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ABSTRACT: We evaluated the impact and penetration character-
istics of the Remington® Copper Solid™ sabot shotgun slug with
standardized ballistic tests and used this information to predict tis-
sue wounding patterns. This unique ammunition, first distributed in
1993, is composed of a solid copper, hollow-point slug with longi-
tudinal slots cut into the nose. The slug is fitted into a hard plastic
sabot with 8 finger-like projections and loaded into a shotgun shell
with two plastic wads separating it from the underlying gunpowder
charge. The ammunition was fired through a 12-gage shotgun using
a rifled barrel, a smooth-bore barrel with rifled choke, and a
smooth-bore barrel with a smooth modified choke into targets con-
sisting of poster board and 10% ballistic gelatin at a variety of dis-
tances.

The copper slug and plastic sabot created single 8-fingered aster-
isk-shaped defects in the poster board when fired at distances of less
than 7 to 9 ft (~2 to 3 m). All three barrel types performed similarly.
At greater distances, the sabot impacted the targets separately from
the slugs and created variably shaped defects that reflected base-
first, nose-first, and side-first impacts. Increasing muzzle-to-target
distances generally increased the impact distances between the slug
and sabot. There was no predictable relationship between the sabot
and slug impact points for any of the three barrel types. With each
barrel tested, the wads created separate defects from the slug at dis-
tances greater than 5 ft (1.5 m). The distances between the slug and
the wad impact points increased with increasing muzzle-to-target
distances up to 40 ft (12 m), after which the wads generally no
longer struck the targets. The slug created atypical defects at dis-
tances between 7 and 150 ft (~2 to 45 m), probably due to yawing
or tumbling.

When the slug impacted the gelatin block in a nose-first orienta-
tion, the slotted nose portion tended to fragment and radially deposit
pieces in the gelatin that were visible on radiographs. When the slug
struck the gelatin target in a side-first orientation, it passed through
the gelatin intact.

The slug, sabot, and wads of this unique projectile separate and
create independent impact points in a stereotypical manner inde-
pendent of barrel type. This pattern of separation allows estimates
to be made of ranges of fire. Wounds created in human tissues by
this ammunition would likely have similar asterisk-shaped configu-
rations, and nose fragments may be deposited in tissues and seen ra-
diographically. Rectangular wounds created by the tumbling or
yawing slug might be mistaken for intermediate target wounds.
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tics, shotgun slugs, sabot

Each year, new ammunition is introduced into the commercial
market. Some of these ammunitions create characteristic wounds
or radiographic findings related to their unique construction and
deformation/fragmentation patterns. Some handgun examples in-
clude the Glaser safety slug (1), Hydra-shok bullet (2), tubular
“cookie cutter” bullet (3), and shotshell ammunition (4). Shotgun
ammunition, such as the Brenneke slug, can also be uniquely con-
structed so that “signature” patterns are created in wounds (5).

In 1993, the Remington Premier® Copper Solid™ sabot shot-
gun slug was marketed for commercial use. Available in 12 and
20 gage, this hollow-point, solid copper slug is machined at the
nose to create four longitudinal slots, all designed to control de-
formation (Fig. 1a). A plastic 8-fingered sabot surrounds the
smaller-diameter copper slug and engages the grooves of a rifled
shotgun barrel or a rifled shotgun choke (Fig. 1b). A sabot
(sabo’_, sab’_o) is a thrust-transmitting, lightweight carrier in
which a subcaliber projectile is centered (6). It prevents the es-
cape of gas ahead of the missile. The plastic sabot allows the cop-
per slug to be fired through larger-diameter shotgun barrels. In
addition to the slug and sabot, each round contains two plastic
wads, each weighing less than 2 g (Fig. 1c). A gray disk-shaped
wad sits below the sabot and a green, concave, disk-shaped wad
is positioned above the powder charge. Each wad is the diameter
of the sabot. The gray wad is twice the weight and 2⁄3 the thick-
ness of the green wad. The 12-gage round has a muzzle velocity
of 1450 ft /s (442 m/s) and a muzzle energy of over 2000 ft-lb.
The manufacturer claims the round has improved accuracy due to
rotation of the slug as the sabot engages the rifled shotgun barrel
or rifled choke (7).

Because the Remington® Copper Solid™ shotgun slug is an un-
usually constructed projectile, we predicted that it would create
atypical wound patterns if it struck a human target. To evaluate this
hypothesis we characterized the potential wounding patterns of this
projectile using standardized ballistic tests.

Materials and Methods

This project was divided into two basic components. The first
component evaluated the surface impact characteristics of the pro-
jectile, including the dynamics of sabot-slug separation. Foam core
boards served as a proxy for human skin. The second component
evaluated the penetration characteristics of the projectile including
fragmentation patterns and radiographic appearances. Gelatin
blocks served as a proxy for human tissue. Shooting was conducted
outdoors on calm to slightly breezy days.
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Evaluation of Surface Impact

For the surface impact evaluation, foam core poster boards, 3⁄8-in.
thick, were used as targets. Remington Premier® Copper Solid™
sabot 12-gage ammunition, with a shell length of 23⁄4 in., a slug
weight of 1 oz (27.5 g), and a sabot weight of 4.3 g, were fired

through a 12-gage Remington 870 Express shotgun. Interchange-
able barrels included a rifled bore, a smooth bore with a rifled
choke, and a smooth bore with a smooth modified choke. Three
rounds from each barrel were fired at 6 in. and 1, 2, 3, 5, 7, 9, 11,
15, 20, 30, 40, 50, 60, 75, and 100 ft (15, 30, 60, and 90 cm and 1.5,
2.1, 2.7, 3.3, 4.5, 6, 9, 12, 15, 18, 23, and 30 m). Five rounds from
each barrel were fired at 150 ft (45 m). The following observations
were recorded for each distance: description of defect in target
board when the sabot and missile struck together; gunshot residue
patterns; unique patterns created by the deforming plastic sabot;
muzzle-to-target distance at which sabot and slug created separate
defects; the location and distance of the defect created by the plas-
tic sabot (using a clock-face orientation relative to the slug en-
trance); and the muzzle-to-target distance at which the plastic sabot
no longer impacted the target. Target sizes of 42 3 28 in. (106 3
71 cm) were used for shorter firing distances and of 40 3 60 in.
(100 3 150 cm) were used for greater firing distances.

Evaluation of Penetration

For the evaluation of penetration, ballistic gelatin powder pur-
chased from Knox and Knox, Inc., was mixed according to the pro-
cedure described by Thompson (8) to a 10% gelatin concentration
and was molded into 7.5 3 7.5 3 11 in. (19 3 19 3 28 cm) blocks
that had average weights of approximately 21 lb (9.5 kg) each.
Gelatin block temperatures were maintained at 4 to 6°C. Three
rounds were fired from each barrel into the gelatin at muzzle-to-tar-
get distances before and after the sabot separation point. A distance
of 3 ft (0.9 m) was chosen as the “before separation” distance. The
blast effect at closer distances tended to disrupt the gelatin. “After
separation” distances were 30 and 60 ft (9 and 18 m). Three rounds
were fired at 150 ft (45 m) through the rifled barrel. Both the outer
surfaces of the gelatin block and a longitudinal section through the
missile track were photographed to demonstrate cavity formation
and missile fragmentation. Front and side radiographs of the
gelatin blocks were taken. The radiographic patterns were recorded
and photographed.

Pearson correlation coefficients were used to describe linear re-
lationships between muzzle-to-target distances and ballistic mea-
surements. Repeated measures of analysis of variance were used to
test for mean differences between the three barrel types.

Results

Evaluation of Surface Impact

When the plastic sabot impacted the target, it created unique de-
fects. Separate sabot and slug defects were created at distances be-
ginning at 7 ft (2.1 m) with the rifled barrel and the smooth barrel
with a smooth modified choke, and 9 ft (2.7 m) with the smooth
barrel with the rifled choke. The distance between the two defects
increased as the muzzle-to-target distance increased. The projectile
and sabot created a single defect at closer muzzle-to-target dis-
tances. Prior to separation, the sabot defect often had the shape of
an asterisk with 8 prongs (Fig. 2a) or some variation of this shape.
The sabot also created partially rounded defects with a varying
number of prongs reflecting some degree of side-first impact (Fig.
2b). Following separation, the sabot could impact the target with
any presentation and generally created an elongated rectangular de-
fect when the side impacted first (Fig. 2c). The 8 plastic prongs
opened to varying degrees, giving the defect a round to fan-like ap-
pearance. Occasionally, a prong broke off from the sabot prior to
impact and created a separate irregular defect (Fig. 2c); and the
prong sometimes penetrated adjacent wooden target supports.

FIG. 1—(a) Side view of the Remington Premier® Copper Solid™ slug
showing the longitudinal slits cut into the hollow point nose. (b) Partial
cutaway end view of Remington sabot shotgun slug ammunition demon-
strating hollow-point copper slug (long arrow) with machined nose placed
within the 8-fingered plastic sabot (short arrow). (c) Side view of the rela-
tionship of the two plastic wads and sabot. The wad to the left is positioned
above the gunpowder charge. Scales in centimeters.
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FIG. 2—Surface impact defects in foam core targets demonstrating (a)
asterisk-shaped defect from nose-first combined slug-sabot impact, target
distance 3 ft (0.9 m); (b) elongated defect with varying numbers of prongs,
formed when the sabot impacts the target with side-first orientation, target
distance 5 ft (1.5 m); and (c) multiple defects at 9 ft (2.7 m) target distance;
sabot defect (arrow 1), side-impacting slug defect (arrow 2), circular de-
fects from impacting wads (arrows 3 and 4), and rectangular defect cre-
ated by separately impacting sabot prongs (arrows 5 and 6).

Plotting the distance between the slug and sabot defects against
the muzzle-to-target distance for all barrels types demonstrated a
positive linear relationship (Fig. 3; r 5 0.77; p 5 0.0001). How-
ever, as the muzzle-to-target distance increased, measurements of
slug and sabot separation became more variable. At greater than 30

FIG. 2—(Continued)

FIG. 3—Mean of sabot separation distance (cm) 6 standard deviation,
by distance from muzzle to target, all barrel types, r 5 0.77.
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ft (9 m), measurements of the slug and sabot separation were most
varied (i.e., large standard deviation). The sabot consistently im-
pacted and perforated the target at distances up to 75 ft (23 m) and
consistently impacted but rarely perforated the target at distances
of 100 ft (30 m). No sabot impacted the core target at 150 ft (45 m).
Comparison demonstrated no significant differences in mean sepa-
ration distances between the three barrel types.

Relative to the slug, the sabot impacted the target in all four
quadrants without significant variation between barrel types. When
impacts from all barrel types were combined and grouped by muz-
zle-to-target distance, certain patterns became apparent. At muz-
zle-to-target distances of less than 5 to 7 ft (1.5 to 2.1 m) the sabot
impacted at the slug defect, and at 9 to 11 ft (2.7 to 3.3 m) there was
near equal distribution in all quadrants. At muzzle-to-target dis-
tances greater than 15 ft (4.5 m), 70% of the sabot impacts were to
the left of the slug. At shorter muzzle-to-target distances, the sabot
tended to impact above the slug, but as distance increased to 50 ft
(15 m) and greater, the majority impacted below the slug.

In addition to the sabot and slug, the two separate plastic wads
also impacted the targets. In all three barrels, the wads began to
separate at a muzzle-to-target distance of 5 ft (1.5 m), slightly ear-
lier than the sabot, and the wads created two round-to-elongate de-
fects in the target (Fig. 2c). Although they separated from the
slug/sabot sooner, the lightweight wads rarely impacted the target
at distances greater than 40 ft (12 m). The gray wad, which was
more dense, tended to travel 10 to 20 ft (3 to 6 m) farther than the
green wad.

Measurements of the distance of the farthest wad impact (re-
gardless of type) from the slug defect demonstrated a positive lin-
ear relationship with the range of fire (Fig. 4; r 5 0.96; p 5
0.0001). There was no significant difference in mean distance be-
tween the three barrel types ( p 5 0.50).

A measurement of overall pattern size was made for all shots and
a positive linear relationship existed from 3 to 30 ft (0.9 to 9 m)
(Fig. 5; r 5 0.98; p 5 0.0001). After 40 ft (12 m), the wad compo-
nents of the shell often did not reach the target. The maximum size
of the overall pattern differed by range of fire ( p 5 0.0001); and no
difference was noted between the three barrel types ( p 5 0.44).

Unlike bullets fired from handguns or rifles, the copper solid
slug frequently did not maintain ballistic flight, regardless of barrel
type. At distances of 5 and 7 ft (1.5 and 2.1 m), all slugs that im-
pacted separately from the sabot created a round defect. However,
at 9 and 11 ft (2.7 and 3.3 m) only 67% of the slugs created round
defects. The remainder of the defects were irregular. An irregular
defect was considered to be one not round, but instead elliptical to
elongate in appearance (Fig. 6). No specific length-to-width ratio
was employed. At 15 and 20 ft (4.5 and 6 m), 67% of the impacts
were irregular; at 30 and 40 ft (9 and 12 m), 22% were irregular;
and at distances of 50 ft (15 m) and greater, 61% of the slug defects
were irregular. Of the rounds fired at 150 ft (45 m), 2 of 5 were ir-
regular from the rifled barrel, 3 of 5 were irregular from the smooth
barrel with a smooth modified choke, and 5 of 5 were irregular
from the smooth barrel with a rifled choke.

Gunshot residue was deposited on the surface of foam core tar-
gets at distances from 6 in. to 5 ft (15 cm to 1.5 m) and was incon-
sistently deposited on targets at 7 and 9 ft (2.1 to 2.7 m). Gunshot
residue consisted of soot, which disappeared at a distance of 1 ft
(30 cm), and disk-shaped unburned gunpowder, which created
punctate defects in the foam core. Unburned gunpowder penetrated
along the missile track for a distance of 8 to 10 in. (20 to 25 cm)
into the gelatin blocks at muzzle-to-target distances of 3 ft (0.9 m).
Measurements of gunshot residue from all barrel types at 6 in. to 5
ft (15 cm to 1.5 m) demonstrated a positive linear relationship be-
tween the mean gunshot residue diameter and the muzzle-to-target
distance (r 5 0.85). The gunshot residue diameter differed by
range of fire ( p 5 0.00001); however, the gunshot residue diame-
ter did not differ between barrel types ( p 5 0.39).

Evaluation of Penetration

When the slug was fired 3 ft (0.9 m) from the gelatin, an aster-
isk-shaped defect was created by the impacting sabot (Fig. 7a). At
this distance the slug impacted the gelatin in a nose-first orienta-
tion. The hollow point expanded, and the nose pieces fragmented
from the slug base and extended away from the main slug track in

FIG. 4—Mean of greatest wad separation distance (cm) 6 standard de-
viation, by distance from muzzle to target, all barrel types, r 5 0.96.

FIG. 5—Mean overall pattern size (cm) 6 standard deviation, by dis-
tance from muzzle to target, all barrel types, r 5 0.98 up to 30 ft (9 m).
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FIG. 7—Penetration of ballistic gelatin blocks at 3 ft (0.9 m) muzzle-to-target distance, showing (a) asterisk-shaped defect created by impacting sabot;
(b) gelatin block bisected along slug track, demonstrating cavitation and radial extension of the slug nose fragments (arrows); (c) and (d) anterior-poste-
rior and lateral radiographs of gelatin block demonstrating cavity and deposition of radiodense slug nose piece fragments in a radial fashion; and (e) pro-
jectile components recovered after firing, including four nose-piece fragments (upper right) from gelatin block, and slug base (upper left) and wads (lower)
recovered from backstop.



a radial fashion (Fig. 7b). The nose piece fragments were visible on
radiographs (Figs. 7c and 7d ). The slug base, sabot, and wads all
passed through the gelatin at this distance and were recovered from
an adjacent backstop (Fig. 7e).

At 30 and 60 ft (9 and 18 m), all slugs impacted with a side-first
presentation and passed through the gelatin with minimal deforma-
tion to the slug. There was no expansion of the nose and no frag-
mentation. The sabot and wads either impacted separately and pen-
etrated a short distance into the gelatin, or did not strike the gelatin
surface at all. All three of the slugs fired through the rifled bore at
150 ft (45 m) impacted the gelatin in the nose-first orientation and
created a round defect in the gelatin surface. The noses fragmented
and the fragments remained in the gelatin as the main slug bases ex-
ited.

Discussion

The uniquely constructed Remington® Copper Solid™ sabot
shotgun slug creates characteristic patterns when it is test fired
into target boards and gelatin. Because this projectile has several
components (slug, sabot, and wads), differing impact patterns are
generated as functions of the degree of the components’ separa-
tion at different firing distances. At muzzle-to-target distances of
less than 3 to 5 ft (0.9 to 1.5 m) all components of this ammuni-
tion perforate the target through a single defect that tends, de-
pending on the sabot impact orientation, to be some variation of
a unique 8-pronged asterisk. The wads consistently begin to sep-
arate at distances greater than 5 ft (1.5 m) and create round-to-
elongate defects. The separation distance of the wads from the
slug occurs in a linear fashion out to a muzzle-to-target distance
of 40 ft (12 m). The more consistent expansion of the wads when
compared to the sabot is likely due to the lack of variability in
shape of the wads versus the sabot. At muzzle-to-target distances
greater than 7 to 9 ft (2.1 to 2.7 m) the slug and sabot impact the
target separately, and at muzzle-to-target distances between 7 to 9
ft and 40 ft (2.1 to 2.7 m and 12 m), at least four separate impact
points are present in the target. There is marked variability in the
shape of the sabot impact defects and at greater than 30 ft (9 m),
a large standard deviation exists in measurements of the distance
between slug and sabot impacts. This large standard deviation
may be due to the effect of air resistance on the variable present-
ing surfaces of the lightweight plastic sabot. Less resistance
would be expected when the sabot travels base first rather than
with prongs forward. A linear relationship exists between the
muzzle-to-target distance, and (1) the distance between the sabot
defect and the slug defect, (2) the wad defects and the slug defect,
and (3) the overall pattern size out to a distance of 30 ft (9 m) in-
dependent of barrel type. The separation pattern of the projectile
components should allow forensic pathologists to make crude es-
timates of range of fire in fatal shootings associated with this am-
munition.

There is no predictable difference between the rifled barrel, ri-
fled choke, and smooth choke when looking at the location of the
sabot impact in the target board in relation to the slug. At shorter
ranges of fire, the majority of sabot impacts occurred above the
slug. As expected, at greater distances the sabot tends to impact
below the slug as it reaches the downward arc of its trajectory.
These findings are similar to those in studies of the Remington
.30-06 Accelerator® round (9). At muzzle-to-target distances
greater than 15 ft (4.5 m), roughly 70% of sabot impacts occurred
to the left of the slug. The reason for the left-sided dominance of
sabot impact distribution is uncertain. A possible explanation for

this occurrence is the effect of wind on the lightweight plastic
sabot.

The variable shape of the slug defect in the target board at dis-
tances of 7 to 150 ft (2.1 to 45 m), indicates that the projectile tum-
bles or yaws during flight independent of the barrel type or choke
rifling. This finding has also been observed in casual test firing of
Copper Solid™ ammunition through a smooth bore shotgun (10).
It should be noted that the round defects created by the slug in the
foam core targets could result from both nose-first and tail-first im-
pacts. However, the three shots fired at 150 ft (45 m) into gelatin
resulted in fragmentation of the nose portion of the slug, indicating
a nose-first impact orientation. If similar rectangular defects are
created in human skin by side-first impacts due to nonballistic
flight, they could be misinterpreted as being a consequence of the
projectile striking an intermediate target.

Some unusual types of ammunition have a unique radiographic
appearance that is caused by construction characteristics. For ex-
ample, the tubular “cookie cutter” bullet can appear as a radiodense
circle if viewed on end (3). The Glaser Safety Slug™ appears on
X-ray with characteristic shot pellets and a radiodense enveloping
cup (1). Similarly, a characteristic radiographic pattern is created
when copper solid slugs are test fired into ballistic gelatin blocks.
When the copper slug impacts in a nose-first orientation, the nose
portion expands and fragments. These fragmented pieces extend
radially from the central track of the slug base and are present on
X-rays as similarly-sized, irregularly-shaped radiodense fragments
dispersed around the centrally located bullet track. At distances be-
tween 7 and 150 ft (2.1 and 45 m) nearly two-thirds of the slugs are
likely to impact in a side-first orientation and will not expand or de-
form the nose pieces. One would expect radiographs of retained
copper solid slugs that strike in this orientation to reflect an unde-
formed shape. Because the sabot and wads are radiolucent, recog-
nition of the radiographic pattern of the slug should prompt foren-
sic pathologists to search for the evidentiary sabot and wads.

It is unclear if the sabot and wads can perforate human skin in-
dependent of the slug. However, at a range of fire less than 5 to 7 ft
(1.5 to 2.1 m), all components of the shell are likely to enter the
body through a single defect. The copper slug may exit, and as the
plastic sabot and wads are radiolucent, recognition of the signature
asterisk-shaped entrance wound should alert the forensic patholo-
gist to search for these components. At greater distances, the wads
and sabot will separate from the slug prior to contact and can im-
pact a body independently, possibly creating a signature patterned
abrasion on the skin near the entrance wound. The presence of odd
defects and abrasions created by the slug, sabot, and wads could
cause confusion in interpreting wounds generated by this unusual
projectile that could lead to the misinterpretation of an intermedi-
ate target.

If the sabot and wads can perforate human skin, puzzling situa-
tions may arise. For example, there may be two or more entrance
holes, no exit hole, and only one projectile on a radiograph. If a
body is struck by more than one shot, reconciling the number and
types of wounds with the radiographs could be even more confus-
ing. When confronted by seemingly irreconcilable wound patterns,
the forensic pathologist should consider the Copper Solid™ sabot
ammunition as a possible cause. Surface wound patterns and ra-
diographs may provide clues.
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