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Introduction
In the investigation following the 1963 
assassination of President Kennedy, the 
Warren Commission established that three 
shots were fired in Dealey Plaza, but one of the 
shots missed the presidential vehicle and all its 
occupants. By 1979, subsequent investigations 
determined that the first shot fired was the 
one that missed; why the first shot missed was 
never resolved [1, 2, 3]. 

In May 2010, producers at the National 
Geographic cable channel, NatGeoTV, 
requested Forensic Metallurgy Associates 
to conduct an inspection of a traffic signal 
light assembly in Dallas, Texas, specifically, 

the one located on the northwest corner of 
the intersection of Elm and Houston Streets 
in Dealey Plaza. President John F. Kennedy 
passed underneath this traffic signal assembly 
several seconds before he was fatally shot and 
an instant before Abraham Zapruder restarted 
his filming of the motorcade as it passed 
through Dealey Plaza [4, 5]. The purpose of 
the inspection was to determine if the signal 
light assembly displayed damage from a 
bullet impact. Such damage would establish 
that Lee Harvey Oswald’s first shot from the 
sixth floor of the building known in 1963 as 
the Texas School Book Depository missed the 
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presidential limousine and all its occupants 
because the bullet struck the signal assembly 
overhanging Elm Street.

Although the Warren Commission, in 
1964, and the House Select Committee on 
Assassinations (HSCA), in 1978-79, considered 
various explanations for why one shot missed, 
the signal assembly never underwent a timely 
or even belated forensic examination. This 
oversight occurred because the obstruction 
presented by the signal light to a line of sight 

from the sixth floor window appeared before 
the Zapruder film restarted—and the film was 
always presumed to have encompassed the entire 
shooting sequence. This erroneous assumption 
was evident during the very first reconstruction 
of the assassination by the US Secret Service 
on November 27, 1963 and prevailed in every 
subsequent restaging undertaken by the 
federal government (Warren Commission, 
1964, HSCA, 1979). The same presumption, 
moreover, occurred in sophisticated shooting-
sequence reconstructions undertaken by major 
media organizations (CBS 1967, NOVA 1988, 

and ABC 2003). But there never was a factual 
basis for privileging Abraham Zapruder’s 
film over Oswald’s view from the sixth floor 
window, as depicted in Figure 1 [6, 7]. 

The Warren and HSCA final reports 
agreed that one of the three shots fired by Lee 
Harvey Oswald from the sixth floor window 
of the Texas School Book Depository missed 
the president, all the other occupants in the 
presidential car, and the limousine itself. The 
Warren Report did not take a final position 

on whether the shot that missed was the first, 
second, or third shot fired by Oswald; the 
HSCA Report concluded that it was the first 
shot, when the limousine was closest to the 
window. Both panels considered reasons why 
the shot was errant but came to no definitive 
finding [8, 9]. The Warren Commission, 
however, also established the first point at 
which a person in the sixth floor window 
could have taken a shot at the president’s rear 
silhouette [10]. This point appeared a moment 
before the signal assembly’s horizontal mast 
arm obscured Oswald’s line of sight. 

Figure 1: A photograph taken during the U.S. Secret Service’s reenactment of the assassination on 27 
November 1963 shows the stand-in for the presidential vehicle, centered in the roadway, about to pass 
underneath the traffic signal assembly. The ghost image, inserted by the authors, illustrates the position 
of the vehicle at the moment Zapruder restarted his camera. (Photo, Warren Commission Exhibit 875).
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 Both final reports documented unexplained 
phenomena in conjunction with a rifle shot, 
often expressly identified as the first shot. 
These phenomena cannot reasonably be 
associated with the second shot (which struck 
both President Kennedy and Texas Governor 
John Connally, and lodged in the latter’s thigh) 
or the third shot (which struck the president in 
the head and fragmented).

The facts associated with the first shot can 
be summarized as follows:

1) A witness standing in the vicinity of the 
traffic signal light structure reported seeing 
something bounce off the pavement in the lane 
left of the president’s limousine at the time of 
the first shot [11].

2) Separately, a law enforcement officer linked 
the first shot with a disturbance in the turf 
adjacent to a concrete skirt around a manhole 
cover, located approximately 386 ft (118 m) west 

of the sixth floor window (Fig. 2). A policeman 
who participated in the search for ballistic 
evidence in Dealey Plaza in the immediate 
aftermath of the assassination later testified that 
a bullet had “ricocheted on out” of the turf. A 
civilian eyewitness described the impact as a 
“gouged out hole in the grass…just beneath the 
roots of the grass…” Later, FBI agents using 
a metal detector swept the area adjacent to the 
turf disturbance but did not find a spent bullet 
or bullet fragments. [12, 13, 14]

3) Several minutes after the presidential 
motorcade left Dealey Plaza in disarray, James 
T. Tague, an eyewitness to the motorcade, 
reported to a deputy sheriff that he was stung 
by something during the shooting. The officer 
observed that there was blood from a scratch on 
Tague’s lower left cheek. Tague took the deputy 
sheriff to where he had been standing, south of 
Main Street, close to the triple underpass and 
152.9 feet (46.6 meters) downrange from the 
concrete skirt in Figure 2. A search of the area 
revealed that a nearby concrete curb, located 
23.3 ft (7.1 m) east of the triple underpass, 
had been freshly struck by a projectile (Fig. 3), 
presumably accounting in some way for Tague’s 
superficial wound [15]. The relative positions 
of the concrete skirt, concrete curb, and James 
Tague can be seen in Figure 4.

Figure 2: The concrete skirt where a turf 
disturbance was observed in conjunction with 
the first shot. The arrow points to the turf 
disturbance location; the rectangle marks the 
sixth floor window in the Texas School Book 
Depository building; and the circle indicates the 
traffic signal light located at the northwest corner 
of Houston and Elm Streets. (Photo from JFK 
Assassination Records, Dallas Municipal Archives).

Figure 3: The concrete curb near where James 
Tague was standing when he sustained a minor 
injury, and the projectile strike mark on the 
curb. Subsequent FBI analysis determined that 
metallic residue in the mark was consistent with 
the lead core of ammunition used by Lee Harvey 
Oswald. (Photo from the Tom Dillard Collection, 
The Sixth Floor Museum at Dealey Plaza).
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Figure 4: An overhead photograph of Dealey Plaza showing the key points of interest, including the concrete 
skirt, concrete curb, and James Tague’s position. Laser measurements established distances, lateral 
angles, and vertical angles from (and between) the sixth floor window to the mast arm, concrete skirt, and 
concrete curb. Only the lateral angle measurements are shown here. (Illustration courtesy of SAM, Inc.).
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4) After the Federal Bureau of Investigation 
(FBI) removed the curb for examination, 
the Bureau’s Laboratory determined that the 
projectile mark had metal that contained lead/
antimony, and concluded it was from the core 
of a mutilated metal-jacketed bullet, such as the 
type loaded into Oswald’s 6.5-mm cartridges. 
Because there was no copper present in 
the metal residue, the FBI Laboratory also 
concluded that the curb metal “could not 
have been made by the first impact of a high 
velocity rifle bullet,” meaning the bullet had 
encountered an obstruction that stripped off 
its copper jacket before it struck the curb [16]. 

Although eyewitness recollections can be 
misleading or mistaken, any findings regarding 
the first shot must explain not only why the 
shot missed the presidential limousine, but 
should reasonably account for all the heretofore 
unresolved but documented phenomena just 
described.

Forensic Metallurgy Associates initiated 
the technical investigation in July 2010 and 
subsequently conducted forensic metallurgy 
examinations and inspections of the traffic 
signal assembly on six separate occasions. 
The first two inspections were very limited in 
nature because crucial portions of the assembly 
could not be viewed while the structure was 
upright and still in service. As a result, the 
investigation was suspended in November 
2011 until unimpeded and unlimited access 
to the signal assembly could be obtained. The 
technical investigation resumed in July 2012, 
when the signal assembly became available 
for complete detailed examinations, after an 
unknown vehicle struck the base of the pole 
and forced city authorities to remove the 
assembly from Dealey Plaza.

This report summarizes the complete 
technical investigation, including the results 
of on-site Dealey Plaza inspections; forensic 
metallurgy examinations, including mechanical 
behavior and damage analysis involving 
ballistic impact; firearm testing on exemplars; 
and the relationship of the technical findings to 
documented factual information from official 
investigations into the assassination.

Technical Investigation
Prior to the initial inspection at Dealey Plaza, 
contemporary photographs of the signal 

light assembly were studied and compared 
with photographs taken at the time of the 
assassination or shortly thereafter (Fig. 5). In 
November 1963, the basic components of the 
traffic signal light assembly were: a transformer 
base; a vertical pole, 18.5 ft (5.6 m) in height, 
affixed to the base; a curved horizontal mast arm 
with an effective length of 15 ft (4.6 m ), bolted 
to the pole and stabilized by two guy rods; a 
coupler/clamp that secured the guy rods to the 
mast; a 6 to 7 in (15.2 to 17.8 cm) long hanger 
arm that slipped over the end of the mast; and 
a traffic signal unit attached to the mast via the 
hanger arm.

The visual comparisons disclosed a number of 
changes to the assembly since November 1963. 
The traffic signal light at the end of the mast arm 
had been modernized, apparently in the mid 1990s, 
and was no longer attached to the mast via a hanger 
arm. Signage had been added to both the pole and 
mast arm portions. The oak tree adjacent to the 
signal assembly had grown to a point where large 
branches were in physical contact with portions of 
the mast arm. However, critical components—
specifically the vertical pole, mast arm, guy rods, 
and coupler/clamp—appeared to be unchanged 
from those elements in place in 1963. 

Figure 5: The never-examined signal light 
assembly during the Warren Commission’s 
restaging of the assassination in May 1964. 
(Photo from the Malcolm E. Barker Collection, 
The Sixth Floor Museum at Dealey Plaza).
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Signal Light Assembly Inspection, 10 
July 2010
Microscopic examination of the bolts 
anchoring the pole to the base revealed no 
metal damage characteristics to indicate that 
the bolts had been removed after their initial 
installation; there was no evidence the pole was 
anything other than the original one affixed 
to the base at that location. What appeared 
to be a manufacturer’s information plate was 
observed near the bottom of the base, but no 
identifying information was readable. There 
was substantial damage to the base from one 
or more vehicle collisions and measurements 
showed that the pole was tilted approximately 
10° from the true vertical position.

A scissor lift was utilized for close-up 
observations of those metal surfaces on 
the mast arm that could be accessed and 
were not obstructed by added signage and 
oak tree overgrowth. The time allotted for 
the inspection was very limited because it 
necessarily involved disrupting traffic through 
Dealey Plaza. The only portion of the mast arm 
that received attention was the section deemed 
most suitably oriented to deflect a bullet fired 
from the sixth floor of the Book Depository—
assuming the presidential vehicle was centered 
in Elm Street, as called for by Secret Service 
protocol. The mast arm section that was 
inspected encompassed the coupler/clamp and 
about 6 in (15.2 cm) of the mast arm to either 
side as well as several inches of the ends of both 
guy rods, as delineated by the box in Figure 1. 

The limited inspection revealed no 
discernable metal damage from a bullet. One 
area on the arm near the coupler/clamp displayed 
small physical surface disturbances from what 
appeared to be fragment impingements into 
the surface. These were later determined to 
be unrelated to possible damage from bullet 
fragmentation.

Signal Light Assembly Inspection, 
8-10 April 2011
The second inspection of the signal assembly 
was conducted during a NatGeoTV re-staging 
and documentary filming of the assassination. 

The previously unreadable manufacturer’s 
information plate on the signal pole base was 
chemically processed and revealed that the 

signal light pole assembly was a product of 
the Union Metal Manufacturing Company, 
Canton, Ohio (Fig. 6). The firm, now known 
as the Union Metal Corporation, subsequently 
provided schematic drawings documenting 
that the signal assembly was custom-designed 
and manufactured in 1955-56 (Fig. 7). At this 
point the evidence was unequivocal that the 
largest elements (base, pole, and mast arm) of 
the signal assembly had not been changed since 
22 November 1963.

To examine the mast arm, a higher-
elevation lift was used to overcome some of 
the difficulties encountered during the first 
inspection. Some tree branches that previously 
impeded lift movement or visibility were cut 
and removed. Most surface areas of the mast 
arm, as a result, became accessible; however, 
about 5 ft (1.5 m) of the arm toward the signal 
light end remained inaccessible and could not 
be examined because of bolted-on signage, as 
depicted in Figure 8.

Figure 6: A close-up view of the base of the 
signal light assembly showing the manufacturer’s 
identification plate. The top photo shows the plate 
as viewed in July 2010; the bottom photo shows 
the plate after restoration processing in April 2011.
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Figure 7: A schematic drawing from the manufacturer of the signal light assembly. (Diagram courtesy of 
the Union Metal Corporation). 
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Due to time constraints associated with the 
documentary filming, the inspection of the 
mast arm was cursory and again confined to 
the area immediately adjacent to the coupler/
clamp. This section was still deemed the most 
likely to have been in the line of sight when 
the first shot was fired from the sixth floor. 
The visual inspection affirmed that there was 
no discernable bullet impact damage to the 
coupler/clamp or to the mast surface 6 in  
(15.2 cm) to either side.

SAM Inc., a local surveying and mapping 
firm retained by NatGeoTV, digitally recorded 
laser measurements of distances and angles 
from the sixth floor window to various points 
of interest in Dealey Plaza, as illustrated by 
Figure 4. Several measurements pertained to 
the second and third shots fired by Oswald, 
and reasonably matched the distances and 
angles previously established during the Warren 
Commission’s detailed survey and re-staging of 
the assassination in May 1964 [17].

In addition, the SAM surveyors also 
established for the first time the distances and 
angles between the sixth floor window, the 

signal assembly, and phenomena associated 
exclusively with the first shot, e.g., the 
downrange positions of the concrete skirt on 
the south side of Elm Street, and the concrete 
curb on the south side of Main Street near 
where bystander James Tague was injured. 
The coupler/clamp on the mast arm was 
used as a reference point; the measurements 
were deemed approximate because the signal 
assembly was now tilted about 10° from true 
vertical, presumably from damage sustained 
after November 1963. The angles from the 
sixth floor window to the coupler/clamp were 
minus 32° vertical, and 65° away from the face 
of the Book Depository building. The coupler/
clamp was measured as 78 ft (24 m) from 
the sixth floor window. The SAM surveyors 
also established that the manhole cover with 
surrounding concrete skirt was located 327 ft 
(100 m) from the coupler/clamp at a vertical 
angle of minus 6° and a lateral angle of 24°.

Review of Records
The failure to observe bullet metal damage 
on the mast arm in the area proximate to the 

Figure 8: Signage and an oak tree were just two of the obstacles preventing a thorough inspection of the 
mast arm in April 2011. (Photo courtesy of NatGeoTV). 
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coupler/clamp raised a question about the 
presumed path of the presidential limousine. 
Secret Service protocol called for the limousine 
to be in the center of whatever street or 
intersection it was traveling on or through, and 
official re-stagings of the assassination tended 
to keep the limousine centered at all times. But 
the actual path of the limousine on November 
22nd had never been determined precisely.

One of the lesser-known films of the 
November 22nd motorcade was taken by 
a 13-year-old girl, Tina Towner. While 
standing on the southwest corner of the Elm 
and Houston intersection, she captured the 
motorcade as it turned in front of her onto Elm 
Street from Houston, a duration of slightly 
more than seven seconds. Her film ends 0.7 
seconds before Zapruder restarted his camera 
and was one of the films of the assassination 
that NatGeoTV commissioned to have digitally 
enhanced. 

When Tina Towner Pender re-visited 
Dealey Plaza during NatGeoTV’s restaging of 
the assassination, and stood again at the very 
spot she occupied on 22 November 1963, she 
volunteered that the limousine standing in for 
the president’s car appeared to be too centered 
in the street. The stand-in should be further to 
the left, she said, to mimic the actual path of 
the president’s limousine on November 22nd. 
The Towner film was subsequently restudied 
for indications about the actual vehicle track, 
and substantiates her recollection that the 
limousine was much closer to the traffic lane 
divider on the driver’s (or south) side of the 
center lane on Elm Street. 

Elm Street had been reduced from four 
to three lanes in 1956 and the lanes were 
considerably wider at 13.3 ft (4.1 m) rather than 
the original 10 ft (3 m). Consequently, and 
contrary to the presumption that had guided 
the first two inspections of the mast arm, it was 
deduced that the president had passed under 
the mast arm well to the left (or south) of the 
coupler/clamp as seen from the perspective 
of the sixth floor window. This meant that an 
essentially uninspected portion of the mast 
arm, or even the discarded hanger arm, may 
have been the cause of a bullet deflection. But it 
was also determined that the traffic signal itself 
may have obstructed the line of fire from the 
sixth floor even before the mast arm or hanger, 
as illustrated in Figure 1.

The possibility that the first bullet struck 
some portion of the traffic signal light altered the 
course of the investigation from an inspection 
of the mast arm in question into an examination 
of the traffic signal as an obstruction. As was 
true of the other parts of the signal assembly, 
the original traffic signal had never been 
subjected to a forensic inspection during any of 
the federal investigations.

The original signal light was no longer on the 
mast arm and is not known to exist. A search 
was made of investigative records, archives, 
libraries, newspaper morgues, and privately-
held collections to locate any photographs 
and/or films that included the traffic light 
both before and after the assassination. The 
existing photos that were initially located 
were inconclusive as to whether the signal had 
sustained any visible damage. 

A close study, however, by former Secret 
Service agent John Joe Howlett (a NatGeoTV 
consultant) of a Secret Service training film 
and still photos taken on 27 November 1963 
resulted in his discovery of what appeared to 
be a possible bullet hole in the traffic signal, 
near the bottom right back plate, as depicted 
in Figure 9. 

Acquisition & Examination of Signal 
Light Exemplars
Available photographs were analyzed to identify 
the make and model of the traffic signal unit 
that was in place on November 1963. Two 
signal light experts independently identified 
the traffic signal as a model of 1950s vintage, 
built by the Eagle Signal Corporation, Moline, 
Illinois. The same model Eagle unit was located 
and borrowed for detailed examination, and 
subsequently, two additional Eagle signal lights 
of the same model were located and purchased.

The Eagle traffic signal is comprised of three 
identical cast-aluminum housings fastened 
together by long steel bolts. A preliminary 
inspection revealed that the configuration and 
shape of the bottom aluminum housing had a 
suitably-oriented base plate lip that, if struck by 
a bullet, might cause a ricochet deflection and 
a missed shot. Two long steel bolts reinforced 
the housing and enhanced the possibility of a 
deflection.

To explore this proposition further, a hole 
was drilled into the back plate of an exemplar, 
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and toward the base plate lip at the sight 
angles previously established by SAM Inc. 
The exemplar light was then positioned for 
viewing from roughly the same perspective 
evident in the Secret Service training film. 
From this angle, the view through the drilled 
“bullet hole” showed that the intervening base 
lip, which was presumed to form a possible 
deflection surface, did present an obstruction. 
Viewing the signal from this position also 
revealed that a small gap existed in the corner 
between the right and bottom back plates and 
produced an unobstructed hole in the same 

location as the “possible bullet hole” observed 
in the Secret Service film, illustrated by Figure 
10. Consequently, the hole seen in the film was 
eliminated as a bullet hole. Still, that finding 
did not provide closure regarding the Eagle 
signal as a possible obstruction to the flight 
path of a bullet from the sixth floor window.

Firearm Tests on Signal Light 
Exemplars
From available photographs it could not 
be ascertained whether the Eagle signal in 
place in 1963 had sustained firearms damage. 
Therefore, to determine how the signal light’s 
unique configuration might deflect a round 
fired from a 6.5-mm Mannlicher-Carcano, 
the H. P. White Laboratory, an independent 
ballistics laboratory in Street, Maryland, was 
contacted for assistance. The Laboratory 
agreed to provide an indoor shooting range, a 

fixture to secure signal light exemplars, and an 
advisory team to assist in the firearm testing.

The test rifle was a 6.5-mm Mannlicher-
Carcano model 91/38 short rifle, serial number 
AN 7689, produced in the same factory and 
year as the identical model Mannlicher-
Carcano owned by Lee Harvey Oswald. The 
ammunition obtained for the test consisted 
of 6.5-mm World War II-vintage Italian 

Figure 9: A frame from a film made during the Secret Service’s reenactment of the assassination 
exhibited what appeared to be a possible bullet hole near the bottom right back plate. (Still photo, JFK 
Exhibit: Reconstruction Film, National Archives).
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military-surplus cartridges. Western Cartridge 
Company (WCC) ammunition identical to the 
6.5-mm cartridges actually used by Oswald 
could not be obtained. From among all the 
varieties of 6.5-mm ammunition available, 
the Italian factory-loaded rounds were judged 
to most resemble the WCC ammunition. The 
Italian ammunition was full metal-jacketed 
(FMJ) and similar in nose shape (round) to the 
WCC ammunition. Any differences in velocity, 
load, or jacket composition were believed to 
be of negligible importance for the signal light 
exemplar testing. 

The rifle was secured in a bench rest 10 ft  
(3 m) from the exemplar. This short distance 
was used because the trajectory angle and 
impact point were the two most critical 
factors; if the actual distance were used, the 
rifle could not be aimed with the necessary 
precision. While this meant the bullet would 
be penetrating the exemplar at near-maximum 
velocity, it was deemed better to exert control 
over the impact point and trajectory rather than 
achieve a velocity that would occur by shooting 
from the correct distance. The customized 
fixture secured the Eagle signal exemplars 
at the appropriate angles relative to the rifle; 

bullet deflections and metal fragmentation 
directions were captured by cardboard witness 
panels.  

Three test firings conducted on 22 
September 2011 revealed that an exemplar 
Eagle signal was capable of deflecting a bullet 
from its flight path, but could not do so without 
sustaining highly visible metal damage to 
the signal housing and back plate, including 
breakage of the light bulb reflector adjacent 
to the impact area. Such damage would surely 
have been noticed from a street-level position 
after the assassination. Consequently, the 
signal light was ruled out as a possible bullet 
deflecting object, leaving only the mast arm or 
an attached component as a possible source of 
deflection for a shot originating from the sixth 
floor window.

Further examinations of the mast arm were 
not practical, however, so long as the signal 
light assembly remained in service and metal 
surfaces could not be completely accessed. 
Consequently, the investigation was suspended 
until the assembly could be taken down, 
disassembled, and examined under controlled, 
laboratory-type conditions. Not knowing if or 
when this might occur, an interim summary 

Figure 10: An exemplar signal light viewed from about the same perspective as in the Secret Service film 
revealed a small gap in the corner between the right and bottom back plates—the same location as the 
possible bullet hole observed in the film.
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of the technical investigation up to this point 
was prepared and posted online, in conjunction 
with the airing of a NatGeoTV documentary 
[18].

Resumption of Technical 
Investigation
During the night of 29/30 July 2012, an 
unidentified vehicle struck the base of the traffic 
signal assembly, forcing the Dallas Department 
of Street Services to install a replacement the 
next morning [19]. The entire signal assembly 
was removed from Dealey Plaza and transferred 
to the custody of the Dallas Park and Recreation 
Department (DPARD), and eventually, stored 
in a secure facility in East Dallas. Nearly all the 
components of interest—specifically, the mast 
arm, the coupler/clamp, and the stabilizing guy 
rod assemblies—could now be examined in 
microscopic detail without visual obstructions 
and time constraints, although DPARD 
stipulated that no destructive tests were to be 
conducted. At the same time, it was recognized 
that the missing hanger component from the 
end of the mast arm could not be part of the 
examination. 

Signal Light Assembly Inspection, 1 
August 2012
The mast arm and other relevant parts were 
examined at an outdoor Street Services facility 
the day after they had been removed from 
Dealey Plaza; with the signage removed, views 
of the top of the mast arm surface were no 
longer obscured. 

Initial observation revealed some metal 
surface damage on the mast arm from the 
coupler screw and signage attachment clamps, 
but no obvious metal damage from the vehicle 
accident.

Further observation disclosed no observable 
characteristics of bullet impact damage on any 
of the metal surfaces not previously examined. 
One large rusted area on the mast arm became a 
point of interest because it angled in the general 
direction of the line of sight from the sixth 
floor window and displayed a slightly flattened 
surface (Fig. 11). No further evaluation could 
be made of the area at the time.

The inspection also revealed the presence 
of other rusted areas, particularly on the upper 

surface of the mast arm past its top centerline 
as viewed from the sixth floor window. Any 
rusted area was of special interest, for such 
an area can be a result of bullet impact that 
removed protective paint layers and exposed 
the steel to conditions conducive for rusting. 

It was also noted that the original forest 
green paint/red primer finish of the mast, which 
were the only coats on the signal assembly as 
of November 1963, had been repainted more 
than once in some areas and non-uniformly, 
if not haphazardly. The underside surface of 
the mast arm typically displayed more paint 
layers than the upper surface. No records 
exist about when the periodic repainting of 
the mast arm occurred. The fact that areas on 
the upper surface of the mast arm showed rust 
corrosion damage was evidence that protection 
of the metal by paint coatings had been 
compromised because of paint deterioration 
from environmental exposure and possibly 
mechanical damage from a bullet impact.

Figure 11: The largest rusted area on the mast 
arm was of interest because it angled in the same 
general direction as the line of sight from the sixth 
floor window. 
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Signal Light Assembly Inspection, 
23-25 January 2013
To facilitate inspection of the mast arm and 
other components, DPARD constructed at 
its secure facility in East Dallas a fixture that 
supported the mast arm upright—as if it were 
still attached to the vertical pole—but at eye 
level. While positioning the arm on the fixture, 
it became evident that there was a slight 
distortion twist in the arm curvature, possibly 
from the vehicle accident. This distortion 
introduced some uncertainty in identifying the 
exact location of the top centerline along the 
mast arm length. 

This inspection focused on the upper 
surface of the mast arm that was in the line of 
sight from the sixth floor window when the 
first shot was fired. The examination sequence 
consisted of delineation of the mast area to 
be examined; visual and tactile inspections of 
the surface within the marked area; removal 
of as many as three paint layers to expose the 
original forest green paint finish and underlying 
rusted regions; and light abrasion of the rusted 
areas to enhance the presence of any slight 
surface disturbance or depression. The initial 
examination area was 1 in (2.5 cm) wide at the 
top centerline, and extended from the guy rod 
coupler/clamp to the end of the mast where 
the signal light had been attached. Later, this 
examination area was expanded to include the 
mast surface area well past the coupler/clamp 
toward the end where the mast arm had been 
bolted to the vertical pole. Since there were 
finally no limits on inspection of the mast 
arm or its components, all possible areas were 
examined, even though the Towner film had 
already established the last 30 in of the mast 
arm as the most probable area of impact.

The largest rusted area on the mast, noted in 
the previous inspection as a point of interest, 
was 82 in (2.1 m) from the signal light end 
and is shown in Figure 11. The second-largest 
rusted area was approximately 22 in (56 cm) 
from the same end and was photographed 
before and after paint removal processing, as 
illustrated by Figure 12. Other rusted regions 
along the upper surface of the mast arm were 
also documented.

The surface examination and processing 
revealed no obvious features that could be 
attributed to a bullet impact. However, two 

new points of interest were developed. The first 
was a circular rust artifact 1½ in (3.8 cm) past 
the top centerline and 44 in (1.1 m) from the 
signal light end. The second was a slight tactile 
shallow surface disturbance in the second-
largest rusted area at 22 in (56 cm) from the 
end that presented the possibility of a bullet 
ricochet strike at that location. Calculations 
performed after the inspection revealed that 
the position of the circular rust artifact on the 
mast arm circumference was out of the target 
sight line and could not be from a bullet fired 
from the sixth floor. 

Signal Light Assembly Inspection, 
9-11 April 2013
The inspection objective was to re-establish 
the mast alignment and confirm the mast 
arm centerline position; microscopically re-
examine the mast area forward of the coupler/
clamp; and explore possible bullet impact 
areas with a laser angle device. In addition, the 
inspection included re-examination of the guy 
rod assemblies, the coupler/clamp, and that 
portion of the mast arm past the coupler/clamp 

Figure 12: The second-largest rusted area on the 
mast arm, about 22 inches (56 cm) from the signal 
light end, before removal of paint (upper photo). 
The area after paint removal showed that some 
rusting was obscured by paint (lower photo). 
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toward the pole end. The re-examinations 
did not develop any new points of interest or 
characteristics of metal damage from a possible 
bullet strike.

The angled rusted area between the coupler/
clamp and the pole end that was established 
as a point of interest during the August 2012 
inspection was microscopically re-examined 
and evaluated using a laser angle positioning 
device. Given that the laser beam showed no 
pertinent directionality alignment of abraded 
surface features with the line of sight from the 
sixth floor window, and after measuring the 
large metal loss from the area, it was concluded 
that the rusted region was the result of abrasion-
corrosion wear from contact of the mast arm 
with a branch of the adjacent oak tree.

No further evaluation was made of the slight 
tactile surface disturbance in the second largest 
rusted area that was observed in the previous 
inspection.

Firearm Tests on Mast Arm 
Exemplars
Rather than continue to presume that any 
impact from a bullet strike on the mast arm 
would be manifestly obvious, it was decided to 
conduct firearm testing to illustrate the physical 
characteristics of glancing bullet strikes on and 
deflections from the mast arm metal. The H. P. 
White Laboratory was contacted for assistance 
and again agreed to provide the necessary 
facilities and technical support for conducting 
the envisioned tests on 6 June 2013.

Five mast arm exemplars, 24 in (61 cm) 
in length, were prepared using standard 2-in 
(5-cm) steel pipe like in the signal light mast. 
Although the exemplar pipe differed from the 
mast arm pipe in that it had a galvanized (zinc-
coated) finish, the effect of a zinc coating on the 
impact deformation properties was considered 
negligible. The mast arm exemplars were 
finished with red primer and forest green paint, 
just like the initial two-coat paint finish on the 
actual mast arm.

The rifle used for this round of firing tests 
was a 6.5-mm Mannlicher-Carcano model 
91/38 short rifle, serial number AE 1926, 
manufactured in Terni, Italy in 1940. The rifle 
was produced in the same factory and year as 
the identical model Mannicher-Carcano owned 
by Lee Harvey Oswald.

Two kinds of ammunition were available 
for the tests: full metal jacketed-round nose 
6.5- mm cartridges of Italian manufacture  
(FMJ-RN), with a bullet weighing approximately 
145 grains, and full metal jacketed-boat tail 
6.5-mm cartridges of Serbian manufacture  
(FMJ-BT), with a bullet weighing approximately 
139 grains. Both are shown in Figure 13 with 
WCC 6.5-mm cartridges of the type used by 
Oswald. The bullet in the WCC cartridge 
weighed on average 160 to 161 grains and 
achieved an average muzzle velocity of  
2,165 ft/s (660 m/s) when fired in a Mannlicher-
Carcano [20]. The Italian cartridges more closely 
resembled the ammunition Oswald used, but 
they were of World War II-vintage and of 
uncertain reliability. The Serbian cartridges had 
been purchased in 2011. 

 For the exemplar firing tests, the rifle was 
secured in a bench rest and positioned at angles 
that coincided with the line of sight from the 
sixth floor window to the mast arm. The SAM 
survey had measured the angles created by 
Oswald’s line of sight to the coupler/clamp on 
the mast arm as minus 32° from the horizontal 
plane and 65° laterally away from the face of 
the Depository building. For the firing tests, 
the lateral angle was corrected to 57° (a plus 2° 
correction for a bullet strike to the mast beyond 
the coupler/clamp, and a minus 10° correction 
because the mast arm was not perpendicular to 
the southern face of the Depository building). 
When the signal assembly was erected in Dealey 
Plaza, it deviated from the perpendicular by an 
estimated 10°, as shown in the plat drawing 
commissioned in December 1963 by the Secret 
Service and subsequently marked as a Warren 
Commission exhibit; see Figure 14.

After laser-aiming the muzzle, the rifle 
was fired at close range, approximately 30 in  
(76 cm) from an exemplar (Fig.15). Various 
impact points on the exemplars were targeted in 
an effort to produce a glancing bullet strike or 
low-angle ricochet. Witness panels of aluminum 
foil over plywood were placed around exemplars 
during testing to reveal bullet deflections.

After several misfires using the Italian-
made ammunition, the relatively new Serbian 
ammunition was used for the first two tests. 
For subsequent tests, the Serbian cartridges 
were altered by inserting round-nose bullets 
extracted from the Italian cartridges. This 
adjustment brought the configuration of the 
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Figure 13: The left photo shows the two kinds of full metal jacketed (FMJ) ammunition used in the mast 
arm exemplar firing tests, compared with a clip holding the caliber of  Western Cartridge Company (WCC) 
FMJ ammunition used by Oswald (right photo). The Serbian-manufactured ammunition (FMJ-Boat Tail), 
left, featured a bullet that was copper-jacketed like the WCC ammunition, but with a different nose shape. 
The Italian ammunition (FMJ-Round Nose), right, had a zinc/copper jacketed bullet with the same shape as 
the WCC cartridge’s bullet, but was not reliable because of its age. For the last four firing tests, H. P. White 
technicians altered the Serbian cartridges by removing the boat-tail bullets and inserting round-nose bullets 
extracted from the Italian ammunition. (Photo of clip, Warren Commission Exhibit 574).

Figure 14: A plat survey of Dealey Plaza, prepared for the Secret Service in December 1963. The mast 
arm angle to the face of the Texas School Book Depository deviated  about 10 degrees away from being 
perpendicular to the building. (Drawing, Warren Commission Exhibit 585).
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ammunition into closer alignment with the 
rounds used by Oswald. Any differences in the 
amount of propellant in the Italian and Serbian 
cartridges (or for that matter, between the 
reloaded cartridge and Oswald’s ammunition), 
were deemed to be of negligible significance, 
owing to the fact that the tests were conducted 
at close range. 

Firing Test Nos. 1, 2 and 4 revealed that bullet 
strikes close to the top centerline produced a 
deep indentation crater easily visible in the metal 
surface of the exemplars, as shown in Figure 
16. In Test No. 3, however, a bullet strike at ½ 
in (1.27 cm) past the centerline produced a low 
angle glancing ricochet that left an indentation 
of 0.004 in (0.010 cm)—about the thickness of a 
sheet of office copy paper. A close-up view of the 
ricochet imprint is shown in Figure 17. The slight 
indentation was barely detectible by finger contact 
and may not be detectible in an area where there 
is surface metal rusting present. The low angle 
bullet ricochet in Test No. 3 also stripped and 
separated the bullet jacket from the lead core and 
a jacket fragment was found within the test area 
(Fig. 18). The bullet core did not fragment. 

Figure 15: The mast arm exemplar firing test 
arrangement. The laser-aimed rifle had to be fired 
at close range to exercise control over the impact 
point. 

Figure 16: Bullet indentations formed in the exemplar firing tests. Bullet strikes close to the top centerline 
produced deep indentation craters and near penetrations of the mast arm. In Test No. 3, where the bullet 
struck furthest from the centerline, the low-angle ricochet indentation was barely discernable.
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After each test, H. P. White technicians 
measured bullet deflection impact distances 
and angles utilizing the perforated witness 
panels; the pertinent physical measurements 
from the tests are presented in Table 1.

For Test Nos. 5 and 6, a mast arm exemplar 
was secured approximately 75 ft (23 m) from 
the rifle shooter, or about the distance from 

the sixth floor window to the mast arm 
coupler/clamp in Dealey Plaza. Two shots 
were fired; both failed to produce a low angle 
ricochet impact. The bullet fired in Test No. 5 
completely penetrated the exemplar wall, and 
in Test No. 6 the bullet left a 0.33 in (0.84 cm) 
indentation crater.

Metal Surface Indentation Markings 
and Rust Corrosion
The results from the exemplar firearm tests 
showed that a low angle bullet deflection by 
the mast arm left a barely discernable surface 
indentation mark. Given the shallowness of 
the indentation and the presence of corrosion 
from rusting along much of the mast arm 
length, consideration was now given to how 
characteristics of a glancing bullet impact 
might be identified in rusted areas on the mast 
arm. One possibility was to process the metal 
surface electrochemically to reveal internal 
grain structure changes that were caused by an 
impacting object.

Any mechanical disturbance to a metal 
surface that produces a visible imprint or 
indentation will also change (plastically 

Figure 17: A close-up view of the low-angle ricochet indentation in Test No. 3. The indentation depth 
was 0.004 inch (0.010 cm), about the thickness of a sheet of copy paper. The arrow indicates the bullet 
direction.

Figure 18: The bullet jacket fragment recovered 
in Test No. 3.
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deform) the metal grain structure that lies to 
some depth underneath the indentation. The 
deformed grains have physical and chemical 
properties that differ from the un-deformed 
grains and can be exposed by appropriate 
restoration processing. Significantly, the 
deformed grains form a latent imprint of the 
indentation that produced them. If the visible 
indentation is physically eradicated by surface 
metal destruction, including metal rusting, 
it may be possible to view the obliterated 
imprint by processing the deformed grains 
that may still exist in the indentation location. 
Law enforcement laboratories often expose 
obliterated serial numbers in metals through 
such processing. Success is dependent on a 
number of factors, including the depth of the 
original indentation marking; the depth of the 
deformed metal grain structure underneath the 
marking; the degree to which the deformed 
grain structure survived eradication; and the 
response of the deformed grains to restoration 
processing methods.

The possibility of revealing an obliterated 
bullet impact indentation was tested on a 
pipe sample where small impact indentations 
were produced with a ball-peen hammer and 
then eradicated by slight surface grinding. 
Electrochemical processing disclosed that 
the obliterated impact indentation could be 
exposed if the surface metal destruction was 
less than twice the depth of the indentation.

Physical measurements revealed that the 
bullet indentation footprint in Test No. 3 
was approximately 3/8 in (0.95 cm) by ½ in  
(1.27 cm), had an average indentation depth 
of 0.004 in (0.010 cm), and a ridge depth of 
approximately 0.002 in (0.005 cm) along the 
boundary that defined its shape. The small 
indentation depth values make such imprints 

susceptible to complete obliteration by corrosion 
rusting and correspondingly low likelihood of 
revelation by restoration processing. 

There were rusted areas on the mast arm 
at circumferential locations that were suitably 
oriented to deflect a bullet as in Test No. 3; 
this included the second-largest area, 22 in  
(56 cm) from the signal end, which showed a 
slight tactile surface disturbance. The bullet 
footprint from Test No. 3 was superimposed 
on this area to determine if the extent of 
rusting was sufficient to conceal a low angle 
bullet ricochet imprint, and Figure 19 shows 
that it was. Although success of restoration 
was recognized as unlikely, whether any 
characteristics from a bullet strike survived 
corrosion destruction could only be ascertained 
by processing the rusted areas. It was for this 
purpose that one final inspection of the signal 
light assembly was scheduled.

Signal Light Assembly Inspection, 
14-16 August 2013
The approach in this inspection was to examine 
and process rusted areas of the signal light 
assembly that were large enough to conceal 
a bullet footprint. Corrosion areas were first 
treated with a rust-remover gel to expose possible 
physical remnants of an impact depression; the 
areas were then processed electrochemically in 
an effort to obtain a footprint restoration. Both 
large and small rusted areas were processed on 
the mast arm and the two guy rod assemblies, but 
no characteristics of an obliterated impact mark 
were restored. Nevertheless, the large rusted area 
22 in (56 cm) from the signal light end was still 
considered a possible ricochet impact location 
because of the presence of the shallow surface 
disturbance within the area. 

Test 
No.

Impact Distance 
from Top Centerline

in (cm)

Impact Indentation 
Depth
in (cm)

Deflection (°)
Vertical, Lateral Remarks

1 3/16 (0.476) 0.24 (0.610) 17, 8 rt FMJ-BT bullet

2 0 0.30+ (0.762+) –– FMJ-BT bullet, lead fragment in 
impact indentation

3 1/2 (1.27) 0.004 (0.010) 10, 21 rt FMJ-RN bullet, jacket fragment 
recovered

4 1/8 (0.318) 0.15 (0.381) 19, 9 rt FMJ-RN bullet

Table 1: Physical measurements from firing tests on the mast arm exemplars.
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Summary of Technical Findings
Discussion Related to Bullet 
Deflection from the Mast Arm 
Firearm Test No. 3 on a mast arm exemplar 
demonstrated that a glancing bullet strike ½ in 
(1.27 cm) past the top centerline results in bullet 
jacket separation; non-fragmentation of the 
bullet core; and a bullet core ricochet deflection 
of approximately 10° vertically together with 
a lateral trajectory change of 21° to the right. 
Somewhat similar firing tests conducted by Haag 
[21] using a comparable bullet show that a “very 
shallow grazing strike” to a steel pipe produces 
a ricochet deflection of 4.8°; causes only a slight 
5.2 percent velocity loss to the impact velocity 
of 1994 ft/s (608 m/s); and does not deform the 
pipe metal or fragment the bullet core.

If one applies the results from Test No. 3 to 
the traffic signal structure and the SAM survey 
measurements, the bullet (after separation 
from the jacket) is placed on a lateral path 
within 3° of the concrete skirt, but on a vertical 
path far short of the skirt. SAM measurements 
show the vertical angle to the skirt from the 
mast arm is minus 6° and requires a 26° vertical 
bullet deflection to reach the skirt. 

The vertical angle of deflection is extremely 
sensitive to the bullet impact point on the 

circumference of the mast arm because of 
variation in the angle of the impact plane. The 
lateral deflection is not similarly affected, for 
its angle is determined mainly by the rotational 
spin imparted to the bullet by the rifle barrel 
and the length of time and distance the bullet 
is in contact with the ricochet surface.

To locate the point on the mast arm where 
a bullet strike would produce a 26° vertical 
deflection, basic physics calculations were 
utilized. The results showed the impact plane 
is at 19° from the top centerline for an elastic 
impact event. Inasmuch as the actual impact 
involves plastic deformation of the contacting 
objects, a correction factor was calculated from 
the Test No. 3 data and applied to show the 
impact plane at 16° or 5/16 in (0.79 cm) from 
the centerline.

A glancing bullet strike to the mast arm 
at about 5/16 in (0.79 cm) instead of ½ in  
(1.27 cm) past the top centerline would have a 
flight path of minus 6°, resulting in an impact 
to the ground near the concrete skirt, about 
327 ft (100 m) away. Because of the trajectory 
and approximately minus 3° slope of Elm 
Street [22], the incident angle in the ground 
strike is about minus 3°; therefore, the core 
would be prone to ricochet to a new flight path, 
downrange in the general direction of the curb 

Figure 19: In this composite image, the Test No. 3 bullet imprint is superimposed on the second-largest 
rusted area to show that corrosion rusting was sufficiently large to conceal a bullet ricochet footprint. 
The arrow indicates the bullet direction.
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and triple underpass near where James Tague 
was standing. The bullet core velocity loss 
during the ground impact cannot be estimated. 
However, tests conducted by Michael and 
Lucien Haag in examining rifle bullet ricochets 
from ground impact indicate that velocity loss 
and bullet damage are minimal at shallow 
incident angles of minus 1° and minus 2° [23]. 
Inasmuch as the curb was only 153 ft (47 m) 
downrange from the skirt area, it is reasonable 
to believe that the core would have had ample 
velocity to reach and strike the curb where the 
FBI found bullet metal, and then travel even 
further downrange, never to be recovered.

The examination of the existing mast arm 
did not reveal clear physical characteristics 
of a bullet indentation imprint, but the slight 
tactile surface disturbance found at about  
22 in (56 cm) from the signal light end revealed 
that location as a likely ricochet impact area. 
However, because the sleeve of the traffic 
signal light hanger was originally close to that 
site and in the same alignment as the mast arm, 
it could have been struck instead. A glancing 
ricochet to the hanger sleeve would have 
redirected the bullet core in a direction similar 
to that which was concluded for the mast arm 
from the firing tests. Inasmuch as the hanger 
part was not available for examination, it could 
not be eliminated as a possible location for the 
ricochet impact point. 

Discussion Related to Bullet 
Indentation and Rust Corrosion
Firearm Test No. 3 revealed that a glancing 
bullet strike 1/2 in (1.27 cm) past the top 
centerline produced an indentation depth of 
0.004 in (0.010 cm); a strike 3/16 in (0.48 cm) 
closer to the centerline would produce a slightly 
deeper indentation. That depth was estimated 
to be less than three times the depth at ½ in 
(1.27 cm), or less than 0.012 in (0.030 cm). The 
estimate was based on differences in the angles 
of incidence and magnitudes of the vertical 
velocity component of the striking projectile at 
the different locations. 

A bullet strike will remove protective paint 
coatings in the impact area as shown in the 
exemplar tests in Figure 16. Exposure of the bare 
steel metal to moisture and corrosive elements 
will result in rust corrosion of the metal and 
in eventual deterioration and destruction of 

the mast arm surface. The rate of deterioration 
is a function of many variables, including 
temperature, humidity, air flow, exposure to rain 
or other moisture, sulfur dioxide concentration 
(from engine exhaust emissions), and pollution 
from other contaminants. Because of the 
numerous variables, corrosion rate data can 
only be broadly classified. Medium-corrosive 
environments are typically urban and/or 
industrial atmospheres with moderate sulfur 
dioxide pollution and include atmospheric 
conditions like in the city of Dallas. The rate 
of steel metal thickness loss by corrosion in 
such environments is approximately 0.001 in to 
0.002 in (0.0025 to 0.0051 cm) per year [24]. 
Based on these corrosion rates, an estimated 
maximum bullet footprint indentation of 
0.012 in (0.030 cm) on the mast arm would 
have been destroyed by corrosion rusting in 
less than 12 years, or somewhat longer in real 
time if the corrosion process was interrupted 
by occasional repainting of the signal light 
assembly. Hence, it is unreasonable to expect 
to find physical evidence of a glancing bullet 
strike on the signal light mast arm after nearly 
fifty years of atmospheric exposure.

Discussion Related to Established 
Facts Exclusive to the First Shot
As noted earlier, an eyewitness to the 
motorcade who was standing close to the signal 
light reported seeing something bounce off the 
pavement in the lane left of the presidential 
limousine in conjunction with the first shot. 
This observation is consistent with findings 
from the firing tests that a jacketed bullet strike 
to the mast arm can separate the jacket from 
the lead core. What this witness observed, in all 
likelihood, was a bullet jacket fragment striking 
the pavement after the first shot glanced off 
the mast arm of the signal light. Such a small 
metal fragment would possess little kinetic 
energy, and would not penetrate the pavement 
but instead bounce off of it. Also, because of 
its small size, the fragment would not have 
been easily visible or discoverable on the 
pavement. The bystander’s observation could 
not have been confused with witnessing a 
high-velocity pristine bullet striking the asphalt 
pavement. Such a destructive impact would 
have produced a crater with a shower of asphalt 
debris (as vividly demonstrated in asphalt 
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shooting experiments by Haag [25]), and would 
surely have been concurrently observed and 
reported by motorcade spectators and found 
by investigators, either on the afternoon of the 
assassination or on November 27, when the 
Secret Service re-staged the motorcade. 

Other heretofore unexplained eyewitness 
observations relative to the first shot involve 
the turf at the concrete skirt and coincident 
descriptions of “debris com[ing] up from the 
ground” or a bullet that “ricocheted on out” 
of the turf. The mast arm exemplar tests 
show that a shot from the sixth floor window 
striking the mast arm at the right point on 
its circumference will deflect the bullet core 
toward a ricochet impact near the concrete 
skirt and deflection toward the concrete curb 
further downrange near to where James Tague 
was standing. What witnesses apparently 
observed at the concrete skirt was the action of 
the bullet core ricocheting from the ground/
turf after its deflection to that location by the 
mast arm of the signal light.

 The FBI Laboratory finding of metal residue 
on the curb from a bullet core is congruent 
with a glancing bullet strike to the curb from 
the ricochet at the concrete skirt, as illustrated 
in Figure 20. 

 The shallow impact angle in the core strike to 
the rounded corner of the curb and metal smear 
transfer would have had a minimal effect on the 
velocity loss of the core. Therefore, it appears 
likely that the bullet core still had significant 
velocity and energy after the curb strike to 
continue its flight and to damage anything 
it subsequently struck downrange from the 
curb. To explore this possibility, reviews were 
conducted of photographs taken of the curb 
area during the assassination investigation. One 
such photograph revealed a chipped concrete 
corner on the Commerce Street triple underpass 
column near and downrange from the curb, as 
shown in Figure 21.

A physical inspection of the chipped corner 
of the underpass column was conducted on  
9 May 2015, and the column area is shown in 
Figure 22. The inspection and laser targeting 
disclosed the damage to the column was caused 
by a localized impact force that came from a 
direction consistent with the bullet ricochet hit 
on the nearby curb (Fig. 23). This direction was 
measured as 12° lateral left and 26° vertical. It 
was further observed that the angular breakage 

of the concrete column corner would have 
permitted the impacting object to pass through 
the broken corner and not become embedded 
in the concrete of the column. 

Microscopic examination of the chipped 
concrete fracture surface revealed neither 
embedded bullet core metal nor identifiable 
adhering smeared metal residue at the fracture 
initiation site. DPARD records disclosed that 
the triple underpass structure was subjected to 
a high-pressure cleaning as recently as 2013; 
although no additional records exist, other 
periodic cleanings were likely to have been 
conducted in the decades since 1963 because 
of Dealey Plaza’s status as a National Historic 
Site. It is to be noted that pressure cleaning(s) 
could have removed adhering bullet metal 
residue deposits from the fracture site. 

 The slight injury to Tague, who was standing 
between the curb and underpass column, was 
likely caused by a concrete fragment from a 
bullet core strike to the column rather than 
from a particle of debris from the core strike to 
the curb, where curb damage was minimal. In 
addition, his injury was to the left cheek—the 
cheek closest to the column. Tague was uncertain 
about whether his injury was linked with the 
first, second, or third shot. But in his testimony 
under oath before the Warren Commission in 
July 1964, he recalled that he heard a shot or 
shots after he suffered his injury. This means 
that he did not sustain his injury from the third 
shot, because it was the final shot. And because 
the second bullet fired lodged nearly intact in 
Governor Connally’s thigh, Tague could not 
have been harmed by it. Based on Tague’s sworn 
testimony, the injury to his left cheek can only be 
associated with the first shot. 

  

Conclusions 
Based on the above forensic metal examinations, 
firearm laboratory testing, observations, and 
documented facts, it is reasonable to conclude 
that Lee Harvey Oswald’s first shot from 
the sixth floor window of the Texas School 
Depository missed the presidential limousine 
and all its occupants because the bullet struck 
and was deflected by the traffic signal light 
structure at the northwest corner of Elm and 
Houston Streets. The bullet contact with the 
mast arm stripped the jacket from the core and 
redirected the core on a path to the ground 
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by the concrete skirt on the south side of Elm 
Street; from there the core ricocheted toward 
and subsequently struck the Main Street curb 
downrange from the skirt, where the FBI 
Laboratory found metal residue from the bullet 
core impact on the curb. Although a bullet 
footprint was not found on the mast arm, a 
shallow rusted depression was located where 
the strike would have occurred. Such localized 
rusting would not likely have occurred if the 
original protective paint coatings and metal in 
that area were not mechanically disturbed. A 
glancing bullet footprint cannot be expected to 

survive over fifty years of corrosion rusting. 
The bullet strike to the mast arm was most 

likely 22 in (56 cm) from the signal light end, 
but the possibility that the strike was to the 
missing and unexamined signal light hangar 
could not be eliminated.
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downrange from the curb ricochet mark location.
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Kay Schmidt, National Archives; Mark Tollett 
Metal Detectors; Andy Wesley, SAM, Inc.; Kate 
Eby, Eagle Signal; Nicola Longford, Megan 
Bryant, Mark Davies, Stephen Fagin, the late 
Gary Mack, and Krishna Shenoy, The Sixth 
Floor Museum at Dealey Plaza; the late Robert 
A. Frazier, FBI firearms examiner in the 1963-
64 federal investigations; Evan Hodge, former 
FBI Laboratory Firearms Unit Chief; Carlo J. 
Rosati, Firearms-Toolmarks Examiner Inc.; 
Dr. Francisco Saldarriaga, Global Forensic 
Investigations; Pierce Allman, Steve Barber, 
Amy Birnbaum, the late Bernard Birnbaum, 
Mack Birt, the late John Cahill, Craig Ciccone, 
Sarah Clayton, Francis J. Corbett, Patrick B. 
Dever, Professor Melvin A. Eisenberg, Amos 
Euins, Jim Ewell, John Fox, Wayne Galella, 
Dr. Alfred Goldberg, Wilbur M. Gregory, Jr., 

Paul Hoch, William L. Joyce, Willis Lamm, 
Win and Barbara Lawson, Paul McCaghren, 
Katherine Meyer, Mickey D. Nowell, Darwin 
Payne, Tina Towner Pender, Farris Rookstool, 
the late Johann W. Rush, Kenneth R. Scearce, 
Jerry Shinley, Larry Sneed, Wheeler Sparks, 
Joel Starr, Robert Stone, Iwonka Swenson, the 
late James T. Tague, Richard B. Trask, Judge 
John R. Tunheim, Michael Wilder, and David 
Zeiger.
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