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1 

t\ l' -- B\RC~-M\j p_ Z2e2 [('I' ,I )1/2 6J5 {I - 5E:/4 ~ -3 
,.... \..... 0 OT FOR RTZ - 4TT).I4 (XOV

I

XO 
+ l (Cf(xo),/xo)1/2 + t 

HUGONIOT FOR CALCITE . HU G NI QUA v_ 
(Bridgman 1939 p 9) (Brldgman,1 928 , p.294; 19480 , p68) ).i. : ao(9TT'/1 28Z) /3 , t : (3/32 rr2)1/3Z- 2/3 

1 ' " I I I I 
2 81 RCH- MURNAGHAN EQUATION 

p: }L3J(~J/3-( %o)513]{I-t[(p~o)213_IJ+ . .. ) 

I 
Values adopted for parameters of equation 

1'-- iron 
01 iv i ne 
dolomite 
co I cit e 
quartz 

,oo(gm/cm) 
7.85 
3.32 
2.873 
2.711 
2.654 

,.Bo(l/megabars) t 
0.594 0 
0 .810 0 
1.21 0 
1.341 0 

Values adopted for parameters of equat ion 

e:48022xIO-loe .s.tJ . lDuMond and 
00:5 .29 15 x 10-9 em Cohen (195 2 , 
N: 6.0254x 10 23 gm/mol p.457) 

atomi c weight of iron (Z 26) : 55 .85 
atomic weight of ZIO : 2Z 

Solution of Thomas-Fermi-Dirac equation f or 'f(xo) 

- 2 

- I 

I 1.88 0 and Xo from Metropolis and Reitz (1951, p. 556- 59) 

O~I ----~2~-----1~--~~~~~~1----~2------4~--~6--~81-+1------+1------~1--~~--+~~0 
x 10-2 megabars xIO-1 megabars megabars 

Pressure (P) 

FIGURE 6.- DENSITY-PRESSURE CURVES FOR IR ON, ROCKS, AND ROCK-FORMING MINERALS 



1). rnean 

is 10.0 

is 61"1"01' curves 

are 

es mean curve • 6) 

at 1V1el:e01" 

curveSli , calcite, 

curve 10. curve, as drawn, to an errOl~ 

ent or more in the range of 1 to 1 () 

sources error are 

1 pl'essure, at a These 

sources of error taken 

15 percent (see ). error 

c to will com-

to extent by an c 

ure 1 to 10 

and others. 1 , p. 1 ). 
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Table l.~-Solutions of .equations 11, 12, and 14 for 

adopted values of ,v = 2.62 gm/em,'<1 "" 7 .85 gm/em 
l xo ! -mo 

v "" 10 km/sec. 15 km/sec. 20 km/sec. 

bm (from fig. 5) "" Ci • 36
5 

0.42
6 

0.46
3 

6x (from fig. 5) "" C.50
3 

0.584 O.b)3 

r'-'--"-' 

x \ ,;<Jxo bm 0.49 2 0.49 3 
0.49

3 m "" \ :::: 

\' P mo 6 x 
V 

/1..) "" 6.7
0 

km/sec. 10·°4 km/sec. 13 .4
0 

km/sec. 

LJ = 13.32 km/sec. 17.20 km/sec. 21.2{; km/sec, 

LJ = 9.3
0 

km/sec. 11.6
1 

km/sec. 14.2
5 km/sec. 

m 

)-1m "" 3.\ km/sec. 4.96 
km/sec. b.b, km/sec. 

1 

p "" 2.38 mega bars 4.4
5 

mega bars 7 . L, 7 megabars 



too sens 

into 

32 

non€:nt: of 1, 
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5) the whole 
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moment sion 
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5 13 ion 

thea e values 
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sec. into the 
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p. 1 

V/'xo l>m/ ,rOmo b;;:) }1;..< 
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internal 
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1/3 the compress 
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j 
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side 
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meteorite tens or 

Ie 
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to the will 



the meteorite to 

meteorite, U , 
mr 

1 

the the 

the meteorite $ 

new !'ock of mass 

v:: 15 sec. of the 

lneteorite 5.1 

At the moment the 

of 

the meteorite 

1.8L about 0.8 mov-

1.8 I-t 

original (kinetic) energy of to 



ion of TJ:..IT. 

2.2 L 

the at 10. 

x 1 

center of 

laee. 

Penetration by hydrodynamic 

is 

the the meteorite in 

which as well as 

}:nore or les s 

tuate 

enters , 1. 

to 

to ed 

into an 

c.om-

or the 

of 

',;zlill be still m ov-

not to 

sides of a 

to accen-

as 

) and to smear out or increase 

of meteorite. 

of 
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Penetration 

of 

the 

or of and n"leteorite is 

the whole s turned ins be-

conlt:s transient the back side 

center of the 3 ). 

( 1 • p. 14), the 

may be 

cornpressed rock and rneteo:d,te as a or coluuJ.n 

of the 

is 

rock, 1 D, is and 

1 ,p. 577) 

J is ;OJ the density of F or the cas e 

15 Isec. velocity 0 jet will be the com-

at the moment 

from th.e reaches the of 

Lateral of sed 

up to this this error more 
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due to the 

the T tern as t'NO successive 

) 

1 15 /!'!lec. 

D T 
.LJ • , at the lnoment the 

cf would be 3.0 L compress 3.6 L 

or 6.6 L below center of 

of 4 to 5 L 

material - -The 
--~------------------------------------------

11 rLlate th,e; is 

an mo~e c'x less in thz 

tion, which 'if/ill a ra.dii of 2 S 

L the center ill the shock an ever-

increas the s '';jill dec rea s e; the ure 

energy l'Ennents across the will decrees 

as inverse some r of the radius 

the 

to or 

1'1 . ' , p. 7). the 

wave. 



3 

behind the will not 

sure soon the 

or 

BC motion occurs in the shock wave 

to be out and dis 

ina 

rance to the limit 

to the cube root total shock in tJ2€: nuclear cra"ters 

~lertica of 

under tance. is 

cal Test 

lD pre 

is the or total en€: in tons of 

(1 ton T 1 or .16:~ 1 16 ). 

El1.ergy. size. and velocity rrleteorite e - -1' tie Bures 

the s ed by are the 

stu'es nuclear \leviccs to 

the devices used at the T ESB and 1 

ener etool." 
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s crater. 

stone, lq - / • p. 1 } s 

3 

d. is relation r:nay be 

if it is s ure 

is Sc craters to 

uncierestim.ation 

1 urea 

chemical 

enar is 

ratios of of .Meteor to 

crater o ~i) are as 

-10.5; 

bi at 

c) at --11.4. 

T corres energy the cube root \vare 

a)1.16xl , b} 1. 4 x 1 03 , and c) 1. 5 x 1 sheck 

is a) 1.4 I b) 1.1 , and 

c) 1. 8 Ess crater is 1.2 ± 0.C5 

Hive c tv e estiulate.s 

the to account of a scaled 



than the at T 

crater as of tbe 

be less the of esth-nates 

For the minimum possible ve 'G 
/ . I sec. and the 

of 1. mass of the 

) is 1 a rnore cons 

estirnate the total ena of 1.7 and a Is . , 
maSs the meteorite would be ,000 tons. diameter a 

of rrS.as 8 ,,<lith a dens ity of 7. . 8 

rnetel'S or 8 feet. is taken s the 

L f the center or of the anel' relea,s 

Shock. was estimated at 4: to 5 

15 laee. velocity. would be 320 to 400 feet 

of For a total ene 

24. the of the 

the lower under the crater floor or 

feet (fig. 4). res are har-

monious with the the of the roc k thrown out is 

sandstone. also with the that 1:-

the center of the crater at least. as low as 

the l' contact. 



41 

of 1 i5ec. is consonant with 

fine (1 

T E Ii! C rater' some-

be tensional '?lave .. 

concent meteoritic 

areaS I have ent 

error of 2) concentration 

all '.Ivi u:rn • 

around the crater is, of cours • the dov/nstre01Tl 
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oboe ls and ( 19hh 
_ J.".,i, p .. 1 ) 

the of' Dossible ont1'io velocities kno'twl1. 

The of meteorite and Hs 

and cannot be the e at I\l{eteor 

alone. It h3.S been 1! that the :~(),as s 'which 6 the 

noi: a s but a cluster or shoV'..'er 10, 
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to the 

ut of the riock 

e fox solid elLts i:n 1 

tLe aouth 1:'irn of 

crater is 

pact the brece occur 
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1. Meteorite approaches ground at 15 km/sec. 

2. Meteorite enters ground, compressing and fusing 
rocks ahead and flattening by compression and by 
lateral flow. Shock into meteorite reaches back 
side of meteorite. 

3. Rarefaction wave is reflected back through 
meteorite, and meteorite is decompressed, but still 
moves at about 5 km/sec into ground. Most of 
energy has been transferred to compressed fused 
rock ahead of meteorite. 

4. Compressed slug of fused rock and trailing meteorite 
are deflected laterally along the path of penetration. 
Meteorite becomes liner of transient cavity. 

5. Shock propogates away from cavity, cavity expands, 
and fused and strongly shocked rock and meteoritic 
material are shot out in the moving mass behind the 
shock front. 

6. Shell of breccia with mixed fragments and dispersed 
fused rock and meteoritic material is formed around 
cavity. Shock is reflected as rarefaction wave 
from surface of ground and momentum is trapped in 
material above cavity. 

7. Shock and reflected rarefaction r each limit at 
which beds will be overturned. Material behind rare
faction is thrown out along ballistic trajectories. 

8. Fragments thrown out of crater maintain approximate 
relative positions except for material thrown to 
great height. Shell of breccia with mixed meteoritic 
material and fused rock is sheared out along walls 

9. 

of crater; ' upper part of mixed breccia is ejected. 

Fragment. thrown out along low trajectories land and 
become .tacked in an order inverted from the order in 
which they were ejected. Mixed breccia along walls 
of crater slumps back toward center of crater. 
Fragments thrown to great height shower down to form 
layer of mixed debris. 

/ 
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~~==========~=-~=== 

Kaibob l imes tone - -- .---- ---- ---- - - ---
Coconino an d Toro weap f or ma ti ons 

fu;~d ~~C kJ -- ===== ~======== 
------- -- - ---- ._---- -- ------- --

/ 
---.-- .--

~ 
' (' 

.... , 

, ) , ' , }' ' I J' l' ' i ' i,' 
i? " ii"i1j!P;:*':i-~, ,,' 1 ) , ( , j ,~~~.L-...~ 
--'- - --- ----/~ -~, :,,=' ~."dl~' -=--'~! '----- -----

.: . .. .. . 

o 1000 2000 FEET 
I ------' 

FIGURE 7 , DIAGRAMATIC SKETCHES SHO WING SEQUE NCE OF EVENTS IN FOR MATION OF M E T EO R CR ATER, ARIZONA 
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