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ABSTRACT: A lot of evidence abounds on the fall of meteorite in various parts of Nigeria from
time immemorial. Some of these meteorite collected by scientists from the Centre for Basic Space
Sciences, Nsukka, Nigeria were analyzed using atomic absorption spectrometer, petrographic mi-
croscope, bar magnet, and other facilities at the University of Nigeria Nsukka, and The Center
for Energy Research and Training (CERT), Ahmadu Bello University Zaria. In addition, some of
these samples were sent to Harvard Smithsonian Centre for Astrophysics, Cambridge, USA and
the preliminary analysis indicated that these samples were ordinary earth crossing meteorite. In
most of these historical meteorite falls in Nigeria, we have been unable to take accurate on-the-spot
measurement of the impact craters created at the time of fall due to natural and man-made factors.
This work present result of the relationship between the size of a meteorite and that of the impact
crater produced through simulation of meteorite falls in the laboratory. We determined the origi-
nal/actual size of the impact crater produced by any meteorite in Eastern Nigeria once the mass of
the meteorite is known and vice versa.
Keyword:Meteorite, Crater, Depth, Kinetic Energy.

I. INTRODUCTION

As the Earth moves along its Orbit around the Sun, it ac-
cretes dust and debris from space (Shipsey, et al. 2002).
Most of the materials collected by the Earth consist of
dust; however, once in a while larger pieces of rock and
other objects from space such as Asteroids, Meteoroids,
etc. enter the Earth’s atmosphere where they sometimes
explode/vaporize due to air resistance. If these mete-
oroids are large enough, (two to three meters is suffi-
cient), they can strike the surface of the Earth before ex-
ploding or vaporizing (Shipsey, et al. 2002). Very large
meteoroids may strike the ground with a significant frac-
tion of their cosmic velocity, leaving behind a hyperveloc-
ity impact crater (Ward et al, 1917). The kind of crater
will depend on the size, composition, degree of fragmen-
tation, and incoming angle of the impactor (Chapman
et al, 2001). The most frequent hypervelocity cratering
events on the Earth are caused by iron meteoroids, which

are most easily able to transit the atmosphere intact.
Examples of craters caused by iron meteoroids include
Barringer Meteor Crater, Odessa Meteor Crater, Wabar
craters, and Wolfe Creek crater; (Bland et al, 2006). Very
large stony objects, hundreds of meters in diameter or
more, weighing tens-of-millions of tons or more, can reach
the earth surface and cause large craters, but are very
rare (The very first example of a stony meteorite found
in association with a large impact crater, the Morokweng
crater in South Africa, was reported in May 2006. (Bland
et al, 2006). Explosions, detonations, and rumblings are
often heard during meteorite falls, which can be caused
by sonic booms as well as shock waves resulting from ma-
jor fragmentation events. These sounds can be heard over
wide areas, up to many thousands of square km (Sears,
1978). As meteoroids are heated during atmospheric en-
try, their surfaces melt and can be sculpted into vari-
ous shapes during this process, sometimes resulting in
deep ”thumb-print” like indentations on their surfaces1.
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Scientist from NASRDA-Centre for Basic Space Sciences
(CBSS), Nsukka, found evidence of an impact that oc-
curred at Benue State, Nigeria, in November 2001 and
August 2004 respectively (Okeke et al 2005). The evi-
dence was analyzed using Atomic Absorption Spectrom-
eter, petrographic microscope, bar magnet and other fa-
cilities in the University of Nigeria Nsukka and Centre for
Energy Research and Training (CERT), Ahmadu Bello
University Zaria. For the first sample, about eighteen el-
ements were determined (Okeke et al 2005). For the sec-
ond sample about thirteen elements where determined.
These results were confirmed at the Harvard Smithso-
nian Centre for Astrophysics, Cambridge, USA (Okeke
et al 2005). The preliminary analysis indicated that the
two samples where ordinary earth crossing meteorite (not
quite originating from the main asteroid belt) (Okeke et
al 2005). Details of the Impact and crater formed such
as depth of crater, width of crater, velocity of meteorite
impact, time of meteorite impact, kinetic energy of me-
teorite impact, and work done on meteorite as it struck
earth surface were however not stated in this publication
but masses of both meteorites were measured and esti-
mated to be 5kg for November 2001 and 20kg for August
2004 respectively (Okeke et al 2005). Similarly, On Jan-
uary 9, 2008 another meteorite landed at Mana-Babba,
Sokoto State Nigeria (Okeke et al 2008). In this case,
details of the impact crater, velocity of the meteorite fall
and the time of fall were not stated but mass of the recov-
ered meteorite when measured was 3.64kg using a Health
scale (Okeke et al 2008). In this paper, we undertake a
holistic appraisal of all available meteorites fall known
and recorded in Nigeria by the Centre for Basic Space
Sciences in order to predict the depth and diameter of
their impact crater, time of fall, velocity of fall and as
well apply the results gotten to subsequent meteorite falls
in Nigeria.

II. METHODOLOGY

We used the following apparatus in the NASRDA-Centre
for Basic Space Science laboratory, Nsukka to obtain the
needed data samples. These include stone and clay soil
obtained from the five major state capitals in Eastern
Nigeria, weighing Pan to contain the soil, six steel bear-
ings of different sizes and known masses, Meter rule, Bar
magnet, Clamp and stand and Scale rule. We used a pan
of stone soil mixed with clay soil, slowly shaken until
the soil surface is fairly smooth. These soil samples were
extracted from five (5) major State Capitals in Eastern
Nigeria (Enugu, Abakaliki, Umuahia, Awka, and Ow-
erri). Keeping the layer of soil as smooth as possible, the
steel bearing was dropped into the pan of soil. There
are eight different steel bearings of different masses, for
each mass the procedure is the same. We rose the bear-
ing one meter above the soil level, and the bearing was
held steady and then dropped it into the pan of mixed
soil from that height. We measured the sizes (depth, D

and diameter d) of the crater produced and recorded the
measurement in meters and carefully removed the bear-
ing with a bar magnet so the crater formed will not be
distorted. We smoothened the soil surface, and repeated
the above experiment at least three times for each sizes of
bearing so as to obtain an average value of the diameter
of the crater produced at each drop to improve accuracy.
We have simulated meteorite fall in the laboratory to de-
termine the relationship between the size of meteorites
and the size of the impact crater produced. We have
applied the relationship to the various sizes of meteorite
that fell in Eastern Nigeria, to predict the impact crater,
velocity of fall, time of fall, work done on the meteorite as
its strikes the earth surface and the total kinetic energy
with which it fell. The result of this work is applicable
to subsequent meteorite fall in Nigeria.The relationship
between the kinetic energy (ξ) of a Meteorite just before
impact, the depth of the impact crater (D) produced is
approximated by Shipsey et al (2002) as:

D ∝ (ξ)n

D = K(ξ)n (1)

Where k and n are numbers determined in our simu-
lation at the laboratory from equation 2

logD = n.lodξ + logk (2)

III. DATA ANALYSIS

Table 2.1: Experimental report of depth produced by
meteorite drop and the average.

S/N Bearing Drop A Drops B Drop C Average

size (Depth) B (depth ) drop

(gm) D(mm) D(mm) D(mm) D(mm)

1 50 1.6 1.6 1.6 1.6

2 100 1.7 1.6 1.7 1.7

3 150 1.8 1.9 1.8 1.8

4 200 2.0 2.0 2.0 2.0

5 250 2.1 2.1 2.1 2.1

6 300 2.2 2.1 2.5 2.3

7 350 2.3 2.4 2.4 2.4

8 400 2.4 2.6 2.4 2.5

The crater diameter itself formed a bowl like shape. Dur-
ing the impact, the ejected stone soil piles up and forms
rim, the ejecta are the rays from the thrown out material.
We obtained an estimated value for k and n, by deter-
mining log (ξ). Thus we calculated the kinetic energy of
each ball bearing, using the principle of conservation of
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Table 2.2: Experimental report of diameter produced by
meteorite drop and the average.

S/N Bearing Drop A Drops B Drop C Average

size (Depth) B (depth ) drop

(gm) D(mm) D(mm) D(mm) D(mm)

1 50 5.6 5.4 5.5 5.5

2 100 6.5 6.2 6.7 6.5

3 150 7.2 7.4 7.6 7.4

4 200 8.2 8.5 8.1 8.3

5 250 9.9 9.2 9.3 9.5

6 300 10.5 10.8 10.3 10.5

7 350 10.7 11.3 11.3 11.1

8 400 12.2 12.2 12.1 12.2

energy. For this experiment, the meteorite is the bear-
ing and the height is in meters. When the bearing starts
falling, its potential energy at rest is converted to kinetic
energy. When the object hits the surface, all the poten-
tial energy is transferred to the grains of sand causing
them to move, the rest of the energy is transformed into
heat. As you know, the larger the bearing, the larger
the crater. In the language of physics, larger bearing has
more mass and therefore possesses more kinetic energy
when it hits the soil surface. In all, we calculated the
kinetic energy of each of the bearings. Then take the
logarithm of these values, as well as the logarithm of the
average crater depth and diameter of the crater made by
each bearing.

IV. RESULTS AND DISCUSSION:

Table 3.1: Kinetic energy, depth and logarithm of depth
of average experimental drops of bearings.

S/N Bearing Mass Kinet Log Depth Log(D) Diam

size (kg) ic Engy (ξ) D(mm) eter

(gm) (ξ) (d) (mm)

1 50 0.05 49 1.690 1.6 0.204 5.5

2 100 0.10 98 1.991 1.7 0.230 6.5

3 150 0.15 147 2.167 1.8 0.255 7.4

4 200 0.20 196 2.292 2.0 0.301 8.3

5 250 0.25 245 2.389 2.1 0.322 9.5

6 300 0.30 294 2.468 2.3 0.362 10.5

7 350 0.35 243 2.535 2.4 0.380 11.1

8 400 0.40 392 2.593 2.5 0.398 12.2

From the graph, we estimate the value of depth (D) to
be 11.8068 × 10−3 meters when mass (M) is 3.64kg.
From the graph, we deduced that the diameter of the
crater produced for a depth of 11.8068 × 10−3 meters
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fig 3.1. graph of mass (kg) against Depth (D).
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Fig. 3.2. Graph of depth (D) meters against diameter
(d) meters.

when the meteorite of mass 3.64kg hits the earth surface
is 7.9357 × 10−2 meters
From the above graph, the intercept on loge axis is
4.9955, hence the kinetic energy E produced at the point
of impact is 0.5867J and the resistance to penetration at
the point of impact is n = 1.7424 (slope of the line)
This problem is an application of work energy theorem,
as it relates a body’s speed at different locations and the
forces acting on the body. Hence we have three position
of interest;
Point 1; where the meteorite starts from rest, point 2;
where the meteorite first hits the earth’s surface, point
3; where the meteorite comes to rest. Hence we have to
determine

(a): the meteorite speed V(m/s), at the point of impact
(point 2).

(b): the average resistance to penetration n(N), between
point 2 and 3.
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Fig. 3.3. Graph of log(E) against log(D).
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Fig. 3.4. Experimental freefall body diagram.

(c): the meteorite impact time t(s) at point 2.

(d): the kinetic energy of the meteorite at point 1, 2 and
3 and

(e): the distance dx(m) between point 2 and 3.

Figure (3.4) below is a free body diagram showing the
vertical forces on the meteorites as it falls from point 1
to 2, because the displacement is vertical, we ignore any
horizontal forces that may be present. For this part of
the motion, our target variable is the meteorite’s speed
(V2) and time (t2). The free body diagram in fig (3.4)
shows the vertical forces on the meteorite during the mo-
tion from point 2 to 3. In addition to the forces shown
in fig (3.4), the hardness of the earth’s surface exerts
an upward normal force of magnitude on the meteorite;
this force actually varies before the meteorite comes to
a halt depending on the surface of impact. But for sim-
plicity, we’ll treat n as a constant. Hence n represents
the average value of resistance to penetration (upward
force during this motion). Our target variable for this
part of the motion is the force exerted by the meteorite
on the Earth’s surface; it is the reactionary force to the
normal force exerted by the Earth’s surface. So in line
with Newton’s third law, its magnitude is also n. From

point 1 to point 2, the vertical forces are the downward
weight,W = mg

W = 3.64kg × 9.8ms−2 (3)

W = 35.672N

Where 3.64k is the actual mass of meteorite measured in
he laboratory. The displacement of the meteorite from
point 1 to 2 is downward and equal to S1,2 = 1.0m. Av-
erage distance from sea level to the exosphere,(a point
where Earth’s gravitational field begins).

The total work done on the meteorite as it moves from
point 1 to 2 is W = 35.6721

W = 35.672J

At point 1, the meteorite is at rest, so its initial kinetic
energy E1 is Zero.
Hence,

Wtot = E2 − E1 (4)

Wtot = 1/2mV 2
2 − 0

V2 =
√

2Wtot/m

=
√

2(35.672)/3.64

= 4.43m/s

This is the meteorite speed at point 2, with which it
strikes the Earth surface. The time it takes the meteorite
to reach point 2 on the earth surface could be obtained
using the equation of free fall,

V2 = U2 + at (5)

V2 = U2 − gt

But V2 = 0 t = 4.43/9.8
t = 0.45s
For the second part of the motion;

As the meteorite moves downward between point 2 and
3, the net downward force acting on it is W−n, from Fig.
(1.0), the total work done on the meteorite during this
displacement is Wtot = (W − n)S2,3 the initial kinetic
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energy for this part of the motion is E2 which from part
1 of the motion equals, 35.672J(the total work done on
the meteorite as it moves from point 1 to 2). The final
kinetic energy is E3 = 0, since the meteorite came to rest
at point 3. Applying the work-energy theorem we get,

Wtot = (W − n)S2,3 = E3 − E2 (6)

n = W − (E3 − E2)/S2,3

Recall equation (1)
Where D = S2,3 = depth of impact crater, n = 1.7424N
(resistance to penetration obtained as the slope of
the plot of logk against logD), ξ = 9397.2J is kinetic
energy, and k = 4.9955 (is air resistance obtained as the
intercept on logk axis of the graph of logk against logD).
Hence, D = 11.8068 × 10−3m as obtained from the
graph of mass against depth D, and d = 7.9357× 10−2m
(diameter of impact crater as obtained from the graph
of depth D against diameter d above)

EFFECT OF MASS, INCIDENCE ANGLE,
VELOCITY, AND THE SURFACE ON METE-
ORITE IMPACTS.

A. EFFECT OF MASS:: We dropped two bearings
of differing masses from an equal height (so that
they have the same impact velocities). Draw a side
view of the craters produced

A bigger crater with larger The diameter of crater prod

diameter was produced uced is smaller as compared

to the one produced by the

heavier bearing.

Crater made by heavier Crater made by lighter bearing.

The size of crater made by a meteorite is deter-
mined by its type (Iron / rock), size and mass.

B. EFFECT OF INCIDENCE ANGLE:: In prac-
tice, meteorites hit the surface of the earth from
various angle, the form of the crater changes. In
order to simulate this, we throw the bearing from
different directions as shown below.

The structure of the crater and ejecta change with
angle of incidence

C. EFFECT OF VELOCITY:: Incoming meteorites
have various velocities, the depth and diameter of
the crater also depends on the size and velocity of
the meteorite. To simulate this phenomenon, we
let two bearings of same mass fall from 1m and 2m
respectively.

Velocity has no effect on meteorites of same sizes,
masses, and constituents no matter the distances.

a b c 

 

 

The crater formed a The crater formed The longer length of

bowlike shape with oblong shape with the the crater diameter is

its depth at the depth deflecting a lit directed more towards

center and the tle from the center and the direction of fall

ejecta spreading more of the ejecta with its depth

out from all sides. towards the direction towards the direction

of fall. of fall as well as

all its ejecta.

(a) (b) (c)

TABLE I

V. CONCLUSION

We have deduced experimentally that the 3.65kg of
meteorite in the NASRDA-Centre for Basic Space
Science Nsukka, produced a crater of diameter
D = 7.9357× 10−2, depth d = 11.8068× 10−3, and
fell with a kinetic energy of 0.5867J experiencing a
resistance of about 1.7424 due to the soil surface
in Eastern Nigeria. The meteorite is accelerated
downward, hence its Energy must be increasing as
the square of the velocity and it is big enough, to
pass through the atmosphere without burning up
completely. At the time the object strikes the sur-
face of the Earth, its velocity ξ became zero in an
instant, obeying the law of conservation of energy
by transferring the energy to the surroundings as
heat, light, and work, thus sending out shock waves
and excavating a crater far larger than the mete-
orite itself. This depends on geological conditions
specific to the impact site, such as the mechani-
cal properties of soils and rocks. However, we also
assume that ξ of the meteorite is a more impor-
tant factor: the more energy delivered upon im-
pact, the ”bigger” the crater that is excavated. The
crater formation modeled in this laboratory simula-
tion depends on the structure of the meteorite and
the properties of the surface of the plane with which
it interacts as well as the meteorite mass, velocity
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A B

Produced a bowlike crater Produced a bowlike crater

with same size as in (a)

Crater made by faster Crater made by slower

bearing bearing

and angle of incidence.
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