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Abstract:

Meteorites are remnants of the solar system formation .They are solid bodies that have
been coming down from outer space to the Earth’'s surface. Meteorites are believed to
have originated from the asteroid belt between Mars and Jupiter . Since most of the
meteorites did not witness reprocessing as is the case of the terrestrial rock , the study of
meteorites and identifying their elemental components allow the identification of the

chemical structures of the solar system at its formation.

In this study a brief description about the solar system is presented . A detailed study of
meteorites types and sources are presented. Results of laboratory analysis of the
meteorite that was discovered in Libya in the area of Lamluda are presented . Detailed
explanations about the problem of The Libya Desert Glass (LDG) are discussed . The
impact mechanism between meteorites and the Earth is discussed in detail. New
interpretation for Oasis and BP craters which were formed as a result of a collision
between a meteorites and the Earth , about 29 million years ago is presented and
discussed .

The importance of this study , which is regarded as the first of its kind in the Libyan

Universities, can be summarized in the following stages.

To identify with space science to keep up with the developed countries in this
area.

To identify the origins of the solar system and its components.

To identify with the impact mechanisms between meteorites and the Earth, and
with the resulting dangers that they may cause.

To identify with a potential local laboratory for analyzing meteorite samples.

To identify with a potential global technology related to space science.

Building scientific cadres capable of running this type of study , which lacks in

centers and scientific institution in Libya.
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Name Mass OrbitRadius, Orbit Period
Earth=1 Earth=1 Earth=1
Mercury 0.06 0.39 0.24
Venus 0.81 0.72 0.62
Earth 1.00 1.00 1.00
Mars 0.11 1.52 1.88
Jupiter 317 5.20 11.86
Saturn 95 9.54 29.46
Uranus 0.02 19.18 84.07
Neptune 17 30.06 164.82
Pluto 0.002 39.44 248.6
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Crater Name Location Diameter(km)
Tenoumer Mauritania 1.9
B.P.Structure Libya 2
Roter Kamm Namibia 2.5
Kgagodi Botswana 35
Ouarkziz Algeria 35
Tin Bider Algeria 6
Bosumtwi Ghana 10.5
Aorounge Chad 12.6
Gweni-Fada Chad 14
Luizi DRCongo 17
Qasis Libya 18
Morokweng South Africa 70
A gial) 1 0l (B siad)
Crater Name Location Diameter(km)
Riach&o Ring Brazil 4.5
Rio Cuarto Argentina 4.5
VistaAlegre Brazil 9.5
Serrada Cangaha Brazil 12
Vargedo Dome Brazil 12
Araguainha Brazil 40
Carancas Peru 13.5m
Campo Ddl Cielo Argentina 50m
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Lo g9 Laail (& dal)

Crater Name Location Diameter(km)
Wabar Suddi Arabia 110m
Xiuyan China 1.8
Lonar India 1.83

Jebel WagfasSuwwan Jordan 55
Bigach Kazakhstan 8

Karla Russia 10

Dhaa India 11
Suavjarvi Russia 16
Kamensk Russia 25

Puchezh-Katunki Russia 40

Kara-Kul Tajikistan 52

Popigal Russia 90
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Crater Name Location Diameter(km)
Steinheim Germany 3.8
Suvasves N Finland 4
Soderfjarden Finland 6.6
Lockne Sweden 7.5
Veprial Lithuania 8
Paasselka Finland 10
Ternovka Ukraine 11
Logoisk Belarus 15
Dellen Sweden 19
Obolon' Ukraine 20
Lappajarvi Finland 23
Rochechouart France 23
Boltysh Ukraine 24
Ries Germany 24
Keurusselka Finland 30
Mjglnir Norway 40
Siljan Sweden 52
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LMl 1y pal (B il

Crater Name Location Diameter(km)
Brent Ontario, Canada 3.8
Calvin Michigan, USA 8.5
Avak Alaska, U.SA. 12
Ames Oklahoma, U.S.A 16

Clearwater East Quebec, Canada 26
Clearwater West Quebec, Canada 36
Carswell Saskatchewan, Canada 39
Chesapeake Bay Virginia, U.S.A. 40
Charlevoix Quebec, Canada 54
Beaverhead Montana, U.S.A. 60
I W NT

Crater Name Location Diameter(km)
Flaxman South Australia 10
Spider Western Australia 13
Lawn Hill Queendand 18
Glikson Western Australia ~19

Gosses Bluff Northern Territory 22

Amelia Creek Northern Territory ~20

Strangways Northern Territory 25

Y arrabubba Western Australia 30

Woodleigh Western Australia 40

Tookoonooka Queendand 55

Acraman South Australia 90
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& 5l
-:(Introduction to Meteorite)d juill (e 8 paida datia-3

Lo L oS pas A a JAN cliadll (e Apiaza g 4 jhua dakd 4 (Meteorite) <&l
sl 8 Gm ) e JI el i Latie s (ssall Gl g o 506 Leleay
Sl lindy MW (gsall Ml A Laie 5 dgds 525 Lae Lle i A )Y
cha ) Ysas 2500C0 o ST ) Wil oa A0 glis)) I sam b (3 o jualic
ST a5 cssall oMl Ll gan (sal Lalal (3D (3 yind s o 5 Leas sy, ()
b5 Ame LES Al cladl i el b (Meteors) el auly Ciyels lo el
sa ¥l e oha JSE Y ay oY) s ) Jsaal daliad) 4 sl 5 el
@3l Sl YAl aiid (Meteoroid) plluas Wileakas (e sams il Lo Ciaaiy

7] oA ead ot of 8

A3l o it B Sas bueall 0 Y1 il JLEAY) (ans1.3

Some Preliminary Teststo Help | dentify the M eteorites
3lal AN yiad g o ad e g gind La T ol g0 dakiine ye JISET il () 5S5 L Bale &l
Ol LgBUS & o) 5 & Hlll abiead dpa SN duall g & 5lall ( aill 3k s B

WS 3 Ll 17-8glem® o Le WEBUS # 5l i dpaaal) & il sl 3-3.7g/cm’
J o 26g/emMBIS goall aall SEd L V)l WIS g S
530 &l o3 Jie oS35 Bglem® e JH &l amy A4S o) LS, 2. 7g/em?® 3551580 5

J17] 1>

o le R o L ginY Gl Cind Anaall Gl pa peatly ol olaes
Gl g el o jaiaa () sy Al & 5Ll o daadle ae (1.3) JSEIL (e LS sl ase
J17] pubbinadl C3aw Y
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[17] <l e el i1 4Bl (1.3) 0S5

leSan &lus (Fusion Crust) Jbeai¥) 888 Coay i ) Jsdua go b jaa b oLl
diad Al de jun (geall GOl LSWI) Cuw saaall LY e AU (Imm) LeE
Mg 8l ya GlAl Aagiy Ay o gedl iy Jan cling a3ld (g gall oDl ) il Jsa0

_&Jﬁu&r_w'&&\:}}'&)\)ﬂ\hjﬁ

Gl oda CuilS 13 Lo daady leal By LeilisSe el o Laelud Lliay ol il apdas
J8 e A giindll mhud) 4 eda copme S i et Lpaal) ol 3Ll oas o 4y jaa
Widmanstatten ) —ioai Adlida Ll pandl lpany aa ahlill 4y dda sl dagha
Al e Jaly dishll 3l g 2a[19](ThomsonStructures)siad e s(Figures

(2.3)dS400 (e LS Al 5 s lly o jay

Widmanstatten[19] J<aif (2.3) J<s
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Ol O JKEY 038 3 52 5.[ 20] (Chondrules) b s ymall 3 g oo i 4y jacall o jll Ll
(33) JSEIL e LeSTas & Ja N Y 3Ll 522

[20] s saa &35 zadla o (3.3) S

-1 (Falland Find) <iLiasy) gk gaud)-2, 3
Lad) La gulide cpped on Galdl e o o @l Al Da
Atie ) 33 2y Ladili Al &5l ey ¢(Fall Meteorites)idaibe & Hl yuailld(sliasy)
Lo s Gl ga 32alEia (e (Al sk i 8yl

Addbas lgde sl 2 o5l o0 s (Find Meteorites)iadiSe &l Jl s of O (3
Bl 3 bl oSy Lede 3l da gl ga Ja 51 38 58 O Ganss o) B 50 3
Dsaall o (el aal adaaly ol 6l ol Al sk Aty by de ga Y] e e
O Cun aigia 135 guaal) gl e ELESY) el o V) (e gud ST 4 jaall 4 5l
i 05 s e ol A s 1 Aila) g pal g Ui Y a3 e 8508l ) sl
oY Gl ekl 3 5l 5yl daale dad culd cddailod) @il o @i Y g dua V) 5 58
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Al A 5l salall ALY (atladlly alshll e el Y i Y1 Al )
[22] 4 ) Jal sally il

Ladiad )Y e Jsdaally QI o815 (e 8 aiae ddee o s 3a a3l Ja s
oY) Glo Jaiudis A V) Apdlally il AU 4 Ly ()Y e sl WUaG G i
Letans Jamy LS oSl (8 Al Sy S (g Lgadina (L Lga s ranal]
[22] (0.1%) iy 53 gy yall 5 el (40 Lilemy L Ll (~99.8%),

Bl A Lle ) ginll 5 Lgabina s cia )Y o slail paaa 8 3Ll Was e il
iy 8 Jlad 8 sl ¢l paall @il e paall o gied) a3 LS Ay giall Dyl
1) ALl 1Sy sl 8 ang Lee ST lee (B 3Ll (e paall e giall &5 Gl
(4.3) Al i ge s LaS( Baadiall LY ll 5 clnsSall

Where Are

Meteorites
Found?
Antarctica
68.4%
Oman 6.8 %
North America 4.0%

World everywhere else 6.0 %

N = 45458

Data from the Meteoritical Bulletin Database, April 6, 2013

(28] g e 3l Ll b s Sl i (4.3) 83
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) allall  adailad) ol 5hall s ) Alladil) 1S jal & Aadlad) &l 5Ll s (5,3) SN
[23])72.4) duai Gl 5 (A ¥V 5 SN

World North America
N = 45458 N=1831

Data from the Meteoritical Bulletin Database, April 6, 2013
[23] pdladl 5 Allatl 1Sy yal 3 & 3Ll GLziS 5 Ja shas A (5.3) S
-:(Classification of M eteorites)d il cisiai- 3.3
-5 A ) ale IS o 3lall Ciutal (Say
(Stony Meteorites) 4_aall & jLall -1
.(Iron Meteorites) dxuasll &l 5l -2
.(Stony-Iron Meteorites) axaall 4 jaall & jLall -3

S GLS Al sl es Achondrites 5| Chondrites Cre s (e sS4y duall & jlil
(Mg,Fe) SO, wlslu Ga dabrs s A G5l a0l (b lele (g0l
g5 On b oY) e Lis (A Sl G 786 o 22 55(Mg, FE)SIO, iS5l
OsSEy lele ogiad (Al A Sl 5 pmall Gl el sl (Je Cuew Al scChondrites
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I sall e B e Al e Laail (5 5iad Chondrites (e A ¢ sl LAl (e Lpadans
Y Balall s S &I a3 (e Ll ey s i) mlaad) Gy 8 Ly cdy saaall
Ol 4,550 gm0 s jee )y (SIS L) i) i Lo Qe 5 | el pUaill 45 gSal)

[22] 4

Go Ol e sl ey (oY) e Laid Sl 3Ll e 78 () Achondritesia
Dsaaall andy Lemny s dpm jY) 880 ) siial agiliae S o 8 Ll Y bl Caniall
A Y 5 88 o) ge Jiad Lgdl afiay 5 cdca yY) A il Aunaal) 40lS )

Gl e2a et sOrdinary Chondrites & 58 (o (795 (e S Al &3l alass
JEN 8 WS [22] dSall g moadl aea Jeo (g 5iad g dala S Al elagu b )8 dga s
(3.3) Gl

Lo gl d5a &l o <l S g0 aié 72 5 N saCarbonaceous Chondrites Jiad LS
Cua Apa )Y Sl o Talidt g 6 yuad i) 358 & Ay aill s all Jalse Jady Jlai
bl S e (g2nlll) Allended j ey g Adumaa (palalinall Leada dai g jadi Cuaaay
SET) paall JaS S LS (196911 588) 5 csliSall 8 ada sias Jan ol 385 5 s i 53 K1)

(6.3) JSElL (e LS (L 5 (4l 2 (1

[24](Carbonaceous Chondrites) & aall & il ¢ 5l aaf (6.3)J8s

Syl @il (e (5S5 A) 5 (V) e o i A & 3Ll (e Z540aad) & 5l Jia
e el Aamy S5 US55 74-3 s o (g ging 43Ty QAN sa sl (e s oSSl
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Gkl 5 aa S B Halll aleall (e ddlle <l 308 55 e (g giag SIS g il SN paie (0 L)
OSars dpa )Y 3880 ) simy 40 jlaa Tan AL a5 Alle 435S 3 3Ll 0385 o o Y1
vl @l alaee o Siny 5 0 jrae JISEL daall e ) oliil daits A gy Lale o il
[22] 33a1 55 30 < yguail A LS SN (e 220 QB e S

Gy JSally paall ae e Bl oy Adsiall 7] JSS8 Agaand) 4 dual) & )
Ay sl 5Ll e HAY) g sl s o(7.3) IS b LeScPallasitesse < 3l oda ¢ il aal s
. (8.3) Jsill 4 LSMesosiderites sams Aanaall

—
e N
'J—_';'."_I‘

[26].(Mesosiderites) Zuasll 4 jaall o jill ¢ 5 2ai (8.3) JSa
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O (1.3) Jsaad) Asa )W) saall el Shal) G aaill daga 4 5 dpald ALK e
A8y yrall @l o1 g3 alaeal 28U Jaus s

JA7728 5 mal) & il aland S dass e (i (1.3) Js2a

Density (g/cm?®)
M eteorite Type Average | Minimum | M aximum
STONY

3.4 2.8 3.8
Ordinary 3.35 2.50 3.69
Chondrites 3.21 2.38 3.49

2.11 - -
2.12 1.79 2.40

3.10 - -
Carbonaceous 2.95 2.79 3.09
2.95 2.69 3.25

3.44 - -
3.47 3.46 3.49
3.12 2.97 3.33
3.26 3.11 3.44
2.86 2.74 2.95
Achondrites 3.02 2.80 3.16
3.05 2.81 3.21
3.10 3.07 3.12
3.15 3.10 3.20

STONY-IRONS
Pallasites 4.76 4.64 4,89
M esosiderites 4.25 4.23 4.27
IRONS
- 7 8 -
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-:(Nomenclature of M eteorites)d jil) dmaui-4.3

835 5 8 Blant cleda s (e Aia 3 358 2my 0SS Lea b o et Al ol 3Ll Jia
Clamanll Hseds diy Leiul s Lele Caail) Al gend s20ma sland Jaad o omg o ay
38 3aanae Gunl sl 2o 81 aad W dpendl) CalS e lall dul o ed ) dacadial) Ayl
Igas pand Al g 4l ol A Gl iy sl e Jie e auly oens Ll 3l IS
h\}éﬁwoio&d\&q@mu ¢ &l ;mi@ﬁs.u&ah Araudll Baass 2c ) 68
Lol dajlag 82080 20l | gan gy ASE) o2a ) O sl 4l &S ey anl e SiSL

[21]<

“ .

e 4 g A S Gl s s S 8 Ll g 3 13 ) e
ada s (JSay (ana s Ll (8 ed SISV (e aals g (s2ulll) Allende i JUial) Jas
Aokl e AN o Led ey Sl VA 85 Sl Jlad 42815l Allende 4k
s 138 (.....¢002 <001 Yaste () Al & Sl o3 o 55 e elalall (3 Nibaal 5 (<a
Ll et st e (oaibal) Caagl) Jalg[22-21] A8y siall akadi cililaa) 2aad ¢
el e n ) Al e L lale a1 (3laLial
Axie ) 58 JOA Baaae Sliay a3 (Al A gial) Apdasl) 3 ENS Al hlid) A
Lesh CALECY] 538 5 yea Tl o ) Lo AN oSl s e (3890 388 ¢ Ly 5 50
Qe b Bl i Fpnilly CRESH 5 C2Q L 5 L3 il e ojilly
e 8 (O IN o il il A e @38 Jyl e (Allan Hills81001)Jkal
[27] £1984 dius 483N o5 3 yall & 5Ll aal dans W o (9.3) JSaU1 5 [22] 21981

[Znﬁf‘ﬂ)ﬁwww-’:f’)%(g‘?’)d&z
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-:(Sour ces of Meteorites) ¢!l jiuas-53

Sl e aal V) @l JaaY Ylaia) SISV jaadll ey GG S Gl e of s 8
Allan Hills 81005 iz cua) | el mhaw o (o lgran o Cilial 4giliie 4ilesS sl 3
S AT A S alabaal oy f el (S8 W juae Gl (g AT e 5 el e i J

Anb o A0S ) G i) 55k e

-:(Meteorite Flux and Size ): alaal g &Ll 38455-6.3

S5, Rl ki G A Al plal) U g sene alS LA GBS pllaae
Slapnll (anis Joidl o g 3 ke sl 020 G LIS (10°K g/ ear-107 )l
) e e ol LA s 3 die 30 <l sl (Micrometeorites)iadall 4 5l

(10.3) JSal A (ge elly iy g & il o2a (Jadl) alaaly dasi

bl (N sas e sy YL akai i S (Micrometeorites) 4a8all 48 5l alua¥) ALS a8
IS (e Y 815 M (g pall il Led sa die sale (3 jiad Y Ldld dlgana Jha g
ghd) e ey i

iy S 1Y) Wl Ly 5 40530 JS saal 5 5e oYL palaailmm sa ki culd ol
Gl e s e e Lida A 5l jeaii L Lils « 3cm sl 2cm (e ST paa
Y dany ok i o Jd g sl

oYL akai i La | ol @l ) o3a 5 A5 S AT Eilas) KM (e ST il alea DU Sy
3 e Leh gt Jaee SKML0 skad cld e\.m.;y\ Ll i ysle JS Baalg 5 e sl g
7] 4w 52100 JS 3asl
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108 G
10 km diameter .\0‘5@
104 every 100,000,000 years '«?‘}ﬁ@
P
o 100 meter diameter -
W #
B 102 every 10,000 years ®
ot ,#
@ "
& 1 ¥ 1 meter diameter
"‘q‘; /,’ every year
N 102 g
W -
i & 1 mm diameter
3 104 _»~" every 30 seconds
= o
O 106 ® 1 micron diameter
,»°  every 30 microseconds
10 '

1015 1010 105 1 105 1010 1075

Average Time
Impacts with Earth (years)

[7] 38 pnas 483e 5 (i Y1 aa & il sl 2o 53 (10.3) IS
-:(The Danger of Meteorites)d juill jUadi-7.3
el e AsSa dpa V) S Aalie alime of Lo ol painly Y @l
lgiad LY mdans ) Joad i) Wl Lgd 4S5l adadl) s Lo (llad cildagadll
Lﬂﬁ)hwu}ﬁﬁ\.@m&a}c&@uéﬂ\ﬁd\&h&)ﬁﬂ&‘ﬁﬂ\ﬁjgﬂ\
A5 shA (gae 20ay (A ga ¢ il anad lgd Lty Al Ghlidl e daal

-:(Destroyer Meteorites)s saall & 3Lil-1.7.3
leia s 8 A yai s ,08 lliai s eVl ol a8 4 5 ALK (e 5 ke (o4 3 el & 3Ll
OS A sale 4000 Ji 4l elalall gea s pedl) JSE s Al A ) 4 jual)
Ll Al Gua e el S 5 O el Jual o slis 8 o siall (s a8 N
S SO0 ana adbaal A ale 400 s e oY) S Al Al
aladaa¥) dag i€ g om Y Gl ay sl e yaexi ) aladaall e il s om0



sl (a5 ¢ pel) Atia (ymmll Lpmmy e omand Al A jaall ahadl) (e 3 S 4peS s
il (55 S0 4SS il elae) )

oY) o Gied @) ealiall culS ;) ealipall (ol @l )l 48 il 4yl
O o el Vsbaa s (5 Sall uilS 5 A ha 6 yial olalal) Lo 5LEA) s 385 A 5ale 65 J
oaoY) 10KM_b & e (s ldy S i &y jumy (ol B ) gealipdll e
JalS IS8 i Y1 (e DS 16 a Vaeda s 180K Mkl 3 jia VBane el (ge il
Sin Qi) e aalil) Jlall a8 j8le JSG SadVL il o A1 Rl e el Wi
Sl il Caaly Lada geme ) al Leacga ¥ mh e (el dadl Jlal)l s Cuaa
Laa, 2l | jile cila AV £ el s Hladiy) Ao cile 38 &) gealiall (e 13 e of @l iy
[28] =) e Al il 50 9 70 <l Lo e elaaill g Ll il ) el g

F oA L alalaal &l Jud) a2-8.3

TheMost Important Ways to Reduce the Effects of the Collision of
FallenM eteorites

claidall g @bl e 48y e Ang ¥ A Y sladll VIS, e pomll Jaad
o3¢l Jola pay o clalall daryy la jluse o 7 A0 Al LSy Sl dala ;s Sl
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L et Jslall ol aal Ll JalS (S5 V) e g
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o2)Y) e Paaine &l jlse s ) (g25 38 Lea
Jsladi s ane aailil & 5ll ) AS jo Jlo ] o 58 duia 8 8 5 Sl adal) 4 glae
o be s
Lgie s Al g ol 3ll 31 ) g & a1 Aadiza 48 je Jls b Apdladl &l i) ada
[28]0 e o 48 ja N gaid DB & ) &l ad dpdla gl i
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oA L Ll alabuaY Aol jdal) o485 Al oo dadia-4
I ntroduction to the Impact Mechanism of Meteoriteswith Earth)

b Aaaa ¥l sda aSi s b s Auale Dpaaly allall (s ginall o 3Ll ¢ g ge o
adail) s K (p&ad Al el Gl K Al 3 b AR (e Al pliadll ol 3 ale Jlas
Bobaal) Jiiiey p8le JS30 Jasi i A dsaal & 6 AY) raalls 4 S vie el
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oaY! ae < lall adlas

Y (Shock Wave) dueta da ge Juoysosiuall Jo biay (Y0 & alalaal e
¢l I s ) s s (14) S G shall ¢ oall (8 LS Lgiad Al ) siall
Jkalls (Melt Rock) 40l ) sauall 3dxi & candy (alesi) JS o WAl JSG 5 ea
(e b ¥ ¢ all 8 WS(Ejects Blanket) <l s3ially b jad saladl 038 5 sall ) aeliall
Al G Lo dale 0S5 gl o3 (ge amy b LA 13a s y(1.4) IS

[(Breccia) &_iliall ) saall s3a (e any jal LS () 5S5 320 giall 3 ) jall 5

) I L5 5e 3ay (K1 Bplaliail Aa a8 G V) JAx 1 plabaal) ds e 5
L3S e 0500 sSis suaall dpa )l gl (B iy 13 5 o) gad (St g JAlAS ds 5
Al Taela s jaall s oladl 5
L8 e Ao gana Ll 5508 b ial) o 5 il (e A il ) saall g auail) sy of (Sa
saad G S5l 5iad) JS3 Luins (14) JSEN (e Ll o 5alld LS[7] clilall (e
ASe ju g dana g & pill Ly arlaiay Al dhial) ) sdia Rapda lgie G Siga
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Ejecta Blanket

[BlomY s ol A80lSe (1.4) IS5

(R) adbuail) 3 jda jhad Chualg & ill (K. E) A4S jad) 4BUa (s A8Dad) 4 j2-1.4
Relationship Between Meteorite Kinetic Energy (K.E) and
Radius ofthe Crater(R)

4 yre JOA e AT ey ol alull & jill Al a5 jea) (WSS b dagall Jal sl aal (1
s asbeaill (8 2SN AN a8 Sy ()Y ae @l aslial Can 45 Sl jiall kad
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) kg Y e de jull Gui slandl (e Jals a3 05S O ang Tihaiay | s Al
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Meteorite (1-4)PinitiaI: pTargetx V2
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Distance from Center of Pressurex10° (Pa)
Crater(m)
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3 aal) f Lica yi) Wil Layg e pudl laie uaat Cuncay 4f Cun g 3 sl dle o (68 Ladie
L 5ll 400 A8 e 72000kl il e Lalai Ay 5 S (00 &5l alalanal sie 45 Sidl)
[29] VS Caasll 138 e il (S5 5yl ells JSml Mt

Energy meteorite = ENEIQY excavaiion (2.4)
sl LEL"j EnergyExcavation Oi Cua g

Energy Excavation =V’ g or Rock “h :Energy Meteorite(3-4)

sl paa - (V)
(r =2500Kg /m?®) sbudis ) sduall A4S - ¢
(g=9.8m/s?) a ¥ Allall oda g el il 43 ardaial (s3l) Sl GlIN 23lal) ddae -
38all 3ac —h
Akl zuailR b ki Caiail 5 ghue s jiall Gae o Jltie) Sy ua

2, . .
Energy Excavation E p R3 g I o R (44)

2, . . ,
EnergyExcavation = § P 9 I« R4(54)

oo 100% ol ol @Y1 o gl il a8 & 3l dila JS @bl S Y of dus g
3o aS o Leia TS Teia (Sly musaa je B aall A1 Mus o jill 4dla
sl o i (£4y(3.4) Usladd) i Juilly(shock wave) Alladsesa da 58 o(heat)
Sl

Emeteori te— EShock+ EHeat+ EExcavation (6 . 4)
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558 it &l a8la (680% ol (YL @il aladaial vie 4d Glueall 8 23l
[28] 3l JSil aasing A8l (e AL 6 3ol 5 deta da 50 48159

Eshock:Eheata(yO]-5 EM etearite :ZEExcavation, 80EMeteorite: 5/ EMeteorite
Ol gtiiwi( 3.4) Aslaall e s

%' r g p R*=5"10"?" E,umie (7.4)

3 all o muall Lo Sy A8l Alalaall & ol 8 (e (i 52l
Epecrie =41 10" 1~ R*(8.4)

4 aadaiaall Cangll 3ale 48US 8 A0S & 3l Al il YL 43 W (405 (8.4) Aalal)
LA il B jaall Syl Caal g o il
Gyl A8 50085 Sy & il Ly aalaiadll ) sdual) LS 5 jaall Uadl Ciliasy a8 (o
(24) dsalb ase LS
e Gl aas dia 7 e g b jiall aaa s Gl g dal Jill ) saiall aas s (S
20m s5m &l [yl Caai g (2 55 AlS 5 S Ll 55,8 Chual ana g Jalaiill ey

(9_4)VRock = (VCrater - VMeteorite )/2

saal) Hhi e 76 5 sbngdd
MeltThickn&s =0.06" DCrater (104)

BJM‘ JJ“S - (DCrater) @;
E)éal\e;au\)}dgﬁw\ JM\(.\;Aub.n;uSm(ﬁuA}
VMelt :VCrater (D) - VCrater [D - (2, 006D)] (114)

4.184x10™ JAS TNT sabe 0o b lase 1 sl (g 4l 28Ul G alal) o
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.20m s 5m 3 k8 Caa’ & il Al Y alaal) Jlaainbs zasalll s cllua fpn (2.4)d s

Radiusof | crater . .
meteorite | piameter | RADIUS OF | ENEMQY meteorite | 1 ime ofRock(m®) | MeltVolume (m®) Melt Thickness
(m) (m) crater(m) @) (m)
5 64 32 1.07556E+12 68332.68 21849.22 3.84
5 78 39 2.37297E+12 123912.77 39553.04 4.68
5 90 45 4.20615E+12 190493.33 60760.81 5.40
5 101 50.5 6.67114E+12 269333.76 85873.69 6.06
5 110 55 9.3861E+12 348016.67 110936.40 6.60
5 119 59.5 1.28559E+13 440688.27 140454.90 7.14
S 128 64 1.72089E+13 548493.11 174793.76 7.68
5 135 67.5 2.12936E+13 643536.46 205067.73 8.10
S 143 71.5 2.68076E+13 764905.83 243727.27 8.58
S 150 75 3.24548E+13 882863.33 281300.04 9.00
5 156 78 3.79676E+13 993133.85 316424.29 9.36
S 163 81.5 4.52548E+13 1132950.47 360959.79 9.78
5 169 84.5 5.22951E+13 1262753.36 402305.65 10.14
5 175 87.5 6.01266E+13 1402108.13 446694.05 10.50
20 180 90 6.72984E+13 1509293.33 486086.47 10.80
20 221 110.5 1.52927E+14 2807646.96 899648.45 13.26
20 255 1275 | 2.71066E+14 4322046.46 1382027.10 15.30
20 285 1425 | 4.22955E+14 6040607.71 1929436.97 17.10
20 312 156 6.07481E+14 7930417.49 2531394.31 18.72
20 337 168.5 | 8.26864E+14 9997957.04 3189963.54 20.22
20 361 180.5 1.08879E+15 12293592.20 3921187.62 21.66
20 383 1915 | 1.37946E+15 14684180.43 4682656.91 22.98
20 403 201.5 | 1.69097E+15 17109553.07 5455206.001 24.18
20 423 211.5 | 2.05247E+15 19788009.70 6308369.44 25.38
20 442 221 2.44683E+15 22578402.36 7197187.63 26.52
20 460 230 2.87042E+15 25452840 8112776.50 27.60
20 477 2385 | 3.31885E+15 28382285.47 9045886.91 28.62
20 494 247 3.81788E+15 31528160.15 10047936.08 29.64
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LalS a5l (a4l g & 30 anload Jady 45 6Siall 3 j0al) jlad Caal ¢ (8.4) 48Dl 4l j0 2ic
Adle (3.4) s e uz.j‘il.; &l adbias aala of Sl Gl Jasyaall jhd ol

bl U8 o 5l 38U a5 dall l Caad

4.5E+15

Emetorit(j)

4E+15

3.5E+15

3E+15

2.5E+15

2E+15

1.5E+15

1E+15

5E+14

0

) A e s anll Ll ol BB (3.4)JS3

okl 3aly 3 2oy Boaal) 8 eaid) Al aaa o cpily (11.4) el Al jo e Gl
o3 (i Al (4.4) IS5 . (2.4) Jsaa Lkl | (YU @ anliad G 4355Sl 5 sl
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200 -
180 - .
160 - * ®
140 - * *
120 - ¢
100 - ®

80 - 7S

60 1 @

40 -
20 -

D crater(m)

0 100000 200000 300000 400000 500000

Vmelt(mg)

5m 3kl Caai @l il 5 jdal) jld ae jpeaial jaall pas d83e (4.4)J88

Sle 18km |, 2Km Lea il | cilal sl s BUP S ds s b deddiosall Zilall s oS4y
g5l e Ol oile (B (@A) A jall o =l i) e s (5.4) A (e i i
A all Al (e 965 of Jliel e 51120kg/m® L L aakuadll dahidl 2S5 | 5 yaall

Oigiﬁ}ﬂh&@i&ﬂ AL

EExcavati on :0- 05>< EM eteorite
et ledapuasti (S Jiall (3 dariivaal) A8ULal) A Co i g2l
EMeteorite:4-1X102XpRockx R4

25 Jlie 400 A8 05 Sy il Ly arlamall )y giall 8K 55 iall jlad il dpa slaey
(3.4) Jsanll (e 98 LS(TNT) 83l

(38 TNT) gm0 o 3 Gl il 8 i) LR o (3.4) 5o

sallaul | Radiusof | Egcavaion(d) K.E(J) K.E
crater(m) Mton(TNT)
B.P 1000 2.30x10"° 4.60%x10" 109.83
sl gl 9000 1.51x10% 3.01x107 720578.39
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08 Sy 1TKMYS ised) Ao us (5 sk alie s O il 381 e 5 A8 jall 48Ual) e slae
A8l (ga &l i) A1

(13.4)K.E=0.5 xmxv?

2" 460" 10"

Myp = =7.60" 10°k
5P (1 1000)2 9

_ 27301 10*

T 0

0]

e gl AHUS dpa slay g e yudl o3gn &l il alalaial die ¢ SUH ekl Clus (S0 LS
(2.4) i)

Pinitia=1120%(11000) 2 =1.36x10"  (Pa)
i) sl ol 5l ALK 5 4 guunal) AL dpa slaay s JSAN (558 Al G paal ) e
Aall (g0 0 sl i 48 jra ol (e i) aaa (S 4000%

14.4)r ="
(144 =2

L 5 5 gl

i 9
6P _ 160" 107 =1.90" 10°m?®
' 4000
- 11
o =515 10 =154"10°m®
4000

t_\}M\eAAJ\uAaJ.\Js.\uSA.J Lﬂ).\.d\JJaﬁM

. [2- S 108
Vep = prS ® Rgp = 3\} 3 Ve =3 & 1,.90 10 =76.83m
-3 ' 4p 4" 314
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7 Y, , - 8
A :pr3® R, :3/3 ° :3f3 1;54 10 =332.39m
3 4p 4" 314

Glua a3 O amy5 OasiSs BP s e Leuki s 48l el il 5 cililuall J) g sl
Say Xy (9.4) Adaall e dal Jall ) sduall aan i (S dena g &l el Cavas
Oe lgena Clus & (50 (10.4) Aslaall (o il [l Ga sleay L3l ) il dlaws s

(4.4) J5200 (e LS 35S Caai ae Jaloi Wil e WU 3aY) s (11.4)A05kxall

Bogall Hhal due glaay 3 ppaiall ) siall aan s dlos (i (4.4) ds2a

5iall ol Radius of Volume of Volume of Volume of Melt Melt
Crater(m) meteorite(m?) Crater(m?) Rock(m®) thickness(m) | Volume(m®)
BP 1000 1.90x10° 4186666667 2.09x10° 120 66678x10°
Oasis 9000 1.54x10° 3.05x10% 1.53x10% 1080 4.86x10"

S Wl s YL (Oasis) cilalsll sial il jsaall aan a5 of 2y
Oe OsSe Lgalina o ol (1120Kg/M® S )ike ;) 3l Ly aadaadll dilaidll el
Sals sl
" Vyge =M
m=4.86x10"x1120
m=5.44x10"*Kg

ady abe Y el Aara da aSy 5 aS Ming KN A8l alaee o el e
LS Gl (S Lpeda A5 5eS 5280l A8l 480 9615 Jidis %80 Sily 3 aS
.0Oasis s yeal 32 g8aall 35 all

Enex = 0.8K.E
Epex -0.8%x3.01x10%' = 2.41 x10% J
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Eshockzo. 15K.E
Esnok=0.15%3.01x10"=4.52x10*° J

&\AJJ‘;);&:\S\ &_ILMAUSA;\:L\\JAM JM‘M@}\W}BJ\F\% uh»;eﬁuida_:
Al 283 (se 830 (J/(Kg CO))dell due sill 50 jall o) Jltie) e 3]yl

Q=mxcxA(15.4T)
AT=(2.41x10%") /(5.44%10"x830)

AT=5337.80 C°
O Cun ol (55l paall a3l opsSh Ae Al ) al cilas e sl 1 5% Lay
Dl da 3 ) G g )l g A )3 il i g adliaday cliing (5 sadl ) Al pan e o il
a0 A dal cpaas (1723°C Lo (Silicon dioxide, or Quartz) Je
D ) A Jlasl Jsas Jleail) da 0 e 1S e (515337.8°C

508 Alans 05Sicsl) (5 Law s Jlasl) e 8 S 4peS (3 i YL il alakaal e

) g udy 135 zla S el CRISH ia a,0 o Loy dlysh cliluel S a8 sl b

o S5 LS Tlll &y peadl 3 paall e (5.4) JSa) b L) e ol g5l paall 2ls 30
LGl (1.2) Sl A ea sl 5 SEN Jaadl

[14] sl a3l Jis a(5.4) IS
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el Joadl
tand) ¢



weadd) Juadll

(el & )

-:(Introductiontothe Sample) il (& 5 pualida dadba-5

Ciga ) sie 53,0 dikie 3 Ll 55 b WALES) o5 3 Ae (et Juadll 38 5k
LS 3 Au,all oda dual eS8 5 (East: 22°8'40.7) s ( North: 32°47'34.7%)
Ay 5ol € 58 eal (e L 3558 siall Ak gl LKLY e pail) SIS L sl 5Y)
S5 (e s alitia e diall sladl JSAI 435 5 (0 lanall (sl Jlae 6 daraiie
> Al sl (4.99g/cm® @l due 28T 7emx5em X 2.50m s sad kel s Uslall

. (1a5) JSall (e LS 2 gl dusall

30 ) el JCH (1a5) U8
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gh:M&L)quj@@)@kg@j;j\u}\bmmg\;m\u)ﬂ\

o s 835l sl S s bl A e Jladl el ja) 5 (10.5) JSAIL G LS
A 8L Al il

o AT a5 s 2y 5l Aal A1 U medla (1D.5) US4
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L) Jalas B Alexional) 3 34a¥)-1.5
(Devices Used in the Analysis of the Sample)
(ICP-OES)4askia-1.1.5

Inductively Coupled Plasma-Optical Emission Spectrometer

s aal Gl yiay(ICP-OES) (rams adiie Jalad Cilihaedy g gill Cigadll S50 (A aa
Clisadl (e a2l Ji(Trace Elements) sabisll i Jidad 8 Leale o jlaciad) d00al) (3 )l
o Gbhall Jee 485k adiad |CP bl aulul) Gl Sl cpn (2.5) JS55 eal
5oLl s oW o ol ) (e il g gal)  Jaalll g g siall CilaaV)

1Y) i Adalliliall ety Calaall 55800 e Sl Jile JS6 e clie cis (Ko
il Jolae 3 )pa o dlall dual) dlae) ol 4DA e sA)(Acid Digestion)usbeaYl
sl e Sleadl 138 0 S5 (Nebulizers) (sand e shaie ddas) 3 Aerosol 3 ) Jstaal) due
&, (3.5) S 4 (e sa LS Jilall die (il (s AT A pmd gl giea )W) Sle sl 4y e
A pel) A 501 IR s Alle e s Gsa Y e s A e M) ) i) Jy gt Al
slll ) 3 il Jle 3 o Al i) s 33 ) Al g ady Bl adass ) a5
sl 38 e I Sl des e Allalloda 8 Jany (531 5 ¢y sa Y1 Sle Ao 5 L DI 4 58 )
[30]Le 53l 4, S sl
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Transfer Qptics

Radin g
Frequency Spectrometer
Generator
EQEII'I mmmen, SPray Micrapracessar
;—T~ i == Chamber  and Electronics [
_— | ‘ﬁl
) ﬁaﬁ‘
[ _.I wr
ke To Waste

Computer

ACP[30] ilhaal L) il <4l (2,5) JSi

Sample

(3.5)Nebulizerg[30] J<s
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sl Jah slal dane o Blal o e s LW ags sl S,e
soseall (85 @iy (A aliead 5 AN A e Jasd s Al 5 G ,8510,000K
Jand Ol HA Jagdla) d8Ua 33b 3 () 635 LB Jada &Gl HAl asliat cililee 33 Ju g 4 jlal)
ZU) 5 N b e e A8l 28 La 3Dl Jaks 43S Ak aga o) SIS L ) e
Gy A (e lld 5 Az Y0 Allad) ) 0 g 5 ) i) 5l Al e OS5 i <l
o (4.5) JG Al &5 KWl pualiall e o i) LB (e o 5 jae ClBla I3 Sligi 6
i) sl (s A Elai) o wa b pma ()65 5 A Aail S g Al jealie Jonadt daslaie
-600)c(Rowland Circlepolychromatic) e 4Kl Lo ghd 48K ~ o) 5 Al g (pra jaial
aly g (8 Aaall B paliall Ge o el mew Lo a5 Siaile JSI a3 (4200

I CP-OESUiaill 4s shaia () oS5i(Transfer optics) 4 shaic ae | CP s shaia Ly 3 5

Source

Phototubes

Condensing

Lens —
i — ::ttrance
Circle
(D

Concave
Grating

Transfer Optics[29] 4 shie(4.5)J<s
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s L (psSs e 58 Al S 58 é g e Jamy(RF) ASLu oo il alse
O B3le ) (S dea il JBA (e La 000 () Ja 400 jeSl 50l odn Leildy 4y ) i)
58l (3l v (2.5) JSE (e 58 LS | CP ey Lalae () sl sLally 35 ol ool
A pall 23 53 ae iy Janal lada 234 5 23 yie b A5y (5 3lal) Jaall Cale J3UA 450 <)
|CP o daid ounlaline 5 AL S Jlawe algy S0kl caladl (8 AL jes) lall QAxRF
&8 301 A [CP e (MMaa) 52 48 jay sa )Y e (s e (2.5) US4 (e 8 WS
dads Lery ot oy 0 a )Y Jle (e de 5l Clip fSIY) 030 Dl IS ¢ 55 ) o Sl
oo ebliadl Jaall Jriy iy SIY) A 8 dai€al 53] o3 enbaliad) Jlanal
e @y ae oAl clalal L) gas <l yKIY) 38 &y s InductiveCoupling(IC)
e aand ) dleall sda oo 80 e oAl cliggille 3 ) A o Y

CP—_m Lo s 5[30] il 5l )3 5 iy iU e (5 sind L 30 () alisad 5 o sa )
-: (Total Reflection x-ray Fluorescence) TXRF4ashia-2.1.5

diladl aadinn 5 (5.5) JSG (A Gae 8 LeSel ) salis s 5ill Cianll S je (3 Jleadl 138 2a
e Ly o (g8 Aol s Cliall Cadat day (ppm)csalell (e 2 a (A daal A2y pualiall
sl jualie 33 0) o Jend dbal) e diad) 2a5Y) b i die Jlead) 8 diall Jals
dh s (bosB) G Aasl Gl sl pualiall mhall (sine o JS QS L sy
el iy s gl Ao glaiall oy ) 35k (e 5 G sSalud) (e IS Gyl e A2V YLELY

Bl 2 s Fisne

TXRF[31] Jea Jee 5 5 (5.5) U<
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-:(Study of the Sample) dall 4l 225

- :(Study and Analysis)daill g duwl Al (e 2 4l-1.2.5
Aall(o, B, y) AadY o sl eladY) il -]
Al b yenbinl) (et A (o o 3l Gl ¢l & yee -2

L jbeall GoLI(Acd Digestion) (aleaY) aladiuly Al 435 alae) o
& s (HCL — HNO; - HF) Ualeal de gane 28l iy s Sila ¢ kaladinly g
b can (HNO; - HCL) uabea¥) de gane dilaly 5 a0 3564000y 3ale)

(L.5) dsaa (8 Gaall 5 G mianl) DS 8 Nl 41y

il dne 41 mali 3(1.5) Jsaa

Power (W) Time (s) Temp. (°C) P (Bar)
1200 50 240 60
1200 50 240 60

(Multi Channel Analyzer)<l sidll asaia Slea aladinly duall & Lalad due il 28V (a3
. (High Purity)s s&illlle a gile ya CallSy JuaiaCanberra— DSA1000
59 L — Ll olae Slea alasiuly ) & (o0, B) Gy WY Ao il Al Gaes &

(2.5) s> . (Low Background Alpha ,Beta Counter) 4aididl duelaiy) 4818])
3l A oY) Bl il

3l e b o sl elat) LG o8 (25)J 5
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Tye Specific Activity (Bg/g)

Gamma las Al
Gross Alpha 0.828
Gross Beta 0.080

|CP-OES Jlea alasiul ai ol uill Apal 43 Sl jualiall 381 5 el

38155 o 3058 TXRF Jlea Jueniiad o LS o 3aill e b jaliall 5815 0 (3.5) Jss
Ol 33 e i a5 e jualic

dalail) b Cilesiad Al Akl saay 5 @3l e 8 ppm sas s sealiall 38155 (35) U
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ICP - OES TXRF
saiadl ppm sl % gsiall S Al % sl SSA

Li 65 0.0065 -
Na 625 0.0625 -
Mg 51800 5.1800 -

K 294 0.0294 -
Ca 593 0.0593 -
Ti 57333 5.7300 6
Cr 13.728 0.00137 -
Mn 15225 1.5225 1.2
Fe 814008 81.4008 83
Co 345.4 0.03454 -
Ni 26.86 0.00268 -
Zn 592 0.0592 0.049
Al 27456 2.7456 -
Ga 1864 0.1864 -
Pb 5304 0.5304 -
Bi 250 0.0250 -
Sr 384 0.0038 -
Ba 2808 0.2808 -

B 1373 0.1373 -
Ag 595 0.0595 0.09
Cd 203 0.0203 0.03

P 811 0.0811 -
Sc 62 0.0062 -
La 1248 0.1248 -
\% 2758 0.2758 0.3
Si 1092 0.1092 -
W 38.1 0.00381 -
TI <0.02 <0.000624 -
Ge <0.02 <0.000624 -
Cu <0.02 <0.000624 -
In <0.02 <0.000624 -
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il Jlaniaal a3 ¢l 3ll de 54 Y1 sauall & (ppm) eabiadl 38053 0 4 5ladll
Jsxx TXRF 4 shie Jlaaiul 31 Jasa ) siuall (e die e eyl il bl
Ot SIS ppm ealiall 31 55 0w (4.5)
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&l A

[30] A ol Ava die

ICP-OES TXRF
rainl) ppm A ppm S
Li 65 -

Na 625 203592.00
Mg 51800 28942.00
K 294 7498.00
Ca 593 45257.59

Ti 57333 -
Cr 13.728 -
Mn 15225 1607.43
Fe 814008 120016.97
Co 3454 -
Ni 26.86 505.19
Zn 592 223.64
Al 27456 -
Ga 1864 -
Pb 5304 -
Bi 250 -
Sr 384 457.27
Ba 2808 30071.88
B 1373 -
Ag 505 -
Cd 203 -
P 811 -
Sc 62 -
La 1248 -
\% 2758 -
Si 1092 -
w 38.1 -
Tl <0.02 -
Ge <0.02 -
Cu <0.02 -
In <0.02 -
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e ot Al Al A palie JS Ao Qlua o3 ¢ Gatial) SIS 8 pealiall 5 ga g A sl
sl jeaie S yidas )l paliall 3815540 oy (5.5)d s> Fe sl

S pm Y1 il Al abe (e US B sl jeaie ) jealiall 3815540 (55) s

saisll/Fe | CP-OES 4a hais aladiuly & 5 e [30] TXRF 4ashia aladialy A Y _Auall A
Li 65 -
NalFe 0.0008 1.69
Mg/Fe 0.0636 0.24
K/Fe 0.0004 0.06
Ca 0.0007 0.38
Ti 57333 -
Cr 13.728 -
Mn/Fe 0.0187 0.01
FelFe 1.00 1.00
Co 345.4 -
Ni/Fe 0.00003 0.004
Zn/Fe 0.00073 0.002
Al 27456 -
Ga 1864 -
Pb 5304 -
Bi 250 -
Sr/Fe 0.00005 0.004
BalFe 0.0034 0.251
B 1373 -
Ag 595 -
Cd 203 -

P 811 -

Sc 62 -
La 1248 -
v 2758 -
S 1092 -
w 38.1 -
Tl <0.02 -
Ge <0.02 -
Cu <0.02 -

In <0.02 -
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-:( Discussion of the Results) g=liill 4élia-3,5

i Lals Aol ke of ey o il Al el il 0 3(2.5) dsos Y & sl
iiaa) FelasY) AdAl e yiins Jina sed (o, B) Blidl Al Wl agama ol laa
A yry oAl elaill 6@ 5l dam s o) AN LD GlI3 aga dipall s2glie i) Judaille
& s lelis N gagi A Alall 5 A pull by il Lete A 4 SN A3V
Aall 8 colad) Llis dsa 5 aBsiall (e S8 [32]4ndie yillas ) Lguiany Jga3 5 Aiall pualic
Al Of ¢ JUIS Angiill oda sl (Say g @dsill 138 (e iy(2,5) Jsandl il o )
SST 1 il e 5 Gle e )Y e calai o5 38 L) ey 138 L) a3 08
eliY) Ll Y dell 4 eled) Bl dea g ade pudy o) (e La 1385 ¢ 530 10 (e
o2 adisle e Jaxy Al 8 elad) Jlii o ga g pded (eal) Caais i) el o aainy

Ligal)

e (b aa g Aiall A(ppm)sas s e 1S 55 At el (25(3.5) Jsas S g sale
(6.5) JSilé LS Mg(5.1%) maic 4LTi(5.7%6) saic 4l F(81%) wal)

g_
S 8-
>
—~ 7'
g
g 6
s 5
S8 4 -
3_
2_
1_
0 , [ , [ , , —
Fe Mg Ti Mn Al
Elements

I CP-OES &e shiia platiuly (ppm)sas s ll die (8 Can s ) pualiall 580 53 el (6.5) J<s
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Gty g |[CP-OES 4 shie Jlaaivd JUA (g0 Lple Capatll a3 Al paliall (o aal) s
(7.5) JS i e s LS Ailine 380 5

Conc.(ppm)

5600 -
5400 -
5200 -
5000 -
4800 -
4600 -
4400 -
4200 -
4000 -
3800 -
3600 -
3400 -
3200 -
3000 -
2800 -
2600 -
2400 -
2200 -
2000 -
1800 -
1600 -
1400 -
1200 -
1000 -
800 -
600 -
400 -
200 -

Li Na K Ca Cr Co Ni Zn Ga Pb Bi Sr Ba B Ag Cd P Sc La V Si W
Elements

PPM 533 52 [CP e shias dall juslie Al 550 5 (7.5) Js&
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i )le 5 aimll 3 paliall ey €0 55 poat TXRF 4w shaia aladiul o3 (3.5)d s A
e shiall (g Ll (8 S8R 3 ga g ade N (e (i 5 |CP-OES @l as

5 Al (B paliall 5815 G A5 jle Jee ey 0 e SIS 8 Al S 1Y) Lo il
OS5 G dsaall e sy (4.5) s N gsaill 5 oa)l Shea die B SIS
O sle e 138 5 Aill 850 5m sl SIS (e S ST i )Y jauall die (3 jealiall
O sn LS 381 e a sl ¢ aa a g aliadl Jiad Cum A i Cand digall
. (8.5) Jsaly

Conc.(ppm)

x 105

2.5 -

0.5 -

. I

Ca

Na

Fe
Elements

TXRF i shias dulia ol aa aualppm sas g0 ealiall Jlef 58 55 (8,5) JSa
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Auslaappm Bas 52 )Y ydaall Aial (5 AY) jualiall 380 55 (9.5) S Jiay e
TXRF 4 shaiag

Conc.(ppm)

x 104

3.2
3.1

2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1

19
1.8
1.7
1.6
1.5
1.4
13
1.2
1.1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Mg

Zn Sr

I
Mn Ni

Elements

Ba

TXRF 4 shaie; ppm 533 50 ()l sdum Ll s AY1 jualiall 380 5 (9.5) JSi
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raid ppm S Al % JuS A % JuS A
Li 65 0.0065 -
Na 625 0.0625 -
Mg 51800 5.18 -
K 294 0.0294 -
Ca 593 0.0593 -
Ti 57333 5.73 6
Cr 13.728 0.00137 -
Mn 15225 1.5225 1.2
Fe 814008 81.4008 83
Co 345.4 0.03454 -
Ni 26.86 0.00268 -
Zn 592 0.0592 0.049
Al 27456 2.7456 -
Ga 1864 0.1864 -
Pb 5304 0.5304 -
Bi 250 0.0250 -
Sr 38.4 0.0038 -
Ba 2808 0.2808 -
B 1373 0.1373 -
Ag 595 0.0595 0.09
Cd 203 0.0203 0.03
P 811 0.0811 -
Sc 62 0.0062 -
La 1248 0.1248 -
\Y 2758 0.2758 0.3
Si 1092 0.1092 -
w 38.1 0.00381 -
Tl <0.02 <0.000624 -
Ge <0.02 <0.000624 -
Cu <0.02 <0.000624 -
In <0.02 <0.000624 -
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1373
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ppm S Al ppm s Al
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203592.00
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7498.00
45257.59

1607.43
120016.97
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223.64
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30071.88
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Emeteorite - E Excavation +EHeat+EShock

Eexcavation:V X gprockxh

— Z5EMeteorite Eheat - /° 80 EMeteorite

E — - , _
shock™ %15 EMeteorite EEXC&V&UOH

Emeteorite:4' 1x 102procka4

VRock:(VCrater - Vmeteorite)/2
M eltThickneﬁzo'06xDCrater

VM eIt:(Vcrater (D) -V crater[D'(2X0-06D)]
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39
45
50.5
55
59.5
64
67.5
71.5
75
78
81.5
84.5
87.5
90
110.5
127.5
142.5
156
168.5
180.5
191.5
201.5
2115
221
230
238.5
247

1.07556E+12
2.37297E+12
4.20615E+12
6.67114E+12
9.3861E+12
1.28559E+13
1.72089E+13
2.12936E+13
2.68076E+13
3.24548E+13
3.79676E+13
4.52548E+13
5.22951E+13
6.01266E+13
6.72984E+13
1.52927E+14
2.71066E+14
4.22955E+14
6.07481E+14
8.26864E+14
1.08879E+15
1.37946E+15
1.69097E+15
2.05247E+15
2.44683E+15
2.87042E+15
3.31885E+15
3.81788E+15

68332.68
123912.77
190493.33
269333.76
348016.67
440688.27
548493.11
643536.46
764905.83
882863.33
993133.85

1132950.47
1262753.36
1402108.13
1509293.33
2807646.96
4322046.46
6040607.71
7930417.49
9997957.04
12293592.20
14684180.43
17109553.07
19788009.70
22578402.36
25452840
28382285.47
31528160.15

21849.22
39553.04
60760.81
85873.69
110936.40
140454.90
174793.76
205067.73
243727.27
281300.04
316424.29
360959.79
402305.65
446694.05
486086.47
899648.45
1382027.10
1929436.97
2531394.31
3189963.54
3921187.62
4682656.91
5455206.001
6308369.44
7197187.63
8112776.50
9045886.91
10047936.08

3.84
4.68
5.4
6.06
6.6
7.14
7.68
8.1
8.58
9
9.36
9.78
10.14
10.5
10.8
13.26
15.3
17.1
18.72
20.22
21.66
22.98
24.18
25.38
26.52
27.6
28.62
29.64
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Abstract: Ever since the discovery of Libyan Desert Glass in the southwest corner of the Great Sand Sea near the Libyan
border, its source of formation has become the subject of controversy that still has not been resolve. This paper introduces a
general description of Libyan Desert Glass. It presents briefly different theories explaining its formation. This paper
introduces also new interpretation for Libyan Desert Glass formation. This interpretation suggests a meteorite impact
mechanism. In this paper, the study of meteorite impact mechanism of BP and Oasis craters was carried out for the first time
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The first detailed scientific report for (LDG) was
attributed to Clayton and Spencer in 1932[5], when they
conducted a survey in the area and discovered unknown
glass models, yellow and green pale scattered on the
surface of the sand dunes. Detailed papers of this topic can
be found in [6-7]. Figure2. Shows the state of the (LDG)

1. Introduction

Libyan Glass Desert (LDG) is a type vaguely of natural
glass rich in silica amounts to approximately (96.5 — 99
Wt. % Si02) [1]. It is located (scattered) in an area of
approximately 6500 km® between the dunes in the

southwest corner of the Great Sand Sea in the west of
Egypt, near the Libyan border in Egypt sites. The location
of (LDG) was one of the most remote and inhospitable
regions on earth and a place for fabulous discovery
[2-4]. The name Libyan Desert Glass is no true sense of the
word in the description of the geographical boundaries, but
refers to the traditional name of the desert [1].Figurel.
Shows the location of (LDG).

Figurel. Geographical location of (LDG)(taken from [1]).

found. Examining the collected glass samples showed
irregular shapes with signs of sand friction and other
corrosion features. Its fission-track age has been
determined at around 29 million years ago [8-10]. Figure3.
Shows some fragments of (LDG).

Figure2. Shows the scattered (LDG) found, (taken from [11])
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Figure3. Shows some types of (LDG), (Taken from [12]).

2. Characteristics of the (LDG)

Libyan Desert Glass exhibits a noteworthy number of
unique characteristics [13]:

* Has a lower refractive index of 1.4616

* Has a lower specific gravity 2.21

* Has the highest proportion of silica 98%

* Has the highest percentage of 0.064% water

* Has the highest viscosity

New Interpretation for Libyan Desert Glass Formation

* Has irregular shapes

* Has different colors (see figure2 and figure3).

Since the discovery of the (LDG), it has fascinated
scientists and researchers who were puzzled over its
formation. Despite the fact that many studies concerning the
formation of (LDG) have been carried out, the source of
(LDG) has become the subject of controversy from some of
the perspective researchers, that still has not been resolved

[3].

3. Theories and interpretations for
(LDG) Formation

At present time, there are many theories that gave many
interpretations for the formation of Libyan Desert Glass,
including [14]:

1- Formed due to terrestrial volcanoes act.

2- Created by meteorites impact with Earth.

3- Formed due to lunar volcanoes act

4- Formed by lightning activity that hit the ground

5- Formed by hot volcanic cloud explosion.

6- Formed by forest fires

However, researchers did not recognize the reason for the
presence of (LDG) until 1967, using Space and aerial
photography of the (LDG) area [15]. The images obtained
showed two craters one is called BP crater. This crater has a
diameter of 2km and is located at (25 19 N, 24° 20 E). The
other crater is called Oasis crater. This crater has a diameter
of 18 km and is located at (24° 35 N, 24° 24 E). The
separation distance between the two craters is 80 Km.
Figure4 with the help of figurel show the locations of BP
and Oasis craters.

Figure 4. BP and Oasis crater as shown using Space and aerial
Photography (Taken from [15]).

Each of these craters is located in the Kufra Basin near
the Libyan-Egyptian border. The names BP and Oasis for
the craters went back to the exploration teams contributed
by the oil companies at that time. Figure4 shows the
structure of a meteorite impacts with earth. These impacts
suggest the possibility of a connection between the Libyan
Desert Glass formation and meteorite impact mechanism
with the ground.
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3.1. The BP Crater

The existence of the BP crater is likely to be due to a
meteorite impact with ground. The overall shape of the
crater shows high corrosion features. Figure5 shows the
structure of this crater. As is shown in the figure5, the crater
is composed of two rings and a peak in the middle. The
inner ring diameter is 2km and an average height of 30 m.
The outer ring diameter is 2.8 km and a height of 15m.

Figure5. The structure of the BP crater. (Taken from [15]).
3.2. The Oasis Crater

The structure of the Oasis crater shows a form of a single
circular ring prominent with 5.1km in diameter and a height
of 100m. This crater lacks height in the middle. The effect
of this impact extends to an external circle about 18km in
diameter (see figure6).

Figure 6. The structure of the Oasis crater. (Taken from [15]).

However, the inability of scientists to determine the age
of both craters so far opened the door for new study despite
the fact that a definitive conclusion about the relationship
between the Libyan Desert Glass formation and the theory
of meteorites impact with Earth has not been reached so far.

3.3. Meteorites Impact Mechanism with Earth

When meteorites collide with Earth, they pressed on the
rocks, form a flow of shattered rocks (Melt Rock) and dust
expelled into the atmosphere. These ejected materials,
referred to as ballistics is called (Ejecta Blanket) [16]. This
impact with Earth sends a shock wave to the rocks beneath
which leads to crushed rocks into small pieces to form
fragments. Some of these projectiles are hot enough
(evaporate) and generate enough heat to melt some of these
affected rocks (Breccia). Figure7 Shows the mechanics of a
meteorite impact with Earth.

Figure7. Shows mechanics of meteorites impact with land (Taken from

[16]).

This shock wave enters the Earth and moves first as a
compression wave. After a wave compressibility, the wave
expands as a rarefaction wave and returns back to the
surface. This causes a rise in the floor of the crater (central
peak) as well as the crater edge outside. The cracking of
rocks can also happen to rocks near the crater pit, becomes
large and have a central set of loops [16].

The shape of the meteorite craters depends on several
effects. Some of these effects are the nature of the rocks,
the area of meteorites impact, size and speed of meteorites.
Impacts of large meteorites with land may lead to the
generation of craters with diameters large enough as to
exceed many times meteorites diameters. These meteorite
impacts with land generate explosive energy equivalent to
explosion energy from one nuclear bomb to thousands of
nuclear bombs. Therefore, impacts by meteorites represent
one mechanism that could cause global catastrophes and
seriously pose a natural hazard to life on Earth. Therefore,
the subject of meteorite impact mechanism with the ground
is an important topic in the field of scientific research. It
has a global concern and is given the distinctive value of
the leading universities in research possibilities related to
this field.
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In this paper, a simple model for studying meteorites
impact mechanism with ground presented in [17] was
adapted. It has a reasonable approach and rests on
fundamental quantity (energy). This model is applied for
the first time to study the meteorite impact mechanism of
BP and Oasis craters, in Libya.

4. Relationship between Meteorite
Kinetic Energy (KE) and Radius of
the Crater (R)

The most important factor in the formation of meteorite
crater is the energy of meteorite impact. From the crater
diameter formed (due to meteorite impact with Earth), the
total energy of the meteorite and its mass before impact can
be estimated.

Through the study of the mechanical meteorite impact
with Earth, the first problem faced was that the mass of the
meteorite and its speed are unknown. However, there are
some assumptions that have been considered for the values
of the meteorite energy and its size. Placing logical limits
for meteorite speeds that the meteorite must travel at speed
of not less than about 11 km/sec. This is equal to the lowest
speed that can be given to a shell in order to overcome
gravity and reach outer space. Logically it must have the
same speed for anybody fallen from the sky, and must have
a maximum speed of approximately 72 km /sec [17].
Assuming that the density of iron meteorite type is
8000kg/m’ and Stone meteorite type is 4000kg/m’ and that
the meteorite is perfectly spherical.

The first estimation is to assume that 100% the meteorite
energy at impact goes to form meteorite crater and can be
expressed in this description as follows:

Energy meteorite Energy excavation (1)

Where Energy necorite 1 the Potential energy is given as:

Energy meteorite V x g X Prock X h= Energy excavation (2)

Where: V is the crater volume., g is gravity acceleration
9.8 m/sec?)., Prock 18 the density of rock and h is the crater
depth.

Assuming that the shape of crater formed is spherical, the
depth of the crater can be considered as equal to the crater
radius R. Equation (2) can be rewritten as:

Energy meteorite 2/3 X x R3 x g x Prock xR (3)
Or
Energy meteorite 2/3 x 1 X 2 X Prock X R4 (4)

Of course, we can assume that not all of the impact energy
of the meteorite goes in making meteorite crater but a large
part of it is dissipated as heat and as a strong shock wave.
Therefore, equation (2) can be rewritten in the general form
as:
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Emeteorile :EShock + El—leat + EExcavation (5)

Taking into account the mechanism of the meteorite when
entering the Earth’s atmosphere and the explosion that it
creates upon collision with the Earth surface, it is reasonable
to assume that the meteorite’s energy upon impacting with
the Earth’s surface 80% of it goes to heat and 15% goes to
strong shock wave. The rest of the meteorite’s energy goes in
making the meteorite crater. In other words:

= 0, = o, —
EHeat =80% Emeteorite'7 EShockf 15% Emeteorite'7 and E Excavation —
0,
5% Emeteorite

From equation (2), we have:

2/3 X1 X g X Proge X R*=5% 107 X E peonite= 5% 107 % K.E pmeceorite
(6)

Where the kinetic energy of the meteorite can be
calculated as a function of the density of the impact rocks
and the radius of the crater (R) and is given by:

K.E meteorite 4.10 x 106 X Prock X R4 (7)

The initial pressure upon impact can be calculated as a
function of target density and the square of the meteorite’s
speed and is given by the equation:

— 2
Pinitial - ptarget X V7 meteorite (8)

The volume of the displaced rocks upon impact can be
calculated taking into account that the volume of the crater is
a half sphere and is given by equation:

Vrock = (V crater v meleorite) 12 (9)

The thickness of the melted rocks can also be calculated,
assuming it equals to 6% of the crater diameter (D), and is
given as:

Melted rock gickness = 0.06 X D e (10)

The volume of the melted rock is given as a function of
the diameter of the crater and thickness of the melted rock
and is given as:

Vmelt = Vcrater (D) - Vcrater [ D- (2 X 006D)] (1 1)

5. Results and Discussion

Now we can calculate the total energies of the meteorites
that created the BP and Oases craters which have diameters
2Km and 18Km respectively. These craters are located in the
Kufra Basin near the Libyan-Egyptian border as shown in
figurel. Starting with equation (4), and assuming that

— K50
E Excavation — 5% Emeleorite

Tablel. Shows the results of calculation for the total
energies of meteorites that created the BP and Oases craters.
Knowing that: 1Mton (TNT) = 4.1843 x 10" Joule.
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Tablel. Total energies of the meteorites (kinetic energy, K.E.) and their
equivalent to (TNT).

K.E=
Crater EExcava!ion (J ) K.E (J)

Mton(TNT)
B.P 2.2976x10' 4.5953x10"7 109.8299
Oases 1.5072x10% 3.0149x10% 7x205710°

Knowing the kinetic energy of the meteorites from tablel.
and assuming that the velocity of the meteorites is equal to
11Km/s, which is corresponding to the lowest energy that
can be given to a shell in order to overcome gravity and
reaches outer space, the mass of meteorites can be estimated
from the relationship: K.E=0.5 xmxv* From which the
masses of BP and Oases meteorites are determined:

mgp = 7.595 x 10° kg
M e = 6.157 x 10" kg

The initial pressure in both craters is calculated using
equation (8).

Pioiia = 1120 x (11000)* = 1.355 x 10" Pa

Assuming the velocity of meteorite is 11km/s and the
density of the impact target is | 120kg/m’ which is equivalent
to the density of sand and representing the environment
surrounding the impact area.

The volumes of BP and Oases meteorites can be
calculated using the determined values of BP and Oases
meteorites masses and assuming that the meteorites are
spheres and have densities approximately equal to
4000kg/m’ (stony meteorites). These volumes are given as:

Vigp = 1.898 x 10° m?
V oases = 1.537 x 10° m?
From which the radii of both meteorites are given as:
Rpp =76.38 m
R 0ases = 332.39 m

Table2. shows the calculated values for the volumes of
displaced rock, thickness of melted rocks, and volumes of
melted rocks, using equation (9), (10), (11), and other
relevant calculations in the text.

Table2. Shows the estimated values for the impact mechanisms due to BP
and Oases meteorites.

Volume of Melt Melt
Crater
Rock(m®) thickness(m) Volume(m®)
BP 2.0923x10° 120 6.6678x10°
Oasis 1.5259x10" 1080 4.8608x10"

Now the calculations will focus on the Oases crater
because its much larger than the BP crater. The BP crater

maybe created due to huge meteorite bounce from the Oasis
crater , or maybe due to other meteorite impact, and other
possibility that due to a huge meteorite that had been split in
the air before impact.

Since the volume of the melted rock of Oasis is
determined (see table2), its mass can be estimated. Knowing
the density of the target materials ( 1120kg/m3 ,sand), the
mass of the melted rock of the Oasis crater is calculated and
given as: M=5.4441x10" Kg

Since the total energy of the Oasis meteorite (see tablel)
is made up of three parts (see equation(5)), the assumptions
made in this paper (see text) are applied and the fraction of
energy converted to heat (80% of total meteorite energy) is
estimated as follows:

Ehear -0.8%3.0149x10%" =2.4119 x10*' J

The change of temperature on the ground due to heat
generated upon impact can be calculated using heat capacity
relationship and is given as:

Q=MxcxAT (12)

Where M is the mass of melted rock (Oasis crater), ¢ is the
specific heat capacity ( 380 J/(kg.CO)), and AT is the change
in temperature. It follows that:

AT=5337.8C°

This striking result describing the change in temperature
for the target materials, as a result of Oasis meteorite impact,
could explain the way Libyan Desert Glass was formed.
Since the melting point of sand (silicon dioxide, or Quartz)
is about 1723°C, heating sand to a temperature (5337.8 °C),
much larger than its melting point will transform melting
sand to a vapor.

When the Oasis meteorite hit the ground, a great amount
of sand was vaporized by the extreme energy of the impact.
This led to the formation of a large cloud in the air. This huge
cloud traveled some distance from the impact area by means
of wind movement. This large cloud then cooled down and
condensed. Condensation of this vapor produced droplets of
melted glass. This explains the presence of the Libyan
Desert Glass in an area of approximately 6500 km® between
the dunes in the southwest corner of the Great Sand Sea in
the west of Egypt, near the Libyan border (see figurel).

6. Conclusion

The discovery of Libyan Desert Glass in the west of Egypt,
near the Libyan border, its source of formation has become
the subject of controversy from some of the perspective
researchers, that still has not been resolved. In this paper,
description of Libyan Desert Glass formation was
introduced. Theories explaining its formation were
presented. New interpretation for Libyan Desert Glass is
presented. This interpretation is based on meteorite impact
mechanism. Calculations have shown that change in
temperature for the target materials (sand) as a result of
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meteorite impact could explain the way Libyan Desert Glass
was formed. These results found conclude that an impact
origin of Libyan Desert Glass is consistent with the structure
description of Oasis crater. Further work in this fascinating
topic should help to provide additional relevant data.

Acknowledgement

We would like to express our gratitude to the Head of The
Faculty of Science, University of Benghazi for kind support
and encouragement about this work. We thank also all
Faculty Members of Physics Department.

References

[1] Christian Koeberl., Proceeding of the “ Silica 96 “ Meeting,
1997, pp 121- 158

[2] Barnes V. E. and Underwood J. R. JR., “ New Investigations
of the strewn field of Libyan Desert Glass and its
Petrography”., Earth Planetary Science Letters, 30, 1976, pp
117-122

[3] Bagnold R. A., “ A further journey through the Libyan
Desert”., The Geographical Journal (London), 82, 2, 1933,
103-129

[4] Bagnold R. A., Myers O. H., Peel R. F. and Winkler H. A.,
“ An expedition to the Gilf Kebir and Uweinat”. The
Geographical Journal (London), 93, 4, 1939, pp 281-313

[S] Clayton P.A. and Spencer L.J., “ Silica glass from the Libyan
Desert”., Min. Mag., 23, 1934, pp 501-508.

[6] Weeks, Underwood, and Giegengack, ‘Libyan Desert Glass:
A Review’, J. Noncrystalline Solid, v.67, 593 (1984).

(8]

[9]
[10]
[11]

[12]

[13]

[14]

[15]

New Interpretation for Libyan Desert Glass Formation

Seebaugh and Strauss, ‘Libyan Desert Glass: Remnants of an
Impact Melt Sheet’, Lunar and Planetary Science 15
Conference, 1377 (1984).

Begosew Abate et. al., “BP and Oasis impact structures,
LIBYA: Preliminary Petrographic and Geochemical Studies,
and Relation to Libyan Desert Glass”., Lunar and Planetary
Science XXVIII, 1997, Abstract: 1620.pdf

Storzer D and G.A. Wagner, Meteoritics 12, 1977, pp 368
http://www.b14643.de/Sahara/LDG/

The Libyan Desert Geography., Libyan Desert Glass,
http://www.fjexpeditions.com

https://www.google.com.ly/#q=LIBYAN+DESERT+
GLASS

http://www.bibliotecapleyades.net/ancientatomicwar/esp_an
cient_atomic_04d.htm

John W. Olsen and James R. Underwood
http://www.saudiaramcoworld.com/issue/197905/desert.glas
s-an.enigma.htm

Christian Koeberl., Wolf Uwe Reimold., and Jeff Plescia.,
“BP and Oasis Impact Structures, Libya: Remote Sensing and
Field Studies”, Impact Tectonics, 6, Springer, 2005, pp.
161-190

Stephen A. Nelson, Meteorites, Impacts, & Mass Extinction,
http://www.tulane.edu/~sanelson/Natural Disasters/impacts.
htm

Ben A. van der Pluijm., "How to Build a Habitable Planet".,
Geological Sciences, 1998.
www.umich.edu/~gs265/meteor.htm



International Journal of Astrophysics and Space Science
2013; 1(2): 7-11

Published online MM DD 2013 (http://www.sciencepublishinggroup.com/j/ijass)

doi: 10.11648/j. ijass.20130102.11

SciencePG

Science Publishing Group

Study of Some Physical and Chemical Properties of
Meteorites in Libya

Samir Ahmed Hamouda, Fatma Milad Elsharif
Department of Physics, University of Benghazi, P.O.Box 9480, Benghazi, Libya

Email address:
dr_s_hamouda@yahoo.ie (S. A. Hamouda), F.alsharif@gmail.com (F. M. Alsharif)

To cite this article:
Samir Ahmed Hamouda, Fatima Melad Alshareeif. Study of Some Physical and Chemical Properties of Meteorites in Libya.
Journal of Astrophysics and Space Science. Vol. 1, No. 2, 2013, pp. 7-11. doi:10.11648/j.20130102.11

Abstract: This paper deals with elemental composition analysis of a meteorite sample which was discovered in eastern
Libya in Lamluda area at (32°47'34.7" N) and (22°8'40.7" E) coordinates. Comparisons between elemental concentrations in
the meteorite sample and terrestrial rock sample were made. Results showed that the concentrations of elements in the
terrestrial rock sample were much higher than the concentrations found in the meteorite sample. Determining the type of
meteorite sample remains an extremely difficult matter due to many factors, explanations on these factors are discussed.

Keywords: Meteorites, Methods and Technologies of Material Characterization, Chemistry and Physics of Materials

approximate dimensions of the meteorite sample are 4.2 x
3.1 x 2.3 cm, and the original weight was 150 grams. The
outside face of the meteorite sample appears black, see
Figurel. and the interior of the meteorite sample is silver

1. Introduction

Meteorites are solid bodies from outer space that have
fallen to the Earth’s surface. They are believed to have

originated from the asteroid belt between Mars and Jupiter.
Meteorites are remnants in a space as a result of the
formation of the solar system [1,2]. The study of meteorites
and identifying their element components allow the
identification of the chemical structures of the solar system
at its formation. This also provides significant data for a
wide range of geophysical and space physics studies [3].

The subject of space physics is an important topic in the
field of scientific research. It has a global concern and is
given the distinctive value of the leading universities in
research possibilities and the number of scientific
publications related to this field. Among the important
topics in the field of space physics is the subject of
meteorites.

This paper describes the first study of meteorites at the
level of the Libyan Universities, which is a new field of
interest for the University of Benghazi. The importance of
this study lies in the identification of space science to keep
up with other advanced centers in this field and to identify
the specialized personal in the field of laboratory analysis
and upscale quality.

2. Description of Sample

The shape of the meteorite sample is less regular. The

colored in the presence of intersecting lines on it. Figure2.
Shows the internal face of meteorite sample .The density of
the meteorite sample is 4.99 g/cm? .

Figure2. Shows the internal features of the meteorite sample after sanding
the outer face.
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3. Method of Analysis

The purpose of the analysis: is to know the type and
classification of the meteorite sample. Sample analysis was
conducted in The Nuclear Research Center in Tripoli's
Atomic Energy Organization. This was achieved through
qualitative measurements of radioactivity (o, f, y) of the
sample and through analysis of compositional elements in
the sample. Elemental composition analysis were carried out
using Inductively Coupled Plasma-Optical Emission
Spectrometer (ICP-OES) and Total X-Ray Fluorescence
(TXRF) systems. Measurements of gamma ray activity in
the meteorite sample were carried out using Multi Channel
Analyzer (Canberra — DSAZL1000) connected to Broad
Energy-Germanium detector. Measurements of Alpha and
Beta activity in the sample were carried out using (Low
Background Alpha ,Beta Counter).

4. Results and Discussion

The sample preparation and digestion were carried out
using acid digestion in the light of the standard methods
using (Microwave Furnace). This was carried out once with
the addition of some acids such as (HCL —HNO3 - HF), then
re-digestion again with the addition of some acid group such
as (HNO3 - HCL). Tablel. shows the following digestion
program in both preparations.

Tablel. Shows the digestion program for the meteorite sample.

Table2. Shows values of (o, B, y) activity in the sample

Type Specific Activity (Bg/g)
Gamma Very small
Gross Alpha 0.828
Gross Beta 0.080

Power (W) Time (s) Temp. (°C) P (bar)
1200 50 240 60
1200 50 240 60

Table2. shows radioactivity of the meteorite sample. As
can be seen from Table2., the activity of gamma ray is very
low and the activity of Alpha and Beta rays are also low and
can be considered as laboratory background. Radiation
analysis for the meteorite sample is important for the
following reasons: The presence of a meteorite in outer
space encounters cosmic rays, fast and thermal neutrons,
which produce nuclear reactions in the elements of the
meteorite sample and some of these elements turned into
radioactive isotopes [5]. The presence of radioactivity in the
sample was expected, but Table2. shows low radioactivity
left in the sample. An explanation of this result can be
presented as follows: since the sample has been discovered
recently, it means that the sample may have landed on the
ground for hundreds or millions of years or even beyond this
period. Since radioactivity depends on time (half-life), the
low radioactivity found in the sample indicates that the
sample may be very old.

Table3. Shows the concentration of elements in the
meteorite sample. As can be seen from Table3. that the
highest concentration (ppm) in the sample tend to iron Fe (%
81), followed by a Ti (% 5.7), followed by a Mg (% 5.1) and
there are many elements that have been identified through
the use of system ICP-OES .The proportions of different
concentrations in the analysis reflect the sensitivity of
ICP-OES system. The TXRF system was used to determine
the concentrations of some elements in the sample and
compare them with the results of ICP-OES. It can be seen
from the results that there is no significant difference
between the two systems.

To determine whether the sample is a meteorite or other
terrestrial rock, a comparison between elements
concentration in the sample and their concentrations in a
terrestrial rock sample was made. As can be seen from
Table4. that the concentrations of the elements in the
terrestrial rock sample were much higher than the
concentrations found in the sample and this is an indication
that the sample is not a terrestrial rock. More accurate
Comparisons can be made, taking the ratio of concentrations
of elements to iron in both samples (meteorite and terrestrial
rock). To make a comparison between elements
concentrations (ppm) in terrestrial rocks and a meteorite
sample, TXRF analytical results conducted on a terrestrial
rock sample at The Nuclear Research Centre were used [4].
Table4. shows the concentrations (ppm) in meteorite and
terrestrial rock samples.

Table3. Data analysis for the meteorite sample using both ICP-OES and
TXRF systems.

ICP- OES TXRF

Concentration Concentration Concentration

Element
ppm % %
Li 65 0.0065
Na 625 0.0625
Mg 51800 5.18
K 294 0.0294
Ca 593 0.0593
Ti 57333 5.73 6.0
Cr 13.728 0.00137
Mn 15225 1.5225 1.2
Fe 814008 81.4008 83

Co 345.4 0.03454
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ICP- OES TXRF Meteorite sample terrestrial rock sample
Ni 26.86 0.00268 Sr 38.4 457.27
Zn 592 0.0592 0.049 Ba 2808 30071.88
Al 27456 2.7456 B 1373 -
Ga 1864 0.1864 Ag 595 -
Pb 5304 0.5304 Cd 203 -
Bi 250 0.0250 P 811 -
Sr 38.4 0.0038 Sc 62 -
Ba 2808 0.2808 La 1248 -
B 1373 0.1373 \% 2758 -
Ag 595 0.0595 0.09 Si 1092 -
Cd 203 0.0203 0.03 w 38.1 -
P 811 0.0811 TI <0.02 -
Sc 62 0.0062 Ge <0.02 -
La 1248 0.1248 Cu <0.02 -
\Y 2758 0.2758 0.30 In <0.02 -
Si 1092 0.1092 . . .
To determine the proportion of elements in both samples,
W 38.1 0.00381 the proportion of each element in the sample to the
Tl <0.02 <0.000624 proportion of iron Fe were calculated . Table 5. shows the
Ge <0.02 <0.000624 ratio of concentrations of elements to the ratio of
concentrations of elemental iron in both samples.
Cu <0.02 <0.000624
In <0.02 <0.000624 Table 5. Shows values for the proportion of elements to iron in both

Table 4. Shows the concentrations (ppm) in meteorite and terrestrial rock

Meteorite sample

terrestrial rock sample

Element

Li

Na
Mg

K

Ca

ICP-OES

Concentration

(Ppm)
65
625
51800
294
593
57333
13.728
15225
814008
345.4
26.86
592
27456
1864
5304
250

TXRF
Concentration
(ppm)
203592.00
28942.00
7498.00
45257.59

1607.43
120016.97
505.19
223.64

samples.
Element/Fe terrestrial rock
meteorite sample
ratio sample
Li 65 -
Na/Fe 0.0008 1.69
Mg/Fe 0.0636 0.24
K/Fe 0.0004 0.06
Ca 0.0007 0.38
Ti 57333 =
Cr 13.728 =
Mn/Fe 0.0187 0.01
Fe/Fe 1.00 1.00
Co 345.4 =
Ni/Fe 0.00003 0.004
Zn/Fe 0.00073 0.002
Al 27456 =
Ga 1864 -
Pb 5304 =
Bi 250 =
Sr/Fe 0.00005 0.004
Ba/Fe 0.0034 0.251
B 1373 -




10 Samir Ahmed Hamouda et al.: Study of Some Physical and Chemical Properties of Meteorites in Libya

Element/Fe terrestrial rock
meteorite sample
ratio sample
Ag 595
Cd 203
P 811
Sc 62
La 1248
\Y 2758
Si 1092
W 38.1
TI <0.02
Ge <0.02
Cu <0.02
In <0.02

It is clear from Table5. that the ratio of element
concentrations to iron Fe in the terrestrial rock sample are
much higher than in the meteorite sample. This is another
indication that reinforces the belief that this sample is a
meteorite. It can be concluded from the preceding discussion
that the characterization of this sample are not compatible
with the terrestrial rock . This result indicates that this
sample does not belong to the earth and that the source is
outer space.

Determining the type of meteorite sample remains an
extremely difficult matter and is the subject of controversy at
the global level. The reason for this goes back to the
different sources of meteorites[6-8], some are solar
meteorites, others including lunar and Martian[9]. Each type
of meteorites is different in element concentrations. This is
due to different speeds of entry into the Earth's atmosphere
and the degree of melting before colliding with the earth
surface. Also the extent of interaction with environment
surroundings, climate factors of erosion and oxidation over
thousands and millions of years. A meteorite’s composition
can also be altered by weathering after it falls [10].

According to the comprehensive study about the types of
meteorites classification with respect to the concentrations
of the elements [11], the types of meteorites rating falls
within the average concentrations of elements in most of the
meteorites that have been identified. For example, the
concentrations of the elements O, Si, Fe is greater than 10%.

Concentrations of elements: Mg, S, Ca, Ni between (1-10%).
Concentrations of elements: Al, Na, Cr, Mn ranges (0.1-1%).

Concentrations of elements: P, Cl, K, Co, Ti, Zn, Cu between
(0.01-0.1%). All element concentrations in other meteorites
are less than 0.01%. This study shows variation in the
values of the concentrations of elements in most of the
meteorites that have been identified. Given average values
for element concentrations. These differences in
concentration values may also be due to the diversity of
analysis systems, sensitivity and accuracy in the analysis of
trace elements.

5. Conclusion

This is the first study of its kind at the level of the Libyan
Universities, which is unique to the University of Benghazi.
Laboratory analysis was provided and concentrations of
elements in the meteorite sample have been identified. This
was done using local analysis systems, in The Nuclear
Research Centre, Tripoli- Libya. This analysis added to the
value of study a great moral importance where such analysis
were developed in Libya. The importance of this study rests
in the identification of astrophysics and space science to
keep up with the leading research centers and universities in
this field. Also encouraging young graduates to engage in
such studies, which require scientific backgrounds in
physics, chemistry and math all combined.
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