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This paper presents the results of a study of the existence of nine near-Earth meteorite-producing
groups in asteroidal orbits, containing sporadic �reballs from the IAU MDC-2007 database, sporadic
meteors from the SonotaCo database, meteorites � namely, L5, L6 and H4−H6 ordinary chondrites
and an ureilite, for which atmospheric and orbital parameters are known from instrumental observati-
ons. Orbits of the selected members of meteorite-producing groups were classi�ed as asteroid orbits
according to the Tisserand parameter Tj > 3.1.
Dynamic links between the members of the identi�ed meteorite-producing groups and

instrumentally observed known meteorites which were taken as a reference for the search of potential
group members were tested using orbital similarity criteria, in particular the Drummond criterion
� DD and the Southworth and Hawkins criterion � DSH. As a result, several meteorite-dropping
sporadic �reballs and small meteors, whose orbits are similar to the asteroid orbits of nine known
meteorites, were detected and reckoned as possible members of meteorite-producing groups.
Key words: meteorite-producing group, meteor, �reball, meteorite, ordinary chondrite, Earth-

crossing orbit.
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I. INTRODUCTION

The notion that meteoroid streams could originate
from asteroids was suggested by Ho�meister [1] and
Fesenkov [2]. Halliday et al. [3], having analysed the �-
reball data from the Meteorite Observation and Recovery
Project (MORP) and the Prairie Network (PN), inferred
the asteroidal origin of some �reball streams. The
authors suggested that four possible meteorite-producing
groups exist, among which group 1 included the Inni-
sfree meteorite. Shestaka [4] examined a stream of
meteorite-producing bodies, which produced the Inni-
sfree and Ridgedale �reballs, and found out that the
investigated stream was also related to nine small meteor
streams, several asteroids and 12 �reballs. Greenberg
and Chapman [5] reckoned that meteorites might be pi-
eces of large Main-belt asteroids, derived primarily from
craters of asteroids rather than disruptive fragmentati-
on of parent bodies. Jopek and Williams [6] considered
the possibility that a meteoroid stream of asteroidal ori-
gin could have formed through the ejection of fragments
from an asteroid due to its collision with another body
(an impact as the formation mechanism). In such a case,
a portion of the fragmented parent body in the form of
small particles and bigger fragments, such as cobbles and
pebbles, survives as debris in its orbit. The authors have
suggested that a collision will only produce a meteoroid
stream if it involves relatively large bodies, with the
asteroid-impactor being several tens of metres in di-
ameter. Asteroid Vesta with its fragments expelled in the
collision with the impactor and subsequently found on

Earth as meteorites � vestoids, can serve as an example
of the formation of meteorites associated with impact
events [7].

Spurny et al. [8] supposed the existence of a meteor
stream, which might be produced by tidal disruption
of a compositionally heterogeneous, rubble-pile asteroid.
The evidence of high macroporosities in the interi-
ors of some asteroids, for instance, (253) Mathilde,
(1620) Geographos and (216) Kleopatra, as well as
close-up images of the surface of asteroid (25143)
Itokawa [9], suggest that a considerable portion of
asteroids may have surface cracks (or fractures) and
a rubble-pile structure. Such aggregates are only held
together by a relatively weak gravity and may eventually
break apart. The Near-Earth Asteroid 2008 TC3 that
entered Earth's atmosphere on 07 October 2008 and
broke apart into numerous meteorite fragments (overall
some 650 fragments), collectively named the Almahata
Sitta meteorite, is a comprehensive case study of such
an asteroid of low mechanical strength. A study of mi-
neralogical make-up of the found meteorite fragments
has shown that asteroid 2008 TC3 contained meteori-
tes of di�erent types, including H, L and E chondrites
and ureilites. The density measurements of the Almahata
Sitta ureilites yielded a bulk density of ∼ 3.1 g/cm

3
.

Based on the study of the recovered meteorites, as well
as observations of the atmospheric entry of asteroid 2008
TC3, the authors [10] suggested that asteroid 2008 TC3
could have formed as a result of low-velocity collisions
between asteroid fragments of very di�erent mineralogi-
es. Therefore, asteroid 2008 TC3 was compositionally
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heterogeneous and had low mechanical strength and
signi�cant macroporosity, which lowered the asteroid's
bulk density compared to that of the found Almahata
Sitta meteorites.
The fact that asteroids can indeed eject dust (the

so-called �dusty asteroids�) was proved by the Lincoln
Near-Earth Asteroid Research project (LINEAR) image
of comet-like asteroid P/2010 A2 with a dust tail, formed
in a collision between two asteroids that had occurred in
February-March 2009 [11]. Williams and Wu [12] claimed
that meteoroid streams formed through the dust ejection
from an asteroidal body would contain far less mass and
be far more di�use than those of cometary origin. In that
case, the spatial density of a meteoroid stream (group) of
asteroidal origin should be lower while its meteor activity
should di�er from the activity of major meteor streams
of cometary origin.
Though the probability of a collision with an Earth-

crossing asteroid is statistically lower, such an impact
will have calamitous consequences for our planet. A colli-
sion with a large (10 km) or medium-sized (300 m)
asteroid is a low-probability event; however, it should
not be neglected. Moreover, collisions with smaller
objects, ranging in diameter from 10 to 100 m, are
expected to occur more frequently, thus posing proporti-
onal hazards to the environment and human life on
Earth. As the problem of asteroid impact hazard to
Earth's biosphere has gained increasing attention in
recent years, the international project �Asteroid and
Comet Hazard (ACO)� was launched. This project is
focused on systematic monitoring of the sky, aimed pri-
marily at detecting near-Earth asteroids whose orbits are
similar to Earth-crossing orbits of meteoroid streams,
especially short-period ones, which are close to the ecli-
ptic and may pose an impact hazard to Earth.

II. METHOD FOR DETECTING
METEORITE-PRODUCING GROUPS

Annual activity of 2,373 bright shower and sporadic �-
reballs, observed from across Canada and documented in
the Millman Fireball Archive, was studied in [13]. From
the resulting solar-longitude distribution of the cumulati-
ve number of �reballs representing an annual �reball acti-
vity pro�le, the peaks in the activity of �reballs from
known meteor showers were identi�ed. The peaks in the
activity pro�le of �reballs from four meteorite-producing
groups which could be related to meteor streams of
asteroidal origin were identi�ed as well. In the study [14],
the authors analysed data on the time of observation of
super�reballs and meteorite falls in Spain, based on the
reports in newspapers collected for the period covering
the last 150 years. The analysis revealed statistically si-
gni�cant peaks corresponding to stronger �reball activity
for some periods of the year, which was not associated
with known meteor streams.
The study [15] yielded histograms of the annual acti-

vity of sporadic bright �reballs, meteors and meteori-
tes, which were constructed on the basis of data adopted

from two meteor databases [16,17]. Six major (Maj) and
two minor (Min) peaks in the activity of the investi-
gated bodies, which were not connected with the dates of
peak activity of known meteor showers, were identi�ed
from the plotted histograms. All data on the detected
periods of the observed activity of sporadic �reballs,
meteors, and meteorites laid the groundwork for study-
ing the issue of clustering in the near-Earth space of
the sporadic meteorite-producing meteoroids. Data on
atmospheric paths, radiants, and heliocentric orbits of
24 known meteorites instrumentally observed in di�erent
years have been published in scienti�c journals to date.
Among these 24 Earth-crossing orbits for known meteori-
tes, four orbits of CI and CM carbonaceous chondrites
and six orbits of L3.5 and H5 ordinary chondrites are
Jupiter-family comet-like orbits, while 14 orbits of L5,
L6, H4�H6 chondrites and an ureilite are recognised as
asteroidal.

Using meteor databases, we carried out a search for �-
reballs and meteors with orbits similar to those of the 14
meteorites with Earth-crossing asteroidal orbits known
from instrumental observations. We used the following
method for detecting groups of meteorites and �reballs
in asteroidal orbits: the data on a meteorite known from
instrumental observations � in particular, its orbital
elements, radiant co-ordinates, and the date of observati-
on � were used as a reference for the search for members
of the relevant group of meteorite-producing meteoroids.
The selection of meteorite-dropping �reballs and meteors
as members of a speci�c group was performed by cluster
analysis of respective data on the meteorite and potential
members of the group; in so doing, meteoroids in orbi-
ts proven to be similar by the speci�ed orbital similari-
ty criteria, such as the Drummond criterion, DD, [18]
and the Southworth and Hawkins criterion, DSH, [19]
were only selected. The search among 14 known meteori-
tes in Earth-crossing asteroidal orbits yielded groups
of meteorite-producing meteoroids linked to nine of the
known meteorites, namely Innisfree, Novato, Villalbeto
de la Pena, Lost City, Kri�zevci, St. Robert, Jesenice, Gri-
msby, and Almahata Sitta.

III. GROUPS OF METEORITE-DROPPING
FIREBALLS IN EARTH-CROSSING

ASTEROIDAL ORBITS

In the present study, we investigated the possibility
of the existence of meteorite-producing groups in near-
Earth asteroidal orbits, consisting of sporadic meteoroi-
ds, meteorite-dropping �reballs, and instrumentally
observed meteorites. The selection of members of the
groups was carried out as follows: sporadic meteorite-
dropping �reballs, which could survive the �ight through
Earth's atmosphere with a non-zero terminal mass, were
selected from the IAU MDC-2007 database [16], and
sporadic meteors � from the SonotaCo database [17]. As
a group-membership criterion to be met for the selecti-
on of meteorite-producing sporadic �reballs, meteoroids,
and meteorites, we used the similarity of the orbits of

4902-2



GROUPS OF METEORITES AND METEORITE-DROPPING FIREBALLS IN ASTEROIDAL ORBITS

a group's members to the orbit of a meteorite, known
from instrumental observations, that fell within the ti-
me span of the observed occurrence of �reballs from the
group and that was taken as a reference for the search
for potential group members. The similarity between the
orbits was tested applying two known criteria, used as
a quantitative measure of the distance between the or-
bits, namely the Drummond DD criterion [18] and the
Southworth�Hawkins DSH criterion [19]. The following
threshold values of the orbital similarity criteria were
used for selecting �reballs into the groups: DD ≤ 0.12
and DSH ≤ 0.25. Based on the heliocentric orbits, the
selected sporadic �reballs were divided into cometary
and asteroidal according to the Tisserand invariant TJ

[20], de�ned by the following equation (1):

TJ =
aJ
a

+ 2 cos i
(aJ
a
(1− e2)

)0.5

, (3.1)

where a and aJ are the semi-major axes of the �reball and
Jupiter orbits, respectively, e and i are the eccentricity
and inclination of the �reball. For cometary orbits, the
Tisserand invariant is TJ ≤ 3.1 and for the asteroidal

orbits, TJ > 3.1.
The search, based on the orbital similarity, duration of

the observed activity (1�1.5 months), and radiant posi-
tions ∆αR < 35◦, ∆δR < 20◦ of meteorite-dropping �-
reballs and meteors, selected from the meteor databases
IAU MDC and SonotaCo, resulted in the detection of
associated groups of meteorite-dropping meteoroids for
9 of the 14 meteorites of asteroidal origin with observati-
onally known atmospheric and orbital parameters. De-
tails about the nine detected meteorite-producing groups
are listed in the Table below, providing the following
data for each of the groups: a meteorite's name; year,
month and date of observations; radiant co-ordinates �
the right ascension αR and declination δR; the entry
(pre-atmospheric) velocity V∞; orbital elements, includ-
ing the perihelion q, semi-major axis a, orbital eccentri-
city e and inclination i, the argument of perihelion ω, the
longitude of the ascending node Ω; and in the last two
collums, the orbital similarity criteria DD and DSH. For
this group the bottom line gives the parameters of the
mean orbit (Mean), for which the number of meteorite-
dropping �reballs that are members of the respective
group is included in round brackets.

Name Year M D αR deg δR deg V∞ km/s q AU a AU e i deg ω deg Ω deg DD DSH

Mean (14) � 02 09 41.0 54.0 13.7 0.990 1.868 0.470 8.0 185.0 319.0 0.00 0.00

Innisfree 1977 02 06 6.7 66.2 14.5 0.986 1.872 0.473 12.0 178.0 317.0 0.03 0.10

Mean (11) � 04 01 139.5 51.8 13.9 0.977 1.838 0.456 8.4 192.7 21.8 0.00 0.00

Jesenice 2009 04 09 159.9 58.7 13.8 0.996 1.750 0.431 9.6 190.5 19.2 0.03 0.05

Mean (12) � 10 01 289.8 -26.1 13.8 0.982 2.132 0.534 2.7 314.6 21.4 0.00 0.00

Novato 2012 10 18 268.1 -48.9 13.7 0.988 2.090 0.526 5.5 347.4 24.9 0.11 0.33

Mean (7) � 12 27 321.1 4.2 15.9 0.921 2.379 0.607 5.3 142.3 278.1 0.00 0.00

Villalbeto 2004 01 04 311.4 -18.0 16.9 0.860 2.300 0.630 0.0 132.3 283.7 0.05 0.12

Mean (9) � 01 01 285.5 24.7 14.3 0.953 1.847 0.479 7.4 165.0 282.6 0.00 0.00

Lost City 1970 01 04 315.0 39.1 14.2 0.967 1.660 0.417 12.0 161.0 283.8 0.06 0.11

Mean (19) � 02 21 137.0 17.8 18.9 0.783 2.075 0.614 3.4 242.2 328.6 0.00 0.00

Kri�zevci 2011 02 04 131.2 19.5 18.2 0.740 1.544 0.521 0.6 254.4 315.6 0.09 0.11

Mean (16) � 06 02 187.9 12.0 13.3 0.994 2.085 0.517 4.2 191.5 71.6 0.00 0.00

St. Robert 1994 06 15 176.0 6.0 13.0 1.016 1.900 0.480 0.7 179.0 83.7 0.04 0.08

Mean (8) � 09 17 251.9 49.8 19.4 0.997 2.290 0.554 24.4 171.5 175.7 0.00 0.00

Grimsby 2009 09 26 242.6 55.0 20.9 0.982 2.040 0.518 28.1 159.9 182.9 0.05 0.10

Mean (7) � 09 23 339.5 13.9 14.4 0.888 1.413 0.312 6.1 235.4 187.4 0.00 0.00

Almahata Sitta 2008 10 07 348.1 7.6 12.4 0.900 1.308 0.312 2.5 234.4 194.1 0.02 0.07

Table 1. The groups of meteorite-dropping �reballs and known meteorites with similar asteroidal orbits (at epoch 2000.0)
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Fig. 1. Orbits of nine meteorite-producing groups of meteorite-dropping �reballs and known meteorites in asteroidal orbits

Orbits of nine meteorite-producing groups are
illustrated in Figure 1, which depicts, in particular, a
meteorite's instrumentally determined orbit, the mean
orbit (Mean) of the group and also orbits of meteorite-
dropping �reballs belonging to the respective group: 1 �
group of meteorite Innisfree; 2 � group of meteorite Gri-
msby; 3 � group of meteorite Almahata Sitta; 4 � group
of meteorite Jesenice; 5 � group of meteorite Kri�zevci; 6
� group of meteorite Lost City; 7 � group of meteorite
Novato; 8 �- group of meteorite St. Robert; 9 � group
of meteorite Villalbeto.

IV. CONCLUSIONS

In the present study, the search among objects,
selected from the IAU MDC-2007 and the SonotaCo
Network databases by the orbital similarity criteria,
duration of the observed activity, and radiant co-
ordinates, has yielded nine meteorite-producing groups
of sporadic �reballs and meteors in asteroidal orbits,

which include nine known, instrumentally observed
meteorites � namely, L5, L6, H4�H6 ordinary chondri-
tes, and an ureilite. The search in the meteor databases
for plausible meteorite-producing groups of four meteori-
tes, namely the Peekskill, Moravka, Bunburra Rockhole
and Buzzard Coulee meteorites, with instrumentally
determined atmospheric paths and orbital parameters
has yielded no results with regard to meteorite-producing
groups that could be associated with these meteorites
as per available meteor and �reball databases. Accord-
ing to one of possible scenarios, the similarity of orbits
of the group members, that is, members of a geneti-
cally associated group, could have formed through the
disruptive fragmentation of the parent body (NEA),
and thus the fragments became a group of geneti-
cally related members. Porubcan et al. [21] pointed
out that they only included as real genetically related
pairs of meteoroids and plausible parent NEAs those for
which the orbital evolution was proven to be similar over
5,000 years. In an alternative scenario, such a relati-
onship between meteoroids within a certain group could
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have formed occasionally. Both scenarios do not rule
out possible existence of some near-Earth meteorite-
producing meteoroids, which being related to the investi-
gated groups have not yet been detected through opti-
cal observations. The feasibility of identifying a plausible
parent body related to a speci�c group and determining
the age of a group of genetically associated meteoroids is
crucial for establishing relationships between groups of
meteorite-producing meteoroids and their parents, that
is, comets or asteroids, and also for studying mechanisms

of formation of the investigated meteorite groups. Wi-
thin the framework of the project addressing the problem
of asteroid impact hazard to Earth's environment and
biosphere in particular, it is essential to systematically
monitor the sky in the �eld of radiant speci�ed for
meteorite-producing groups during periods of their acti-
vity. Ultimately, it is extremely important to early detect
potentially hazardous meteorite-producing meteoroids
in the near-Earth space well before they enter Earth's
atmosphere.
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òàëüíèìè ïàðàìåòðàìè. Íàëåæíiñòü îðáiò âiäiáðàíèõ ÷ëåíiâ ãðóï äî àñòåðî¨äíîãî òèïó âñòàíîâëåíî
çà çíà÷åííÿì ïàðàìåòðà Òiññåðàíà TJ > 3.1. Äèíàìi÷íèé çâ'ÿçîê ÷ëåíiâ âèÿâëåíèõ ìåòåîðèòîóòâî-
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áîëiäiâ òà ñëàáêèõ ìåòåîðiâ, îðáiòè ÿêèõ íà öåé ìîìåíò ïîäiáíi äî àñòåðî¨äíèõ îðáiò äåâ'ÿòè âiäîìèõ
ìåòåîðèòiâ: Innisfree, Jesenice, Novato, Villalbeto de la Pena, Lost City, Kri�zevci, St. Robert, Grimsby
and Almahata Sitta, áóëè âèÿâëåíi ÿê ÷ëåíè ìåòåîðèòîóòâîðþâàëüíèõ ãðóï.

Ãðóïà ìåòåîðèòîóòâîðþâàëüíèõ áîëiäiâ òà ìåòåîðiâ ç àñòåðî¨äíèìè îðáiòàìè ìîãëà ñôîðìóâà-
òèñÿ â ìèíóëîìó âiä ðóéíóâàííÿ éìîâiðíîãî áàòüêiâñüêîãî òiëà � íàâêîëîçåìíîãî àñòåðî¨äà (NEA).
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Yu. M. GORBANEV, N. A. KONOVALOVA, N. Kh. DAVRUQOV

Ó òàêîìó ðàçi ìîæíà ïðèïóñêàòè, ùî ãðóïà ìiñòèòü ãåíåòè÷íî ïîâ'ÿçàíi ÷ëåíè ãðóïè � ìåòåîðè-
òîóòâîðþâàëüíi áîëiäè òà ìåòåîðè. Îðáiòè ÷ëåíiâ ãðóï ïîâèííi áóëè çáåðiãàòè ñõîæiñòü ìiæ ñîáîþ
òà îðáiòîþ áàòüêiâñüêîãî àñòåðî¨äà ïðîòÿãîì 5000-ëiòíüîãî ïåðiîäó â ìèíóëîìó. Íå âèêëþ÷à¹òüñÿ
òàêîæ ìîæëèâiñòü ïåðåáóâàííÿ íà íàâêîëîçåìíèõ îðáiòàõ âèïàäêîâî ñôîðìîâàíèõ ãðóï ìåòåîðèòî-
óòâîðþâàëüíèõ ìåòåîðî¨äiâ.

Ìîæëèâiñòü iäåíòèôiêóâàòè éìîâiðíå áàòüêiâñüêå òiëî ç ãðóïîþ i âèçíà÷èòè âiê ãðóïè ãåíåòè÷íî
ïîâ'ÿçàíèõ ìåòåîðî¨äiâ íà îñíîâi àíàëiçó åâîëþöi¨ îðáiò ÷ëåíiâ ãðóïè ìà¹ âåëèêå çíà÷åííÿ äëÿ âñòà-
íîâëåííÿ âçà¹ìîçâ'ÿçêiâ ìiæ ãðóïàìè ìåòåîðèòîóòâîðþâàëüíèõ ìåòåîðî¨äiâ òà ¨õíiìè áàòüêiâñüêèìè
òiëàìè � íàâêîëîçåìíèìè êîìåòàìè àáî àñòåðî¨äàìè.

Ðîçãëÿä ìîæëèâèõ ìåõàíiçìiâ óòâîðåííÿ äîñëiäæóâàíèõ ìåòåîðèòíèõ ãðóï, ó ÿêèõ ìîæóòü ìi-
ñòèòèñÿ âåëèêi ôðàãìåíòè âiä ðóéíóâàííÿ áàòüêiâñüêèõ òië, ñòàíîâèòü iíòåðåñ ç îãëÿäó íà àñòåðî¨äíó
íåáåçïåêó äëÿ íàâêîëèøíüîãî ñåðåäîâèùà é áiîñôåðè Çåìëi.

Êëþ÷îâi ñëîâà: ìåòåîðèòîóòâîðâàëüíà ãðóïà, ìåòåîð, áîëiä, ìåòåîðèò, çâè÷àéíèé õîíäðèò,
àñòåðî¨ä, çåìëåïåðåòèíàëüíà îðáiòà.
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