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Cover.  Bogoslof Island and vigorous steam plume generated by the interaction of a recently 
emplaced lava dome with seawater. Photograph by Dave Withrow, National Oceanic and Atmospheric 
Administration [NOAA]/Fisheries, taken at about 13:00 AKDT on August 26, 2017, aboard a NOAA aircraft 
roughly 13 nautical miles southwest of Bogoslof Island.  
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Preface

Despite its remote location, a surprising number of people have visited Bogoslof Island since it 
was first depicted on a Russian map in 1772. Visitors to the area often described eruptive activ-
ity using colorful language or offered speculative remarks that were vindicated by subsequent 
eruptions as the following quotes demonstrate. Intermittently I could see a solid rock core in the 
pudding, round, and towering above its center. “It's the d____dest thing. The d____dest thing!” 
I kept on saying to myself. And over me crept the delicious thrill of the volcano-chaser: fear 
without responsibility, eagerness without lust, awe without wonder at old Nature so busy at her 
simple, terrible work.—Robert Dunn, 1908, as he approached a recently erupted lava dome at 
Bogoslof, 1906.

“Presumably other domical masses of viscous lava will rise at Bogoslof and these will be partly 
or wholly demolished by explosions and by wave attack, for this, as the foregoing record shows, 
has been the oft-repeated story of Bogoslof since records were first kept in 1796.”—H.A. Pow-
ers, 1958.
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Introduction
Bogoslof volcano is a submarine volcano in the southern 

Bering Sea (53.9272°N, 168.0344°W), located 100 kilome-
ters (km) west of Dutch Harbor/Unalaska, and 40 km north 
of Umnak Island. The volcano has a relatively long history of 
scientific investigation and several of its historical eruptions 
have been documented during brief visits to the area since the 
late 1700s. The purpose of this report is to provide a modern 
volcanological perspective on past eruptions of Bogoslof and 
to readdress some of the eruptive phenomena described in 
historical documents and reports. We also present for the first 
time a brief analysis of the hazards posed by Bogoslof erup-
tions. While this report was being prepared, Bogoslof volcano 
was in an ongoing state of eruptive activity that began in 
mid-December 2016. Detectable eruptive activity ended in late 
August 2017 and the volcano has remained quiet since then. 
Because we have not yet visited Bogoslof Island and have 
only a few distal tephra samples from two eruptive events, 
we will not discuss in detail the 2016–17 eruptive sequence, 
but will provide some information for comparative purposes. 
When more detailed data has been collected, a more extensive 
review of the 2016–17 Bogoslof eruption should be the subject 
of future reports. 

Geologic Setting
Bogoslof volcano is a submarine volcano roughly  

130 cubic kilometers (km3) in volume located about 50 km 
north of the main Aleutian arc volcanic front (figs. 1 and 2). 
The volcano is considered a back-arc feature because of its 
location north of, or behind, the Aleutian arc. Bogoslof is one 
of several volcanoes situated north of the volcanic front, the 
others being Amak volcano, which is located north of Cold 
Bay (Marsh and Leitz, 1979), and several volcanoes and 
volcanic edifices in the Katmai region (Hildreth and others, 
2007). Two modern islands, Bogoslof Island and Fire Island, 

make up the subaerial part of the volcano (fig. 3). The sub-
marine edifice of Bogoslof volcano has ~1,800 meters (m) of 
relief (fig. 2), but the highest points on Bogoslof Island are 
currently <100 m above sea level. Subaerial accumulations 
of lava are variously shaped. For example, the 1926–27 lavas 
are dome shaped in appearance (fig. 3), whereas Castle Rock 
and the 1992 lavas have an angular, spine-like shape, similar 
to lava spines described elsewhere (Sherrod and others, 2008). 
The subaerial lava flows have been referred to as lava domes 
in some previous studies (Byers, 1959, 1961), but the lava 
morphology probably has as much to do with the postemplace-
ment weathering and marine erosion of the rock as it does 
with lava composition, rheology, and cooling history. For the 
purposes of this report we consider all mounds of volcanic 
rock that have accumulated around a volcanic vent as lava 
domes following the terminology described in Calder and oth-
ers (2015). We use the term lava dome in a morphologic sense 
only and make no implications about whether Bogoslof is a 
dome-building volcano and thus susceptible to the effects of 
cyptodome intrusion and flank instability commonly associ-
ated with volcanoes that produce lava domes.

Bogoslof volcano is situated just south of the Bering 
Shelf, in the extreme southeast corner of the Aleutian Basin 
(fig. 1; Scholl and others, 1975). The volcano is flanked by 
structurally controlled submarine canyons on the north side 
of the Aleutian Ridge and is about 50 km east of the Umnak 
Plateau, a major bathymetric rise in the Aleutian Basin (Scholl 
and others, 1968, 1970). Umnak Plateau is a triangular shaped 
surface between 1,800 to 1,900 m below sea level at the 
intersection of the southwest trending Aleutian Ridge and the 
northwest trending Bering Shelf continental slope (Scholl and 
others, 1968; Ben-Avraham and Cooper, 1981). The relation 
between the location of these structures and Bogoslof volcano 
is unclear. The center points of the lava domes produced dur-
ing historical eruptions form a linear alignment that is oriented 
roughly N 5° W (355°;fig. 4) and approximately parallel to the 
direction of plate convergence in this part of the Aleutian arc 
(Engebretson and others, 1985; Tibaldi and Bonali, 2017).

The Aleutian arc extends westward from Cook Inlet 
in the east (approximately 61°N, 152°W) to Attu Island 
(52°56.9970′ N, 172°35.3310′ E). Buldir Island, about  
200 km east of Attu (fig. 1), is the westernmost island with 
known subaerial Holocene volcanism (Wood and Kienle, 
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1990). In the eastern part of the arc, the plate convergence vec-
tor is approximately 90 degrees to the trench axis and conver-
gence rates are about 7.5 centimeters per year (cm/yr). To the 
west, the convergence vector becomes more oblique and con-
vergence rates decline to about 2.5 cm/yr and eventually all of 
the motion in the western part of the arc becomes strike-slip 
(Engebretson and others, 1985). In the eastern part of the arc, 
volcanoes have developed on continental crust and are situated 
300–500 km north of the trench (Jacob and others, 1977). 
Volcanoes in the central to western part of the arc (including 
Bogoslof) grew from largely submarine environments within 
200 km of the trench. Bogoslof volcano is located in the cen-
tral part of the Aleutian arc and is about 215 km northwest of 
the trench (figs. 1 and 2). In general, the central part of the arc 
is the area of greatest magmatic output as indicated by volcano 
volume and frequency of historical eruptions (Fournelle and 
others, 1994). The two volcanoes closest to Bogoslof, Okmok 

and Akutan, are very active centers and have had numerous 
historical eruptions (www.avo.alaska.edu).

Historical Accounts and Observations
The first map depiction of an island in the vicinity of 

modern day Bogoslof Island is the 1772 map of the Krenitsyn 
and Levashev voyage (Shavanov, 1772) from Kamchatka 
to the Fox Islands between 1768 and 1769 (fig. 5). Pyotr 
Kuzmich Krenitsyn and Mikhail Levashev were officers and 
explorers in the Russian Navy who were dispatched to explore 
the northern Pacific Ocean and Bering Strait region by the 
Russian Empress Catherine II. The map of their voyage shows 
a small angular shaped island surrounded by cross marks in 
roughly the present location of Bogoslof Island (fig. 5). The 
cross marks are not described on the map explanation, but are 
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vents, which are aligned along a N 5° W (355°) orientation. The vents from north to south are Fire Island, 1992 lava, 1926–28 lava, and 
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a common symbol long-used on maritime maps that repre-
sent rocks, reefs, or shoalwater that are hazards to navigation 
(Larkin, 1998). On October 29, 1778, Captain James Cook 
described a tower-like rock outcrop in roughly the same 
location as that depicted on the Krenitsyn and Levashev map 
(Cook, 1785). Although the outcrop appears on the Chart 
of the N.W. Coast of America and the N.E. Coast of Asia 
(Roberts, 1794) and Cook refers to the Krenitsyn and Leva-
shev map, he does not use a specific name for the outcrop. 
However, the name “Ship Rock” is attributed to Cook by Dall 
(1884). The Russian Orthodox Missionary Priest Ivan Venia-
minov described an island that “rose from the sea” near the 
present location of Bogoslof Island in early May 1796 around 
the day known as the feast day of Pope St. John I (Wynne, 
1913) or St. John’s Day and thus the island received the name 
“Joanna Bogoslova” or John the Theologian’s Island (Baker, 
1906).

There are various indigenous names for Bogoslof Island 
including Agashagok (Grewingk, 1850), Agasaagux (new-
born), and Tanaxsidaagux (newly made island; Bergsland, 
1994). The name “Ostrov Ioanna Bogoslova” appears on a 
map published by Sarichev in 1826 and the name “Ostrova 
Bogoslova” was used in documents published by Captain 
Tebenkov in 1852. In the present context, Bogoslof volcano is 
an informal name that refers to the submarine edifice and its 

surface expression that today includes both Bogoslof Island 
and Fire Island.

1795–1806 Eruptive Period

After the observations by Cook in 1778, nothing more 
about Bogoslof Island appeared in written reports until Georg 
Heinrich von Langsdorff, a German physician, scientist, and 
naturalist visited the region between 1804 and 1806. In his 
1817 monograph, von Langsdorff described an “insulated 
rock” that was known by local Aleuts as a place with abundant 
“sea dogs” (seals) and sea lions suggesting that rock outcrops 
in the vicinity of present day Bogoslof Island were well known 
by local inhabitants (von Langsdorff, 1817). The apparently 
large numbers of marine mammals suggest that the island 
was more than an isolated rock outcrop. It is possible that the 
island included a larger, low relief section, which was suitable 
for supporting what may have been a large population of seals 
and sea lions.

People living on Unalaska and Umnak Islands remarked 
that sometime during 1795 a persistent layer of “fog” appeared 
over the Bogoslof area that did not disperse regardless of 
meteorological conditions (von Langsdorff, 1817). The fog 
described was so uncommon and consistent that people 
became afraid and would not approach the area by boat. 

Bogoslof
Island?

Umnak
Island

Unalaska
Island

Fig. 5Figure 5.  Portion of the 1772 map of the Krenitsyn and Levashev voyage (1768–69) showing the first known map depiction of an island 
in the vicinity of the present day Bogoslof Island. From the University of Alaska Fairbanks, Elmer E. Rasmuson Library.
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Eventually, a local Aleut ventured out to the insulated rock 
intent on harvesting some sea lions. The man returned “in the 
utmost terror and astonishment” and reported that the sea in 
the vicinity of the rock was boiling and that the fog was the 
“smoke or vapor” rising from the hot seawater. These obser-
vations suggest that magmatic heat, likely associated with 
shallow magma, was generating hot water and steam during 
1795, but it is not known if eruptive activity occurred as well. 
According to von Langsdorff (1817), the fog persisted for 
about 5 years, obscuring any clear views of the area, but when 
the fog eventually cleared, the insulated rock was no longer 
discernable and had been replaced by a larger island “resem-
bling a chimney” that was emitting “fire and smoke”.

Reports of eruptive activity at Bogoslof in early May 
1796 were described to Otto von Kotzebue in 1816 by Ivan 
Kriukov (von Kotzebue, 1821) who was the manager of 
the Russian-America Company in Unalaska from 1813–21 
(Hudson and Mason, 2014). Kriukov was on a hunting expe-
dition with several others to Umnak Island and sometime 
between May 1–8, 1796, after several days of poor weather, 
he observed “a column of black smoke rising from the sea” 
northwest of his location (von Kotzebue, 1821). Kriukov also 
described a small, dark, low-relief object below the column 
of smoke (probably an island) and into the evening of May 8, 
1796, observed “fire and flames” sustained and high enough 
to illuminate his location on the north side of Umnak Island. 
Kriukov also reported that strong earthquakes shook Umnak 
Island and a “terrible noise” was heard coming from the 
mountains to the south, which may have been an echo from 
the eruption of Bogoslof volcano. As the eruption continued, 
“stones” fell from the air around him and his hunting compan-
ions. By the morning of May 9, 1796, the activity had declined 
significantly and Kriukov and his party saw an island that had 
the “form of a black pointed cap” (von Kotzebue, 1821). This 
new island was later given the name “Old Bogoslof” (Jaggar, 
1908a) and is known today as Castle Rock (fig. 3). Kriukov 
visited Umnak Island again in June 1796 and observed that 
the new island had continued to grow in size relative to its 
appearance about a month prior. Kriukov also described minor 
amounts of fire but considerably greater amounts of smoke 
occurring at the new island than he observed in May and that 
the shape of the island was variable and had changed since 
his visit in May. The observations of fire suggests the pres-
ence of incandescent rock at the surface or possibly that lava 
fountaining was occurring and the black smoke must have 
been sustained ash emissions. According to Kriukov’s account, 
lava fountaining and ash emission continued for 4 years, but it 
was not until 1804 that anyone visited the island according to 
von Kotzebue (1821). When visited in 1804, areas of the new 
island were found to be too hot to stand on and much of the 
seawater around the island was warm. An unnamed Russian 
individual who had visited the island told von Kotzebue that 
the island was 2.5 miles (mi; 4 km) in circumference and 350 
feet (ft; 107 m) high and that for “three miles around it, the sea 
was covered with stones” (von Kotzebue, 1821). This sug-
gests that some of the eruptive products from the 1795–1804 
eruptive period were low density pumiceous or scoriaceous 

material that remained floating on the sea. Von Kotzebue ends 
the narrative of his conversations with Kriukov and other local 
inhabitants of Unalaska by noting that about 100 fathoms 
(~180 m) north of the new island “is a column of rock of con-
siderable height which is mentioned by Cook.” The column 
of rock must be the rock outcrop called Ship Rock that was 
observed and mapped by Krenitsyn and Levashev in 1768–69 
and by Cook in 1778.

Von Langsdorff (1817) provides an account of observa-
tions made during a visit to the new island by inhabitants of 
Unalaska in 1806. These individuals reported that the island 
had a circumference of about 30 versts (19.8 mi, 33 km; 
1 verst = 0.66 mi), which is considerably larger than that 
reported by von Kotzebue (1821). No estimate of the height 
of the new island was given, but the observers estimated that 
it would take roughly 5–6 hours to climb to the top. They 
witnessed an active lava flow on the north side of the island 
extending into the sea, but the area was too hot so they did not 
go ashore. The south side of the island was more hospitable 
and the visitors attempted to climb the lava dome from the 
south. They managed to climb about half way to the top but 
were turned around by the temperature of the cooling lava 
and hot steam emissions issuing from cracks and fissures in 
the lava dome. As von Langsdorff departed Unalaska, he had 
clear views of the new island and described it as a steep sided 
pinnacle. On the northwest side of the island he described four 
rounded summits that exhibited a step-like appearance.

Grewingk (1850) provides an account of eruptive activ-
ity in either 1804 or 1814 derived from Alexander Baranov’s 
narrative of his travels in the Unalaska area. In this narrative, 
Baranov remarks that local inhabitants went to the Bogoslof 
area by boat and observed a small island “covered with small 
rocks, which are continuously expelled from the crater”. This 
description suggests that coarse ejecta was being generated at 
the time of the visit and the volcano may have been in a state 
of low-level eruption; emission of ash is not mentioned. It is 
unclear how Baranov obtained this information as he was on 
Unalaska Island only in 1790. Grewink (1850) disputes the 
dates of the observations and favors an 1804 date, which is 
in agreement with other observations that describe eruptive 
activity then.

A chart of the Bogoslof area was published by Kru-
senstern in 1826 (fig. 6). It is unclear when the observations 
portrayed on the chart were made as Krusenstern did not 
reach the Bogoslof area during his voyage around the world 
in 1803–06. It is possible that the observations were made 
during the von Kotzebue voyage of 1815–18 as von Kotzebue 
spent considerable time at Unalaska and received numer-
ous reports from local inhabitants about the eruptive activ-
ity. Other possible sources of information used to make the 
chart include von Langsdorff (1817) or Veniaminov (1840) 
who lived in Unalaska from 1824–34. Krusenstern’s map is 
noteworthy because it shows a number of shallow outcrops 
and what appear to be as many as four nested lava domes on 
the southern part of the island south of Ship Rock (fig. 6). The 
lava dome or dome complex was later named Old Bogoslof 
by Jaggar (1908a) and is known today as Castle Rock (fig. 3). 
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Ship Rock and the dome-like features on Old Bogoslof are 
aligned to the northwest-southeast, a trend that persists to the 
present day.

The observations of eruptive activity between 1795 and 
1806 (table 1) indicate that the volcano experienced intermit-
tent periods of lava fountaining, ash emission, lava flows, and 

at least one episode of coarse tephra fall on Umnak Island. 
This period of eruptive activity was also associated with 
sustained steam emission and the eventual emplacement of a 
lava dome or domes (Old Bogoslof/Castle Rock) extending as 
much as 350 ft above sea level.

Table 1.  Summary of observations of eruptive activity and other phenomena at Bogoslof Island, 1795–2017.

[km, kilometer; m, meter; mm, millimeter]

Date Observations Reference

1795 Steam emissions
Hot, possibly boiling water

Langsdorff, 1817

1796–1806 Ash emission
Lava fountaining and incandescence
Tephra fall on Umnak Island
Extrusion of lava dome
Hot water in vicinity of lava dome
Scoria rafts in sea?
Lava flow in 1806
Circumference of new island 4–33 km and at least 100 m high

Kotzebue, 1821

1820 Minor ash emission on June 2, 1820 Merriam, 1902
1820–1823 Undocumented eruptive activity possible

Area of island increased between 1820 and 1823
Veniaminov, 1840

1823–1883 No documented activity Tebenkof, 1852
Dall, 1884

1883–1884 Steaming (observed as early as summer 1882)
Lava fountaining
Ballistic ejecta
Effusion of a lava
Ash emission and fallout on Unalaska Island in October 1883
New island formed, now known as Fire Island

Davidson, 1884
Dall, 1884
Diller, 1884
Merriam, 1902

1884 Vigorous steaming
No eruptive activity
Lava dome of New Bogoslof (Fire Island) 150 m high
Explosions reported in late May 1884

Healy, 1887
Merriam, 1902

1885 Vigorous degassing observed Merriam, 1902
1887 No significant changes relative to 1885 observed Becker, 1898

Merriam, 1902
1891 Steaming and degassing of New Bogoslof (Fire Island) observed Becker, 1898

Merriam, 1902
1893 Steaming and degassing of New Bogoslof (Fire Island) observed Becker, 1898

Merriam, 1902
1895 Only minor steaming and degassing observed at New Bogoslof (Fire Island) Merriam, 1902
1897 No steaming at New Bogoslof (Fire Island) observed

Summit of New Bogoslof (Fire Island) eroded flat
Merriam, 1902

1899 No significant changes observed Harriman and Merriam, 1901
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Date Observations Reference

1904(?)–1908 New lava dome, 90–120 m high, located between Old Bogoslof (Castle Rock) and New 
Bogoslof (Fire Island) observed in late May and in late July1906

New dome named Metcalf Cone
Dome inadvertently renamed Perry Peak in June 1906
Local observers report that Metcalf Cone-Perry Peak was present in the winter of 1904–05
A fourth island reported in spring, 1907, annexed to Metcalf Cone. New island named Mc-

Culloch Peak and about 137 m high and 610 m in diameter.
Effusion of McCulloch Peak was preceded by explosive destruction of part of Metcalf 

Cone. This event or series of events also associated with explosively generated water 
waves and ballistic ejecta.

Evidence for 7.5 m of uplift reported in 1906–07
5–6 mm of ash fall on the Dutch Harbor area, September 1, 1907
McCulloch Peak destroyed by October 15, 1907
Metcalf cone destroyed between mid-October 1907 and July 1908
Possible tuff ring formed between Old and New Bogoslof (Castle Rock and Fire Island) 

during September 1907–July 1908 activity
Large dome of water, vigorous steaming, ash emission, and lava effusion reported on July 

7, 1908

Jordan and Clark, 1906
Jaggar, 1908b
Dunn, 1908
Munger, 1909
Prosser, 1911

1909–1910 Lava dome effusion reported in September 1909
Lava dome, 54 m high observed on June 16, 1909
New lava dome with crater at summit named Tahoma Peak
Ash emission, lava fountaining, and lightning observed on September 18, 1910
Heat from the dome felt as far away as 9.5 km

Prosser, 1911
Powers, 1916

1911–1926 Unconfirmed report of steam and ash emission in July 1913
No activity observed in September 1914
No activity observed in 1920
Top of Old Bogoslof (Castle Rock) reported to be 120 m above sea level and surrounded 

by an uplifted wave-cut platform in September 1922
No activity observed in July 1923
No activity observed in late May 1926

Powers, 1916
Morris, 1936

1926 Local observers report explosive activity on July 17, 1926
Significant steaming observed in late July 1926
Black smoke, fire, muddy water, and lightning observed on August 12, 1926
Submarine explosions reported during summer–fall 1926
Lava dome effusion and ring of explosion debris reported during winter 1926–27. Lava 

dome about 60 m high and 300 m in diameter.

Jaggar, 1930
Morris, 1936
Byers, 1959

1927 Minor lava effusion observed on July 6, 1927
Undocumented eruptive activity, lava effusion and steaming observed in late 1927. New 

lava dome located at former site of Metcalf Cone and McCulloch Peak.

Jaggar, 1927, 1930
Morris, 1936

1931 “Fire” at Bogoslof reported on October 31, 1931 Jaggar, 1932
1935 Hydrographic survey completed; no eruptive activity observed Morris, 1936
1947 Geologic investigations by F.M. Byers, Jr.; no eruptive activity observed Byers, 1959
1992 Steam and ash emissions observed on July 6, 1992

Relatively continuous ash emission observed on July 14–15, 1992
Steam and ash plume observed on July 20, 1992, reaching as high as 8 km above sea level
Effusion of lava dome on the northeast sector of Bogoslof Island observed on July 24, 

1992.

McGimsey and others, 1995

1994 Geologic investigations by M. Harbin; No eruptive activity observed.
1992 lava dome estimated to be 275 m in diameter and 150 m high.

Harbin, 1994

2016–17 Steam and ash emissions documented between December 12–14, 2016
At least 64 eruptive events between December 14, 2016, and August 30, 2017

www.avo.alaska.edu
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1820 Eruptive Activity

On June 2, 1820, the Bogoslof area was visited by 
Captain Shishmaref in command of the Russian sloop Good 
Intent. Onboard, a Dr. Stein made observations of a column of 
smoke rising from the highest point of the island, suggesting 
that minor steam and ash emissions were occurring. No other 
activity was noted, except that the island was described as “a 
cold rock that had ceased to grow” (Merriam, 1902).

Observations Between 1820 and 1883

There are no known observations of eruptive activity 
after the 1820 report in Merriam (1902) and prior to the erup-
tion of 1883. However, several individuals who were in the 
region during this period contributed observations. Veniami-
nov (1840) comments that the island ceased to increase in 
size until 1823, suggesting that there may have been minor or 
no eruptive activity occurring between 1820 and 1823.

A sketch of Bogoslof Island made in 1832 by Captain 
Mikhail Dmitrievich Tebenkof (fig. 7) was included in a 
monograph by Count Friedrich Lütke (Lütke, 1836) who was 
in Unalaska in 1827. Tebenkof was a Russian surveyor who 
was in the Bering Sea area from 1831 to 1833. In addition to 
his sketch of Bogoslof, he produced an atlas of the northwest 
coasts of America from the Bering Strait to Cape Corrientes 
and the Aleutian Islands (Tebenkof, 1852). Tebenkof’s sketch 
shows a jagged, pyramid-shaped rock mound and a much 
smaller isolated pinnacle. The rock mound is probably the 
lava dome extruded during eruptive activity in 1796 (Old 
Bogoslof/Castle Rock) and the pinnacle is likely the rock 
observed and mapped by Krenitsyn and Levashev (Shavanov, 
1772) and by Cook (1785) and generally known as Ship 
Rock. Tebenkof estimated that the larger outcrop was about 
457 m (1,500 ft) high and had a circumference of not more 
than 3.7 km (2 nautical miles).

William Healey Dall visited Bogoslof several times, in 
1872, 1873, and 1899 as a member of the Harriman Expedi-
tion. He provided numerous observations in a series of reports 
beginning in 1884. Apparently Dall’s party attempted to land 
on the island in both 1872 and 1873 without success. How-
ever, Dall made several sketches of the island (Dall, 1884) that 
show a profile and characteristics similar to that reported by 
Tebenkof in 1832.

1883–84 Eruptive Activity

Local inhabitants reported that a new eruption at Bogo-
slof was first noticed in May 1883 although steaming at 
Bogoslof Island was noted by local observers as early as the 
summer of 1882 (Merriam, 1902). On September 27, 1883, 
the schooner Matthew Turner, with Captain Anderson at the 
helm, passed Bogoslof Island and observers reported that the 
island was surrounded by “white smoke, like steam” (David-
son, 1884). During the evening of September 27 observers on 
board the Matthew Turner reported seeing fire on Bogoslof 
Island from a distance of about 25 mi (Davidson, 1884; Mer-
riam, 1902). They also observed ballistic ejecta, eruption of 
“large masses of heated rock,” and ash and steam emission 
from “numerous fissures” on the top, sides, and underwater of 
what was probably a lava dome (Merriam, 1902).

One month later, on October 27, Captain Hague on the 
steamer Dora passed within a mile of Bogoslof Island and 
observed “black smoke” resembling burning tar issuing from 
what he interpreted to be a new island consisting of a steep 
rocky pinnacle (fig. 8; Davidson, 1884). Captain Hague, after 
his visit in October 1883 proposed the name New Bogoslof 
for the volcanic island he observed. Dall (1884) proposed the 
name Grewingk for the new volcanic island in honor of Con-
stantine Grewingk for his compilation of early observations of 
Bogoslof (Grewingk, 1850). Both names are used in historical 
literature.

Fig. 7

Figure 7.  Sketch of Bogoslof Island by M. Tebenkof in 1832 (Lutke, 1836). The larger, jagged-appearing rock outcrop on the right, 
reported by Tebenkof to be about 1,500 feet high with a circumference of about 2 nautical miles (Lutke, 1836) was likely emplaced during 
eruptive activity in 1796. The smaller rock pinnacle on the left is probably the outcrop observed by Krenitsyn and Levashev (fig. 5) and 
also observed by Cook (1778).
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Observers on the Dora thought that the island appeared 
larger than described in previous reports and that the new 
island located about 0.5 mi north-northwest of the old island 
(Ship Rock) was irregular in profile, rose 500–800 ft  
(152–244 m) above sea level, and was about 0.75 mi in 
diameter (Dall, 1884; Davidson, 1884). Observers on the Dora 
also reported vigorous steaming from the base of the rock 
pinnacle and remarked that at night the island appeared “on 
fire,” suggesting incandescence or possibly that lava fountain-
ing may have been occurring. Captain Hague further described 
Bogoslof Island as being enveloped in “smoke and flame” 
with “red-hot lava issuing from its central portion and great 
quantities of softer lava running down to the sea” (Dall, 1884). 
Although the specific timing of eruptive activity is not known, 
Dall (1884) indicates that the type of activity observed by 
Hague in October 1883 continued into 1884.

Dall (1884) also reports on the darkening of the sky and 
the blocking of sunlight by a dark cloud in the sky north of 
Unalaska on October 16, 1883. He described the fall of ash on 
Unalaska as a covering of “dull gray cottony ashes of extreme 
lightness.” Dall (1884) also makes reference to another 
account of ash fall on October 24 but provides no further 

details. Reports of ash fall were also described in Davidson 
(1884) who reported that sometime between October 16–20, 
1883, inhabitants of Iliuliuk (present day Dutch Harbor/
Unalaska) reported “a shower of ashes.”

Diller (1884) provides a slightly more detailed descrip-
tion of the ash fall and indicates that it occurred on October 
20, 1883. A Mr. Applegate, the signal-service operator at 
Unalaska, reported that at about 2:30 p.m. local time, “the 
air became suddenly darkened, like night; and soon after, a 
shower of mixed sand and water fell for about ten minutes, 
covering the ground with a thin layer” (Diller, 1884). In the 
village of Unalaska, windows were coated with ash thick 
enough to make it impossible to see out. Diller (1884) received 
a sample of the ash for analysis and reports that the sand-size 
ash was mostly crystalline fragments dominated by feldspar 
crystals. Diller commented that most of the ash particles were 
irregular, angular “splinters” (fig. 9), but also included euhe-
dral crystals with inclusions as large as about 0.15 millimeter 
(mm) in diameter (Diller, 1884). Other minerals present in the 
sample included pale green augite, hornblende, and irregular 
grains and crystals of magnetite. Clear volcanic glass was rare. 
A chemical analysis of the ash was made by T.M. Chatard of 

Fig. 8

Figure 8.  Hand drawn sketch of 
Bogoslof Island by G. Davidson 
based on descriptions provided 
during interviews with Captains 
Anderson and Hague who observed 
this feature in September-October 
1883 (Davidson, 1884). The height of 
the rock pinnacle above sea level 
was estimated to be 800–1,200 feet 
(244–366 meters).
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the U.S. Geological Survey who found that the silica content 
was 52.48 percent (Diller, 1884).

1884 Observations

On May 21, 1884, the Revenue Marine steamer Cor-
win under the command of Captain Michael A. Healy vis-
ited Bogoslof Island and contributed several observations, 
including a map and photographs of the island (Healy, 1889). 
Although vigorous steaming on New Bogoslof (later known 
as Fire Island) was observed, the volcano did not appear to 
be actively erupting. A report prepared by Second Lieuten-
ant John C. Cantwell provides descriptions and observations 
obtained when Cantwell and a reconnaissance party landed on 
Bogoslof Island by small boat. Cantwell reports that the two 
masses of rock on the island, Old and New Bogoslof (figs. 

10–12), were connected by a narrow, low-relief isthmus com-
posed of “a mixture of fine black sand and small oolitic stone”. 
It is unclear what was meant by the term oolitic stone, but 
it is possible that Cantwell had observed accretionary lapilli 
produced during the 1882–84 eruptive period. Cantwell also 
describes the ash deposits around the island as being crusted 
on the surface, but soft, loose, and easily lofted below the 
crust and being “knee deep” (Healy, 1889). Cantwell climbed 
the lava dome of New Bogoslof and estimated the temperature 
within a crack near the top of at least 500 °F. He observed 
sulfur deposits along many of the cracks in the fractured lava 
dome and vigorous emission of volcanic gasses that produced 
a “suffocating and nauseating” reaction. Cantwell performed a 
visual inspection of the ash on Bogoslof Island and compared 
it to ash samples collected at Unalaska and found the samples 
to be identical (Healy, 1889).

Fig. 9

Figure 9.  Outlines of sand-sized ash particles from the October 20, 1883, ash fall on Unalaska. From 
Diller (1884).

Fig. 10

Figure 10.  Photograph of Old Bogoslof, May 21, 1884. View is to the southeast from the spit 
connecting New and Old Bogoslof. Photograph by Lieutenant George H. Doty.
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Fig. 11

Figure 11.  Photograph of New 
Bogoslof and Ship Rock (in 
foreground), May 21, 1884. View is 
toward the northwest. Photograph by 
Lieutenant George H. Doty.

Fig. 12

Figure 12.  An 1884 map of Bogoslof 
Island showing Old Bogoslof, Ship Rock, 
and New Bogoslof, which was a result of 
eruptive activity between 1882 and 1884. 
This map was drawn by Captain Cantwell 
who was aboard the Revenue Steamer 
Corwin, which visited the area in 1884 
(Merriam, 1902).

In a second report, by H.W. Yemans, a surgeon on board 
the Corwin, loose volcanic ash deposits are described as cov-
ering parts of the lava dome of New Bogoslof (Fire Island), 
suggesting that the lava dome was emplaced prior to or during 
an episode of ash emission. Yemans describes some of the 
dome rock as “aqueo-igneous conglomerate,” which may indi-
cate the presence of agglutinate and welded spatter. He also 
mentions finding “a few fragments of granitoid rock” within 
the rubble on the dome flank, which may be components of 
the wall rock within the Bogoslof edifice.

Additional information acquired by the landing party 
dispatched to Bogoslof from the Corwin, but not included 
in the Healy (1889) report, was later compiled by Merriam 
(1902). According to these observations, the height of the New 
Bogoslof lava dome was estimated at 500 ft (150 m) above 
sea level and characterized by a “great fissure” along its upper 
third, oriented in a northeast-southwest direction. It was not 
possible for the landing party to reach the fissure because of 
the high temperature of the lava and the vigorous emission of 
gasses. Merriam (1902) commented that the feature known as 
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Fig. 13

Figure 13.  Map of Bogoslof Island made by G.M. Stoney based 
on observations made in late May 1884. From Merriam (1902).

Ship Rock, and likely the same outcrop observed by Krenitsyn 
and Levashev, and Cook in the late 1700s, was still present but 
exhibited water marks and barnacle lines that were more than 
20 ft (6 m) above sea level indicating that the feature had been 
uplifted relatively recently.

On May 28, 1884, a U.S. Navy hydrographic ship 
reached Bogoslof and Lieutenant George M. Stoney provided 
some additional observations and a map of the island (Mer-
riam, 1902; fig. 13). Stoney reported that the temperature of 
ash deposits just below the surface was 250 °F and that parts 
of the lava dome were hot enough to ignite wood (sticks) 
immediately. Stoney reported that numerous earthquakes were 
felt, many accompanied by rumbling sounds and occasional 
explosions, during his 3-day visit to the island (Merriam, 
1902). Gas emissions below sea level around New Bogoslof 
produced a bubbling, boiling appearance, but no elevated 
water temperatures were observed.

1885 Observations

On return visits to Bogoslof on June 19 and September 
15, 1885, observers on the Corwin reported that vigorous 
outgassing at the summit of New Bogoslof continued, little 
changed from the previous year. Views of the summit of New 
Bogoslof from the north were described as a “bright sulphu-
rous light” emanating from “rifts” in the side of the lava dome 

(Merriam, 1902). These observations are suggestive of incandes-
cence of the still hot core of the lava dome.

1887 Observations

A sketch of Bogoslof Island made by W.C. Greenfield in 
1887 (Becker, 1898; Merriam, 1902) shows a configuration 
similar to that observed in 1884 and 1885. Merriam (1902) com-
ments that based on the Greenfield sketch, Bogoslof appeared to 
be slightly higher than when observed in 1884–85, but this could 
be a result of low tide at the time Greenfield made a sketch of the 
island.

1891 and 1893 Observations

The U.S. Fish Commission steamer Albatross visited Bogo-
slof in 1891 and several photographs and sketches were made 
of both New and Old Bogoslof (Becker, 1898; Merriam, 1902). 
The photographs are of poor quality and do not show anything 
noteworthy except that New Bogoslof appears to be steaming 
in one of the photographs (fig. 14). By 1891, Ship Rock and the 
low-relief isthmus connecting Old and New Bogoslof had been 
eroded away (fig. 15; Becker, 1898; Merriam, 1902). In August 
1891, C. Hart Merriam and Thomas C. Mendenhall visited 
Bogoslof Island aboard the Albatross and reported significant 
steaming and degassing at New Bogoslof, including local-
ized sulfur-laden steam jets. Steaming and degassing were also 
observed in 1893 by Captain Tanner of the Albatross (Merriam, 
1902).

1895 Observations

George F. Becker, William H. Dall, and Chester W. Pur-
ington of the U.S. Geological Survey visited Bogoslof Island in 
August 1895. Becker (1898) reported that the two islands (Old 
and New Bogoslof) were separated by about 0.75 mi (1.2 km) 
of open ocean and the intensity of steam and gas emissions from 
New Bogoslof had declined significantly since the 1891 visit by 
Merriam and Mendenhall (Merriam, 1902). The profile of New 
Bogoslof (Fire Island) also appeared to have a distinctly plateau-
like form (Merriam, 1902). Purington took several photographs 
of both Old and New Bogoslof, two of which are shown in fig-
ures 16 and 17. A sketch map of the area was produced by W.H. 
Dall (fig. 18).

1897 Observations

Leonhard Stejneger of the International Fur Seal Commis-
sion was in the Bogoslof area in 1897 and took several photo-
graphs of Bogoslof Island. Sketches made from these photo-
graphs appear as figures 30 and 31 in Merriam (1902). There is 
no indication of steaming or gas emissions in these sketches  
(fig. 19).
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Fig. 14

Figure 14.  Photograph of steam emissions from 
New Bogoslof Island, August 11, 1891. Old Bogoslof 
Island on left. Photograph by C. Hart Merriam.

~1 mile

~0.25 mile

NORTH

Fig. 15

Figure 15.  Sketch map of Old and New 
Bogoslof Islands in 1891 by C. Hart Merriam, 
showing new spit extending northwest of Old 
Bogoslof and absence of spit connecting Old 
and New Bogoslof; compare with figures 12 
and 13. From Merriam (1902).

Fig. 16

Figure 16.  Photograph of Old Bogoslof Island, 
August 13, 1895. View is toward the northwest; 
see figure 18 for approximate orientation. The 
material in the middle foreground is stratified and 
may be tephra fall and flow deposits associated 
with the 1882–84 eruptive activity that formed New 
Bogoslof. Photograph by C.W. Purington, U.S. 
Geological Survey.
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Fig. 17

Figure 17.  Photograph of Old 
Bogoslof, August 13, 1895. View 
is toward the southeast from 
New Bogoslof; see figure 18 for 
approximate orientation. Wedge 
of dark material at the base of 
the outcrop are probably tephra 
and pyroclastic flow deposits 
associated with the 1882–84 
eruptive activity that formed New 
Bogoslof. Photograph by C.W. 
Purington, U.S. Geological Survey.
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(fig. 17)

Approximate field of
view of August 13, 1895
photo by C.W. Purington

(fig. 16)

Fig. 18

Figure 18.  Sketch map of Old and New Bogoslof Islands, 
made in 1895 by W.H. Dall. From Merriam (1902).

Fig. 19

Figure 19.  Sketch of New 
Bogoslof (on left) and Old 
Bogoslof (on right) made 
from photograph taken by 
L. Stejneger, June 30, 1897. 
Note the level, plateau-like 
form of New Bogoslof, which 
presumably resulted from 
surface erosion of the outcrop. 
From Merriam (1902).
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1899 Observations

The Bogoslof area was visited in July 1899 by the Har-
riman Expedition to Alaska and is described in Harriman and 
Merriam (1901). Although members of the expedition were 
not able to land on any part of Bogoslof Island, photographs 
(fig. 20) and observations made indicate that the island had 
changed little from the previous several years.

1904(?)–08 Eruptive Activity

On May 29, 1906, the U.S. Bureau of Fisheries steamer 
Albatross reached Bogoslof Island and Lieutenant Com-
mander LeRoy M. Garrett reported that a new volcanic island 
had developed between Old and New Bogoslof, was conical 

in form, and steaming profusely (Jaggar, 1908b). He also 
described a rock spire or “horn” at the summit of the lava 
cone. Garrett proposed the name Metcalf Cone for the new 
island in honor of Victor H. Metcalf, the U.S. Secretary of 
Commerce and Labor. Dr. Charles H. Gilbert of Stanford 
University was also aboard the steamer Albatross and reported 
that the new cone was about 300 ft high and consisted of jag-
ged, sulfur encrusted lava (Jordan and Clark, 1906).

In June 1906 the U.S. Revenue cutter Perry reached 
the Bogoslof area (Munger, 1909). Observers on board also 
reported that a new island had formed and named it Perry Peak 
(fig. 21), not knowing that Lieutenant Commander Garrett had 
already proposed the name Metcalf Cone. On July 10, 1906, 
the U.S. Revenue cutter Thetis was in the vicinity of Bogoslof 
Island and observers on board reported thick vapor emissions 
from the new island between Old and New Bogoslof (fig. 22).

Fig. 20Figure 20.  Photograph of Old Bogoslof (on left) and New Bogoslof (on right), July 8, 1899. The distinctive plateau-like form 
of New Bogoslof is also apparent in this photograph. In this view, New Bogoslof appears smaller than Old Bogoslof, which 
may mean that it is was eroding more rapidly than Old Bogoslof. Compare with figure 18. Photograph by W.B. Devereux.

Fig. 21
Figure 21.  Photograph of 1906 lava dome from New Bogoslof when visited by crewmen of the U.S. Revenue 
steamer Perry, July 29, 1906. View is toward the south and New Bogoslof is in front of the five sailors. 
Photograph by Captain F.M. Munger. 
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On July 29, 1906, Mr. Robert Dunn, aboard the schooner 
Bear, reached Bogoslof Island. Dunn described the new third 
island situated between Old and New Bogoslof (fig. 23; Dunn, 
1908). Dunn reports that this new island was observed by 
local inhabitants as early as the winter of 1904–05, although 
this report was contradicted by a local hunter who was in the 
vicinity of Bogoslof Island in spring 1905 and saw nothing 
unusual and no third island (Dunn, 1908). According to Dunn, 
in late March 1906, Mr. Ed Lee, the Captain of the schoo-
ner Bear, observed “violent and persistent” snow squalls in 
the vicinity of Bogoslof Island that appeared unusual to him 
given the clear weather in the region (Dunn, 1908). Hunters 
on the north side of Umnak Island also reported seeing dense 
steam emissions at Bogoslof in late March 1906. On April 20, 
1906, the schooner Bear passed by Bogoslof Island and those 
onboard reported seeing steam emissions but no new island 
(Dunn, 1908). Dunn reached the new volcanic island on July 
29, 1906, and climbed to the top of the cooling lava, which he 
remarked “was as stable as chocolate fudge.” Dunn estimated 
that the lava dome was about 400 ft high and had the profile of 

“the beak of a parrot with head in air” (fig. 24). He described 
a spire within the lava dome as “almost sheer, and smooth as 
a billiard ball, as if tempered and polished in its hot excursion 
up from Hades” (fig. 25). Dunn described the volcanic island 
as a whole as “a pudding of slag fresh from that great furnace 
of the unknown.”

Information from the logbook of the U.S. Revenue 
steamer Perry on July 29, 1906, indicated that the new island 
had “ceased smoking” but a “small spot of fire” was visible 
on the “near side.” Lieutenant William T. Stromberg of the 
steamer Perry produced a sketch map of the area (fig. 26; 
reproduced in Jaggar, 1908a) that corroborates the observa-
tions made by Dunn (1908). A September 1906 photograph 
by H.G. Ebert of the steamer Perry shows steam rising from 
Metcalf Cone (fig. 27).

According to Jaggar (1908b), an Unalaska area sea 
captain, Henry Dirks, observed a fourth new island in the 
Bogoslof area in the spring of 1907 that rose adjacent to Met-
calf Cone. Munger (1909) reports that this island was nested 
against Metcalf Cone, forming a single island (fig. 28) and 

Old Bogoslof New Bogoslof1906 lava

Fig. 22

Figure 22.  Sketch of lava dome 
erupted in 1906 as observed by sailors 
on board the Revenue cutter Thetis, 
July 10, 1906. This sketch is from the 
ship’s logbook (http://oldweather.
s3.amazonaws.com/ow3/final/USS%20
Thetis/vol610/vol610_040_1.jpg).

Fig. 23

Figure 23.  Sketch map of the Bogoslof 
Island area July 29, 1906, by Robert 
Dunn (Dunn, 1908). Grewingk Id. is the 
same as New Bogoslof, and Joanna 
Bogoslova Id. is the same as Old Bogoslof 
in previous figures. Dunn reported warm 
water (approximately 92 °F) in the lagoon 
surrounding the new island.
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Fig. 24

Fig. 25

Figure 24.  Photograph of 1906 lava dome. Estimated height of the lava dome was about 400 feet (Dunn, 1908). 
Photograph by Robert Dunn, July 29, 1906.

Figure 25.  Photograph of upper part of 1906 lava dome. Estimated length of the whaleback spire was about 40 feet 
from base to top (Dunn, 1908). Photograph by Robert Dunn, July 29, 1906.
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Fig. 26

Fig. 27

Figure 26.  Map of Bogoslof Island, July 1906. 
Map by Lieutenant W.T. Stromberg (Jaggar, 
1908a).

Figure 27.  Photograph of Old Bogoslof (also known as Castle Rock) on left, Metcalf Cone (also known as Perry 
Island or Perry Peak) in middle, and New Bogoslof (also known as Grewingk or Fire Island) on right taken September 
1906. Photograph by H.G. Ebert, surgeon aboard the Revenue steamer Perry.

may have developed over the winter of 1906–07, but does not 
cite a source for this assertion. In July 1907 the Revenue cutter 
McCulloch visited the Bogoslof area and observers onboard con-
firmed that a new volcanic island had developed, but that about 
half of Metcalf Cone was gone with the steaming “McCulloch 
Peak” in its place (Jaggar, 1908b). Jaggar (1908b) remarks that 
a “violent explosion broke Metcalf Cone in twain” and suggests 
that “the marks of flood waves and bombs and pumice” on Old 
Bogoslof are evidence of explosive destruction of Metcalf Cone.

Thomas A. Jaggar visited Bogoslof on August 7, 1907, and 
provided observations, photographs, and a sketch map of the 
volcanic islands (figs. 29–32). He estimated that about 25 ft of 
uplift of Old Bogoslof had occurred between 1906 and the time 
of his visit in August 1907 based on the difference in the position 
of features recognizable in 1906 photographs and his observa-
tions in 1907 (Jaggar, 1908b). Jaggar estimated the summit of 
McCulloch Peak to be about 450 ft above sea level and the diam-
eter of the nearly circular lava dome at about 2,000 ft. McCull-
och Peak was partly surrounded by a salt-water lagoon with a 
temperature of 90 °F (Jaggar, 1908b).

Arthur S. Eakle also visited Bogoslof Island on August 7, 
1907, and described Castle Rock (Old Bogoslof) as being “cold” 
and observed no evidence of “fire” or steam at Fire Island (New 
Bogoslof) (Eakle, 1908). According to Eakle, both Metcalf and 
McCulloch peaks were hot and actively steaming and the lagoon 
surrounding McCulloch peak was boiling. Eakle described 
Metcalf and McCulloch domes as being composed of hornblende 
andesite, basalt, basaltic agglomerate, and pumice (Eakle, 1908).
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On September 1, 1907, at about 5 p.m. local time, a dark 
black cloud was observed passing over Unalaska Island (Eakle, 
1908; Munger, 1909). Sandy ash fall, 0.187–0.25 inches  
(~5–6 mm) thick was reported at the village of Iliuliuk, near 
present day Unalaska (Eakle, 1908; Jaggar, 1908b; Munger, 
1909). Eakle (1908) described the ash from the September 
1, 1907, eruption as “gray pumiceous ash, containing occa-
sional hornblende crystals” and presumably “finely shat-
tered hornblende andesite.” The Revenue cutter McCulloch 
reached Bogoslof on October 15, 1907, and observers on 
board reported that McCulloch Peak had been destroyed (fig. 
33; Munger, 1909). A portion of Metcalf Cone remained and 
“was standing in grim silence as a headstone at the grave of 
the departed peak” (Jaggar, 1908b). The profile of the island in 

October 1907 from Metcalf Cone to New Bogoslof appeared 
smoothed over by the accumulation of pyroclastic debris (Jag-
gar, 1908b). Jaggar (1908b) reports that a deep bay occupied 
the former site of McCulloch Peak and in October 1907 steam 
was rising “in considerable quantities from the surface of the 
water.” It is likely that the main phase of the eruption that 
destroyed McCulloch Peak occurred on or around September 
1, 1907, producing the ash cloud observed on Unalaska Island. 
There were no other reports of ash clouds during that period.

The Revenue cutter Rush visited the Bogoslof area in 
July 1908 and officers on board observed that the remnant of 
Metcalf Cone was no longer present (fig. 34), having been 
destroyed by eruptive activity sometime between October 
15, 1907, and July 1908 (Munger, 1909). Jaggar (1908b) 

Fig. 28

Figure 28.  Photograph of the Bogoslof area taken July 4, 1907. Feature labelled 1 is New Bogoslof (also known as Fire Island 
and Grewingk), 2 is Metcalf Cone (also known as Perry Peak or Perry Cone), 3 is McCulloch Peak, and 4 is Old Bogoslof (also 
known as Castle Island or Castle Rock). View is toward the west. Photograph by Captain F.M. Munger. 

New Bogoslof 
(Grewingk, Fire Island)

Metcalf ConeMcCulloch PeakOld Bogoslof 
(Castle Island, Castle Rock)

Fig. 29
Figure 29.  Photograph of the Bogoslof area taken August 7, 1907, showing four lava accumulations and the names 
used in various publications describing them. Old Bogoslof formed between 1796 and 1804, McCulloch Peak formed in 
1907, Metcalf Cone formed in 1906, and New Bogoslof formed in 1883. View is toward the west From Jaggar (1908b).



22    Historical Eruptions and Hazards at Bogoslof Volcano, Alaska

Fig. 30

Metcalf Cone McCulloch Peak

pre-McCulloch Peak
profile of Metcalf Cone

Fig. 31

Figure 30.  A 1907 map of the Bogoslof area 
showing the four main volcanic vents at the time. 
From Jaggar (1908b).

Figure 31.  Photograph of partly destroyed Metcalf Cone and McCulloch Peak, August 7, 1907. View is to the southeast. From 
Jaggar (1908b).

Fig. 32
Figure 32.  Photograph of New Bogoslof Island, August 7, 1907. Note the flat, gradually sloping surface of New Bogoslof. This is 
unusual relative to the more dome-shaped appearance of the other lava accumulations at Bogoslof. It is unclear why the summit 
of New Bogoslof in this photograph has a flat surface. It is possible that deflation of the Bogoslof edifice allowed for wave 
erosion of the top of New Bogoslof and later inflation brought the feature to its 1907 position. This would require 30 meters or 
more of vertical motion of the Bogoslof edifice which may be implausible. From Jaggar (1908b).

speculates that a new cone may have developed over the 
winter of 1907–08 and then was explosively destroyed pos-
sibly before June 1908. However, there are no corroborating 
reports of activity or ash emission and thus the mechanism and 
timing of the destruction of what remained of Metcalf Cone is 
not known. During the July 1908 visit to Bogoslof (Munger, 
1909), observers on board the Rush noted that a high ridge of 
land, as high as 300 ft (90 m) above sea level, extended from 
Fire Island (New Bogoslof or Grewingk) to Castle Rock (Old 
Bogoslof) (fig. 34). A September 1908 map, made by Lieuten-
ant Bernard Camden on board the Revenue cutter McCulloch, 
shows a large embayment open to the southwest, about 1 mi 
(1.6 km) wide and as much as 25 fathoms (45 m) deep, in 
the middle part of the island (fig. 35). The ridge connecting 
New Bogoslof and Old Bogoslof was likely a tuff ring and 
the embayment was likely the vent area for the eruption that 
destroyed the remaining part of Metcalf Cone. During the 
September 1908 visit observers reported that the southwestern 
part of the island was smoking (steaming?) and patches of 
discolored water were present on the north-northwest sides 
of the island, probably a result of wave erosion of pyroclastic 
deposits.
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Figure 33.  Photograph of 
New Bogoslof, Metcalf Cone, 
and Old Bogoslof, October 
15, 1907. View is toward the 
southwest. Eruptive activity on 
or around September 1, 1907, 
destroyed McCulloch Peak and 
part of the remaining Metcalf 
Cone. Photograph by F.M. 
Munger.
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Fig. 34

Figure 34.  Photograph of 
Bogoslof Island taken July 
1908 showing Old and New 
Bogoslof and the approximate 
locations of Metcalf Cone 
and McCulloch Peak, both 
of which were removed by 
explosive eruptive activity 
September 1907–July 1908. 
The land area between 
New and Old Bogoslof is 
probably pyroclastic debris 
generated by the eruptions 
that destroyed McCulloch 
Peak and Metcalf Cone. 
Photograph by F.M. Munger.

Fig. 35

Figure 35.  July 1908 map of Bogoslof Island, made by 
Lieutenant Bernard H. Camden of the Revenue cutter 
Rush. The large circular embayment in the center 
of the island that opens to the southwest was the 
approximate location of Metcalf Cone and McCulloch 
Peak. Fire Island Peak is also known as New Bogoslof 
and Grewingk. Castle Rock is also known as Old 
Bogoslof. From Munger (1909).
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Additional unrest at Bogoslof in 1908 is described in a 
report by Prosser (1911) and a generalized article by Hun-
nicutt (1943). Hunnicutt (1943) mentions that the steamer 
Albatross was in the Bogoslof area in 1908 and crewmembers 
observed multiple dome-like rises of the ocean surface, like 
“a colossal soap bubble,” associated with gas emissions and 
“gigantic clouds of smoke and steam.” Based on this report, 
it is unclear if the crew of the Albatross observed an actual 
eruption, or witnessed upwelling of hot water and steam 
emissions. The source of this information was not given, but 
a report by Prosser (1911) is the likely source. Prosser (1911) 
describes a visit to Bogoslof on July 7, 1908, by the Albatross 
with observations by crew members of “a gigantic dome-like 
swelling” of the water, “as large as the dome of the capital at 
Washington” that subsided and rose again. Each episode of 
subsidence was preceded by a noticeable emission of gas “like 
a huge bubble pushing its way through the water” (Prosser, 
1911). This was followed by the emission of “great clouds of 
smoke and steam” significant enough to frighten the observ-
ers on the Albatross. In addition to these emissions, the crew 
of the Albatross described “fire, smoke, and white hot lava” 
that streamed from a sea level volcanic crater (Prosser, 1911). 
According to the officers of the Albatross, the volcanic cloud 
generated on July 7 reached a diameter of 3 mi (4.8 km).

Sometime after the visit to Bogoslof by the Albatross (but 
prior to the arrival of the cutter Tahoma in September 1910), 
the Revenue cutter Perry reached the area and observers on 
board saw that a new peak had developed in about the same 
location as Metcalf Cone (Prosser, 1911). Officers and crew 
members of the Perry went ashore but reported that the heat 
from this new cone was so intense that they could only remain 
on the island a short time (Prosser, 1911). 

1909–10 Eruptive Activity

By September 1909 the open embayment observed in 
1908 (fig. 35) had been closed off, forming a lagoon (Pow-
ers, 1916), probably as a result of wave erosion of the tuff 
ring that connected Old and New Bogoslof. In addition, two 
small “islands” were present in the lagoon as of September 
1909, one of which was steaming (Powers, 1916). Observa-
tions made on June 16, 1910, indicate that the two islands in 
the lagoon continued to grow and eventually merged to form 
a single lava dome that stood about 178 ft (54 m) above sea 
level (Powers, 1916).

The U.S. Revenue cutter Tahoma reached Bogoslof 
Island on September 10, 1910, and the volcano appeared 

Lava dome emplaced
in 1909–10

Fig. 36

Figure 36.  Sketch map of Bogoslof 
Island, September 10, 1910, by Lieutenant 
A.H. Scally, U.S. Revenue cutter Tahoma. 
A new lava dome was emplaced in 1909-
1910 and was named “Tahoma Peak” by 
the captain of the Tahoma, J.H. Quinan.
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restless but was not erupting (Powers, 1916). The new lava 
dome that was first observed in the lagoon in September 1909 
was named Tahoma Peak by Johnstone H. Quinan, the Captain 
of the Tahoma, and is shown on figure 36. At the time of the 
September 10 visit by the Tahoma, steaming was observed 
at Tahoma Peak and from the surface of the saltwater lagoon 
surrounding the peak (fig. 36). Geysering, boiling mud, and 
shallow explosion pits were also observed in the tephra ring 
deposits around Tahoma Peak (Powers, 1916). Small conical 
domelets eventually rose into the explosion pits on the north-
east side of Tahoma Peak (Powers, 1916).

A landing party from the Tahoma observed a crater, “fif-
teen hundred feet in diameter, seething with lava, fire, boiling 
water and steam” (Prosser, 1911). The crater was described 
as “a huge colander with streams of boiling water spurting 
upward through the holes and a geyser in the center” (Prosser, 
1911).

As the Tahoma again approached Bogoslof on September 
18, 1910, the volcano was in a state of vigorous eruption (fig. 
37) characterized by at least 3 hours of robust ash emission, 
lava fountaining and incandescence, several distinct periods 
of lightning, and base surges (Powers, 1916). The eruption is 
reported to have taken place from a crater at the summit of 
Tahoma Peak (Powers, 1916). Lieutenant F.E. Baggar on the 
Tahoma reported feeling “oppressive heat” when the ship was 
6 mi (9.6 km) from the eruption site. Baggar also described 
“a column of red hot glowing lava” rising as high as a half 

mile (800 m) above sea level and “streams of living fire rose 
and fell in a pyrotechnic shower” (Prosser, 1911). The erup-
tive activity was accompanied by a nearly constant roar and 
thunder-like sounds issuing from the crater (Prosser, 1911).

1911–26 Observations

Observations of Bogoslof during the period from 1911 to 
1926 are limited. Powers (1916) gives an unreferenced report 
of steam and smoke issuing from the crater of Tahoma Peak in 
July 1913. Arthur A. Nordhoff, a passenger on the steamship 
Victoria, passed by Bogoslof Island on July 20, 1913, and his 
diary entry for that day describes it as “steaming and smoking 
and nothing but a small rock island” (https://ncatablog.word-
press.com/1913/07/20/20-july-1913-bogoslof-island-dutch-
harbor-unalaska/).

Captain James B. Miller, in command of the Coast and 
Geodetic Survey steamer Patterson, passed by Bogoslof in 
September 1914 and reported no signs of unrest or activity 
(Powers, 1916). The U.S. Coast Guard cutter Bothwell visited 
Bogoslof Island in 1920 and observers reported that there were 
two small islands with a shallow passage in between, but no 
evidence of recent eruptive activity (Morris, 1936).

On September 11, 1922, the Coast Guard cutter Algon-
quin visited Bogoslof Island and the commanding officer, Wil-
liam T. Stromberg, reported that the top of Old Bogoslof was 

New BogoslofOld Bogoslof

Fig. 37
Figure 37.  Photograph of Bogoslof volcano erupting September 19, 1910. Photograph taken by Lieutenant F.E. Baggar during a visit 
to the area by the U.S. Revenue cutter Tahoma.
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400 ft above sea level and was surrounded by a plateau that he 
thought was an uplifted part of the sea floor (Morris, 1936). 
Stromberg also reported that all of the “rocks” on the island 
appeared cold and there was no sign of volcanic activity.

On July 30, 1923, the Coast Guard cutter Haida reached 
Bogoslof Island and reported no evidence of volcanic activity. 
A similar report was provided by crew members of the Coast 
Guard cutter Unalga when it approached Bogoslof on May 31, 
1926.

1926 Eruptive Activity

On July 24, 1926, the Coast Guard cutter Haida again 
reached Bogoslof and the commanding officer, W.H. Shea, 
reported that the open passage between Old Bogoslof and New 
Bogoslof was now closed off by a low spit (Morris, 1936). 
Captain Shea also commented that significant volumes of 
steam were observed issuing from an area at the base of a cliff 
on the northeast side of Old Bogoslof. No other eruptive activ-
ity was noted by observers on the Haida.

Seemingly at odds with these observations are reports 
of eruptive activity and explosions on July 17 made by local 
inhabitants (Jaggar, 1930) just seven days before the Coast 
Guard cutter Haida approached Bogoslof. Jaggar (1930) 
reports that on July 17 a local whaler observed an explosive 
eruption and explosions were observed by people on islands 
near Bogoslof. On August 12, a local whaler reported “black 
smoke,” muddy water near the volcano, and thunder and 
lightning followed by the emission of a white steam cloud and 
“fire” at the volcano (Jaggar, 1930). Jaggar (1930) also reports 
that an explosion occurred in December 1926 and speculates 
that a lava dome formed subsequent to the explosion. 

Byers (1959) reports that submarine explosions occurred 
between Castle Rock and Fire Island during the summer and 
fall of 1926 and that a lava dome rose above sea level dur-
ing the winter of 1926–27. Byers also comments that a ring 
of explosion debris, about 10 ft (3.1 m) high, surrounded the 
dome and connected Fire Island with Castle Rock.

1927 Observations

Thomas Jaggar visited Bogoslof on July 6, 1927 (Jag-
gar, 1927, 1930). He observed “a pile of steaming lava rising 
from a warm lagoon” (fig. 38) and commented that “hot lava 
was slowly heaving itself from the submerged crater above 
the seawater” (Jaggar, 1927). Although Jaggar does not give 
a specific location for the dome he observed, he does relate it 
to activity observed in 1926 (Jaggar, 1930), so presumably the 
1926 and 1927 lava domes are the same feature. According to 
Jaggar (1930), by July 6, 1927, the lava dome was about 200 ft 
(60 m) high and about 1,000 ft (300 m) across. Jaggar specu-
lated that the lava dome was in the final stages of effusion hav-
ing been mostly emplaced a short time prior to his 1927 visit 
(Jaggar, 1930). He also described Bogoslof Island as consist-
ing of the lava dome situated in the “midst of sand banks” and 
that the dome and the sand banks formed a single island with 
a “complete ring-shaped salt water lagoon, surrounded in turn 
by a complete ring of sand permitting no connection with the 
sea except by seepage” (Jaggar, 1930). Ballistic impact craters 
containing ‘a‘ā bombs and “blocks of pumice one to two feet 
in diameter” were also described during his 1927 visit (Jaggar, 
1927, 1930).

Observations of Bogoslof made in late 1927 or early 
1928, that were reported in the Coast and Geodetic Survey 
Letter (Letter 12, for 1928, Daily Memorandum from H.O. 
dated January 3, 1928; Morris, 1936), indicated that the 
volcano was in some state of eruption (“great activity”) and 
that a new “mound” had been extruded in about the location of 
Metcalf Cone and McCulloch Peak (fig. 38) and was steaming 
profusely. Castle Rock and Fire Island were also observed to 
be connected by a sand spit (Morris, 1936).

1931 Observations

Captain Nelson of the Alaska Commercial Company 
reported that on October 31, 1931, “fire” was observed issuing 
from Bogoslof Island (Jaggar, 1932). Nelson remarked that the 

Fig. 38

Figure 38.  Photograph of steaming lava dome on Bogoslof Island, June 28, 1928, view is toward the southwest. The lava dome is 61 
meters (200 feet) high and 305 meters (1,000 feet) wide and the material in the foreground is explosion debris consisting of bombs and 
blocks (Jaggar, 1930). Photograph by R.A. Wheeler. 
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Bogoslof was always “smoking” but observations of fire were 
unusual.

1935 Observations

During June-August 1935 a hydrographic survey of 
Bogoslof Island was completed by the U.S. Coast and Geo-
detic Survey (Morris, 1936). At that time Bogoslof consisted 
of a main island that included Castle Rock, a lava platform, 
and a flat-topped, triangular-shaped accumulation of tephra 
erupted in 1926–28 (figs. 39, 40). Fire Island was connected 
to the main island by a shallow rocky bar that was locally 
exposed during low tide.

1947 Observations

During the summer of 1947, U.S. Geological Survey 
geologist F.M. Byers, Jr. made a one-day visit to Bogoslof 
Island (Byers, 1959). As a result of this visit, Byers produced 
the first geologic map of Bogoslof (fig. 41) and made a num-
ber of important observations. Byers provided petrographic 
descriptions of the main rock units exposed on Bogoslof 
Island, including hornblende andesite and vent agglomer-
ate of Castle Rock, hornblende basalt of Fire Island, basaltic 
ash, agglomerate, and hornblende basalt erupted during the 
1926–28 eruptive period (Byers, 1959).

Fig. 39

Figure 39.  Hydrographic 
survey chart of Bogoslof Island, 
1935. The feature labeled 
“Volcano 141” is the lava 
platform erupted during the 
1926-28 eruption. From Smith 
(1937).
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Figure 40.  Aerial photograph of Bogoslof Island, 1935. Photograph by U.S. Navy. M, meters.

Fig. 41

Figure 41.  Geologic map of 
Bogoslof Island, 1947. From 
Byers (1959).
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1992 Eruptive Activity

After a roughly 64-year period of quiescence, Bogoslof 
began erupting again in early July 1992. The eruption was 
first observed in National Oceanic and Atmospheric Adminis-
tration satellite imagery at about 15:00 Alaska Daylight Time 
(AKDT) July 6, 1992, and a few hours later was confirmed 
by pilot reports of a steam and ash cloud over Bogoslof 
(McGimsey and others, 1995). Intermittent emissions of 
steam and ash occurred from July 6–13 and was followed by 
a period of relatively continuous ash emission on July 14 and 
15. Steam and ash plumes reaching as high as 18,000 ft (5.5 
km) above sea level and extending beyond the volcano as far 
as 62 mi (100 km) to the southeast were reported during this 
period. Intermittent activity continued through July 20 and at 

about 17:00 AKDT on July 20 a vigorous steam and ash emis-
sion occurred that produced a volcanic cloud reaching as high 
as 26,000 ft (8 km) above sea level (McGimsey and others, 
1995).

Observations by local fisherman indicated that a “new 
island” between Fire Island and Bogoslof Island was present 
by July 7, 1992 (Global Volcanism Program, 1992). A steam-
ing lava dome was also observed on July 21 and was observed 
and photographed on July 24 (fig. 42), which was also the 
last date of any noteworthy emission of steam and ash. An 
Alaska Volcano Observatory visit to Bogoslof Island in 1994 
indicated that the 1992 lava dome was about 900 ft (275 m) in 
diameter and 490 ft (150 m) high (Harbin, 1994). Samples of 
the lava dome collected in 1994 consist of dark grey to black 
porphyritic hornblende basaltic andesite (Harbin, 1994).

1992 lava dome

1926–27 lava dome

Fig. 42Figure 42.  Photograph of the 1992 lava dome, taken July 24, 1992. View is toward the northwest. Photograph by Roy Torres, National 
Marine Fisheries Service.
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2016–17 Eruptive Activity

After an approximately 24-year period of repose, Bogo-
slof began erupting sometime between December 12 and 
14, 2016. As of late August 2017 there have been at least 64 
eruptive episodes detected by some combination of seismicity, 
infrasound, lightning, and satellite observations. Most of the 
volcanic clouds generated by explosive eruptive activity have 
been light colored, suggesting that they are water- and ice-
rich. Maximum cloud heights were 9–14 km above sea level, 
and trace amounts of ash fall on nearby Unalaska Island have 
occurred only twice, on January 30–31 and March 8, 2017.

The eruption resulted in some significant changes to the 
configuration of Bogoslof Island. A broad, low-relief tuff ring 
developed around the north and east sides of the island and a 
lava dome was emplaced on the southwest side of the island 
near Castle Rock (fig. 43). At least two additional subaerial 
lava domes were produced during the eruption. One was 
emplaced and destroyed in early June 2017, a second lava 
dome emerged August 18, 2017, and was destroyed by explo-
sive activity in late August.

Hazards Associated with Bogoslof 
Eruptions

The majority of eruptions from Bogoslof volcano have 
occurred from shallow submarine vents and the resulting 
eruptive products reflect the complex interactions that can 
occur between magma, seawater, and water-saturated debris 
in a shallow submarine setting. Based on the observations of 
historical eruptions, as well as the information obtained thus 
far from the 2016–17 eruption, it is possible to describe some 
of the potential volcanic hazards associated with eruptions 
of Bogoslof volcano. The most important hazards include 
volcanic clouds and ash fallout, pyroclastic base surge, bal-
listic ejecta, mud rain, and floating volcanic debris. Other 
potential hazards include submarine slope failures and sector 
collapse of the volcanic edifice, explosively generated water 
waves, and expulsion of hot water. Although Bogoslof Island 
is not populated, these hazards may impact aircraft, visitors to 
Bogoslof, nearby communities of Dutch Harbor/Unalaska, and 
marine life.

Fire Island

1926–28 lava

1992 lava

Castle Rock

Lava dome

Tuff ring

lake

Tuff ring

500 m

NORTHNORTH

Fire Island

1992 lava

1926–28 lava

Castle Rock A
A

500 m

Fig. 43Figure 43.  Satellite images of Bogoslof Island. Image on left from March 19, 2015; image on right from August 13, 2017. The feature 
labeled A in both images is the same. The plan-view area of the island in the 2015 image is 0.28 square kilometers (km2) and for the 
August 13, 2017, image the island area is 1.6 km2. Image data acquired with the DigitalGlobe NextView License.
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Volcanic Clouds and Ash Fallout

Historical eruptions of Bogoslof volcano appear similar 
in that most of them originated from eruptive vents that were 
at or below sea level. As a result, explosively generated erup-
tion columns entrained unknown quantities of water that was 
heated and entirely or partly turned to steam. As the eruption 
cloud rose and cooled, liquid water in the plume formed ice 
particles. Satellite data and eyewitness observations of vol-
canic clouds associated with the 2016–17 eruption show that 
several volcanic clouds were characterized by a bright appear-
ing top and a darker, possibly more ash rich base (fig. 44). 
The ice- and water-vapor-rich composition of the cloud likely 
inhibits ash fallout and as a result, significant ash fall has not 
been a reported characteristic of the 2016–17 eruption or any 
of the historical Bogoslof eruptions.

Ashfall was reported on Umnak Island during the 
1796 eruption (von Kotzebue, 1821). Ash fallout on or near 
Unalaska Island (primarily the Dutch Harbor area) was 

reported in October 1882 (trace amounts), on September 1, 
1907 (5–6 mm), on January 30–31, 2017 (trace amounts), 
and on March 8, 2017 (trace amounts in Dutch Harbor; minor 
ash fall on a boat about 50 km southeast of Bogoslof near 
Unalaska Island).

Drifting volcanic clouds generated by Bogoslof eruptions 
pose hazards to aircraft in the vicinity of the volcano. During 
the 2016–17 eruption, discrete ash-bearing volcanic clouds 
were identified in satellite imagery for distances of several 
hundred kilometers downwind of the volcano before dissipat-
ing and no longer being identifiable in satellite data.

Ash fall on towns and villages downwind of Bogo-
slof Island, such as Dutch Harbor/Unalaska and Nikolski, 
could disrupt air travel, impair drinking water supplies, and 
cause respiratory problems for sensitive individuals. Thicker 
accumulations of ash can create problems for machinery and 
electronic equipment. Additional information about potential 
hazards associated with ash fall can be found at https://volca-
noes.usgs.gov/volcanic_ash/.

Fig. 44

Figure 44.  Photograph of volcanic eruption cloud at Bogoslof volcano, taken February 19, 2017. View is toward the northwest from 
Unalaska Island. This volcanic cloud is typical of the volcanic clouds generated during the 2016–17 eruption of Bogoslof volcano. Note 
the white ice- and water-vapor-rich portion of the cloud in the upper left and the darker, possibly more ash rich part of the cloud in 
the center of the photograph. Nearly all of the eruptive activity in 2016–17 was from a submarine vent and involved the evacuation of 
shallow seawater above the vent. Thus, the initial volcanic cloud of an eruptive sequence was commonly water rich, and subsequent 
emissions commonly appeared darker and slightly more ash rich, suggesting that the vent had dried out somewhat. The height of this 
particular cloud is not known, but is in the range of 9–12 kilometers (30,000–40,000 feet) above sea level. Photograph by Janet Schaefer, 
Alaska Division of Geological and Geophysical Surveys and Alaska Volcano Observatory.



32    Historical Eruptions and Hazards at Bogoslof Volcano, Alaska

Pyroclastic Base Surge

Explosive, shallow submarine eruptions commonly 
generate vertically rising, cylindrical eruption columns with 
a ring-like, doughnut-shaped, horizontally moving basal 
cloud known as a base surge (Moore, 1967). Similar appear-
ing clouds have been observed during shallow thermonuclear 
explosions and the term base surge was first applied to 
describe the radially moving basal clouds associated with 
these explosions (Glasstone, 1950; Glasstone and Dolan, 
1977). Studies of the base surge associated with the Bikini 
Atoll submarine nuclear test indicated that the base surge 
developed near the crest of a large solitary wave adjacent to 
the seawater explosion crater as a result of expanding gases 
radiating from the explosion site (Young, 1965). Waterjets 
moving outward from the top of the solitary wave rapidly 
collapsed, forming spray that transformed to base surge. The 
main base surge developed before wholesale subsidence of the 
explosion column occurred, suggesting that the primary base 
surge was not associated with column collapse (Young, 1965). 
A secondary, but smaller, base surge developed subsequently 
and was apparently initiated by subsidence of the explosion 
column (Young, 1965). Phreatomagmatic eruptions at shallow 
submarine vents are undoubtedly more complex than single 
thermonuclear explosions and observations of phreatomag-
matic submarine eruptions bear this out (Waters and Fisher, 
1971). A plausible eruptive sequence for base surge develop-
ment based on observations of the Capelinhos (Azores) and 
Taal (Philippines) eruptions (Moore, 1967; Waters and Fisher, 
1971) involves the eruption of an unsteady debris-laden 
column with a basal, steam-rich, radially propagating collar, 
which is eventually overtaken by, and mixes with, eruption 
fall-back debris. The outward propagation of the steam-
charged surge leads to the formation of a tuff ring.

Figure 37 shows a base surge in progress during the 
September 19, 1910, eruption of Bogoslof that looks remark-
ably similar to the base surges associated with eruptions of 
Taal Volcano and Capelinhos Volcano (Moore, 1967, fig. 8). A 
WorldView-3 satellite image of the May 28, 2017, eruption in 
progress is shown in figure 45. The May 28 image shows new 
deposits of medium-grey (base surge?) material draping the 
tuff ring and extending into the sea on the southwest and east 
sides of Bogoslof Island, clear evidence that deposits were 
emplaced by pyroclastic flows (likely base surges) over the 
existing tuff ring during the May 28 eruption. Also apparent 
in the image are white, linear, ground-hugging clouds that 
extend radially from the turbulent, upward rising eruption 
column. The clouds have geometric characteristics that are 
similar to pyroclastic surges and may represent developing 
base surges associated with hydrovolcanic activity at Bogo-
slof on May 28. Similar appearing clouds have been observed 
during a number of “wet” eruptions at volcanoes with shal-
low submarine or subglacial vents (Moore, 1967; Waters and 
Fisher, 1971; Németh and others, 2006). It is possible that 
the linear clouds are related to the updraft and entrainment of 
ambient air surrounding the eruption column. It is unclear if 

linear clouds could form as cool air surrounding the erup-
tion column is drawn over warm pyroclastic deposits on the 
tuff ring at Bogoslof. Although observations of base surge at 
Bogoslof are limited to these few images, it is clear from the 
images, the setting of the volcano, and some of the features 
and deposits formed during the 2016–17 eruption that this 
phenomenon can occur during Bogoslof eruptions.

Satellite images of Bogoslof Island obtained during the 
2016–17 eruption show the progressive development of a 
tuff ring on the north, east, and southeast sectors of the island 
(Waythomas and others, 2017). Tuff rings are most com-
monly associated with strong phreatic and phreatomagmatic 
eruptions that generate highly inflated surge clouds (Wholetz 
and Sheridan, 1983; Sohn, 1996). Distinctive surface dunes 
with wavelengths of 1–5 m are arranged concentrically about 
presumed Bogoslof vents and are present in many of the 
satellite images from the 2016–17 eruption (Waythomas and 
others, 2017). These bedforms are characteristic features of 
pyroclastic surges formed during phreatic and phreatomag-
matic eruptions (Moore, 1967; Waters and Fisher, 1971).

Studies of base surges generated by eruptions at Taal 
Volcano and Capelinhos Volcano indicate that soon after 
eruption onset, solid particles from the eruption column 
combine with the radially flowing steam-rich base surge to 
form wet, particle-laden density currents moving at hur-
ricane speeds (>33 meters per second [m/s]; Moore, 1967; 
Waters and Fisher, 1971). Although studies of base surges 
associated with thermonuclear explosions have concluded 
that eruption column collapse may play a secondary role in 
feeding the base surge (Young, 1965; Glasstone and Dolan, 
1977), observations of phreatomagmatic eruptions in shallow 
marine environments indicate that fall-back of debris in the 
collapsing eruption column may be a significant mechanism 
for contributing mass and energy to the propagating base 
surge (Mastin and Witter, 2000).

Experimental explosion tests in gravel substrates have 
shown that optimum conditions for large, far-travelling base 
surges are large, discrete explosions at shallow explosion 
depths (Rohrer, 1965; Mastin and Witter, 2000). For exam-
ple, a 1-kiloton terrestrial explosion at 10–15 m depth results 
in a base surge with a maximum run-out distance of ~2.4 km 
(Rohrer, 1965). Base surges associated with the 1965 Taal 
eruption reached 6 km beyond the vent, which is the maxi-
mum known run-out distance of a modern base surge (Moore 
and others, 1966; Mastin and Witter, 2000). The run-out 
distance of a base surge is primarily a function of the size (or 
yield) of the submarine volcanic explosion and is roughly 
proportional to the 0.3 power of the yield for an explosion 
occurring at the optimal depth (Rohrer, 1965). The base 
surge that developed during the Baker submarine nuclear test 
attained a maximum speed of about 27 m/s and after about 
4 minutes traveled ~2.8 km (11.6 m/s; Glasstone and Dolan, 
1977). At this latter rate, it would take a comparably sized 
base surge about 9 minutes to travel 6 km.

The kinetic energy per unit volume of a fluid in motion 
is known as the dynamic pressure (and can be expressed as
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		  (1)

where ρ is the fluid density and v is the velocity of the 
fluid. A base surge can be considered a dilute pyroclastic den-
sity current as it consists mostly of water vapor and fine sedi-
ment (Waters and Fisher, 1971). Pyroclastic density currents 
have dynamic pressures of 1–104 kiloPascals (kPa; Valentine, 
1998) and base surges likely have values toward the lower 
end of this range. For a base surge with a run-out distance in 
the range of 4–6 km (similar to the base surges generated by 
the 1965 Taal eruption) values for Ρdyn are >35 kPa as far as 
about 2.5 km from the eruption site (Brand and others, 2014). 
Although the specific effects of base surges this large on boats 
and ships is not known, studies of the effects of pyroclastic 
density currents on buildings and infrastructure indicate that 
total devastation results when Ρdyn>25 kPa (Baxter and others, 
2005). A base surge reaching 6 km beyond the vent would 
have an associated Ρdyn of roughly 5 kPa (Brand and others, 
2014), which is still considerable and could be sufficient to 
shatter window glass.

Mud Rain

The combined effects of seawater entrained by base 
surges, the evolving eruption column, and ambient moisture 
in the surrounding atmosphere can promote the development 
of wet ash fall in proximal areas around the volcano. The 
scavenging of ash by falling water drops or moisture-driven 
accretion may result in the development of mud rain (McKee 
and others, 1985; Gilbert and Lane, 1994). Wet compacted 
ash has a density of 1,000–2,000 kilograms per cubic meter 
(kg/m3) whereas dry uncompacted ash has a density of 
500–1,300 kg/m3 (Johnston, 1997). Thus, depending on the 
water content of the ash, a wet ash fall would pose a greater 
hazard to boats than a dry ash fall.

The extent of mud rain is difficult to predict. During very 
large shallow submarine eruptions with associated pyroclas-
tic flows and surges that travelled over water, mud rain was 
reported as far as 80 km from the volcano, but was closely 
associated with the run-out of co-ignimbrite ash plumes 
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Bering
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Figure 45.  Satellite image of steam-rich eruption column and developing base surge at Bogoslof 
volcano, May 28, 2017. Image data acquired with the DigitalGlobe NextView License.
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(Carey and others, 1996). This suggests that the extent of sig-
nificant mud rain may be roughly comparable to the extent of 
co-ignimbrite ash fallout. At Bogoslof, the mud rain zone may 
be roughly equivalent to the extent of pyroclastic base surges, 
or roughly 6–10 km.

Ballistic Ejecta

Examination of high resolution satellite images of 
Bogoslof Island obtained throughout the 2016–17 eruption 
and observations made during other historical eruptions (table 
1), have revealed that ejection of rock debris during explosive 
eruptive activity is a common process. Although the specific 
mechanism for producing the explosions required to frag-
ment and eject rock debris from the vent(s) at Bogoslof is not 
known conclusively, magma-water interaction, and vulcanian 
and strombolian explosions, or some combination thereof, 
are the most likely processes. A vulcanian explosion brought 
about by the mechanical failure of a gas-impermeable plug of 
lava in the upper part of the magma column is a well-known 
mechanism for generating ballistic ejecta (Clarke and others, 
2015). Such explosions are capable of launching particles 
as large as 50 cm in diameter 3–6 km from the vent and can 
have initial velocities of 40–400 m/s (Blong, 1996; Izgett and 
others, 2017). Ballistic projectiles generated during explosive 
eruptions are implicated as the cause of numerous fatalities 
and as many as 76 deaths have occurred worldwide between 
1993 and 2017 (Fitzgerald and others, 2017).

Floating Volcanic Debris

Low-density volcanic material, such as pumice or scoria, 
generated during submarine eruptions may form floating 
accumulations or rafts (Simkin and Fiske, 1983; Jutzeler and 
others, 2014). Such rafts can remain intact and drift in the 
ocean more than 20,000 km from their source over months 
to years before they become waterlogged and sink or become 
dispersed by wind and wave action (Bryan and others, 2012). 
For example, the 2012 submarine eruption of Havre volcano 
in the Kermadec arc in the southwest Pacific Ocean produced 
a >400 square kilometer (km2) pumice raft in about 1 day 
that was visible in satellite imagery for about 4 months after 
emplacement (Jutzeler and others, 2014). Rafts of volcanic 
debris produced by eruptions of Bogoslof volcano have the 
potential to disrupt maritime activities in the southern Ber-
ing Sea region. The seas surrounding Bogoslof are a major 
shipping route for transoceanic vessels and thousands of ships 
transit this area annually. The southern Bering Sea area in the 
vicinity of Bogoslof Island is also an important fishery and the 
area is utilized year round by the Bering Sea fishing fleet.

Floating volcanic material at Bogoslof was described 
in a report by von Kotzebue (1821) where “floating stones” 
extending for 3 miles (5 km) around the island were observed. 
Zones of discolored water of unknown composition have 
been observed numerous times during the 2016–17 eruption. 

Some of these sediment plumes are visible in satellite data 
and extend as far as 20 km beyond Bogoslof Island (fig. 46). 
The general circulation of the upper part of the water column 
(<40 m) in the Bogoslof region of the southern Bering Sea is 
a counter-clockwise gyre roughly situated over the Umnak 
Plateau-Bering Canyon area (fig. 1; Stabeno and Reed, 1994; 
Stabeno and others, 1999). This circulation pattern suggests 
that floating volcanic debris could become trapped within the 
gyre and remain in the southeastern Bering Sea area until the 
material becomes water saturated and sinks.

Submarine Slope Failures and Sector Collapse

The shape, volume, and known eruptive products of 
Bogoslof volcano suggest that it is a stratovolcano edifice, 
which likely contains lava flows interbedded with unconsoli-
dated pyroclastic-flow and fall deposits, and various subma-
rine mass-wasting deposits. Volcanoes configured like this are 
known to be potentially gravitationally unstable and suscep-
tible to collapse (Siebert, 1984). Flank collapse results in the 
formation of a debris avalanche and such deposits can be 
identified in bathymetric data. Many oceanic island volcanoes 
in Alaska exhibit features and deposits on their submarine 
flanks that are indicative of large subaerial to submarine slope 
failures (Waythomas and others, 2006; Coombs and others, 
2007; Montanaro and Beget, 2011).

The available bathymetric data for the region surrounding 
Bogoslof Island shows no obvious evidence for large sub-
marine slope failures and the telltale hummocky topography 
associated with debris avalanche deposits is apparently absent 
(fig. 4). Based on the morphology of the submarine flanks of 
the volcano, it does not appear that a large flank collapse has 
occurred throughout the history of the volcano. Given the 
present state of knowledge about the geology of Bogoslof 
volcano, it would be difficult to develop a rigorous assessment 
of the potential for flank collapse because nothing is known 
about the structure or prehistoric eruptive history of the vol-
cano. Because other oceanic island volcanoes in Alaska exhibit 
evidence for flank collapse, we cannot completely discount the 
possibility of edifice failure at Bogoslof volcano. However, the 
available information indicates that this phenomenon has not 
occurred at any time in the history of the volcano.

Explosively Generated Water Waves

Submarine volcanic explosions at Bogoslof volcano 
involve thermomechanical interactions with the surrounding 
ocean. Shallow water (<100 m) volcanic explosions and sus-
tained eruptive activity at Bogoslof are expected to disturb the 
water surface and thus could potentially generate associated 
water waves. Impulsively generated water waves at volcanoes 
are known as volcanic tsunamis (Latter, 1981) and depending 
on the magnitude of the source mechanism, could constitute 
a plausible hazard to coastal infrastructure in the Aleutian 
Islands southwest–southeast of the island.
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The explosive eruption that destroyed Metcalf Cone in 
1907 may have initiated a small tsunami and the high-water 
marks of “flood waves” were described by Jaggar (1908b). A 
large, eruption-related dome of water was observed at Bogoslof 
on July 7, 1908 (Prosser, 1911). An apparently similar dome 
of water was observed during a 1952 submarine eruption of 
Myojin Reef volcano (Japan) that collapsed and formed a near-
field tsunami with a wave amplitude of 2 m and a wavelength 
of 50 m (Miyoshi, 1955). Other submarine-explosion-generated 
tsunamis occurred throughout the 1952–53 Myojin eruption 
and at least one of them resulted in tsunami waves with ampli-
tudes of 1 m at distances of up to 130 km from the eruption site 
(Mirchina and Pelinovsky, 1988).

The explosive power of phreatomagmatic eruptions 
in shallow marine environments is difficult to determine; 
one approach is to calculate the energy source based on the 
resulting tsunami parameters (Le Mehaute, 1971; Mirchina 
and Pelinovsky, 1988). This approach was used for the larg-
est events of the 1952–53 Myojin eruption, and the eruption 
energy was estimated in the range of 1015–1016 joules (Mirchina 
and Pelinovsky, 1988), which is comparable to the yield of 
some of the most powerful nuclear bombs. The explosivity and 
attendant hazards of shallow submarine eruptions were tragi-
cally illustrated during a September 1952 event at Myojin Reef 
volcano. A hydrographic survey ship with 31 people on board 
approached the volcano to investigate the ongoing eruption 
and was destroyed and all aboard killed by an explosive burst 
from the volcano (Minakami, 1956). This example highlights 
the need to maintain a strict hazard zonation around Bogoslof 
Island while the volcano is restless and could potentially erupt.

Expulsion of Hot Water

There are numerous reports of warm to hot water in 
lagoons, shallow lakes, and local seawater associated with 
shallow magma and subaerial lava domes at Bogoslof (table 
1). Observations made on January 10, 2017, show convective 
upwelling of water within a lagoon at Bogoslof likely driven 
by magmatic heat beneath the lagoon (fig. 47). Although not 
directly observed during the 2016–17 eruption, we suspect that 
there have been numerous episodes of low-level, geyser-like jets 
of water, mud, and ash associated with minor eruptive events. 
Such phenomena have been observed at Karymskoye Lake 
(Belousov and Belousova, 2001) and from within the crater lake 
at Ruapehu volcano (Kilgour, and others, 2010). Intermittent, 
unheralded minor emissions of steam and hot water could pose 
a significant hazard to animals and anyone on Bogoslof Island 
while the volcano remains in a restless condition.

Hazard Zonation

A preliminary hazard map for Bogoslof volcano is shown 
in figure 48. This map depicts all of the hazards described 
previously except expulsion of hot water, which would be 
restricted to within very close proximity to Bogoslof Island. 
The maximum reported run-out distance for base surge is 6 km 
(Moore, 1967; Mastin and Witter, 2000), and the outer base 
surge hazard boundary is located at a distance of 10 km from 
Bogoslof Island. It is unlikely that a Bogoslof eruption simi-
lar to the historically observed eruptions would produce base 

20 km

NORTH

Bogoslof Island

Bering Sea

Fig. 46

Figure 46.  Landsat 8 Operational Land Imager natural-color 
image of Bogoslof, June 5, 2017. The green area is a near 
surface sediment plume of unknown composition that extends 
about 20 kilometers beyond Bogoslof Island to the northwest.
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Figure 47.  Photograph of Bogoslof Island, January 10, 2017. Note prominent zone of upwelling in the center part of the lagoon likely 
associated with thermally driven convective overturning of the water. Photograph by D. Leary. M, meters. 

surges that would exceed these boundaries. We have yet to 
evaluate the energetics of base surges at Bogsolof based on 
studies of the tuff ring deposits. The extent of floating debris 
in concentrations high enough to pose a hazard to ships is also 
uncertain. The extent of the hazard zone is based on the maxi-
mum observed extent of discolored water observed in satel-
lite images during the 2016–17 eruption. The hazard zone for 

ballistic ejecta extends to 4 km beyond Bogoslof Island and is 
based on data from the literature described above.

It should be noted that the hazard zones depicted in figure 
48 do not have absolute boundaries and are based on the his-
torical record of eruptive activity as described in this report. It 
is possible that conditions at the volcano different from those 
that have been observed historically could develop, and larger, 
more powerful eruptions may occur.
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