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ABSTRACT: Investigation of a plane crash near Ruidoso, New
Mexico revealed foreign biological material and soil in the fuel
system of the engine. In-flight accumulation of the soil was claimed
by the plaintiffs as one cause for the crash. EDX X-ray maps and
spectra were taken by the plaintiff’s experts and showed patterns
consistent with silicates. The defense hypothesis was that the soil
accumulated after the crash while the debris was in a storage yard
and exposed to the elements for several months. Many of the parts
were covered in muddy water (mud puddles) before the plaintiffs
investigated the parts for soil accumulation. The soil composition
on the parts was found to be similar to that in the storage yard.
Further, the plane was exposed to an intense fire after the crash,
and if the soil had been subjected to such temperatures it would
have oxidized to a red color. Soil from the storage yard, the crash
site, and from an area in Montana where the plane landed on an
unpaved runway was exposed to heat up to 1,000°C in the laboratory
and the soil tumed red. Soil from the fuel component was not red,
although a small piece adhering to the outside of the wreckage was
red suggesting exposure to the post-crash fire. It was concluded
that the engine parts were contaminated with soil after the crash, and
that pre-crash accumulation of soil, as a supplement or alternative to
biological contamination, was not a viable explanation.
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In November, 1989, an aircraft flew from San Diego, California
toward Ruidoso, New Mexico. The aircraft crashed a few moments
before a scheduled landing near Ruidoso in Lincoln County, New
Mexico, and a law suit was filed claiming contamination of the
fuel system. I was contacted in November 1991 by representatives
of the aircraft, engine, and engine part manufactures to examine
the wreckage for contamination from soil.

My specialty is soil genesis, soil morphology, and soil classifica-
tion, and I conducted the study from this perspective. Soil genesis
is the study of the formation of soils, soil morphology is the
development of methodology for the description of soils, and soil
classification is the development of a classification system to con-
vey knowledge about soils and to compare soils from different
regions. I had previously studied the soil types that exist in and
around Ruidoso and Lincoln County, and also a sequence of soils
that included a sample from under the current runway at the Rui-
doso Airport (1). T had also participated in an intensive soil survey
of the Fort Stanton area which surrounds the Ruidoso Airport (2).
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Throughout this paper I am going to discuss soil from the engine
part of the crashed aircraft, the soil at the crash site, at the aircraft
storage yard, and from a remote airport in Montana.

During the course of the investigation, the plaintiff’s experts
made Energy Dispersive X-ray (EDX) maps and spectra of certain
lever assemblies from the fuel control units (FCUs) that were in
the accident aircraft. They also produced EDX spectra from soil
samples from Sand Springs, Montana. The aircraft had previously
flown to Sand Springs and landed on a dirt runway. The plaintiffs
theorized that soil particles were ingested into the engine at Sand
Springs. A plaintiff expert witness testified that he was of the
opinion that the EDX spectra indicated that what was on the several
levers of the FCU is consistent with silicates, quartz, and mafic
minerals. The implication was that this composition identified the
soil as coming from Sand Springs.

However, both of the latter groups are silicates, and most rock-
forming minerals are silicates. I had an opportunity on several
occasions to examine the FCU assemblies, and I observed soil on
both assemblies and on the pads themselves. I agree that silicates
were present, but nearly every soil in the world is made of silicate
minerals. My view was that the information gained from EDX
spectra was much too general to identify and understand the source
of the soil. These lever assemblies were exposed to the elements
after they were returned to the Sierra Blanca Regional Airport.
They were stored outdoors there for several months in partially
open cardboard boxes and exposed to rain and surface water.
Visual inspection showed that the parts were covered with calcium
carbonates from the calcareous soils, and with other salts, which
1s consistent with their having been exposed to water or mud. The
soils there are also rich in calcium carbonate (1,2). A series of
tests were performed to better characterize the soils and these are
described below.

Materials and Methods

Soils were sampled in order to compare their composition, and
to see if they were consistent or inconsistent with each other, using
the plaintiff’s techniques. Soils were collected in 1992 from the
crash site, from the storage yard, and from Sand Springs. At Sand
Springs samples were taken from both ends of the runway at a
location where an aircraft would land, from the hanger area where
airplanes are parked, and from a site adjacent to the runway on
the soufh side near the hanger. The soils from all three sites were
mollisols (ustolls and borolls) (1,3-6).

The eight soil samples (two from the crash site, two from the
storage yard, and four from the Sand Springs Airport) were ana-
lyzed using EDX analysis. This was the same technique used by
the plaintiff’s experts on their samples. Each of the EDX analysis
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FIG. 1—Location of crash and soil sample sites.

charts were done by counting for 100 s to be consistent with those
done by the plaintiffs. These analyses were done in the SEAL
Laboratory at El Segundo, California in May, 1992. EDX analysis
allowed the whole spectrum from the soil samples to be recorded.
Characteristic X-rays were emitted from the soil samples and
separated according to their energy, which permitted simultaneous
identification of a number of elements in the spectrum (7,8).

Soil samples from each of the three areas were also heated in
a muffle furnace to simulate the effect of fire on the soil. One
sample from the crash site, one from the storage yard, and two
from Sand Springs were used in the experiment. The samples were
heated at 100°C intervals ranging from 100°C to 1,000°C. The
color of the soil at each heating increment was noted using the
Munsell Color System (9,10).

Results and Discussion

Each of the eight charts produced by the EDX analysis look
very similar in the relative proportion of the elements present
(Fig(s). 2-9). Elements identified in the soil samples were carbon,
oxygen, magnesium, aluminum, silica, potassium, calcium, and
iron. Elements identified and their relative proportions on the charts
are similar to those produced by the plaintiffs. Silica was the
highest peak in all cases and each diagram was standardized on
silica because it was the highest peak. All eight of the EDX analysis
charts (four from Montana and four from New Mexico) were
superimposed and compiled in one diagram (Fig. 10) in order to
compare the sampling sites. The charts were superimposed by
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FIG. 2—Energy dispersive X-ray analysis of site 1, crash site.
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FIG. 3—Energy dispersive X-ray analysis of site 2, crash site.
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FIG. 4—Energy dispersive X-ray analysis of site 3, airport storage yard.
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FIG. 5—Energy dispersive X-ray analysis of site 4, airport storage yard.
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FIG. 6—Energy dispersive X-ray analysis of site 5, Sand Springs, MT.
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FIG. 7—Energy dispersive X-ray analysis of site 6, Sand Springs, MT.

FIG. 8—Energy dispersive X-ray analysis of site 7, Sand Springs, MT.
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FIG. 9—Energy dispersive X-ray analysis of site 8, Sand Springs, MT.

measuring the peak locations. The vertical axis is the relative
intensity of the X-ray.

The most important portions of the spectra used in comparison
to the plaintiffs’ spectra were the silica and aluminum peaks. The
most important element to compare to silica is aluminum. Most
soil minerals other than quartz are made up of a group of minerals
which combine aluminum and silica, and as the soil or rocks
weather, the amount of silica decreases and the relative amount
of aluminum increases. The comparisons of aluminum to silica
for these eight samples from three sampling locations is identical.
Tron is the fourth most abundant element in the earth’s crust (11).
The amount of iron in the sample appears identical, and there is
no diagnostic pattern among the samples or among the localities.
Potassium and magnesium also appear identical on the charts.

Other elements such as carbon, oxygen, and calcium are more
variable in these diagrams. Carbon and oxygen are associated with
the organic matter in the samples and this can vary greatly. Carbon
and oxygen are also associated with calcium to form calcium
carbonate.- Calcium carbonate is a secondary mineral and forms
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FIG. 10—EDX analysis of eight sample sites compiled and superim-
posed in one diagram.

by precipitation from water and from microbial activity. Thus, the
amount of calcium carbonate in a sample taken from the soil
surface can vary with the different seasons depending on how wet
or dry the soil is and how much rain has been received in the area
recently. The amount of carbon, oxygen, and calcium can vary
within a few inches of a sample site. Nonetheless, the plaintiffs
used EDX spectra from soil on the lever assemblies to speculate
that there was a match between the geologic materials in the soil
from Sand Springs, Montana and on the levers.

I also observed a small piece of soil on the side portion of the
enrichment, round-edged Iever pad. This soil was dark red whereas
the rest was lighter gray. One of the major components of soil is
iron, and when soil is heated the iron oxidizes and turns the soil
red. I postulate that one of the two levers had been burned in
a post-crash fire. The lever assembly (part 118) had a charred
appearance, and soil on the front of one of the pads was red and
melted from intense heat. The post-crash fire was intensive enough
to melt the aluminum casting of various parts of the airplane,
and aluminum was puddled on the ground at the crash site. This
hypothesis is consistent with the results of the heating experiments.
As noted, soil samples from the crash site, the storage yard, and
from Sand Springs were heated to 1,000°C. As expected, the iron
oxidized, and the soil turned red (Table 1). Furthermore, goethite
in soil samples can be transformed to maghemite and hematite
during fire (12,13), and both enhance the red color of soil even
when present in small quantities. A Redness Rating (RR) (14-17)
was used to evaluate the reddening of the samples after heating
(RR = (10-YR hue) by chroma/value). Figure 11 gives the RR
values for the samples. As shown, all samples begin to turn red
at 500°C which is far below the temperatures of the post-crash
fire. No evidence was found for the presence of soil in a pre-crash
period that would have interfered with the operation of the airplane.

TABLE 1—Color of soil samples heated to 1,000°C. Sample sites are
as follows: 1, crash site; 2 airport storage yard; 3 and 4, Sand

Springs, MT.
Munsell Color
Temperature Crash Storage Sand Sand
°C Site 1 Yard 2 Springs 3 Springs 4
25 10YR3/3 10YR3/3 10YR3/3 10YR3/3
100 10YR3/3 10YR3/3 10YR3/3 10YR3/3
200 10YR3/3 10YR2/2 10YR2/2 10YR2/2
300 10YR2/2 10YR2/2 10YR2/2 10YR2/2
400 10YR4/3 7.5YR5/4  7.5YRS/4 7.5YRS/4
500 7.5YRS5/6 5YRS/6 5YRS/6 5YRS5/6
600 5YRS/6 5YRS5/6 5YRS/6 5YRS5/6
700 5YRS5/8 5YRS/8 5YRS/8 5YRS5/8
800 2.5YR5/8 2.5YR4/8 2.5YR4/8 2.5YR4/8
900 2.5YR4/8 2.5YR4/8 2.5YR4/8 2.5YR5/8
1000 2.5YR4/8 2.5YR4/8 2.5YR4/8 2.5YR5/8
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FIG. 11—Redness rating (RR) for eight sample sites.
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