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The explosive (phreatomagmatic) volcanism caused by magma and water interaction in continental 
settings plays an important role in volcanic field evolution. Most of the continental volcanic fields 
have phreatomagmatic volcanoes, as magma encounters surface and/or ground water tables 
upon its route to the surface. Identification of phreatomagmatic volcanism in any volcanic fields 
is important since the existence of such volcanoes demonstrates the presence of water at the time of 
the volcanism. The resulting phreatomagmatic volcanic landforms are characteristic of the type of 
magma – water interaction. If magma interacts with surface water, the resulting volcanoes are 
steep sided and their pyroclastic deposits will be dominated by fragmented, angular, chilled magma 
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depositional environment), the lithology 
and mechanical properties of its volcanic 
conduit wall rocks, its vent geometry, 
and the type and availability of external 
water [11]. Most volcanological studies 
on monogenetic volcanic landforms are 
based on young volcanoes and focus on 
their short-term morphological changes, 
tephra transport, and depositional 
processes in syn- and post-eruptive times. 
Due to the erosion, the exposed inner 
architecture of monogenetic volcanoes 
reveals volcanic litho-facies that bear 
important information about the eruptive 
mechanism of the volcano. Monogenetic 
volcanic fields commonly consist of large 
numbers of volcanic clusters and/or 
alignments that may consist of hundreds 
of volcanoes in a volcanic field. Such a 
large number of volcanoes in a volcanic 
field may evolve over millions of years. 
Over such long time periods (thousands 
to millions of years) individual volcanoes 
may erode significantly, and a volcanic 
field may consist of a group of variable 
eroded volcanic landforms preserved 
on a gradually eroding landscape. Over 
longer time periods, a relatively uniform 
landscape could be dissected, lowered, 
and commonly inverted, resulting in 
preserved clusters of formerly low-lying 
zones of the syn-eruptive landscapes in 
elevated positions [12]. According to 
this point of view, monogenetic volcanic 
fields are very useful in characterizing 
the course of erosion in the surrounding 
syn-eruptive landscape over that period of 
time during which the volcanic field was 
active and after the cessation of the last 
eruption. Especially in older (millions of 

years) volcanic fields, erosional remnants 
of phreatomagmatic volcanoes bear 
important information about the syn-
eruptive country rock stratigraphy. It has 
been demonstrated in many places so far 
that such phreatomagmatic volcanoes 
may create their “own” sedimentary 
environment within which subsequent 
eruptions from the same location may 
result, forming volcanoes that may reflect 
strikingly different eruption environments 
from the surrounding syn-volcanic 
environments [13].

The western Snake River Plain volcanic 
field in southwest Idaho is considered to 
be an extensive Mio/Pliocene volcanic 
field that formed voluminous lava shields, 
pahoehoe lava fields, scoria cones, and 
a great variety of phreatomagmatic 
volcanoes [14, 15]. In spite of what are, 
in general, poorly exposed volcanic 
features along the Snake River, deep 
canyon walls expose a thick accumulation 
of pyroclastic rocks, many of them 
indicating widespread and probably 
long lasting phreatomagmatic eruptive 
events throughout the volcanic history 
of the region [15, 16]. It is thought that 
the Western Snake River Plain volcanism 
demonstrates a continuum between deep 
subaqueous to subaerial eruptions [16], 
but this view may need revision based on 
the conclusions of this Fulbright research 
project. Previously, it was thought that 
many phreatomagmatic volcanic eruptive 
sites were located in deep subaqueous 
volcanoes, which erupted along the lake 
floor of a large intracontinental lake, 
called Lake Idaho. The identification of 
pyroclastic deposits suggestive of magma 

fragments, while in case the magma interacts 
with sub-surface water tables, the volcanoes 
will be broad, with wide craters, and their 
pyroclastic deposits will be rich in country rock 
fragments disrupted by the explosions. Young 
basaltic volcanic fields in Idaho and in the 
Pannonian Basin demonstrate a wide spectrum 
of phreatomagmatic volcanoes. A detailed 
study of these volcanoes in both fields helps to 
reconstruct their eruptive environments, and it 
draws attention to the usefulness as well as the 
pitfalls of studying phreatomagmatism in such 
continental settings. During my Fulbright 
research visit and through subsequent research 
collaboration, I have identified new details 
regarding how such volcanic fields could be 
used for paleo-environmental reconstructions 
and how complex a single phreatomagmatic 
volcano can be.  

Keywords: tuff ring, maar, 
phreatomagmatic, basalt, sideromelane, 
erosion, lacustrine, base surge

1. Introduction

Small-volume volcanic eruptions are 
commonly thought to be monogenetic 
form tephra cones, rings, or mounds 
consisting of bedded pyroclastic deposits 
that are created by fallout, density currents, 
and/or down slope remobilization of 
tephra [1, 2]. Monogenetic volcanic 
fields are commonly related to explosive 
eruptions (phreatomagmatism) caused by 
the magma-water interaction associated 
with magma interacting with shallow or 
deep groundwater and/or surface water 
sources [3].  Monogenetic volcanoes are 

traditionally thought to be those volcanoes 
that erupt only once during their eruptive 
history. They are small and occur as 
scoria cones, tuff cones and rings, and 
maars. They form typically from short-
lived single and brief eruptions. Their 
characteristic feature is that the duration 
of the eruption is usually shorter than 
the solidification time required for the 
feeding system to provide the melt for the 
eruption. This definition may be useful to 
classify those volcanoes that erupt mafic 
magmas and produce the small-volume 
cinder cones associated with variable 
long lava flows. Since phreatomagmatic 
volcanoes such as maars and tuff rings 
are considered to be the wet equivalent of 
scoria cones, it is generally accepted that 
the eruption duration of phreatomagmatic 
volcanoes is short. Eyewitnesses of a few 
historic maar volcanic eruptions such as 
Ukinrek (Alaska) [4, 5] and Rininahue 
(Chile) [6] as well as shallow subaqueous 
explosive (Surtseyan-style) eruptions 
such as Surtsey (Iceland) [7] or Ambae 
(Vanuatu) [8] support the working 
hypothesis that such eruptions usually last 
a short time. 

In many cases, seasonal climatic changes 
as well as the ratio of available surface and 
ground water play an important role in the 
formation of different types of volcanic 
landforms [9, 10]. For these reasons a 
great variety of volcanic landforms tends 
to develop, especially in low lands where 
the hydrogeology of the country rocks 
may be very complex. The resulting 
volcanic landform, especially in such 
settings, depends in large degree on the 
nature of the pre-eruptive surface (e.g. the 
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western segment of the Pannonian Basin 
in Hungary (Fig. 1) occurred between 
7.98 and 2.8 Ma ago [18]. Tephra deposits 
produced by phreatomagmatic eruptions 
are particularly well exposed in the 
walls of the Snake River canyon, where 
thick accumulations of pyroclastic rocks 
indicate widespread and probably long 
lasting phreatomagmatic eruptive events 
throughout most of the volcanic history 
of the region. The volcanic landforms 
in the western Pannonian Basin are 
variable eroded maars, tuff rings, scoria 
cones, and shield volcanoes [19]. The 
pyroclastic rocks in both fields that have 
been preserved are commonly found in 
buttes exposing near vent pyroclastic 
successions. Distal basin filling pyroclastic 
deposits generally have poor preservation 
potential. However, due to extensive lava 
flow cover, such deposits can be preserved, 
as they are in the case of Idaho. In the 
western Pannonian Basin, unfortunately, 
such distal pyroclastic deposits are poorly 
exposed and poorly preserved.

Previously, many of the phreatomagmatic 
deposits in Idaho were considered to be 
the products of subaqueous eruptions that 
took place on the floor of one or more 
large freshwater intra-continental lakes 
[16]. Recent field-based observations 
confirm the presence of widespread 
phreatomagmatic pyroclastic rocks; 
however, some of those that had been 
interpreted as being subaqueous exhibit 
textural features that are more consistent 
with subaerial depositional environments. 
Intrusive and extrusive magmatic bodies 
with features associated with peperite 
formation have also been identified. Most 
of these peperites can be attributed to 

magma-sediment mixing in intra-crater/
conduit or vent settings, and, therefore, 
they cannot be used as widespread paleo-
environmental indicators to demonstrate 
non-explosive magma and surface water 
(e.g. lake) interaction [13].

The bedrock hydrogeological 
characteristics are strongly influenced 
by the morphology of the resulting 
volcanic landforms in the Pannonian 
Basin, and this seems also to be the case 
in Idaho. During the Fulbright visit, 
a systematic analysis of key, preserved 
volcanic erosional remnants was carried 
out with the aim of finding systematic 
rules governing the relationships between 
the preserved pyroclastic succession, 
the original volcanic landform, and the 
potential eruptive environment.

3. Phreatomagmatic 
volcanoes

The volcanic erosional remnants of 
phreatomagmatic volcanoes that have been 
preserved are then used to characterize 
their eruptive environment. In a simplistic 
way, volcanoes that have erupted in 
subaqueous environments produce 
characteristic pyroclastic successions 
that could be theoretically distinguished 
from pyroclastic successions formed 
during explosive eruptions of magma 
and ground water [3]. The key difference 
between the resulting deposits is their 
chilled, juvenile components of magmatic 
origin. In addition, the volcanoes that 
erupted in subaqueous conditions usually 
produce pyroclastic density currents that 
are charged in free water, and, therefore, 

– water interaction has exclusively been 
used to draw a paleogeographical map, 
which was then used to locate the former 
deep sub-basins within Lake Idaho, in 
spite of the lack of independent supporting 
stratigraphical data from the extension of 
lacustrine beds [16].    

2. Geological Setting

During the Fulbright research visit, 
fieldwork was conducted in the Western 

Snake River Plain volcanic field and 
compared with volcanic features from the 
western Pannonian Basin in Hungary (Fig. 
1). The western Snake River Plain volcanic 
field (WSRPVF) in SW-Idaho contains 
up to 400 basaltic vents and centers that 
produced lava shields, pahoehoe lava 
fields, scoria cones, and a great variety 
of phreatomagmatic volcanoes between 
the late Miocene and middle Pleistocene 
time periods [14, 15, 17]. Similarly to 
the WSRPVF, Mio/Pliocene volcanism 
in the Carpatho-Pannon region in the 

Fig. 1. 

The Snake River Plain 

Volcanic Field environ-

ment:

A) 1 – Walters Peak 

and White Butte, 

2 – Guffey Butte, 3 

–-Sinker Butte 4 – Con 

Shea Butte, 5 – 71 

Gulch Volcano.

B) Google Earth 

oblique view of the 

Guffey Butte (arrow)

C) Google Earth 

oblique view of the 

Sinker Butte (arrow).
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basin in western Hungary, indicating the 
common origin of these volcanoes [19]. 
Guffey Butte in Idaho (Fig. 3) is considered 
to be an erosional remnant of a shallow 
maar, which erupted in a so called soft 
substrate environment (e.g. sand). Because 
of the magma and shallow ground water 
(stored in the sand), phreatomagmatic 
explosions created a broad, shallow hole, 
a maar surrounded by a gently sloping tuff 
ring (Fig. 4) similar to those volcanoes 
that have been identified on the Little 
Hungarian Plain [19, 21]. Advanced 
erosion in the central zone of Guffey 
Butte exposed feeder dykes and some 
conduit filling pyroclastic successions rich 
in disrupted sand fragments (diatrema) 
similar to those preserved vent-filling 
pyroclastic rock units that have been 
exposed in and around the Kali Basin in 
the Bakony - Balaton Highland Volcanic 
Field. Next to Guffey Butte, the Con 
Shea Butte is a fine example with which 

to identify the gradual facies changes of 
the pyroclastic successions, from those 
caused by explosive eruptions resulting 
from subaerial magma and ground water 
interaction to those caused by pure lava 
fountain eruption through a wet volcanic 
crater zone (Fig. 5). Similar gradual facies 
changes have been identified at many sites 
in western Hungary, such as the buttes 
in the Tapolca Basin (Fig. 1). The largest 
preserved phreatomagmatic volcano in 
the studied area in Idaho is the Sinker 
Butte (Fig. 6). It is a complex volcano 
that was originally thought to have 
erupted in a subaqueous environment. 
The accumulating pyroclastic succession 
quickly filled the lacustrine basin, and 
gradually a tuff cone emerged above 
the lake level [22]. In the final stage of 
the eruption, scoria cones with internal 
lava lakes were formed, which helped 
to preserve the volcano against the 
Snake River’s rapid incision [22]. The 

the freshly deposited tephra will be sticky, 
cohesive, and ready to develop into steep-
sided volcanic cones [3]. This rule is 
theoretically true, but if the large part of 
the volcanic edifice is eroded, and only 
its central part is preserved, we cannot 
straightforwardly infer that what we see is 
the original volcanic landform geometry 
[13]. The reason for this is that many 
volcanoes originally formed in subaerial 
conditions due to magma – water 
explosive interaction can create a broad 
crater zone, which will be rich in water 
saturated sediments. Such conditions 
easily could create similar depositional 
environments that one could expect in 
volcanic eruptions in purely subaqueous 
environments [13]. According to this line 
of logic, during the Fulbright research 
visit, systematic fieldwork was carried 
out to check basic textural characteristics 
as well as the 3D facies architecture of 
the preserved volcanic landform from 
sites that had previously been identified 

as purely subaqueous or subaerial. 
One of the best examples on record for 
subaqueous volcanic eruptions are the 
Walters Butte and White Butte (Fig. 2) 
[16]. Based on close examination of each 
erosion remnant, it can be stated that the 
preserved pyroclastic deposits of each 
butte are similar to those one would expect 
in subaerial maar-forming eruptions. 
During the textural examination of the 
preserved volcanic rocks, it was concluded 
that neither of these sites has volcanic 
erosion remnants that are good enough to 
determine any details about the eruptive 
environment [20]. Neither of these 
volcanoes has preserved distal volcanic 
facies, and they cannot be correlated 
with other sedimentological markers; 
any determination about the eruptive 
environment (subaqueous vs. subaerial) 
would be inconclusive. In terms of their 
3D architecture and their pyroclastic rock 
units, Walters Butte and White Butte are 
very similar to buttes from the Tapolca-

Fig. 2.      View from the south to Walter Peaks Butte. Line marks an unconformity.

Fig. 3.

The structural ele-

ments of the Guffey 

Butte interpreted to 

be an eroded phrea-

tomagmatic volcano 

(e.g. maar/diatreme). 

In the central part of 

the butte the pyro-

clastic facies of the 

diatreme crops out 

(D) cutting into the 

pre-volcanic sand (S). 

Tuff ring sequence is 

marked with an ar-

row and overlain by a 

lava lake (Ll)
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pure “wet” phreatomagmatic deposits to 
more ”dry” Strombolian style scoria cone 
building units were identified (Fig. 9). In 
a few places, phreatomagmatic pyroclastic 
units exhibited a massive, chilled juvenile 
pyroclast-rich and thickly bedded texture 
persistent over distances of hundreds of 
metres (Fig. 10). Such successions are 
thought to be the result of high particle 
concentration pyroclastic density currents 
such as pyroclastic flows triggered by 
phreatomagmatic explosive eruptions 
[24-27]. Similar pyroclastic units have 
also been described from the Western 
Hungarian volcanic fields such as the 
Szentbekkalla sequences [28]. 

4. Erosion of 
phreatomagmatic 
volcanoes

The mafic small volume volcanoes 
from the study area in Idaho suffered 
significant erosion by the incision of the 
Snake River. In the canyon wall, entire 
half sections of complex phreatomagmatic 
volcanoes are exposed. In spite of this 
strong downcutting effect, in other areas, 
the original morphology of the volcanoes 
is preserved by thick and complex young 
lava flows. The areas covered by young 
lava flow are plateau-like today, and 
broad shield volcanoes can be identified 
as having very limited exposed outcrops. 

size of the preserved phreatomagmatic 
volcano of Sinker Butte is notable. The 
basal pyroclastic succession, which was 
thought to be to be deposited on the 
lake floor about a few tens deep, can be 
traced over 6 km from the centre of the 
volcano (Fig. 7). These basal and distal 
units apparently inter-bedded with 
other distal pyroclastic successions from 
nearby volcanoes. During the field visit, 
it was apparent that correlating these 
units with individual eruptive centres is 
crucial to understanding the evolution of 
the volcanism and the fluvio-lacustrine 
basin of Sinker Butte, and this could 
be a good direction for research to take 
in this area. Sinker Butte is larger, but 
comparable in size to phreatomagmatic 

volcanic complexes in the central part of 
the Bakony-Balaton Highland Volcanic 
Field, such as the Fekete-hegy maar 
diatreme complex in Hungary (Fig. 8). 
The difference between these two sites is 
that distal pyroclastic successions are not 
preserved in the Hungarian examples, and 
while Sinker Butte clearly demonstrates 
initial subaqueous eruptions, Fekete-hegy 
is purely a subaerial phreatomagmatic 
volcano [23]. During the field visit in 
Idaho, other large phreatomagmatic 
volcanic complexes nearby Sinker Butte, 
along the Snake River canyon (Fig. 
9), were identified. In the pyroclastic 
successions of these large volume 
volcanoes, in the half sections of entire 
volcanic edifices, a general trend from 

Fig. 4.   Pyroclastic facies of the Guffey Butte. S – sand, Tr – tuff ring, Ll – lava lake, Ls – lava spatter. Fig. 5.   Pyroclastic succession of the Con Shea Butte. Ph – phreatomagmatic pyroclastic units, Ls – 

lava spatter, Cl – clastogenic lava flow
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phreatomagmatic volcanoes. The textural 
characteristics of these deposits are 
similar to the deposits of volcanic debris 
flows (e.g. lahars). The identification of 
these extensive tabular rock units in Idaho 
suggests that large scale mass wasting 
could also be an important mechanism 
of erosion for these types of volcanoes. 
Perhaps for better reconstruction, future 
research is necessary.

5. Intravent peperite

Peperite results from interaction 
between magma and wet sediment and 
exhibits a range of complex textures [29-
34].  Distinguishing peperite textures 
from those volcaniclastic textures 

caused by the explosive eruptive events 
that form pyroclast is important for a 
better understanding of the eruptive 
and sedimentary history of a region 
influenced by volcanic events. In addition, 
the identification of peperites is also 
important to refine our understanding of 
the environment where volcanism took 
place. However, the correct interpretation 
of peperitic textures is crucial to draw 
a realistic paleo-environmental picture 
of the volcanic environment where 
volcanism occurred. Peperite commonly 
has been described as being either blocky 
or globular; in some cases, it is thought 
to develop in response to properties of 
the host sediment [31]. Other controls 
on peperite morphology have also been 
reported from many different settings, 

This generally smooth landscape may 
hide large and significant volcanic 
complexes. The very complex architecture 
of the large volcanoes found in the Snake 
River canyon wall highlights a problem. 
Due to the lava cover, it is unknown if 
there are other volcanoes, especially 
phreatomagmatic ones, in other places 
besides those along the Snake River 
valley. This raises an important question: 
did the majority of the phreatomagmatic 
volcanoes erupt along a preexisting fluvial 
network or is the present day Snake River 
valley located in a line of phreatomagmatic 
volcanoes, which were then easy to ‘down 
cut’ during the last millions of years? 
This question could be a major focus 
for research in the future. In Western 
Hungary, the erosion is likely to be more 

advanced, as almost all of the individual 
eruptive sites (former phreatomagmatic 
volcanic complexes) have gone through 
a significant geomorphic inversion, and 
today only their core zones are preserved. 

During the field visit in Idaho, few 
enigmatic pyroclastic rock units were 
visited. These successions are thickly 
bedded, massive, and laterally persistent 
tuff breccias (Fig. 11). These tuff breccias 
are rich with rugged, angular magma 
fragments, block sized country rock 
fragments (almost entirely intact), as well 
as nearly homogenized and milled debris 
from underlying strata (Fig. 11). The 
origin of these beds is unknown; however, 
their textural characteristics are similar 
to those deposits that have been caused 
by large scale mass wasting of former 

Fig. 6.  Overview of the Sinker Butte from NE. The canyon wall exposes the entire pyroclastic suc-

cession of the butte, which is covered by a solidified lava lake (Ll) enclosed in a scoria cone remnant 

(Ss). Ph – phreatomagmatic pyroclastic units. Arrow marks the flow direction of the Snake River.

Fig. 7.   Proximal pyroclastic succession of the Sinker Butte over an old lava flow unit (Lf). At least 

three major phreatomagmatic pyroclastic units can be distinguished (Ph1 – 3). Note the dyke and 

its gradual intrusion as sill into the phreatomagmatic pyroclastic units (arrows).
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and whether they are part of conduit, 
vent, or crater filling successions or part 
of a constructional edifice remnant (e.g. 
tephra ring). The problem is even more 
significant when peperite is identified. 
Peperite is commonly used as evidence to 
demonstrate the existence of a wet eruptive 
environment, where magma interacts 
with wet, water saturated sediments [32, 
33]. However, such interaction-textures 
do not necessarily prove that such magma 
and water interaction took place in a 
region that was covered by water or that 
it was saturated by high-level ground 
water. Wet eruptive environments can be 
equally representative of water-saturated 
zones of sub-surface sediments (both 
normal siliciclastic and volcaniclastic of 
any origin) where the magma intruded. 

Such a scenario is expected to be common 
in association with phreatomagmatic 
volcanism, where the newly opened 
volcanic conduit, vent, and crater zone 
of the phreatomagmatic volcano are 
filled by loose, damp and water-saturated 
tephra, commonly referred to as slurry. 
A similar problem in trying to give an 
interpretation of the peperite associated 
with phreatomagmatic volcanoes has 
been identified in Western Hungary [34]. 
The correct interpretation of the peperite 
in such crater/vent or conduit settings is 
crucial if one wishes to use the recognition 
of peperitic texture in such volcanoes for 
paleo-environmental reconstructions.

including the vents of phreatomagmatic 
volcanoes [35]. At one of the sites studied 
in Idaho (“71 Gulch Volcano”), it was 
previously thought that the site indicated 
the presence of a shallow lake [16]. At 
this site there is clear field evidence that 
peperitic feeder dykes contacted muddy, 
sandy siliciclastic sediments forming 
globular peperite [36]. The peperitic 
feeder dykes transition to pillowed, 
ponded lava sections (Fig. 12). It has been 
suggested that the 3D architecture of the 
erosional remnant of “71 Gulch Volcano” 
does not require the presence of a lake 
at the time of its formation; it is equally 
possible that it represents a subaerial 
phreatomagmatic upper conduit – crater-

filling succession. This interpretation 
opens up many questions about the Mio/
Pliocene evolution of SW Idaho, the 
timing of the volcanism, and its association 
with the evolution of the lacustrine systems 
in the region. In addition, re-evaluations 
of the volcanic features in SW Idaho have 
some general implications for the usage 
of phreatomagmatic pyroclastic rocks for 
paleo-environmental reconstruction.

Distinguishing pyroclastic successions 
as conduit, vent, or crater filling units 
is not easy in eroded phreatomagmatic 
volcanoes. It is even harder to interpret 
dissected pyroclastic successions, especially 
when trying to identify their exact location 
with respect to their syn-eruptive position 

Fig. 8.  Distal pyroclastic succession of the Sinker Butte, about 700 metres away from the location 

shown on Fig 7. Note the similar but thinner units that can be correlated with the proximal sections 

(Ph1 – 3). The sequence is covered by a young lava flow. 

Fig. 9. A half-section of a complex phreatomagmatic to magmatic explosive volcano south of Sinker 

Butte. Arrow marks an inner crater wall unconformity. Ph – phreatomagmatic units, Ss- strombolian 

scoria cone units, Ls – lava spatter.
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Distal pyroclastic successions similar 
to the Idaho examples have not been 
recognized yet from Western Hungary. 
The reason for this is that probably most 
of those successions have eroded away, 
or they have not yet been recognized in 
other phreatomagmatic units, especially 
in preserved pyroclastic units that have 
accumulated in volcanic depressions. 
Study of these units in the future is crucial 
in both fields, and will be a challenging, 
but rewarding aspect of future research. 

7. Conclusion: 
phreatomagmatic volcanic 
fields and eruptive 
environments

The western Snake River Plain volcanic 
field in Southwest Idaho is considered to 
be an extensive Mio–Pliocene volcanic 
field that formed voluminous lava shields, 
pahoehoe lava fields, scoria cones, and 
a great variety of phreatomagmatic 
volcanoes. In many ways the Snake River 
Plain volcanic field is considered to be a 
special type of volcanic field, where broad, 
large volume shield volcanoes form a 
complex network. In general, many of 

6. Distal phreatomagmatic 
pyroclastic rock units

During the field visit in Idaho, one 
of the most enigmatic pyroclastic 
successions that was studied are those 
that crop out beneath extensive lava 
flows and which are traceable over tens 
of kilometers, especially along the Snake 
River canyon (Fig. 13). These pyroclastic 
units indicate the complex evolution of 
volcanism there. These deposits show 
the textural characteristics of primary 
phreatomagmatic fall and pyroclastic 
density current origin as well as reworking 
processes. The extension and volume of 
these deposits are large, and, therefore, 
this research visit did not provide enough 

time to explore and interpret the origin 
of these units. The best explanation for 
the origin of these pyroclastic units is 
that they accumulated in a flat-lying 
landscape, partially covered by shallow 
standing water masses. Distal tephra 
was deposited on both “wet” and “dry” 
lands, and at different times they went 
through significant reworking processes, 
as it is recorded in tabular packets of 
reworked tephra interbedded with 
primary pyroclastic units. In this way, 
these pyroclastic successions represent a 
significant time period for the volcanism 
in Idaho. Future sampling, combineing 
stratigraphy and textural analysis, may 
lead to the development of a stratigraphic 
framework for the volcanism in Idaho. 

Fig. 10.  Pyroclastic units south of Sinker Butte show textural characteristics similar to mafic py-

roclastic flows such as flattened (fiamme-like) scoriaceous lapilli (arrows) in an otherwise chilled 

juvenile fragment rich matrix. Coin in circle is about 1.2 cm wide.

Fig. 11.    Matrix-supported, massive, lithic-rich volcanic debris flow deposit from the WSRPVF. 

Tc – tuff ring bed clast, Sc – sand(stone) fragment, arrows point to scoriaceous spindle like solidified 

lava tears.
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demonstrate non-explosive magma and 
surface water (e.g. lake) interaction. It 
seems that the presence of pillow lava 
and the associated hyaloclastite breccia 
deposits may also suggest that there were 
lava deltas formed in relatively shallow 
(a few tens of metres) lacustrine basins. 
Analysis of pyroclastic facies seemingly 
confirms that the formation of pyroclastic 
deposits/rocks, thought to be deposited 
and formed in a deep sublacustrine 
environment, actually do not need such 
an environment for their formation. The 
Fulbright Fellowship opened up a lifetime 
of research collaboration and showed 
significant potential for future research 
in Idaho and in general in understanding 
the evolution of phreatomagmatic 
volcanic fields. The similarities between 
the western Snake River Plain and the 

western Hungarian phreatomagmatic 
volcanic fields has helped to identify 
general aspects of the evolution of a mafic 
volcanic field in a fluvio-lacustrine basin. 
Fluvio-lacustrine basins are commonly 
host volcanic fields, and, therefore, this 
research project has served an important 
function, comparing, generalizing, 
and sharing expertise, to advance our 
understanding of the evolution of 
such volcanic fields. It has been clearly 
demonstrated during this research stay 
that mafic volcanic fields, especially those 
that have experienced phreatomagmatism, 
can be used for eruptive environment 
reconstruction. However, it also has been 
demonstrated that before further and 
large-scale reconstruction is done, the 
eruptive mechanism of each individual 
eruptive center has to be established.  

the phreatomagmatic volcanic eruptive 
sites in the WSRVF were considered 
to be the locations of deep subaqueous 
volcanoes that erupted along the floor of 
a large intra-continental lake, called Lake 
Idaho. The identification of pyroclastic 
deposits suggestive of magma – water 
interaction has only been used to draw 
a palaeogeographical map to locate the 
former deep sub-basins of Lake Idaho, in 
spite of the lack of independent supporting 
stratigraphical data from lacustrine beds. 
Field-based volcanological observations 

during the Fulbright research visit 
provided evidence of the widespread 
presence of phreatomagmatic pyroclastic 
rocks throughout the WSRVF; however, 
most of them exhibit textural features 
characteristic of a sub-aerial depositional 
environment. In addition, intrusive and 
extrusive magmatic bodies with peperitic 
margin have also been identified. Most 
of the peperite, however, is preserved in 
intra-crater/conduit or vent settings and, 
therefore, cannot be used as widespread 
palaeo-environmental indicators to 

Fig. 12.   Globular peperite along a dyke margin of the root zone of the 71 Gulch volcano. The 

magma as dyke (D) intruded into the pre-volcanic lacustrine sediments (S)

Fig. 13.  Extensive volcaniclastic succession exposed in the Snake River canyon wall. The volcaniclas-

tic succession (Px) is about 5 – 10 m thick and it is covered by lava flows (Lf) and sitting on lacustrine 

sand beds (S). The succession is traceable over tens of kilometres and it is not showing significant 

facies changes over large distances. 
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Many management scholars believe that the process used to make strategic decisions affects the 
quality of those decisions (Dean & Sharfman, 1993). Several authors, however, have observed 
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