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Abstract—On the early morning of 1994 January 18, a very bright luminous object crossed the sky of Santi-
ago de Compostela, Spain. From visual sightings, it is concluded that the object wasn’t a meteoric fireball
(bolide). A surface "crater" in Cando (close to Santiago) with dimensions 29 x 13 m and 1.5 m deep was
later discovered within 1 km of the projected "impact" point of the luminous object. At this site, in addition
to the topsoil, full-grown pine trees >20 m high were thrown downhill over a nearby road, leaving the down-
slope edge of the "crater" untouched and with a steep interior wall (this would not be the case if a regular
landslide were responsible for the transport). Standing trees below the "crater" showed embedded soil and
plant residues up to heights >3 m. No strange materials (meteorites or artifacts) were recovered in or close to

the "crater"; all materials belonged to the site and were not shocked; thus, an impact is very improbable.

A possible explanation capable of reconciling all of the observations is presented. It hypothesizes an
eruption of earth gases to create the crater, with the rising gas plume then interacting with atmospheric
electricity to produce the propagating fireball that was observed.

INTRODUCTION

In the clear dawn of 1994 January 18, a bit before 7:15 UT
(8:15 local time) many people witnessed a very bright luminous ob-
ject crossing the sky in a descending trajectory from north-northeast
toward west-southwest looking from Santiago de Compostela (Ga-
licia, northwestern part of Spain). In their first declarations, some
witnesses informed the Astronomical Observatory "Ramon Maria
Aller" staff members as well as mass media reporters that they had
seen a "very big and bright falling star." Contrary to usual behavior,
this meteor did not become extinct in flight but instead disappeared
below the horizon.

It was described as a fireball with a small red-orange tail with
apparent angular size ranging from 10 arcmin (or as a soccer ball
seen from a position in the stands) to almost full moon angular size.
The event was widely commented upon in mass media outlets, and
police of the village of Brion searched nearby hills for a fallen ob-
ject. At the beginning, all circumstances indicated an unusually
bright bolide had fallen or at least passed close to Santiago de Com-
postela, perhaps producing a meteorite fall. Naturally, this was reason
enough to further investigate this phenomenon.

To check the possibility that this object might have been a re-
entering satellite (or part of it), we contacted the European Space
Operation Center in Darmstadt (Germany) and also The Kettering
Group of England. The Kettering Group (Mr. G. Perry) confirmed
that a single object reentered on 1994 January 18, the PAM-D final
stage of the Delta I that launched Navstar 2-07 satellite. That oc-
curred at ~8:18 UTC and at coordinates ¢ = 37.3° S, 1 = 285.6° E,
which is very far away from Spain. Also, the motion of PAM-D was
in a considerably different direction to that observed by witnesses.

According to information provided by Spanish Air Forces, their
radars did not register any anomalies nor were any military maneu-
vers or unusual operations being conducted on these dates (includ-
ing Cantabrean Sea waters).

OBSERVATIONAL DATA

At the time the phenomenon occurred (~45 min before sunrise),
people usually are at home or in cars or buses on their way to work.
Consequently, almost all the people who witnessed this phenome-
non were either in moving cars or awaiting buses at bus stops.

Initially, ten witnesses were interviewed, of which six were ac-
companied by others. Although other witnesses were later found,
we considered these initial ten to be the ones most reliable for
reconstructing a trajectory. Fortunately, these observations of the
fireball flight were made from sites nicely separated, yet within a
relatively small area (compared to usual bolide sightings). This
cirumstance made it possible to study more carefully the trajectory
itself. Other important features were the unusually slow motion of
the object and that a large part of the trajectory could be seen clearly;
some observed the motion of the object for about one minute.

Altogether we know of 34 different people who saw the event:
16 of them walked outdoors and 22 drove in cars (i.e., four of them
were in both categories: after seeing the first part of the event, they
stopped their cars, left them and still were able to see the terminal
part of the event).

Sites where people saw the object were revisited, with the wit-
nesses reenacting the sighting cirumstances. Data were rechecked
regarding approximate time and duration, brightness and color,
shape and, most of all, the coordinates and heights of apparent start
and end points. Angular elevations were measured by means of
theodolite and azimuths checked on 1:25 000 scale maps. Two of the
more significant descriptions (witnesses No. 2 and 10 in Table 1)
follow:

Witness Number 2-Mr. Otero and Ms. Ferreiro were moving by
car on the highway from Santiago de Compostela toward A Coruna
(i.e., practically in a south-to-north direction). It was a while after
8:00 AM. when Ms. Ferreira (sitting next to driver) saw the light
appear from her right. The object crossed the highway with an
almost horizontal trajectory, slightly declined up to a certain point
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where the descent changed to a sharp fall and was then lost behind
the horizon. The movement was rather slow; they even had the time
to stop the car, get out, and observe how the object dropped, far away
to their left side. By their estimation, it took about one minute. It
was very bright and had an apparent size almost as large as the full
moon and with a small trail. The color was reddish at the center
changing to yellowish toward the borders.

Witness Number 10-Mr. J. Portela was awaiting the bus (to-
gether with another person) near Bueu, situated on the southern part
of the Pontevedra estuary. He was facing toward the north and north-
west. Around 8:15 A.M., the object appeared in front of him rather
low and slightly inclined from the vertical direction. They both
watched it disappear behind the mountains on the northern part of
the estuary. A while before disappearing, they saw a small part of it
become separated and extinguished before reaching the horizon. They
estimate that the duration was ~5—6 s and its size more than the "usual
falling star" but much less than the full moon. It was very bright
and the end of the trajectory seemed greenish.

THE "CANDO" EVENT

Information on the search for a possible impact site in the area
of Muros (~50 km south-southwest from Santiago de Compostela)
was widely reported in newspapers. Then on 1994 April 22, Ms. E.
Dosil called the Observatory to ask whether or not a possible site
had been discovered. Being informed that no impact site had been
found so far, she said that in January at the site A Pedrada (parish of
Cando, council of Outes) a strange event happened. According to
her, from a hillside a huge amount of ground and trees had been
thrown aside creating a mysterious "crater."

Arriving at the site we found an impressive picture, despite the
fact that more than three months had passed. Numerous trees >20 m
in height had been thrown 50-100 m down the slope and others of
similar size were standing inclined around the borders of the "crater."
The irregular-shaped "crater" was ~29 m along and 13 m wide (at
the widest part) as well as ~1.5 m deep on average (Figs. 1 and 2).

A huge amount of ground and mud covered the slope below the
"crater." Just below the "crater" on the slope, there crosses a walk-
road ~2 m wide. Surprisingly, according to people living in the
region, this walkroad remained clear. The indication is that both the
ground and trees were not moved laterally but instead were thrown
over the walkroad. Numerous marks of impacts are preserved to-
date on the trees (at a height of >3 m) standing lower on the hillside.
On the same trees, one can see grains of soil plastered to the trunks
and branches (Fig. 3). There was also soil thrown to the left of the
crater (looking uphill). Even now, there are perfectly visible scars
and broken branches near the top of a high pine that remained stand-
ing close to the right edge (looking uphill) of the "crater" (Fig. 4).

One must note that the "crater" at the bottom had "closed" bor-
ders (i.e., no open pathway for the crater material to have exited).
This fact, according to some experts, is not at all typical of usual
landslides, where the soil is displaced continuously and relatively
slowly. In contrast, this "crater" seems to have been created by a
violent and very powerful upheaval of soil and trees (Fig. 5) but not
a slow ground slide. We have conducted numerous tracings of a
rather large area around the "crater," but all attempts to find any
strange remains or macroscopic body were fruitless.

Regarding the date of the event, inhabitants of Cando (500 m
distance from the "crater") claim different opinions (end of 1993 to
February of 1994), but the vast majority claimed that the event hap-
pened in 1994 mid-January. One must note also that, at both the end
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of 1993 December and the first half of 1994 January, it was very rainy
in that area including some days with strong wind. During the first 17
days of 1994 January, ~400 mm of precipitation were collected in that
area. On all days except January 12, there was rain. Noteworthy
amounts were recorded during days two (30.3 mm), four (38.2 mm),
five (60 mm), seven (56.6 mm) and nine (37.2 mm) in January. All
these measurements were made at the meteostation of the Spanish Na-
tional Institute of Meteorology Net situated in Outes (a few kilometers
distance from Cando). However, it is also worth noting that such
rainy conditions are quite usual in this part of Spain in winter.

Some inhabitants mentioned hearing a loud noise (like during
an earthquake), but others paid little attention to it thinking that the
noise had been made by lightning. The situation is that no one there
paid attention to the exact day when they heard the noise. Even
after discovering what had happened, none of them called mass
media outlets, local authorities, or police. That is why we can only
estimate that the event happened in the middle of January.

We also searched for any data at the Geophysical Observatory
of Santiago de Compostela on seismic activity, to check the possi-
bility of significant quakes on these dates. Unfortunately, the tele-
phone line was not functioning on January 17 and 18, and conse-
quently the sensor at Santiago de Compostela was inoperative on those
two days. No anomalies were recorded by the sensor at any other
time in January before or after those days. Other sensors situated
<150 km away did not register any strange activity during January.

As the suspected area (vicinity of the "crater") is situated near
the possible endpoint of the luminous fireball trajectory, we began
to study the event at Cando with full interest. We were supported
by the assistance of Diaz—Fierros (Soil Science Department of the
University of Santiago de Compostela) as well as Y. Onda (Nagoya
University, Japan), landslides specialist on granitic soils (which is
the case here). Onda has not visited the site, but from extensive
information (including numerous photos, maps and figures) we sent
him, he was able to make some suggestions and assessments con-
cerning the event described.

THE SURFACE FEATURE
The Site

The feature is situated at coordinates A = 8.864° W, ¢ =42.843° N
on the wooded edge of a hill with a slope of ~24°. The area may be
reached easily by walkroad from Cando. The bottom border of the
"crater" is situated at 100 m above sea level, just 2.5 m uphill from
the already mentioned walkroad.

The Lost Soil Description

The location of the feature shows a soil type of "humic cambi-
sol" (FAO, UNESCO-ISRIC, 1990) that is typical for forests with
thick organic horizon A, transition horizon AC and horizon C with
the alteration of original rock (in this case granitic). The depths of the
first two horizons, while variable along the slope, are never <20 cm
and 15 cm in cases A and AC, respectively. In both horizons, the
textures are sandy loam. Horizon C has a first layer with very soft
and low resistant material of 50~70 cm depth with sandy texture and
in general is very permeable. The second layer is very irregular in
its limits (compared with the previous layer), wherein the original
rock has become fragmented and fissured along many lines as well
as altered by soil activity, but it is, however, more compact than the
first layer.

The thickness of an entirely removed layer including A, AC and
the less resistant part of C ranges between 70 and 120 cm depending
on the zone. According to rough estimates of the crater size men-
tioned above, the total amount of ground lost is ~200 m3.
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FIG. 1. The "crater" photograph taken in 1994 May. The border of the structure is completely closed including the downhill part.
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FIG. 3. Schematic sketch of the surface event ("crater"). (A) the "crater"; (B) the tree referred to in Fig. 2; (C) the tree referred to in Fig. 4; (D)
the "closed" low edge of the "crater" (well visible in Fig. 1); (E) this walkroad remained completely clear of soil from the "crater"; (F) grains of
soil plastered to the trunks of standing trees at heights of ~3 m; (G) a part of the soil thrown from the "crater" ( x x x ); (H) big trees (0.6 m
thick) were uplifted and thrown 50 to 100 m away down the slope.
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FIG. 4. This pine situated at the right edge (viewing upslope) of the "crater"
exhibits scars at a height of ~13 m produced evidently by thrown material
and trees.

ORIGIN OF THE "CRATER"

Landslide processes are frequent in Galicia on loamy texture soils
under grass vegetation. They are also found in granitic soils on
highly inclined slopes with convergent hydrology toward the place
where the landslide is produced. The vegetation of trees (especially
with weak roots of Pinus Pinaster, which is the case) is also compat-
ible with the mentioned phenomenon. Therefore even if the condi-
tions are not very favorable for development of a typical landslide,
such a possibility is not excluded.

However, there are at least two characteristics that speak against
this being a typical landslide. First on the lower part of a "crater,"

FIG. 5. These pines originally growing at the "crater" location are situated
80 m below the crater demonstrating the enormous energy of the event.

there usually exists a "tongue" of residual materials (soil, mud, etc.)
that should appear as a continuation of displaced material from the
"crater" without showing any significant interruption. Second, such
a "uniting tongue" always has a negative slope (i.e., compared to the
inclination of a lower horizontal plane) that is always less than the
general slope but never either horizontal or positive. In the case
considered here, the lower "tongue" possesses a positive slope in-
clined by 15-20° and 0.7 m in thickness. Moreover according to
witnesses as well as our own observations three months after, there
is not any kind of material deposited just below the "crater" (in par-
ticular on the nearby walkroad), which clearly indicates that the
"tongue" was not continuous.

In addition to such features unusual for a typical landslide, the
existence of soil and plant residues at heights of >3 m on the trunks
of standing trees as well as the large energy liberated (able to throw
20 m height trees 90 m away from the "crater") suggest that the
process forming the "crater" must have been realized violently, with
soil and ground upheaval—first to heights 3—5 m or more and then
freely falling below along the slope. Such a picture should justify:
(1) the absence of continuity between the lower part of the crater edge
with the first indications of soil ejected from the "crater" separated
>4 m from the lower edge of the "crater" itself; (2) the existence of
soil remnants on trees high up on their trunks; and (3) the power of
outflow (big trees, soil).

In any case, it is not easy to make suggestions for an origin of
such a complicated phenomenon and explain it completely. How-
ever, we speculate upon two scenarios.

Piping

(This mechanism was suggested by Onda and is developed in
more detail in the appendix.)

It is possible that lipodermic water, streaming downward along
the slope in underground channels, may have resulted in abrupt
emergence of subsurface water (pipes) in the circumstance of strong
and persistent rains. The resulting hydraulic pressure together with
fluidity of the soil and ground materials in general may have led to
explosive pipe failure. Also it is possible that the walkroad ~3 m
distant from the lower part of the "crater" acted as an obstacle to
lipodermic water and soil in the fluid state, and when a certain limit
of resistance was overcome, violent outflow (ejection) of material was
produced.

In any case, such processes are much more frequent on less con-
sistent materials (Onda; see appendix) like graindiorits; but even on
granitic soils, such landslides remain frequent. There the cause is
the diffuse lipodermic stream but not piping. Under such circum-
stances, significant hydraulic pressure does not develop.

An Object Fall

As in the previous case, it would be a rare (but possible) event
for the "crater" to have been formed by an impact or explosion of
some fallen object. Unique possibilities to detect evidence of such a
cause would be the discovery of impactor remains within a reason-
able area around and/or possible changes on soil properties as impact
consequence.

We have proposed soil magnetic susceptibility since it always
alters at temperatures >400 °C, which can be reached because of im-
pact energy dissipation itself or by temperature of some fallen ob-
ject. The group of researchers led by Diaz—Fierros conducted two
surveys on the crater area with a Barmington's soil-probe by grid at
172 points and in the laboratory (on material collected at crater area)
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by square grid (2 x 2 m) at 34 points. From first survey data, elabo-
rated by geostatistical methods, a small anomaly was detected toward
the right side of the "crater," but it is not of statistical significance.
The second survey also demonstrated small anomalies toward the
borders and at the inner side, but also these are not significant con-
sidering the high variability in survey samples. Thus, the geophysical
survey did not entirely exclude the possibility of an impact but
called for other types of surveys (e.g., chemical, mineralogical, etc.)
to be applied to collected soil samples.

Finally, it may be interesting perhaps to note the existence of
another small landslide that knocked down two pines, and which is
situated only 300 m northwest of the main "crater." The land owner
claims that this landslide appeared the same day as the main "crater."
In this case, Diaz-Fierros suggests that this is a typical and usual
landslide, because the soil displaced appears just next to the site
from where it has been displaced.

GEOMETRICAL POSITION OF THE TRAJECTORY
Visual Observations

Visual sightings used for computation of the trajectory originate
from eight different locations. Details on how they were gathered
and on the method of measuring azimuths and zenith distances were
covered in the preceding paragraphs. These visual observations are
of varying quality as is usual. Sightings of the terminal point are
generally better than that of the first point observed, which is typical
for such transient phenomena capturing the attention of casual
witnesses. All observed azimuths and zenith distances used for the
computations are given in Table 1 together with geographical coor-
dinates of the corresponding locations (stations).

Average Computed Trajectory

The method of computation was principally based on the one
described by Borovicka (1990), but several changes in the proce-
dure were necessary. This was mostly caused by too close distances
among all stations, close distances of the phenomenon to the stations,
and the usual very limited precision of the visual sightings. Also some

TABLE 1. Visual observations.

Directions to the

Station phenomenon
St. A ¢ ag Zg g Zg
No. w N
1 8.400°  43.100° 175° 60° 168° 63°
2 8458°  42.944° 190° 60° 72.5° 85°
3 8.528°  42.903° 180° 65° 100° 80°
4  8597°  42861° 180° 67.5° 130° 84°
S 8.677°  42.853° 170° 60° 140° 67.5°
6  8.540°  42.848° 197° 60° 150° 67.5°
8* 8.673°  42413° 215° 60° 160° 85°
10t 8.751°  42335° 176° 86° 174° 88.5°

St. No. = station number; A = geographic western longitude; ¢ =
geographic northern latitude; a = azimuth (S = 0°, W = 90°), z =
zenith distance of the phenomenon; B = first sighting of the phe-
nomenon; E = last sighting of the phenomenon.

*For station 8, we used average of St. No. 7 and 8: they were so
close together that taking them independently was not warranted.
tStation No. 9 was very close (2 km apart) to St. No. 10; the
observer saw the fireball very near the horizon while driving his
car and his observation was of substantially lower quality, so we
decided to discard it at the very start of computations (having a
very good observation of St. No. 10 nearby).

evidently wrong directions pointed by the observers (more than three
standard deviations) were eliminated from the final computation.

Borovicka's method uses the directions of the sightings so that it
places a straight-line (also curved) trajectory among these sightings
minimizing the sum of squared distances from them. This problem
has four independent parameters defining the direction and the posi-
tion of the trajectory. In case of the curved trajectory, one more pa-
rameter is added: a vertical curvature of the trajectory, described by
a radius of an osculating circle taken either as fixed or as a free pa-
rameter. We were not able to determine any curvature from these
observations, but if one considers the resulting heights and veloci-
ties, some vertical curvature is reasonable even without having the
possibility to determine it from these observations.

The first application of Borovicka's method went into singular
solutions placing the trajectory practically onto the Earth's surface.
Close distances between stations and very large diversity in pointed
directions were responsible. This all showed that the trajectory is
rather low. Our second step was to fix some of the free parameters.
We handled direction of the flight first, determining azimuth and
zenith distance independently from any metrics (i.e., position of the
trajectory in space). After doing this, we recognized that azimuth of
the trajectory is much better determined than the slope. Thus, we
fixed only the azimuth and we left the slope and the position of the
trajectory in further computation as free parameters. The final step
was fixing the direction and finding the final position of the trajec-
tory in space. The result was also checked by computing back how
each of the observers should see our resulting average trajectory.
These deviations and the deviations in space are given in Table 2.
Point B from St. No. 6 and point B from St. No. 8 were omitted from
the final solution (more than three standard deviations from the
average). The resulting trajectory is given in Table 3. The given
velocity is only a range of a very rough guess from duration given
by several observers; such data are usually very subjective but may
be better in this case because of the rather long duration of the whole
event, longer than is usual for most of the meteoric fireballs. People
saw the event from a car, stopped and parked the car, went beside
the road to avoid vision obstacles and they still saw the phenomenon.

This trajectory exhibits several rather extreme peculiarities. The
resulting trajectory was very low in the atmosphere. Even if we
made corrections on individual sightings for a systematic effect of
casual witnesses pointing generally below a flying fireball (this is a
known effect from several comparisons of visual observations with
photographically documented trajectories), the result was not much
different. Accounting for this effect, we could move the terminal
point up to about a height of 5 km but not more.

The phenomenon was observed only in a very limited region,
much smaller than is usual for meteoric fireballs. The wide pub-
licity by different media should have brought in observations from
larger distances, but they are missing. The low elevations (the entire

TABLE 2. Deviation of individual observations from the computed
average trajectory.

St. No. 1 2 3 4 5 6 8 10

B Aw® 0 8 3 1 9 10 6 0
E Aw® -6 1 -1 -l11 1 3 8 0
B Adkm 04 131 25 L1 33 197 176 0.7
E Adkm 43 14 07 37 06 19 42 05

B = the first sighting, E = the last sighting, Aw = the angular distance
of the apparent trajectory from the average trajectory projected onto
the sky, Ad = the distance of the pointed direction from the average
trajectory in space. SR
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TABLE 3. The resulting average trajectory.

Trajectory A° @° Height Al Ah
point w N km km km
BEG 8.497 43.456 25.7 *5.0 1.7
END 8.828 42.882 2.6 *2.6
Inclination: 18° = 3°

Velocity: 1to 3 km/s

Al = the standard deviation in the horizontal plane, Ah = the
standard deviation of the height, BEG = the first observed point,
END = the last observed point (termination of light), inclin-
ation is the inclination of the trajectory to the horizontal plane.

trajectory certainly <30 km) caused more distant potential observers
to have the trajectory below their horizons.

The parallax angles were evidently large on small base lines.

The velocity was very low, not just lower than a meteoric fireball
could possess normally but also at any imaginable extreme condition.

The maximum brightness was prohibitively low for such low
heights, if it were a meteoric fireball. Huge initial and terminal mass
could penetrate so low, but then the maximum brightness would
supersede the brightness of the Sun. Such phenomenon then would
have been seen also at larger distances up to at least 500 km from
Santiago de Compostela.

Were it a meteoric fireball penetrating so deeply, sound phe-
nomena consisting of sonic booms and enormous blast waves should
have occurred within a radius of at least several kilometers of a pos-
sible impact, and those would certainly not have escaped the atten-
tion of the local residents (broken windows, etc.).

The small slope of the trajectory at such low heights puts even
more stress on the argument that a phenomenon much brighter than
the Sun would have been observed, if it were a meteoric fireball.

We can conclude that this trajectory was not a trajectory of a
meteoric fireball.

Position of the Trajectory Relative
to the Surface Feature ("'Crater')

The resulting trajectory, if projected forward to the Earth sur-
face, goes only 1.0 km from the suspected impact. With the stand-
ard deviation taken into account, we could say it goes directly
through the "crater" place. Such an alignment may be pure chance.
There is an uncertainty of at least =1 day when the surface feature
formed (assuming it happened during the absence of seismographic
records). The bright object in the sky happened within the time
span of this uncertainty. The surface disruption is certainly not a
meteorite impact, no matter what impact velocity is imagined. The
feature is a removal of a huge amount of soil, clearing the place
down to the bare rock, uprooting heavy trees and transporting them
~100 m from where they grew. It looks rather as if some huge force
uplifted the whole surface at the "crater” spot.

It could be that some military missile impacted the place, but
this was excluded by appropriate authorities. One should consider
that no remnants were found of anything that could not belong to
the locality.

It could be a satellite decay, but this is excluded not only be-
cause there were no satellite decays available for the particular time
and location, but also because of the energetic considerations: you
cannot make such a hole by decaying satellite fragments with im-
pact velocity of only several hundreds of meters per second. More-
over one would expect some material fragments to be found.

Even without the benefit of a precise time alignment, the trajec-
tory alignment with the surface feature (“"crater") is so good that

there is only a very small probability (few percent) that these two
phenomena are independent of each other.

POSSIBLE SINGLE-CAUSE EXPLANATION FOR THE
FIREBALL AND THE SURFACE ANOMALY

Based upon past occurrences in which eyewitness reports of a
"meteor” accompany unusual atmospheric detonations or surface-
disruptive events, plus numerous accounts of similar phenomena
often associated with earthquakes, a hypothesis is proposed by
which the seemingly coincidental observations found here can be
attributed to a single cause. The cause envisioned is eruption of
flammable (or electrically-conductive) gases from the Earth.

The idea that atmospheric flashes and detonations (booms) can
be caused by release and subsequent ignition of gases from the
Earth is not new (Gold and Soter, 1979). However, the association
of meteorlike apparitions to occurrences of this class of events is a
recent extension of the hypothesis. That association did not result
from any new modeling or analysis of atmospheric processes. Rather,
it simply arose from trying to reconcile persistent eyewitness ac-
counts of "meteors" with what surely must be gas-eruptive events.
Meteorlike sightings in conjunction with earthquakes is a prime
example.

Apparent Meteor

A scenario in which a gas eruption could result in an apparent
meteor is proposed. In this scenario, gases issuing from a vent, either
underwater or on land, rapidly rise in the atmosphere due to natural
buoyancy. Turbulence and diffusion mix the gas with surrounding
air as it rises, but with the vent continuing to feed the plume, a
considerable quantity of the gas is carried up to high altitude. The
convective action of this rising plume can be expected to create
electric charge separation in much the same sense that thunderstorm
cells and volcanic plumes do. Thus at some point, breakdown can
also be expected to occur, which can be the initial ignition source.
Once ignition has been initiated, the chemical burn enhances the
conductivity of that region of the plume, and electric charge can begin
then to move along the conductive path created. The charge layers
responsible for the Earth's ambient electric field will begin to dump
into this newly created path, and the energy delivered to the path
will serve to keep the combustion going. What is envisioned (by
Spalding) to result is an electrically driven burn that necessarily stays
within the confines of the plume but proceeds in a general direction
downward so as to complete a connection to ground. Persons on the
ground witnessing this burn progression will naturally assume that
they have seen a meteor.

It is quite possible that the proposed "electrically driven burn" is
much more electrical than chemical (i.e., the bulk of the energy in-
volved in the process may come from electric charge movement rather
than combustion). Nevertheless within the overall hypothesis, it
seems safe to believe that something has modified the local atmos-
phere so as to bring on the electrical action and to cause the resulting
"fireball" to travel on such a meteoric path. Buoyant gases, carried
by upper winds, would seem to be the logical modifier, and the con-
centration necessary to produce significant electrical modification,
particularly at altitude, may be quite small in fact.

Surface Disruption

The surface anomaly can be explained best as a "blowout" event
involving very-high pressure gas from below. Explosion of a large
volume of gas at the surface was at first considered (by Spalding) as
the likely cause of the mysteriously cleared area. That certainly could
account for the uprooted trees. However, it seems improbable.that
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the topsoil would have been removed so cleanly as was recorded.
Also, a detonation of that size would surely have been heard and felt
by residents living less than a kilometer away. But no such detona-
tion was reported.

In the mechanism now considered more likely, gases from a
pocket deep under the surface find a path upward, perhaps through a
newly formed crack in a previously continuous rock cap. As the gas
approaches the surface, it remains in a highly compressed state
because the strength of the channels through the rock are sufficient
to keep it well contained. Upon reaching the last rock layer (i.e., the
bottom of the topsoil), that can no longer be the case, and sudden,
rapid expansion ensues. Volumetric expansion at the rock-topsoil
interface can be hundreds to thousand times, so that fairly small crev-
ices are able to support tremendous "flow" rates. Only a tiny fraction
of the in-rock pressure is needed beneath the topsoil layer to rapidly
lift it and propel it away.

It is perhaps worth noting that the site of the disruption occurred
on a fairly steep slope (~24°). The nature of the forces acting upon
the topsoil layer by the expanding gas will tend to be perpendicular
to the rock surface (i.e., the rock serves as the fulcrum by which the
expanding gas is able to lift the topsoil and trees). So, for the trees
to be thrown well down the hill may be a quite natural result in this
instance; whereas, if the eruption had occurred over a level surface
of base rock, the uplifted trees would have fallen very near to their
original location.

If indeed the surface disruption was caused by escaping gases
from a deep reservoir, then perhaps it would have been more ap-
propriate to have searched the crater and surrounding area for evi-
dence of particles of "unusual" minerals rather than for meteoritic

fragments. Unfortunately, when the site investigation was made, the
gas-eruption hypothesis had not yet been formed.

Although the magnitude scales are markedly different, there are
similarities between the mechanism hypothesized for this event and
that thought responsible for the "kimberlite pipes" associated with
diamond deposits. It may be too much of a stretch to expect that the
escaping gases would have actually brought up diamonds in this
case. It seems unlikely that such a relatively small vent would have
been opened down to "diamond depths" of 100 km or more. On the
other hand, considering the implied forcefulness of the gas flow, it
should be expected that some solid (and perhaps liquid) material
from lesser depths would have been swept along by the flow and
deposited on the surface. In retrospect then, when a surface disrup-
tion such as this occurs, it should become "standard practice" to
examine the area for evidence of "any" kind of foreign material, and
to do so quickly on the consideration that some of the material may
evaporate at atmospheric pressure.

Editorial handling: G. Wetherill
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Natural explosive noises.

APPENDIX

The Depth of the ""Crater"

The crater is shown as not so deep, maybe 1-2 m at most (Fig. 1). As
shown in the photograph, the surface of the bottom of the crater is rilled
(troughs formed by running water). This clearly shows that the surface of
the bedrock doesn’t have high mechanical strength. The boundary between
soil and weathered bedrock has a marked difference in hydraulic conductiv-
ity and presents enough barrier for the subsurface water to cause an elevated
groundwater and landslide. However, as I imagine, because the bedrock
doesn’t have high mechanical strength, there should have been a deeper hol-
low than in Fig. 1 if a "fireball" fell to the ground surface. (The term "fireball"
means "meteoric body.") It seems very strange, if such a big explosion oc-
curred, knocking down the trees, that it created only a very shallow crater in
weathered bedrock. The answer would be clearer if one collected an undis-
turbed sample of the bottom of the crater and measured its mechanical strength
in soil or rock mechanics lab and calculated the energy of collision.

No Upslope Disturbance

As shown in Fig. 1, downslope disturbance is very evident. Trees were
thrown down (Fig. 5), and a scar remains on a live tree (Fig. 4). However,
the upslope shows no marked disturbance. I feel that it is very strange that
the disturbance concentrated downslope if the cause was a "fireball." My
feeling is that there should be at least some change (e.g., falling of trees,
etc.) present if the crater was caused by a "fireball." It might be possible if
the "fireball" fell at a very shallow angle from upslope and concentrated the
effect in downslope, but obviously that is impossible because the trees
upslope show no change. Instead, the upslope and side slope of the crater
shows clear features of a landslide as can be seen in the exposed roots of
many trees (Fig. 2). This is a very common feature of landslides; material
moves downwards due to gravitational force. The scar on the tree (as shown
in Fig. 4) could be explained as being caused by falling trees.

Geomorphological and Meteorological Evidence
The data suggest that it is probable that the landslide occurred in early

January. In addition, the strong wind helped the landslide to occur. It is re-
ported that swinging of the trees weakens the soil strength, helping to
promote landslides.

The site is a very "good" location for landslide by groundwater outflow,
because there is a broad unchanneled area at upslope (north) and west side.
It is not unlikely that infiltrated water flowed to the area of the crater and
caused a landslide.

My hypothesis is that this crater is a landslide caused by groundwater
seepage (or piping). There are many types of landslides. Among the shal-
low landslides, some have a marked shear plane wherein the sliding mass
keeps its shape (just sliding down). Another type of landslide shows evi-
dence of ground water flow-out (piping failure). In my experience, more
craterlike piping failures are sometimes observed (2-3 m deep 5 m length)
very close to ridges with low slope angles. The percentage of this type of
landslide is very low (maybe 2-3%).

Unfortunately, the mechanism of piping failure is not clearly under-
stood. Because it is not an equilibrium phenomenon, it is therefore very
difficult to reproduce so as to show conclusive evidence. This is covered in
a paper written in Japanese (Terajima and Sakura, 1993). Changes in to-
pography occur due to heavy rain, and the major change here was formation
of a depression ~0.5 m deep, 3 m long and 2 m wide, caused by a piping
erosion. Nevertheless, many field researchers reference piping failures, which
may be related to subsurface water passages (fissure of rocks, efc.) and some
"accident" to enhance the subsurface water pressure (sometimes referred to
as a clogging of subsurface water passages). Pierson (1983) reported that in
funnel-shaped failures many soil pipes are observed, which should be most
likely the landslide triggers.

Maybe this event was caused by explosive piping failure and soil
quickly fluidized. As to the coincidence of time, it may be a casual coinci-
dence, as sometimes occurs in nature. The thickness of the scar and no up-
slope disturbance is able to be explained only by piping failure, but still
there is some possibility that the fall of a "fireball" triggered the landslide.
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