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      Abstract
The Quill on St. Eustatius is a young, central vent  stratovolcano, almost entirely composed of pyroclastic deposits 
representing Pelean-,  St. Vincent- and Plinian-style activity. Six recently drilled water wells on the fl anks of The Quill have 
revealed heated groundwater suggesting that the volcano is potentially active. Its last eruption was prehistoric and occurred 
before settlement of the island by Salidoid Indians. Our interpretation of the radiometric ages suggests that the last recorded 
eruption probably occurred between 1635 and 1755 years BP. The most likely scenario for a magmatic eruption would 
be explosive in nature from the central vent. The effects of any type of explosive activity (Pelean,  St. Vincent, Asama or 
Plinian)  on the island would be very similar. Such activity would most probably be preceded by increased seismicity and 
phreatic or  phreatomagmatic eruptions that could precede a magmatic eruption by tens or in some cases hundreds of years. 
Because of its small size and the highly vulnerable locations of its population centres, the entire island would have to be 
evacuated immediately upon initiation of any type of precursor activity.

Relief Map of St. Eustatius

      Introduction
The information in this contribution has been compiled by the 
authors from past studies on St. Eustatius, the results of which 
are presented in greater detail in Roobol et al. (1997) and Roobol 
and Smith (2004). Funding for these studies was provided by 
the  Netherlands Geological Survey, together with grants from 
NASA and the National Science Foundation of the USA.

 Geographical Setting
The island of St. Eustatius (also known as ‘Statia’) lies near the 
northern end of the active arc of the Lesser Antilles. The island 
has an approximate area of 21 km2 and a population of around 
2,600. The administrative capital is at Oranjestad on the west 
coast. The dominant morphological feature on the island is the 
symmetrical  stratovolcano of The Quill, which rises to a height 
of 600 m above sea level.

    Previous work
The geology of St. Eustatius was described in detail by 
Westermann and Keil (1961) who also summarised the earlier 

geological literature of the island (Maclure 1817; Cleve 1871; 
Molengraff 1886, 1931; Sapper 1903, 1904; Boldingh 1909; 
Hardy and Rodrigues 1947). More recent studies of The Quill 
have included Gunn et al. (1976), D’Arco (1982), Davidson (1984), 
Roobol and Smith (1980), Smith et al. (1980, 1985), Smith and 
Roobol (1990), van der Valk (1992) and Mattioli et al. (1999). 
Other studies on the White Wall-Sugar Loaf sequence include 
Smith et al. (1998) and Merle et al. (2000). The fi rst assessment 
of the volcanic hazard of St. Eustatius was made by Roobol and 
Smith (1976-1981) and submitted to the  Netherlands Geological 
Survey (Roobol et al. 1981). This report was made confi dential by 
the Netherlands Antilles Government but was fi nally published 
in 1997 (Roobol et al. 1997). Extensive additional work on 
St. Eustatius was conducted by Roobol and Smith during the 
period 1981 to 1997. A comprehensive memoir of this work has 
been published by the Royal Netherlands Academy of Arts and 
Sciences (Roobol and Smith 2004).

The Quill and Sugar Loaf, with  Saba in the background (left)

     Geology
The geology of St. Eustatius can be divided into three units, the 
Northern Centres, the White Wall-Sugar Loaf sequence and The 
Quill.

The oldest geological unit on the island is the Northern Centres, 
which is composed of fi ve morphologically distinct volcanic 
centres with varying degrees of erosion. Lava fl ows and lithifi ed 
pyroclastic deposits from these centres are well exposed in the 
steep sea cliffs around the northern part of the island.

Of intermediate age is a sequence of uptilted shallow-water 
limestones with interstratifi ed subaqueous  volcaniclastic 
deposits forming the White Wall-Sugar Loaf ridge on the south 
fl ank of The Quill. This succession records shallow-water 
 phreatomagmatic volcanism from an unlocated centre on the 
submarine bank prior to the establishment of The Quill volcano. 
The uptilting of the interbedded limestone-volcaniclastic 
succession was probably caused by the intrusion of a dome 
into the fl ank of The Quill. Similar uptilted limestone strata 
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Geological map of St. Eustatius

surround the Brimstone Hill andesite dome on the west coast of 
the nearby island of St. Kitts (Baker 1969). Although the vent for 
these volcanic rocks is unknown, a possible location lies in the 
broad twenty to thirty metre deep submarine bank immediately 
to the west of The Quill volcano.

The youngest geological unit is the single volcanic cone of The 
Quill at the south end of the island. This is a morphologically 
youthful, open-crater stratovolcano with flanks sweeping up 
to angles of 50˚ at the crater rim. The crater has a diameter of 

800 m and the eastern rim forms the highest point on the island 
at 600 m above sea level. The lowest point on the crater floor 
is 278 m above sea level. A prominent notch/breach/low point 
exists in the western crater rim, which has directed the youngest 
prehistoric pyroclastic flows to the west towards the island 
capital of Oranjestad. The distal deposits of The Quill form the 
nearly flat-lying central part of the island and terminate against 
the steep hills of the eroded Northern Centres. The pyroclastic 
deposits of The Quill are very well exposed in sea cliffs on the 
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Type of Deposit Age ± 1 std. dev. (years BP) Method Reference

The Quill
 Ash fl ow 1,550 ± 35 14C Roobol et al. (1981, 1997)
Surge 7500 14C van der Valk (1992)
Semi-vesicular andesite surge 7,810 ± 70 14C Roobol et al. (1981, 1997)
 Pumiceous surge 7,940 ± 75 14C Roobol et al. (1981, 1997)
Semi-vesicular andesite surge 8,060± 120 14C Roobol and Smith (2004)
 Pumiceous surge 8,250± 60 14C Davidson (1984)
 Pumiceous surge 8,380± 170 14C Roobol and Smith (2004)
Ash hurricane 22,240± 140 14C Roobol et al. (1981, 1997)
Sugar Loaf
Coral 68,000 ± 3,400 U-Th series Roobol and Smith (2004)
Coral 130,000 ± 9,000 U-Th series Roobol and Smith (2004)
Coral 218,000 ± 29,000 U-Th series Roobol and Smith (2004)
Coral 218,500 ± 7,866 U-Th Roobol and Smith (2004)
Coral 234,000 ± 35,000 U-Th series Roobol and Smith (2004)
Coral 236,000 ± 7,458 U-Th Roobol and Smith (2004)
Coral 251,000 ± 49,000 U-Th series Roobol and Smith (2004)
Coral 300,000 ± 103,000 U-Th series Roobol and Smith (2004)
Coral >320,000 U-Th series Roobol and Smith (2004)

Geochronology of St. Eustatius

northeast and southwest shorelines. Some dome remnants are 
exposed as rock faces on the highest parts of The Quill and also 
on the inner walls of the crater.

The Quill, which shows one of the broadest silica ranges of any 
island arc volcano in the Lesser Antilles, ranging from 52 to 72% 
SiO2, is characterised by an essentially bimodal suite composed 
of basaltic andesites/andesites at one end and rhyolites at the 
other. In addition, rhyolites also form part of the White Wall-
Sugar Loaf succession.

   Volcano monitoring
The fi rst attempt to monitor the island was in June 1992 when, 
at the invitation of the Netherlands Antilles Government in 
response to an  earthquake swarm felt on the islands of  Saba 
and  St. Martin, the  Seismic Research Unit installed single 
seismometers on St. Eustatius,  Saba and  St. Martin. These 
seismometers are still in operation as of 2004. Temperature 
measurements of some of the island’s water wells have been 
carried out since 1994, and campaign-style GPS surveys, using 
a network of 5 stations, have been carried out on a regular basis 
since 1996 (Mattioli et al. 1999; Mattioli unpub. data).

   Potentially active volcanic centres
The Quill volcanic centre
The subaerial stratigraphy of The Quill can be conveniently 
divided into seven stratigraphic divisions subdivided by the 
presence of four major unconformities representing long periods 
of dormancy, and by abrupt stratigraphic changes caused by 
alternations in eruptive style and composition. A detailed 
discussion of the stratigraphy of The Quill is given in Roobol 
and Smith (2004).

   Volcano monitoring network for St. Eustatius

The Quill from pier at Oranjestad
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Past eruptive activity
The Quill is composed essentially of pyroclastic deposits amongst 
which reworked materials are unusually scarce. Five main styles 
of eruptive activity dominate its stratigraphy, with each style 
producing several different types of deposits. These are Pelean-, 
St. Vincent-, Asama-, Plinian- and phreatic/phreatomagmatic-
styles. The pyroclastic deposits forming the proximal portions 
of The Quill are particularly coarse-grained and thick, whereas 
distal to the volcano the deposits are much finer-grained and 
dominated by phreatomagmatic ashes, pumiceous surges and 
some ignimbrites. The best studied of the prehistoric eruptions 
of The Quill is that represented by Stratigraphic Division 7, 
which represents the most-recent known activity from this 
centre. The deposits from this eruption can be divided into 
five distinct lithologic units, several of which are composed of 
multiple deposits of different pyroclastic type. The absence of 
paleosols between the different units and their lack of internal 
disconformities indicates, from a stratigraphic standpoint, that 
these deposits represent the products of a single eruption. A brief 
summary of this eruption is given below (for a more complete 
account see Roobol and Smith 2004).

The initial deposits from Stratigraphic Unit 7 overlie a prominent 
palaeosol suggesting that this eruption was preceded by a long 
period of dormancy. The initial phase of the eruption (Marker 

Unit K) is thought to have been produced by an open crater 
eruption of a moderately gas-rich andesite magma (Asama-style 
activity, Smith and Roobol 1990). Based on the stratigraphy of 
Marker Unit K, it is proposed that the eruption began with the 
generation, by “instantaneous” column collapse (e.g. Cas and 
Wright 1987), of a series of flows and surges that extend as two 
tongues from the notch in the crater rim of The Quill. The main 
tongue was directed towards the town of Oranjestad, whereas 
the other extended towards the north and east to reach the 
east coast at Schillpaden Bay. As the eruption progressed, the 
eruptive column probably progressively increased in height so 
that Marker Unit K terminated with the generation of andesitic 
and co-mingled (andesite and basaltic andesite) lapilli fall 
deposits that have a strong westerly dispersal axis indicating 
dispersion by lower troposphere winds. These initial andesitic 
deposits were followed by sequences of scoria and ash flows and 
scoriaceous surges that make up Marker Units L, M, N, and O. 
These flows and surges are regarded as having been produced 
by the collapse of eruptive columns produced by open crater 
eruptions of basaltic and basaltic andesite magma (St. Vincent 
style activity, Smith and Roobol 1990). The pyroclastic flows 
of both Marker Units L and N were strongly controlled by the 
notch in the crater rim of The Quill. The former had only a very 
limited areal extent and formed two tongues that reached the 

Stratigraphic 
Division Age Description

7 ~1,700 YBP
Composed of five distinct subunits formed by Asama- and St. Vincent-style activity.  The 
distribution of these deposits indicates that the notch in the west rim of the crater played a major 
role in directing the pyroclastic flows.

6 <7,500 YBP Mixed group of deposits resulting from St. Vincent- and Pelean-style activity. The upper boundary 
is a widespread unconformity.

5 <7,500 YBP Andesitic Plinian activity with widespread deposits of ignimbrite, pumiceous surge and lapilli and 
ash falls.

4 <7,500 YBP
Thick sequences of coarse deposits resulting from Pelean-, St. Vincent- and Asama-style activity. In 
more distal areas, the coarse pyroclastic deposits are less common than surge and phreatomagmatic 
ash deposits.

3 ~8,000 YBP Composed dominantly of phreatomagmatic ash deposits (fall and surge). This division is a 
prominent marker horizon that has been dated between 7500 to 8380 years BP

2 ~23,000 YBP
Pyroclastic deposits of Plinian-style activity that range in composition from andesite to rhyolite. 
Within this Division, which is bounded both above and below by major unconformities, there are a 
number of unconformities and paleosols that divide it into at least five subunits.

1 <40,000 YBP Composed dominantly of base surge deposits that conformably overlie the uplifted limestones of the 
Sugar Loaf ridge.

Stratigraphic divisions of St. Eustatius

8,000 year old surge deposit (Unit 3) Sea cliffs on the west coast, near Oranjestad, showing a dark unit 
from Division 7 overlying lighter deposits from Division 3
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west coast at Kay Bay and near the southern limit of the town 
of Oranjestad. The main flows from Marker Unit N were also 
directed by the notch towards Oranjestad; however, other flows 
moved north and east to reach the northeast coast at Bargine 
Bay. In terms of hazard assessment, it must be noted that these 
latter flows traversed across the site of the island’s only airport 
and through the entire area of recent population growth.  In 
contrast, the distribution of the deposits from Marker Unit M 
suggests collapse from a higher eruptive column as its flows not 
only were directed by the notch, but also overtopped the crater 
rim on its south and east sides. Such a scenario is supported by 
the presence of a lapilli fall bed within Marker Unit M. Although 
fall deposits must have resulted from fallout from eruption 
columns produced by Marker Units L and N, their apparent 
absence from the stratigraphy of these units probably reflects 
both their thin nature and the erosive power of the succeeding 
flows. Marker Unit O which terminated this eruption, is also 
characterised by flows that overtopped the crater rim, but this 
time on its north and east sides. The deposits from Marker Units 
L and O suggest that magma-water interaction played a role in 
their formation probably as a result of deepening of the crater to 
allow groundwater into the vent.

Age determinations
Four samples from the Northern Centres were submitted to the 
Netherlands Geological Survey radiometric dating laboratory 
for whole rock K/Ar dating. In all cases the amount of radiogenic 
argon obtained was too small to measure, and the rocks were 
assigned an age of less than 1 million years (Roobol et al. 1981, 
1997).

For the intermediate strata of the White Wall-Sugar Loaf ridge, 
Westermann and Kiel (1961) obtained three radiocarbon ages 
of >49,000, 32,640±300, and 21,850±100 years BP from corals 
in the limestone. These ages must be viewed with caution, as 
radiocarbon dating of marine corals is somewhat unreliable 
owing to diagenetic changes. The geochronology of the White 
Wall-Sugar Loaf succession was re-investigated (Smith et al. 
1998) by U-Th and U-Th series analysis on samples screened 
for aragonite by X-ray diffraction. The new dates range from 
68,000 to >320,000 years BP and indicate that the limestones 
of the Sugar Loaf represent approximately 250,000 years of 
deposition. 

Twelve radiocarbon ages have been obtained from deposits 
from The Quill. Four give dates corresponding to the period of 
European settlement of the island when no volcanic eruptions 

are known to have occurred. They are therefore regarded as 
being caused by human activity. The eight remaining ages 
range from 22,240±140 years BP to 1,550±35 years BP.  The 
oldest age comes from an ignimbrite near the exposed base of 
the stratigraphic succession in the sea cliffs on the east coast. 
Six dates (7500 to 8300 years BP) are from charcoal-rich surge 
deposits that form a prominent marker unit around most of 
the island. The youngest age obtained from St. Eustatius is 
1,550±35 years BP This date was originally interpreted as being 
produced by a volcanic eruption and representing the age of the 
most recent eruption of The Quill (Roobol et al. 1997). More 
recent work, however, has suggested that this date represents a 
tree root that was burnt by human activity, in a pyroclastic flow 
deposit and that the most recent eruption of The Quill probably 
occurred between 1635 and 1755 years BP. A detailed discussion 
of the age of the most recent eruption of The Quill in relation to 
the results of the extensive archaeological work on the island is 
given in Roobol and Smith (2004).

Historical eruptions
There have been no reports of volcanic eruptions on St. Eustatius 
in historical time.

Geothermal activity
There are no hot springs or fumaroles on St. Eustatius, and the 
first indication of any geothermal activity was when, in order 
to supply water to the growing population, seven shallow water 
wells were drilled into the flanks of The Quill in the 1980s. All of 
these wells produced heated groundwater. Measurements taken 
of the temperature of these wells are the only geothermal record 
to date. The well at Upper Lynch, at a horizontal distance of 
1,155 m from the notch/breach in the crater rim, has the highest 
temperature, whereas the Golden Rock and Concordia wells at 
distances of 2,560 m and 2,710 m from the notch respectively 
have the lowest temperatures. The geothermal zonation of the 
temperatures in these wells, in relation to the crater of The Quill, 
clearly indicates that the heat source lies towards the volcano.

Seismicity
Since the settlement of St. Eustatius in 1636 there have been 
few reports of earthquakes being felt there; however, it is to be 
expected that earthquakes larger than magnitude 4.0 located 
in the northern Leewards area may have been felt. Since the 
beginning of local instrumental monitoring in 1992 most of the 
significant tectonic earthquakes in the area have been recorded 
in St. Eustatius. Only a very few volcanic earthquakes have been 
recorded in this time period.

The Quill

Pumiceous base surge and rhyolite fall deposits (Divisions 1 and 2) 
on east coast
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Date of 
measurement

Location
Upper Lynch 
(well A) 
1,155m#

English Quarter 
(well B) 
1,540m#

Fair Play* 
(well G) 
2,080m#

Roots (well C) 
2,120m#

Cherry Tree* 
(well D) 
2,125m#

Golden Rock* 
(well F) 
2,560m#

Concordia* 
(well E) 
2,710m#

Drilling of 
well (1980s) 60-70˚C 40-50˚C N.D. no information no information no information no information

11/94 c Dry N.D. c 35.6˚C N.D. 34.0˚C
4/95 c N.D. N.D. c 36.0˚C 30.3˚C 33.7˚C
6/95 52.6˚C1 N.D. N.D. 38.2˚C2 36.3˚C 30.9˚C 34.5˚C
2/97 N.D. N.D. 34˚C N.D. 36˚C N.D. 33˚C

Temperature measurements of heated groundwater on St. Eustatius

* Temperatures were measured on water pumped to the surface. Temperature given is maximum stable temperature obtained after
 water had been pumped for a few minutes.
N.D. Temperature not measured.
c Well capped by welded steel plate. 
1,2 After steel plate was removed, water was brought to the surface in a container from a depth of approximately 130 m and 100 m,
 respectively, before measurement was made.
# Horizontal distance from lowest point on the crater rim of The Quill

blanket the island’s only airport and major population centres 
with ash that could reach thicknesses of >50 cm. For eruption 
columns that extended into the upper troposphere (resulting 
from Plinian eruptions), the main dispersal direction would 
be towards the east, although a considerable thickness of ash 
would still be deposited on the population centres given their 
close proximity to the volcano. The distribution of ash from the 
latest prehistoric eruptions has been used to define the probable 
ash fall pattern for future eruptions of The Quill. Ballistic 
bombs from all types of explosive eruptions would not only 
cause damage to buildings but could also rupture the petroleum 
storage tanks located on the southwestern flanks of the Northern 
Centres. If these bombs were still hot when they landed they 
could set the petroleum storage tanks on fire, producing rivers 
of burning petroleum that could flow downhill from the storage 
facility both to the south, where they would affect the airport 
and populated areas, and to the west where they would flow into 
the sea at Little Dix Bay. Such a situation could close the harbour 
to shipping. If an eruption proceeds so that pyroclastic flows are 
generated, these would be directed by the notch (or low point) in 
the crater rim towards Oranjestad and the other population areas 
on the flanks of The Quill. The distribution of these flows would 
probably be similar to those described under the section on past 
eruptive activity.

As stated above, the main area of settlement between The Quill 
and the Northern Centres is particularly vulnerable to all types 
of pyroclastic activity. Particularly at risk from future activity 
is the town of Oranjestad, which lies directly below the notch or 
low point of The Quill’s crater rim. From this notch a pyroclastic 
flow fan is directed towards the southern part of the town. Maps 
showing the distribution of the different types of pyroclastic 
deposits from The Quill are described in Roobol et al. (1997) 
and Roobol and Smith (2004). Some element of safety, however, 
exists on the higher elevations of the extinct Northern Centres, 
since stratigraphic sections at Pisgah Hill show that, although 
phreatomagmatic ashes, ash and lapilli falls, pumiceous surges 
and ignimbrites (ash hurricanes and fine-grained pumice and ash 

Future eruptions from The Quill
The most recent eruptions of The Quill formed the present open 
crater and were of St. Vincent style. These produced ash and 
lapilli falls, scoria and ash flows and scoriaceous surges that 
affected almost all of the flanks of The Quill. In addition, there is 
evidence that The Quill has also had Pelean, Asama and Plinian 
style eruptions throughout its history. For all eruptive styles the 
main vent has been the crater of The Quill, and it is highly likely 
that this will also be the site for any future activity.

As The Quill has not had a major eruption for at least 1600 
years, renewal of activity would probably involve both volcanic 
related seismic activity and phreatic/phreatomagmatic explosive 
eruptions. Both types of activity could occur more than once 
before a magmatic eruption, and could precede such an eruption 
by tens or even hundreds of years. The most likely scenario for 
future activity is an explosive eruption producing pyroclastic 
flows, surges and ash fall.

Volcanic Hazards
The most likely initial product of any renewed explosive activity 
would be phreatic or phreatomagmatic lapilli and ash fall, which 
would be directed towards the west by the lower troposphere 
Trade Winds. Such a distribution of ash, which would also occur 
during all types of magmatic eruptions, would undoubtedly 

The east coast of St. Eustatius with the northern centres in the 
background
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Volcanic hazard map for an explosive eruption from The Quill
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Integrated volcanic hazard zones for an explosive eruption from The Quill, St Eustatius
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flows) have all affected these hills, the frequency of inundation 
of the Northern Centres by pyroclastic deposits from The Quill 
is considerably smaller than for the lower flanks composing the 
central part of the island, where the population of 2,600 now 
lives. The inescapable conclusion derived from the hazard map 
is that all areas of settlement on St. Eustatius are in danger 
from any type of renewed activity. The fact that (1) the time 
period between the start of any precursor activity and explosive 
eruptions can be very variable (hours to days to months), and (2) 
the populated areas, the airport and the harbour are very close 
to the volcano, means that for any type of volcanic activity the 
entire island would have to be evacuated immediately upon the 
initiation of any type of precursor activity.

activity could include periods of increased seismicity, as well as 
phreatic/phreatomagmatic explosive activity.
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Integrated Volcanic Hazard Zones
The hazard map presented above has been used to create 
integrated volcanic hazard zones for the island of St. Eustatius. 
These zones give an indication of the overall hazard in different 
parts of the island. Zone 1 (red) includes all the areas of high 
pyroclastic flow and surge hazard, the area within the 3 km 
ballistic projectile zone, and those areas likely to experience 
>50 cm of lapilli and ash fall. Zone 2 (orange) includes all the 
areas of moderate pyroclastic flow and surge hazard, the area 
within the 5 km ballistic projectile zone, and those areas likely 
to experience >20 cm of lapilli and ash fall. Some ash from an 
eruption of The Quill could also affect the island of Saba. In the 
event of signs of renewed activity (tremors, steam explosions) 
the population of St. Eustatius could be moved temporarily to 
the hills of the Northern Centres, but away from the petroleum  
storage tanks, prior to their evacuation. The most likely site 
within the Northern Centres from which evacuation could take 
place is Venus Bay on the east coast. The only access to this site, 
however, is by a dirt path so that the population would have to 
travel on foot to this site.

Conclusion
Although The Quill does not seem to have had a major magmatic 
eruption for the past 1600 years, the youthful form of the volcano 
and the presence of hot water in the water wells suggest that it 
is still potentially active. The most likely style of activity would 
be an explosive eruption producing pyroclastic flows, surges 
and ash fall. The location of all the population centres on the 
lower flanks of the volcano below the notch in the crater rim 
(which directs the pyroclastic flows) makes evacuation of the 
population imperative, should activity be renewed. Precursor 

Sugar Loaf
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