamo or because the dike is too deep. Instead, we use 
the alignment between the June 19 fuming area, which transect 
6 crosses, and the eruption site (transect 7) to determine that 
the dike trace in this area has a trend of ~70°. This also matches 
the trend of the zone of tree die-off that extends between the 
June 19 fuming area and the eruption site (fig. 5).

The dike trace implied by VLF receiver results for 
transects 4 and 5 trends 65° (fig. 2B). The trace extends 
toward the lower flank of Kānenuiohamo and is offset about 
90 m north from the dike trace between the June 19 fuming 
area and the eruption site, suggesting that either the dike 
curves between transects 5 and 6 or that these are en echelon 
dike segments. The VLF receiver results for transect 3 show 
a weak indication of the dike, but the results for transect 2 
are inconclusive, so we are unable to determine the trend of 
the dike trace there. Nevertheless, the dike trace probably 
trends about the same as the dike trace elsewhere, or roughly 
65°–70°. Allowing this trend, the location of the dike trace 
at transect 3 is offset about 85 m north from the dike trace 
defined by transects 4 and 5. This offset in the dike trace 
indicates either that the dike curves between transects 3 and 4 
or that these are en echelon segments as well.

Discussion
The location and orientation of ground cracks between 

Pauahi Crater and Pu‘uhuluhulu and near Kānenuiohamo 
define zones oriented approximately northeast–southwest. 
The northeast end of the crack zone between Pauahi Crater 
and Pu‘uhuluhulu is offset about 1 km north of the southwest 
end of the crack zone near Kānenuiohamo. This location 
suggests that the Father’s Day dike splayed as it approached 
the surface, perhaps along structural weaknesses, forming 
separate dike segments, as supported by geodetic modeling 
(Montgomery-Brown and others, 2010). Although the dike 
segment between Pauahi Crater and Pu‘uhuluhulu reached a 
level shallow enough to crack the overlying ground surface, it 
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was still too deep to be detected using the VLF technique. The 
opening of new cracks in the eastern extension of the Koa‘e 
fault system could indicate that some magma was diverted 
there from the East Rift Zone, but it might also be the result of 
the seaward slip of Kīlauea’s south flank associated with the 
Father’s Day eruption (Montgomery-Brown and others, 2010).

The dike segment near Kānenuiohamo, however, did 
reach a level shallow enough to be detected using the VLF 
technique. Although it is possible that the Father’s Day 
dike near Kānenuiohamo approached the surface as a single 
curvilinear dike, we believe it more likely that the dike in this 
area splayed further and approached the surface along at least 
three en echelon segments as suggested by the VLF receiver 
results in concert with the locations of the fuming cracks and 
the eruption site (fig. 2).

The seismicity related to the Father’s Day eruption 
migrated down the East Rift Zone in four pulses (Poland and 
others, 2008) that may correspond to the four dike segments 
we identify. If so, the migrating seismicity suggests the 
dike segments formed sequentially from west to east and 
culminated with the dike reaching the surface at the point 
of lowest elevation near the dike’s eastern tip, where lava 
erupted. Magma rose close enough to the ground surface at the 
June 20 fuming area on the lava plain west of Kānenuiohamo 
to expose the top of the magma column to atmospheric 
pressure, releasing heat and volcanic gases but failing to erupt.

Conclusions
The June 17–19, 2007, Father’s Day eruption was the 

result of the forceful intrusion of magma from Kīlauea’s 
summit magma reservoir into the volcano’s upper East Rift 
Zone. The intruding dike splayed as it migrated downrift and 
ascended, forming at least four separate dike segments that 
caused cracking of the overlying ground surface. Measurement 
of very low frequency magnetic fields using a handheld very 
low frequency receiver, along with the location of outgassing 
cracks and eruptive fissures, help to define the traces of the 
eastern three dike segments near Kānenuiohamo. The Father’s 
Day eruption culminated in a brief (approximately 30 minutes 
long) eruption early in the morning on June 19, discharging 
two small pads of lava totaling about 1,525 cubic meters of 
lava near the eastern end of the dike. Adjusting volume based 
on the average vesicularity of eruptive products, which is 
52 percent, equates to a very low dense-rock equivalent erup-
tion rate of about 0.4 cubic meters per second.
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Appendix 1.  Ground Crack Data
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Figure 1.1.  Maps showing zones of 
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of Hawaiʻi. The numbered cracks in 
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correspond to the crack numbers in 
table 1.1.
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Table 1.1.  Identification number, location, trend, width, and opening direction of measured cracks associated with the Father’s Day eruption.

[Data archived in Orr (2024). cm, centimeter; —, not available]

Crack 
number Latitude Longitude Trend 

(°)
Width 
(cm)

Opening 
direction (°)

1 19.368537 −155.186293 65 2 —
2 19.368937 −155.186293 65 2 —
3 19.370037 −155.184293 60 6 —
4 19.369737 −155.184293 55 1 —
5 19.369337 −155.184293 45 2 —
6 19.372237 −155.184293 70 1 —
7 19.372637 −155.183293 60 1 —
8 19.372837 −155.181293 60 1.5 —
9 19.372937 −155.180293 70 1.5 —
10 19.372737 −155.180293 45 1 —
11 19.361538 −155.223293 90 1 —
12 19.361938 −155.223293 85 2.5 —
13 19.361938 −155.222293 80 2.5 —
14 19.361938 −155.223293 90 3 180
15 19.361938 −155.223293 75 4 180
16 19.362038 −155.224293 70 2 —
17 19.361538 −155.223293 85 1.5 —
18 19.372000 −155.184130 90 1 —
19 19.372800 −155.182790 75 1 160
20 19.372700 −155.181770 90 2 125
21 19.372400 −155.181620 50 2 —
22 19.372600 −155.180920 60 1 150
23 19.372900 −155.180380 80 3 —
24 19.371700 −155.179260 90 3 170
25 19.371600 −155.179070 55 5 160

26 19.371500 −155.179010 45 8 —

Crack 
number Latitude Longitude Trend 

(°)
Width 
(cm)

Opening 
direction (°)

27 19.373450 −155.178670 75 1 —
28 19.373210 −155.178960 55 7 —
29 19.372660 −155.179070 75 1 —
30 19.373250 −155.180260 60 0.2 —
31 19.373760 −155.177980 55 6 —
32 19.374310 −155.175360 60 0.7 —
33 19.377280 −155.170940 70 1 —
34 19.376420 −155.175030 55 0.5 145
35 19.370210 −155.177380 60 1.5 —
36 19.370590 −155.177930 65 1.5 —
37 19.371500 −155.178880 65 11 —
38 19.371090 −155.185230 50 1 —
39 19.371090 −155.185230 65 2 —
40 19.371160 −155.185290 60 1.5 —
41 19.372528 −155.209662 70 0.5 —
42 19.372957 −155.207902 70 0.3 —
43 19.367518 −155.213224 70 0.4 —
44 19.365281 −155.215117 40 0.2 —
45 19.365077 −155.215842 70 1 —
46 19.365399 −155.216700 70 2 5
47 19.365571 −155.218009 70 0.7 140
48 19.362086 −155.222755 115 0.2 —
49 19.361927 −155.222914 90 2 —
50 19.361661 −155.223073 95 0.5 —
51 19.361395 −155.223126 115 0.1 —
52 19.370815 −155.226057 50 0.3 —
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Appendix 2.  Nāpau Crater Crack Stations
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Figure 2.1.  Maps showing locations of crack monitoring stations and station nail 
arrangements in Nāpau Crater, Kīlauea, Island of Hawaiʻi. A, Map showing locations of 
crack stations NC1 to NC5. Lava flows erupted in 1997 outlined in white. B, Crack station 
maps showing the arrangement of measurement nails across the cracks.

Table 2.1.  Line lengths between nails for crack stations NC1–NC5 on the dates indicated.

[See figure 2.1 for arrangement of nails. Line lengths are given in centimeters (cm). Dates are shown in MM/DD/YYYY. Data archived in Orr (2024).]

Crack 
station Line

Line Length on 
03/13/1997 

(cm)

Line Length on 
03/13/1997 

(cm)

Line Length on 
04/18/1997 

(cm)

Line Length on 
10/17/1997 

(cm)

Line Length on 
06/10/1998 

(cm)

Line Length on 
12/23/1999 

(cm)

Line Length on 
06/27/2007 

(cm)
NC1 1 222.0 221.8 222.0 221.8 222.1 221.5 220.9

2 220.8 220.8 220.5 221.0 221.1 221.0 219.0
3 260.3 260.3 260.3 260.3 260.5 260.1 259.5
4 218.5 218.4 218.5 218.4 218.6 218.2 216.0

NC2 1 428.7 428.8 428.8 428.9 428.6 428.2 427.9
2 486.7 486.6 486.8 486.7 486.7 486.1 485.5
3 436.7 436.7 436.8 436.8 436.7 436.3 435.9
4 458.5 458.4 458.4 458.4 458.4 457.8 457.1

NC3 1 349.7 349.7 349.6 347.7 347.8 347.1 346.6
2 332.9 332.8 332.7 331.2 331.1 330.5 330.2
3 344.0 343.9 343.9 342.4 342.4 341.9 341.7
4 300.8 300.8 300.8 299.4 299.2 298.8 298.7

NC4 1 166.0 166.2 166.5 167.0 167.5 167.5 167.9
2 220.3 220.5 220.9 221.5 221.9 222.0 222.4

NC5 1 255.5 255.5 255.2 254.0 253.5 252.8 251.2
2 292.8 292.4 292.1 290.9 290.7 289.7 287.9
3 429.5 429.4 429.2 428.5 428.2 427.6 426.8
4 340.3 340.3 340.0 339.0 338.7 337.9 336.3
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Appendix 3.  Clast Density and Vesicularity Data
Table 3.1.  Density and vesicularity data for selected lava and spatter samples from the Father’s Day eruption in the East Rift Zone of 
Kīlauea, Island of Hawaiʻi.

[Data archived in Orr (2024). g/cm3, grams per cubic centimeter; %, percent]

Sample number Clast number Clast type Density (g/cm3) Vesicularity (%)
KE56-2644S 1 Spatter 1.35 51

2 Spatter 1.42 48
3 Spatter 1.62 41

KE56-2645S 1 Spatter 0.93 66
2 Spatter 1.34 51
3 Spatter 0.99 64

KE56-2671S 1 Spatter 1.08 61
2 Spatter 1.08 61

KE56-2672F 1 Flow 1.33 52
2 Flow 1.49 46
3 Flow 1.48 46
4 Flow 0.88 68

KE56-2675S 1 Spatter 1.85 33
2 Spatter 1.73 37
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Appendix 4.  Very Low Frequency Transect Data

Transect 1
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Figure 4.1.  Plot showing tilt and 
ellipticity measurements along 
transect 1, collected by EM16 
VLF receiver on June 27, 2007.

Table 4.1.  EM16 VLF receiver measurements for transect 1, arranged south to north, and collected facing north on June 27, 2007.

[Transect length, 800 meters (m); spacing, 10 m; start point, 19.36267, −155.21484 (World Geodetic System 1984); transect azimuth, 8°. Data archived in Orr 
(2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 −2 −2
10 −3 0
20 −4 −2
30 −3 −2
40 −4 −2
50 −4 −2
60 −4 0
70 −4 −1
80 −3 −2
90 −4 −1
100 −4 −2
110 −3 −2
120 −2 2
130 −2 0
140 −3 2
150 −2 0
160 −3 2
170 −3 0
180 −2 0
190 −3 1
200 −3 0
210 −3 1
220 −3 −1
230 −3 0
240 −3 −1
250 −3 −1
260 −3 0

Distance (m) Tilt (%) Ellipticity (%)
270 −3 1
280 −4 0
290 −5 −1
300 −4 −2
310 −4 −2
320 −3 −2
330 −3 −1
340 −4 −2
350 −4 −1
360 −3 −1
370 −3 0
380 −3 0
390 −3 0
400 −3 0
410 −3 −1
420 −3 −1
430 −3 0
440 −3 −1
450 −2 −1
460 −2 −1
470 −2 0
480 −2 −1
490 −1 −1
500 −1 0
510 −1 −1
520 −1 −2
530 −1 −2

Distance (m) Tilt (%) Ellipticity (%)
540 −2 0
550 −1 −1
560 −2 −2
570 −1 −3
580 −1 0
590 −1 −1
600 −1 0
610 0 0
620 0 0
630 −1 −1
640 0 −1
650 0 0
660 −1 0
670 0 0
680 0 0
690 0 0
700 −1 0
710 0 0
720 −1 −1
730 0 −1
740 0 −1
750 0 1
760 0 0
770 0 1
780 −1 0
790 −1 0
800 −1 0
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Transect 2

Distance (m) Tilt (%) Ellipticity (%)
270 −3 1
280 −4 0
290 −5 −1
300 −4 −2
310 −4 −2
320 −3 −2
330 −3 −1
340 −4 −2
350 −4 −1
360 −3 −1
370 −3 0
380 −3 0
390 −3 0
400 −3 0
410 −3 −1
420 −3 −1
430 −3 0
440 −3 −1
450 −2 −1
460 −2 −1
470 −2 0
480 −2 −1
490 −1 −1
500 −1 0
510 −1 −1
520 −1 −2
530 −1 −2

Distance (m) Tilt (%) Ellipticity (%)
540 −2 0
550 −1 −1
560 −2 −2
570 −1 −3
580 −1 0
590 −1 −1
600 −1 0
610 0 0
620 0 0
630 −1 −1
640 0 −1
650 0 0
660 −1 0
670 0 0
680 0 0
690 0 0
700 −1 0
710 0 0
720 −1 −1
730 0 −1
740 0 −1
750 0 1
760 0 0
770 0 1
780 −1 0
790 −1 0
800 −1 0
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Figure 4.2.  Plot showing tilt and ellipticity measurements along 
transect 2, collected by EM16 VLF receiver on September 27, 2007.

Table 4.2.  EM16 VLF receiver measurements for transect 2, arranged north to south, and collected facing south on September 27, 2007.

[Transect length, 400 meters (m); spacing, 10 m; start point, 19.36972, −155.18835 (World Geodetic System 1984); transect azimuth, 155°. Data archived in Orr 
(2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 4 0.5
10 4 0.5
20 3 0.5
30 3 0.5
40 2 0
50 2 0.5
60 2 0.5
70 2 0
80 1 0.5
90 1 0.5
100 0 0
110 0 0
120 0.5 −1
130 0 −1
140 0 −0.5
150 0 −0.5
160 0 0
170 1 0.5
180 1 0.5
190 1 0
200 1 0

Distance (m) Tilt (%) Ellipticity (%)
210 1.5 0.5
220 1.5 1
230 3 0.5
240 4 1
250 3 2
260 3 1.5
270 3 2
280 3 1.5
290 4 1
300 3.5 1.5
310 5 2
320 5 2
330 5 1
340 5 1
350 5 1
360 5 1
370 5 1
380 5 1
390 6 1
400 5 1
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Transect 3
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Figure 4.3.  Plot showing tilt and ellipticity 
measurements along transect 3, collected by 
EM16 VLF receiver on July 10, July 19, and 
July 31, 2007.

Table 4.3.  EM16 VLF receiver measurements for transect 3, arranged south to north, and collected facing north on July 10, July 19, and 
July 31, 2007.

[Transect length, 700 meters (m); spacing, 10 m; start point, 19.36619, −155.18340 (World Geodetic System 1984); transect azimuth, 335°. Data archived 
in Orr (2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 0 0
10 −1 −1
20 −1 −2
30 −1 −1
40 −2 −1
50 −1 −1
60 −1 −2
70 −1 −1
80 −2 −2
90 −2 −2
100 −2 −2
110 −1 −2
120 −1 −2
130 −1 −1
140 0 −2
150 −1 −2
160 −1 −2
170 −1 −2
180 −1 −2
190 −1 −2
200 0 −2
210 0 −3
220 0 −2
230 0 −2

Distance (m) Tilt (%) Ellipticity (%)
240 0 −3
250 −1 −2
260 1 −2
270 1 −2
280 2 −3
290 2 −3
300 3 −2
310 3 −2
320 3 −2
330 4 −2
340 4 −1
350 5 0
360 5 −1
370 5 0
380 5 0
390 7 1
400 6 0
410 6 2
420 6 1
430 6 1
440 5 0
450 5 0
460 2 0
470 1 −1

Distance (m) Tilt (%) Ellipticity (%)
480 −1 −1
490 −2 −2
500 −3 −2
510 −2 −2
520 −3 −2
530 −3 −2
540 −4 −2
550 −4 −2
560 −4 −1
570 −4 −1
580 −5 −1
590 −4 0
600 −4 0
610 −5 0
620 −5 0
630 −5 0
640 −4 1
650 −4 1
660 −4 1
670 −4 2
680 −4 2
690 −3 2
700 −3 2
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Transect 4

Distance (m) Tilt (%) Ellipticity (%)
240 0 −3
250 −1 −2
260 1 −2
270 1 −2
280 2 −3
290 2 −3
300 3 −2
310 3 −2
320 3 −2
330 4 −2
340 4 −1
350 5 0
360 5 −1
370 5 0
380 5 0
390 7 1
400 6 0
410 6 2
420 6 1
430 6 1
440 5 0
450 5 0
460 2 0
470 1 −1

Distance (m) Tilt (%) Ellipticity (%)
480 −1 −1
490 −2 −2
500 −3 −2
510 −2 −2
520 −3 −2
530 −3 −2
540 −4 −2
550 −4 −2
560 −4 −1
570 −4 −1
580 −5 −1
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600 −4 0
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Figure 4.4.  Plot showing tilt and ellipticity 
measurements along transect 4, collected 
by EM16 VLF receiver on July 9, July 10, 
July 19, and July 30, 2007.

Table 4.4.  EM16 VLF receiver measurements for transect 4, arranged south to north, and collected facing north on July 9, July 10, July 19, and 
July 30, 2007.

[Transect length, 890 meters (m); spacing, 10 m; start point, 19.36714, −155.18039 (World Geodetic System 1984); transect azimuth, 335°. Data archived in Orr 
(2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 0 −4
10 1 −4
20 1 −3
30 1 −3
40 1 −4
50 1 −4
60 1 −4
70 1 −4
80 1 −3
90 1 −3
100 2 −3
110 2 −3

120 1 −3
130 1 −4
140 2 −4
150 1 −4
160 1 −4
170 1 −4
180 2 −4
190 1 −4
200 2 −4
210 2 −4
220 2 −4
230 2 −4
240 2 −4
250 3 −4
260 3 −4
270 3 −4
280 3 −4
290 3 −4

Distance (m) Tilt (%) Ellipticity (%)
300 2 −4
310 2 −4
320 0 −4
330 1 −4
340 1 −4
350 1 −3
360 1 −3
370 2 −2
380 2 −2
390 2 −1
400 2 −1
410 1 −1
420 1 −1
430 0 −1
440 0 −1
450 −2 0
460 −2 0
470 −4 0
480 −5 0
490 −5 0
500 −10 0
510 −11 0
520 −11 0
530 −10 0
540 −11 1
550 −10 2
560 −11 2
570 −13 2
580 −12 2
590 −13 3

Distance (m) Tilt (%) Ellipticity (%)
600 −10 2
610 −12 2
620 −12 2
630 −11 2
640 −11 2
650 −11 4
660 −12 4
670 −12 3
680 −11 3
690 −10 4
700 −8 3
710 −8 4
720 −7 4
730 −6 4
740 −5 4
750 −5 4
760 −4 5
770 −4 4
780 −4 5
790 −4 5
800 −3 5
810 −3 5
820 −3 4
830 −2 4
840 −2 4
850 −2 4
860 −2 4
870 −2 4
880 −2 3
890 −2 4
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Transect 5
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Figure 4.5.  Plot showing tilt and ellipticity measurements along transect 5, collected by EM16 VLF 
receiver on July 5, July 6, July 9, and July 23, 2007.
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Table 4.5.  EM16 VLF receiver measurements for transect 5, arranged south to north, and collected facing north on July 5, July 6, July 9, and 
July 23, 2007.

[Transect length, 760 meters (m); spacing, 10 m; start point, 19.36863, −155.17637 (World Geodetic System 1984); transect azimuth, 335°. Data archived in Orr 
(2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 1 0
10 2 0
20 −2 0
30 1 0
40 1 −1
50 1 0
60 1 −2
70 2 −1
80 2 −2
90 1 −2
100 1 −2
110 2 −2
120 1 −2
130 2 −2
140 1 −2
150 2 −2
160 2 −3
170 2 −4
180 3 −4
190 3 −4
200 3 −4
210 4 −5
220 4 −4
230 5 −4
240 5 −4
250 5 −4
260 6 −4
270 7 −4
280 7 −4
290 7 −4
300 8 −4
310 7 −3
320 8 −3
330 9 −3
340 9 −3
350 9 −2
360 10 −1
370 9 −2
380 9 −2

Distance (m) Tilt (%) Ellipticity (%)
390 10 −2
400 11 −2
410 11 −1
420 10 0
430 12 2
440 10 4
450 15 6
460 14 9
470 8 10
480 −13 −7
490 −19 −9
500 −21 −8
510 −20 −6
520 −19 −4
530 −18 −1
540 −14 1
550 −14 1
560 −16 2
570 −12 4
580 −11 3
590 −9 3
600 −11 4
610 −9 4
620 −8 3
630 −7 4
640 −8 2
650 −8 4
660 −8 4
670 −7 3
680 −6 3
690 −5 4
700 −7 3
710 −5 3
720 −5 4
730 −5 4
740 −3 4
750 −5 4
760 −3 4
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Transect 6

men23-7652_figD06
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Table 4.6.  EM16 VLF receiver measurements for transect 6, arranged north to south, and collected facing south on August 28, 2007.

[Transect length, 490 meters (m); spacing, 10 m; start point, 19.3784, −155.17008 (World Geodetic System 1984); transect azimuth, 159°. Data archived in Orr 
(2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 1.5 −4.5
10 1 −5
20 1 −4.5
30 1 −4
40 1 −4.5
50 1.5 −4.5
60 1.5 −5
70 2.5 −5
80 3 −5
90 3.5 −5
100 4.5 −5
110 5 −5
120 5 −5
130 6 −5
140 6 −5
150 6 −5.5
160 7.5 −5
170 8 −5
180 8.5 −5
190 9 −4.5
200 9 −4.5
210 10.5 −4
220 11 −4
230 11.5 −3.5
240 11.5 −2.5

Figure 4.6.  Plot showing tilt and ellipticity measurements along 
transect 6, collected by EM16 VLF receiver on August 28, 2007.

Distance (m) Tilt (%) Ellipticity (%)
250 11 −2.5
260 12.5 −2
270 13 −2
280 13.5 −1
290 14 0
300 13.5 1
310 14 2
320 14.5 3
330 13.5 3.5
340 13.5 1.5
350 11 1
360 10 1
370 10 1
380 9.5 2
390 9.5 2
400 8 2.5
410 7 2.5
420 6.5 3
430 5 3
440 4 3
450 4 2.5
460 3 2.5
470 2.5 2.5
480 2.5 2
490 2 2
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Transect 7

Distance (m) Tilt (%) Ellipticity (%)
250 11 −2.5
260 12.5 −2
270 13 −2
280 13.5 −1
290 14 0
300 13.5 1
310 14 2
320 14.5 3
330 13.5 3.5
340 13.5 1.5
350 11 1
360 10 1
370 10 1
380 9.5 2
390 9.5 2
400 8 2.5
410 7 2.5
420 6.5 3
430 5 3
440 4 3
450 4 2.5
460 3 2.5
470 2.5 2.5
480 2.5 2
490 2 2
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Figure 4.7.  Plot showing tilt and ellipticity measurements along transect 7, 
collected by EM16 VLF receiver on August 10, 2007. Thick forest undergrowth 
prevented measurement of entire transect.

Table 4.7.  EM16 VLF receiver measurements for transect 7, 
arranged north to south, and collected facing south on 
August 10, 2007.

[Transect length, 300 meters (m); spacing 10 m; start point, 19.37827, 
−155.16310 (World Geodetic System 1984); transect azimuth 155°. 
Data archived in Orr (2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
300 26 8
310 27 8
320 27 −13
330 24 −14
340 11 −4
350 −11 −16
360 −14 −11
370 −19 −12
380 −19 −10
390 −17 −8
400 −15 −6
410 −14 −5
420 −11 −3
430 −10 −3
440 −8 −2
450 −6 −1
460 −5 −1
470 −3 −1
480 −3 −1
490 −3 −1
500 −2 −1
510 −2 −1
520 −1 0
530 −1 0
540 1 0
550 0 0
560 0 1
570 1 0
580 2 0
590 3 1
600 3 1
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Table 4.8.  EM16 VLF receiver measurements for transect 8, arranged north to south and collected facing south on August 17, 2007.

[Transect length, 400 meters (m); spacing, 10 m; start point, 19.38270, −155.15677 (World Geodetic System 1984); transect azimuth, 155°. Data archived in Orr 
(2024). %, percent]

Distance (m) Tilt (%) Ellipticity (%)
0 −1 −1.5
10 0 −2
20 −1 −1
30 −1 −1
40 −1 −1
50 −1 −1
60 −1.5 −0.5
70 −1.5 −0.5
80 −1.5 −0.5
90 −1 0
100 −1.5 −0.5
110 −1.5 0
120 −1.5 −0.5
130 −1.5 0
140 −1.5 −0.5
150 −1.5 0
160 −1.5 0
170 −1.5 −0.5
180 −1.5 0
190 −1.5 −0.5
200 −2 −0.5

Distance (m) Tilt (%) Ellipticity (%)
210 −1.5 0.5
220 −1.5 0
230 −1.5 0.5
240 −1 1.5
250 −1 1.5
260 −0.5 1
270 0 1
280 −0.5 1
290 −0.5 1
300 −0.5 1.5
310 −0.5 1.5
320 −0.5 1.5
330 −0.5 1
340 0 1
350 −0.5 0.5
360 −0.5 0.5
370 −0.5 1
380 −0.5 0.5
390 0 0
400 0.5 0

Figure 4.8.  Plot showing tilt and ellipticity measurements along 
transect 8, collected by EM16 VLF receiver on August 17, 2007.
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