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63335 HETEROGENEOUS F I NE -GRA I NE D  I MPACT MELT/BRECC IA  65 . 4  g 

I NTRODUCTION : 63335 i s  po lym i c t ,  con s i st i n g  of d i fferi n g  g l assy or  m i crocrysta l l i ne 
flreccias and intru s i ve fine-grai ned or g l assy ve i n s .  I t  ex i st s  a s  several ang u l a r ,  
coherent ,  med i um to med i um dark gray p i eces (F i g .  1 )  wh i ch macroscopi ca l l y  are fai r ly 
homogeneous . 

63335 was ch i pped from Shadow Rock , as were 600 17 and 63355 account i n g  for i ts 
be i ng i n  several p ieces . I ts exact l oc at i on on the bou l der i s  u nknown a l though the 
general area i s  known . A few zap p i ts occur on some of the fragments . 

F igure 1 .  

PETROLOGY : Kr i de l baugh et a l . (1973 ) descr i b e ,  w i th m i croprobe an a lyses ,  a th i n  
s ect 1 0n wh i ch appears tobetyp·ica l  of the rock . Nord e t  a l . ( 1975 ) report petro-
9raph i c  and transm i s s i on e l ectron mi croscopy (TEM )  stud1esof a s im i l ar samp l e ;  �1 i sra 
and Taylor ( 197 5 )  report metal d ata . 

l�e rock is compl ex on a m i croscop i c  sca l e ,  w i th var i ous  mel t-brec c i a  ( i nc l ud i n g  
g l assy) textures promi nent ( F i g .  2) . The ma i n ( ? )  mi cro-brecci a has a cryptocrystal l i ne 
matrix wi th dendr i t i c  l aths of e i ther o l i v i ne or orthopyroxen e ,  and about 20% fragments 
of anorthos i te ,  p l agioc l ase and gabbro i c  anorthos i te .  A few smal l fragments of o l i v i n e ,  
i lmen i te ,  troi l i te, and Fe-metal are a l so present (Kr i de l baugh et a l . ,  1973 ) . The 
smal l p l ag ioc l ases are part i a l ly  resorbed . Anorthos i te and anorthos i ti c  gabbro c l asts 
have p l ag i oc l ase An 9 3- 9 7 ;  the anortho s i t i c  gabbro has ol i v i ne Foss - 7 2 (Kr i de l baugh et 
a l . ,  1 973 ) .  The ve i n  descri bed by Kr i de l b augh et a l . ( 1973 ) var i es from s pheru l i t ic 
:to vari ol i t i c  w i th p l ag ioc l ase l aths An 9 5 .  Nordetal . ( 1975 ) descr i be s im i l ar 
comp l ex brecc i as wh ich  are essent i a l ly  f i ne-grai ned w ith i gneous textures . They d i d  
not f i n d  g l ass i n  the i r  sect i on . 
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63335 

a b 

Fi gure 2. 6333 5 , 32 a )  mel t  ma trix , ppl . wi dth 2mm . 
b )  matr i x  a nd dark c l a s ts ,  xpl . wi dth 2mm . 

Misra and Tayl or ( 19 75 ) report ranges of compos i t i on s  for 5 metal gra i ns , averag i n g  
5 . 65% N i  a n d  0 . 55% Co  ( F i g .  3 ) .  They descri be the samp l e  a s  a mesosta s i s -o l i v i ne
p l ag i oc l ase  mel t  rock wi th dev i tr i fi ed g l ass  a m i nor componen t .  LSPET ( 1 97 3 )  
s tates that 63335 conta i ns more than 2 %  i l men i te .  

11.5 u 
"' 1.0 i 
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Fi gure 3 .  Meta l s ,  from 
Mi sra a nd Tayl or ( 1 97 5 ) .  



63335 

CHEMI STRY : Laul et a l . ( 1 974) and LSPET ( 1 97 3 )  report major and trace e l ement 
abundances ,  Hubbard et a l . ( 1 974 )  report trace e l ement abundance s ,  Ganapathy et a l . 
( 1 974 ) report meteoritic-siderophil e and vol atil e e l ement abu ndances , and C l arr-and 
Keith ( 1 973 ) report K, U ,  Th and radionucl ide a bundances from y-ray spectroscopy . 
Cripe and Moore ( 1 975 )  and Moore and Lewi s ( 1 97 6 )  report S ,  and C and N abundances 
respectivel y .  Some c hemical  data are presented. in the work of geochronol ogists ( be 
l ow) . Al l these a na lyses are for bu l k  rock samp l e s .  Krid l ebaugh e t  �· ( 1 97 3 ) tabu
l ate microprobe analyses of the matri x and of the devitri fi ed g l ass  veins . 

The bu l k  rock d ata are summar i zed i n  Tab l e  1 and F i gure 4 .  The s ampl e  i s  chem i c a l ly  
very s im i l ar to  60017  but un l i ke 63355 , from the  s ame bou l der . The l ow s ideroph i l e 
an d rare-earth abundances are l i ke North R ay Crater s amp le s  and un l i ke most poly
m i ct brecc i as and so i l s .  Hubbard et a l . ( 1 974 )  note th at the sampl e  has unusua l ly 
h igh Eu  and Sr ,  hence a l arge Eu anomaly ( confi rmed by the Lau l et a l . ,  1 974 , data ) .  
Ganapathy et a l . ( 1974 ) ass ign the samp l e  to the i r  meteoritic Group�, but Hertogen 
et �· ( 1 97 7 ) -ass ign i t  tentative ly to Group 2 (and abandon Group 4 ) .  

GEOCHRONOLOGY : Nyqu i st et a l . ( 1974\ report Rb-Sr i s otop i c  data for a who l e 
rock s ample (Tab l e  2 ) . Thelmeasured 6 7 Sr/8 6Sr is con s i derab l y  l ower than most 
l un ar polym i ct brecci as and soi l s . 

TABL E  2 .  Summary of Rb-Sr i sotop i c  d ata from Nyq u is t  e t  al. ,(l974 ) 

Rb  ppm Sr ppm 

1 . 146 222 . 1  . 69997+5 
*Va l ues adjusted for i nterl aboratory b ias . 

T * T * 
BAB I ( b . y . ) L UN I  

4 .08+ . 29 4 . 40+ . 29 

Murthy (1978 ) reports the 87Sr/86Sr ratio of a p l agiocl ase separate from 6333 5 ,  
wh i ch ,  adj usted  for i nterl aboratory b i as to conform.with Ca l tech data , i s  
0 . 69907± 4 .  Extrapol ated b ack to 4 . 6  b . y. ,  th i s  g ives 8 7 Sr/8 6Sr = 0 . 69890�4 i . e .  
extreme l y  primitive ( Murthy , 1978) .  
Al exander and Kah l ( 1974 ) report �0Ar- 3 9Ar data,  but no p l ateau was found ( F i g . 5 )  
ind icati n g  extens i ve gas l o ss . Un l ike most l un ar s amp l e s , most of the 3 9Ar was 
re l e ased at very h igh temperature . A min imum age of 3 . 65 b .y .  can be inferred for 
the rock . The outgas s ing  was poss i b ly due to the North R ay crater i n g  event . 

EXPOSURE AGE: Al exander and Kah l ( 19 7 4 )  report an exposure age of 41±8 m .y .  from 
the 3 8Ar method . Th i s  exposure age is s im i l ar to that of many North R ay crater 
brecc i as . 

PROCES S I NG AND SUBD I V I S IONS : 63335 was returned as  several p ieces (F i g . 1), several 
of which were separated and n umbered . Of the l arger c h i p s  ( F i g . l )  ,5  and , 18 are 
preserved and , 6  ( F i g . 6 )  and , 7  h ave  been subdiv i ded . 
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63355 POIKILITIC IMPACT MELT 68 . 2  g 

INTRODUCTION: 63355 i s  a poi ki l i ti c  impact mel t with some vari abi l i ty i n  i ts 
macroscop1c col oring and microscopic  texture ( F i g .  1) . 

63355 was taken from Shadow Rock with 60017 and 63335, It i s  fractured and 
cons i s ts of several chi ps but i nd iv idual chi ps are tough. Pati na and zap pi ts 
are present on one s urface and porti ons of the surface are heterogeneous  and 
bu l bous. In some pl aces where the rock has fal l en apart, stri ati ons are 
present. 

Figure 1 . 

PETROLOGY : M i sra and Tay l or {19 7 5 )  report metal compos i t i on s  and Nord et a l . 
(1975 ) report an e l ectron petrograph i c  s tudy . -- --

63355 i s  a poi k i l i t i c  impact mel t  conta i n i n g  c l asts and schl i eren of catac l as t i c  
p l ag ioc l ases and li thi c mater i a l  ( F i g .  2 ) .  The domi nant  crysta l l i ne matr i x  
cons i sts of sma l l orthopyroxene o i kocrysts ( e l ectron d i ffract i on i dent if i cati on ; 
Nord et a l . ,  1975 ) l es s  than 500 �m l on g  d imen s i on and crowded w ith i rregu l ar l y  
shape�pTag i oc l ases . The i n tero i kocryst areas conta i n  g l ass  and i l men i t e .  Meta l  
and  tro i l i te b l eb s  are abundant . The  th i n  sections  i nc l ude an 8 mm c l ast of 
fel dspatfi� granu l i t i c  impac t i te ( F i g .  2 ) ;  i n  p l aces near t h i s  c l as t  the n ormal  
matri x  con s i sts of pyroxene o i kocrysts l e s s  than 500 �m in  d i ameter but the en
c l osed p l ag i oc l ases  are l arger and more l ath-shaped than e l sewhere . Th i n  brown 
g l ass  ve i ns are present and i n  part form the fe l dspath i c  impacti te/po i k i l i t i c  
mel t  boundary . The refl ect i v i ty of these ve i n s  suggests that they are mafi c .  I n  
p l aces these ve i n s  cause v i tr i f i cat i on of the i mpact i te and other c l asts . Sharp 
boundar i es between var i ab l e  textures i n  the po i k i l i t i c  me l t  su ggest that shear i n g  
h a s  occurred . 
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b 

F igure 2 .  6335 5 , 48 a )  poi k i l i t i c  ma trix , grano bl a s tic c l a st ,  
gl a ss ve i n s , ppl . wi dth 2mm . b )  same v i ew, xpl . width 2mm . 

63355 

The metal compositions for the poikil itic me l t  ( Misra and Tayl or , 1975 ; referred 
to as l ight-matrix breccia ) average 5 . 7% Ni and 0 . 3% Co with l itt l e  v ariation 
(Fig. 3 ) .  The meta l  gra i ns h ave a good deve l opment of polycrystal l ine  structure 
due to annea lin g .  Nord e t  a l . ( 1975 ) ,  referring to the me l t  a s  a dark matrix 
breccia , note the c l ast popUTation of angu l ar noritic and anorthositic fragments. 
Al l the p l agioc l ase c l asts show extreme deformation--mas ke lynite, deformation 
l ame l l ae and so on . P arts of the matrix are g l assy but without evidence of f l ow .  

63355 

• 
-. _.____ 

Wt.t.Nickel 

F i gure 3 .  Meta l s ,  from 
Mi sra a nd Tayl or ( 1 97 5 ) .  
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CHEM I STRY: Laul et a l . ( 1 974 )  report maj or and trace e l ement data , C l ark 
and Ke i th ( 1 973 ) report K ,  U , Th  and radi onuc l i de abundances from y-ray 
spectroscopy, and Ganapathy et �- ( 1 97 4 )  report meteori t i c  s i deroph i l e  and 
vol ati l e  abundances . 

The chem i s try of the bu l k  samp l e  (Tabl e 1 ,  Fi g .  4 )  i s  typ i ca l  of Apol l o  1 6  
po i ki l i t i c  i mpact mel ts .  Ganapathy et a l . ( 1 974 ) p l ace the meteori t i c  s i g 
n ature as  the i r  Group 1 ( l ater mod i fi ed�o Group IH by Hertogen e t  a l . ,  1 97 7 ,  
when Group 1 was subd i v i ded ) ,  bel i eved t o  represent the uppermosr-stratum of 
the Apo l l o  1 6  s i te .  

200 
63355,10 

100 
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F ig ure 4 .  Rare earths , 
from La ul et a 1 . ( 1 97 3 )  . --
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TABLE 1. Summary chemi stry of 53355 

51 02 
T102 
A12 o3 
Cr2� 
FeO 

MnO 

MgO 

CaO 
Na2o 

KzO 
P205 
Sr 
La 
Lu 
Rb 
Sc 
N1 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

0.88 
21.5 

0.17 
8 .3  
0.09 
8 

12.0 
0.50 
0.23 

30 
1.3 
6 .5 

12 
870 

62 
20 
17  

5 .2 

Oxides i n  wt%; others i n  ppm except as note d .  



P ROCESS I NG AND SUBD I V I S I ONS : The samp l e  was recei ved as  three l arge p i eces 
and several sma l l er c h i ps ( Fi g .  1 ) .  , 1  ( 43 g ) and , 3  ( 1 0  g ) are i ntac t .  
, 2  was s ubdi v i ded ( Fi g .  5 )  a s  was , 4  ( F i g .  6 ) . More daughters than s hown on 
F i g ures 5 and 6 now exi s t .  

F i g ure 5 .  Su bd i v i s ions  o f  6335 5 , 2 . 

1 em S-73-28680 

F ig ure  6 .  Subd i v i s i ons  of 63355 ,4 . 
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63505 F I NE-GRA I NED  IMPACT MELT 5 . 4 1  g 

I NTRODUCT ION : 63505 i s  a dark gray, coherent , fi ne-grai ned impact me l t  w i th 
some wh i te patches ( F i g .  1 ) .  I t  was taken from a regol i th s amp l e  and has a 
few zap p i ts on one surface . 

P ETROLOGY : 63505 i s  an extreme ly  f i ne-gra i ned impact me l t  con ta i n i ng s l i ght ly  
rounded fragments wh i ch are mai n l y  p l ag ioc l ase ( F i g .  2 )  and have a s i ze d i s tr i bu t i on 
ran g i n g  down to very t i ny .  The c l asts are not shocked . A few l i th i c  c l asts are 
presen t .  The me l t  i s  a mortar of mi cropo i k i l i ti c  (?) mater i a l  wi th t i ny i l men i te 
l aths  and apparent ly free of g l ass . 

PROCESS I NG AND SUBD I V I S IONS : Three representat i ve documented ch i ps ( , 1 ;  , 2 ;  , 3 )  
adjacent  to each other were removed and , 3  made i n to th i n  sect i on s  , 13 and , 14 .  
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F i gure 1 .  S-7 2-38 96 9 .  

Fifure 2 .  63505 , 1 3 ,  genera l v i ew ,  
pp . wi dth  2mm . 



63506 BASALTIC I MPACT MELT 4.9 

I NTRODUCT ION : 63506 (Fig . 1 )  is a medium dark gray ,  coherent impact mel t  with 
�0% plagiocl ase . It was taken from a regol ith s amp l e  and has a few zap pits on 
one surface . 

PETROLOGY : 63505 con sists  main ly of p l agioc l ase  in the form of jumb l ed l aths 
w1th ragged edges and as p l agioc l ase c l asts  ( Fig . 2 ) .  Sma l l intergranu l ar mafic 
min era l s  and a few opaques are present but there is l itt l e ,  if any , interstitia l 
g l as s . 

PROCESS I NG AND SUBD I V I S I ONS : A representative chip , 1  was made into thin sections  
,13 and ,14. 
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F i gure 1 .  S-72 -38 968 . 
Sea 1 e i n  em . 

Fi gure 2 .  63506,1 3, general view, 
ppl , wi dth  2mm . 



63507 FRAGMENTAL REGOL ITH BRECC IA ,  PARTIAL GLASS COAT 2 . 78 g 

I NTRODUCT ION : 63507 i s  an o l i ve gray, fr i ab l e  brecc i a  (F i g .  1) conta i n i n g  
regol ith -der i ved mater i a l s .  Almost 1 0% of i ts surface i s  coated wi th b l ack 
ves i cu l ar g l as s .  I t  was taken from a regol i th samp l e  and l acks zap p i ts . 

P ETROLOG Y :  63507 i s  a fragmenta l , f i n e-gra i ned brecc i a .  I t  conta i n s  n umerous 
brown g l as sy/aph an i ti c  brecc i a  fragments , spheres ( and fragments of sphere s ) 
of co l or l es s  g l ass , and ye l l ow/brown dev i tr i f i ed and c l ear g l asses . Some 
ves i cu l ar ,  aggl ut i n i t i c  g l ass  fragments are present  i n  the sub -100 �m s i ze 
range . L i th i c  cl asts i n c l ude basa l t i c ,  aphan i t i c  and po i k i l i t i c  i mpact me l ts 
as we l l  as fe l dspath i c  gran u l i tes . The samp l e  has the character i s t i cs of a 
l oose ly l i th i f i ed regol i th .  

PROCESS I NG AND SUBDIV I S I ONS : A s i n g l e  c h i p  ( , 1 )  of the brecc i a  was taken to 
make th i n  section s , 13 and , 1 4 . 
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F i g ure l .  S-7 2-38 969 .  

F i gure 2 .  63507 , 1 3 ,  general v i ew ,  
ppl . wfath 2mm . 



63508 FINE-GRAINED IMPACT MELT (?) 2 . 61 g 

INTRODUCTION: 63508 is a bl u i sh gray ,  coherent rock ( F i g .  1 )  wh i ch may be an 
impact melt ,  a l though i n  the Apo l l o  1 6  Lunar Samp l e  Informat i on Catal og (1972 ) 
i t  i s  descri bed as  a crushed anorthos i te .  I t  was taken from a regol i th s amp l e  
and l acks  zap p i ts . 

Fi gure 1 .  S-7 2-38968 . 
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63509 F I NE -GRA I N ED  I MPACT MELT 2 . 05 g 

I NTRODUCT I ON :  
me 1t (Fi g .  1 )  . 
a l l surfaces .  

63509 i s  a med i um dark gray ,  homogeneous and f i ne-gra i ned impact 
It was taken from a rego l i th s amp l e  and has a few zap p i t s  on 

PETROLOGY : 63509 i s  an extreme ly  f i ne-grai ned impact me l t  (F i g .  2) . A mortar
l ike matr i x  enc l oses  p l ag i oc l ase c l asts  wh i ch ran ge down to extreme ly  sma l l 
s i zes . The matr i x  i s  p l ag i oc l ase-r i c h ,  contai n s  i l men i te l aths ,  and apparent ly  
l ac k s  g l a s s . I n  p l aces an ori entat ion  or f l ow i s  apparent .  The c l as t s  are 
rounded and some are ragged . Th i n  secti ons  , 5  and , 6  con t a i n  (atyp i c a l l y) 
s ch l i eren of catac l as t i c  anorthos i te (F i g .  2 ) .  

PROCESS I NG AND SUBD I V I S I ONS : A s i ng l e  c h i p  , 1 ,  represen tat i ve except for a few 
whi te s treaks , was taken to make th i n  s ect i o n s  , 5  and ,6 . 
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Fig1Jre 1 .  S-72-38 968 . 

F i g ure 2 .  63509 , 5 ,  genera l v i ew ,  
ppr. width  2mm . 



6351 5 F I NE-GRA INED IMPACT M ELT 1 . 32 

I NTRODUCT ION : 63515 i s  a coherent ,  b l ocky, med i um dark gray brecc i a  ( F i g .  1 ) .  
A few plag i oc l ases are as l arge as 1 .5 mm, but most  of the samp l e  i s  extreme ly  
f i ne-grai ned and  i s  probab ly  an  i mpact mel t .  The  s amp l e  was  taken from a rego l i th 
s amp l e  and h as zap p i ts on one surface . 

F igure 1 .  S -7 2-38968 , c u be is l cm . 

365 



63525 F I NE -GRAINED  I MPACT ME LT 6 . 68 g 

I NTRODUCT ION: 
me lt ( F i g • 1 ) • 

63525 is a dark , homogeneous ,  coherent ,  f i ne-gra i ned i mpact 
I t  i s  a rake samp l e  and has zap p i ts .  

PETROLOGY : 63525 i s  a brown i sh f i ne-grai ned impact me l t  w i th a ser i ate s i ze 
d 1 str 1 bu t i on of cl asts down to very t i ny (F i g .  2 ) .  The cl asts are near ly a l l 
u ns hocked p l ag i ocl ases w i th rounded corners , but  a few smal l l i th i c  cl asts 
i ncl u d i n g  bas a l t i c  i mpact me l ts ,  fe l dspath i c  gran u l i tes , and granob l as t i c  
anorthos i tes are presen t .  I n  p l aces ,  the m i neral cl asts i ncl ude comp l ex ly  
exsol ved pyroxenes . The me l t  matr i x ,  wh i ch i s  more maf i c  than the c l ast  
popu l at i o n ,  conta i ns some p l ag i ocl ase l aths and  a f l ow-al i gnment i s  apparent 
in p l ace s .  P h i nney et  a l . ( 1976 ) i n  a SE fvl s tudy , note that the matr i x  l acks 
g l as s ,  conta i n s  abou�5% vugs and ves i c l e s , and con s i sts  of subhedral 
p l ag i ocl ases up to 10 )Jm across and anhedral l ow-Ca pyroxene up to 2 )Jm across .  

PROCESS ING AND SUBD I V I S I ONS : Two sma l l ch i ps ( , 6 )  macroscop i cal ly appear i n g  to 
be half matr i x  and ha l f cl asts , were made i nto t h i n  sect i ons  , 10 - , 1 3 .  The 
cl asts apparent ly  are the fel dspath i c  granu l i tes and granob l as t i c  anorthos i t i c  
mater i a l s .  Two other smal l chi ps ( , 7  and , 8 ) have a l so been i nd i v i du a l ly 
numbered (F i g .  1 ) .  

63525 

F i gure l . 
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F i gur-e 2 .  6352 5 ,  l l , genera l v i ew ,  
�w1 dth l . 5mm . 



63526 F I NE-GRAINED  IMPACT MELT 2 . 9 1  

I NTRODUCTION : 63526 is a dark , homogeneous ,  coherent ,  fine-grained imp act me l t  
(Fi g .  1 ) .  It is a rake s amp l e  and has zap p i ts .  

PETROLOGY : 65326 is a brownish fine-grained impact me l t  with a seri ate distribution 
of clasts  down to very tiny ( Fig . 2 ) .  The c l asts are main ly  unshocked p l agioc l ases  
with rounded corners and  ragged edge s . The  l ithic c l asts  are u sua l ly smal l ,  but 
in thin sections ,9 and , 10 ,  h a l f  the area is a po i k il ob l astic fe l ds pathic 
impactite with a heterogeneous texture ( Fig . 2 ) .  Ph i nney et a l . (1976) in a SEM 
s tudy ,  note that the matrix l acks  g l as s ,  contains about 5%-vugs and vesic l es , 
and consists of subhedral p l agiocl ases up  to 10 �m acros s  and anhedral l ow-Ca 
pyroxene up  to 2 �m across .  

PROCESS I NG AND SUBD I V I S IONS : A sma l l representative chip , 6  was made i n to thin 
section s  , 9  - , 1 2 .  Another sma l l chip , 7  was individua l ly  n umbered . 

63526 

Figure 1 .  
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Figure 2 .  63526 , 9 ,  g eneral view , 
ppl . widt h 2mm . 
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I NTRODUCT I ON : 63527 i s  a basa l tic impact me l t  wh i ch  is more maf ic  than most 
( about 50% maf ic  mi neral s )  and has a vari ab l e  texture . I t  i s  dark , coherent , 
and f i ne-grai ned (F i g .  1 ) .  I t  i s  a rake samp l e  and has zap p i ts . 

P ETROLOGY : 63527 i s  a f i ne-grai ned basa l t i c  i mpact me l t  w i th a patchy texture 
( Fi g .  2) ran g i n g  from v ar i o l i t i c  through s uboph i t i c  through po i k i l i t i c . I n  
p l aces s k e l etal  o l i v i ne phenocrysts ( up t o  a few h undred mi crons l on g )  are 
presen t .  The samp l e  i s  u n u s u al ly  maf i c  for b as a l t i c  impact me l ts --about 50% 
maf i c  m i nera l s .  Some i n terst i t i a l  g l ass  or s i l i c a ,  rounded metal b l ebs , and 
p l agi oc l ase c l asts are a l s o  presen t .  A sma l l p art of th i n  sect ion  , 1 2  i s  a 
fragmental  brecc i a ,  wh i ch appears to be mai n l y  ground-up  bas a l t i c  impact me l t  
rather than po lym i ct brecc i a .  

PROCESS I NG AND SUBD I V I S I ONS : Two adj acent sma l l c h i p s  ( , 6 and , 7 )  were removed 
( F i g .  1)  and ,6  (which appeared to be mai n l y  matr i x  but  partly cl ast) was made 
i n to th i n  sect i ons , 9  - , 12. 

� mm 

Fi gure 1 .  

63527 
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Figure 2 .  63527 , 1 1 , genera l view , PP1 . w1 dth 1 . 5mm . 



63528 F I N E-GRAI NED  I MPACT MELT 4 . 1 2 

INTRODUCT I ON : 63528 i s  a d ark , homogeneou s ,  coherent ,  f i ne -grai ned  impact me l t  
( F i g .  1 ) .  It i s  a rake s amp l e  and has z ap p i ts .  

PETROLOGY : 63528 i s  a brown i sh f i ne-grai ned impact mel t  w i th a ser i ate s i ze 
di str i but i on of c l asts  down to very t i ny ( F i g .  2 ) .  The c l asts are a lmost a l l 
uns hocked p l ag i oc l ases w i th rounded corners ; a few have fl ame -textures . L i th i c  
c l asts are uncommon but i nc l ude basal t i c  i mpact me l ts and brown i sh dev i tr i f i ed ( ?) 
spheru l es .  The me l t  matr i x  h as a few p l ag i oc l ase l aths ( u p  to 100 �m l on g )  and 
i s  more maf i c  th an the c l as t  popu l at i on .  I t  conta i ns very l i tt l e  Fe-meta l  or 
other opaque phase s . Ph i nney et a l . ( 1976 ) i n  a SEM s tudy ,  note that the matr i x  
l acks g l as s ,  contai n s  about 5%-vugs  and ves i c l e s ,  and con s i sts of s ubhedral 
p l ag i oc l ases up to 10 �m and anhedral l ow-Ca pyroxene up  to 2 �m acros s . 

PROCESS I NG AND SUBDIV I S I ONS : Several smal l ch i ps were removed ( F i g .  1 )  and , 6  
was made 1 nto th i n  s ect i ons  , 10 - , 1 3 .  

63528 

F i gure l . 
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Fifure 2 .  63528 , 1 2 ,  genera l v i ew ,  
pp . wi dth l .5mm . 



63529 F I NE-GRA I NE D  I MPACT MELT 23.5 

I NTRODUCTI O N :  63529 i s  a d ark , homogeneou s ,  coherent ,  f i ne-grai ned i mpact me l t  
(Fi g .  1 ) .  It i s  a rake s amp l e .  

PETROLOGY : 63529 i s  a brown i s h ,  f i ne-gra i ned  impact me l t  w i th a ser i ate 
d1 str1bu t i on of c l asts down to very t i ny (F i g .  2 ) .  Th e c l asts are nearly a l l 
u n shocked p l ag i oc l ases  w i th rounded corners . The f i ne-grai ned mel t matr i x  
conta i n s  a few l aths of p l ag i oc l ase and i s  more maf i c  than the c l ast popu l at i on .  

PROCESS I NG AND SUBD I V I S I ONS : Sma l l ch i ps ( , 1 ) were made i nto th i n  sections  , 6  
and , 7 .  

63529 
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F i g ure 1 .  

F iyure 2 .  6352 9 , 6 ,  genera l v i ew ,  
pp  . w1 dt h 2mm . 



63535 F I NE-GRA I NE D  BASALTI C  I MPACT MELT 6 . 85 g 

I NTRODUCT I ON :  
me 1t (Fi g .  1 ) . 

63535 i s  a dark gray, ves i c u l ar , f i ne-gra i ned bas a l t i c  i mpact 
It i s  a rake s amp l e  an d has zap p i ts .  

F igu�. S-7 2-553 91 , mm sca l e .  

P ETROLOGY : Warner et a l .  (1973 ) c l ass i fy 63535 as  a quench basal t and report 
pyroxene compos i t i on a l oata . Gooley et  a l . ( 1973) report metal and schre i bers i te 
compos i t i ona l  data. 

----

63535 i s  a fi ne-gra i ned suboph i t i c  to i n tergranu l ar i mpact me l t  w i th p l ag i oc l ase 
l aths 50- 150 �m l on g  ( F i g. 2 ) . Smal l p atches of g l as sy mesostas i s  are present .  
Pyroxene and ol i v i ne compos i t i on s  are shown i n  F i gure 3. Warner et a l . (1973) 
report that there i s  an absence of p l ag ioc l ase phenocrysts and cogn ate inc l u s i on s . 
Many sma l l  p l ag ioc l ase c l asts are present .  
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63535 

�E�. 63535 ,4 , general v i ew ,  
pp 1.\�i dt  h 2mm . 

F i gure 3 .  Maf i c  mi neral compos i t i on s , 
ol ivine pl otted a l ong ba s e ,  from 
Warner et al . ( 1 973 ) .  

PHYSI CAL PROPERT I ES :  Pearce and S imonds ( 1 974 ) report magnet i c  data for 63535 . 
The sample number is l i sted twi ce ,  and presumab l y  the correct data i s  th at where 
63535 i s  l i sted as a "B4 " brecc i a .  The s aturat i on remanence to saturat i on 
magnet i zat i on rat i o  i s  0 . 0008 . Fe0/Fe 2+ i s  0 . 141  and tota l Fe0 i s  0 . 70 wt% . 

PROCESS I NG AND SUBD I V I S I ONS : Several c h i ps have been broken off ( F i g .  1 ) ,  the 
smal l est of wh i ch ( , 1) was made i n to th i n  sect ions  , 3 - , 5 .  The potted b utt of 
, 1  was used  for the magnet i c  study . 
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63536 FINE-GRAINED BASALTIC IMPACT MELT 1 . 02 g 

I NTRODUCTION : 63536 i s  a dark , ves i cu l ar ,  f i ne-gra i n e d ,  coherent impact me l t  
(F i g .  1 ) .  I t  i s  a rake s amp .le . 

P ETROLOGY : 63536 i s  an impact mel t w i th a suboph i t i c  texture ( F i g .  2 )  and 
many smal l o l i v i n e  phenocrysts . P l ag i oc l ase l aths 100-300 �m l on g  are p art ly  
embedded i n  o l i v i nes and  pyroxenes 100-200 �m i n  d i ameter . Opaque mi nera l s  
i nc l ude chrom ite ( embedded i n  o l i v i nes and plag i oc l ases),  armal col i te ( ? ) ,  
i lmen i te ,  and u l vDsp i ne l . There is some i nterstitia l  g l as s ,  Fe-meta l  and 
tro i l i te ,  and some c l asts of p l ag ioc l ase . 

PROCESSING AND SUBDIVIS I ONS : Sma l l c h i p s  of representat i ve matr i x  ( , 1 )  were 
made i nto thi n  sections ,6 and , 7 .  

63536 

Fi gure 1.  
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Figure 2 .  6353 6 , 6 ,  genera l v i ew , 
ppl . w1dt h 2mm . 



63537 F I NE-GRA INED  BASALT IC  I MPACT MELT 4 . 78 

I NTRODUCT I ON :  63537 i s  a dark , coherent ,  f i ne-grai ned impact me l t  ( F i g .  1) . I t  
i s  a rake s ample and has zap p i ts . 

P ETROLOGY : 63537 i s  a bas a l t i c  impact me l t  w i th a suboph i t i c  to i ntergran u l ar 
texture ( F i g .  2 ) . I t  i s  extreme ly  p l ag i oc l ase-r i ch  (�0-85% ) .  Most p l ag i oc l ase 
l aths are 100 -200 �m l on g ,  and there i s  m i nor g l ass ,  Fe-meta l ,  and other opaques 
s urround i ng the i n terst i t i a l maf i c  m i neral s .  C l as t i c  mater i a l i s  i ncon s p i c uous . 

PROCESS I NG AND SUBD I V I S I ONS : 63537 was f i rst s p l i t  in to 0 and , 1  as shown i n  
F i gure 1 .  Two smal l ch ips  ( , 2 )  and a l arger c h i p  ( ,3 )  we;e taken from , 1 .  , 2  was made i n to th i n  secti ons  , 6  and , 7 .  

63537 

Figure 1 .  
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F i gure 2 .  63537 , 6 ,  general v i ew ,  
ppl . w·i dth 2mm . 



63538 F I NE-GRAINED  I MPACT MELT AND DEV ITR I F I ED GLASS 35 . 1  g 

I NTRODUCT I ON :  63538 i s  a d ark , coherent rock ( F i g .  1 ) ,  conta i n i n g  ves i c l es ,  
wh 1 ch are u sua l ly  e l on gate , and wh i te c l asts . I t  i s  extreme l y  fe l dspatb i c  
w i th abundant  shocked a n d  fl ame-textured p l ag ioc l ase , a n d  i n  p art i s  dev i t
r i fi ed g l ass  or var i o l  i t i c  me l t .  I t  i s  a rake s amp l e  and has z ap p i ts on at 
l ea st  one s i de .  

F ig ure l .  S-7 2 -43501 , em sca l e .  

PETROLOGY : Warner et a l . (1973 ) refer to 63538 as dendr i t i c  devi tr i f ied g l as s  
p l us me l ted matr i x  brecc i a .  The l atter i s  brown , p l ag i oc l ase-r i ch brecc i a  
( F i g .  2 )  w i th a matr i x  of fine-grai ned me l t  and dev i tr i f ied maske lyn i te .  I t  
conta i n s  abundant c l asts of shocked and f l ame-textured p l ag i oc l ases wh i ch have 
i nd i st i nct boundar i es and there i s  l i tt l e  maf i c  mater i a l . I n  p l aces the matr i x  
has sma l l s uboph i t i c  patches and e l sewhere cuts shocked p l a g i oc l ase c l asts . 
Th i n  section , 8  has a var i o l i t i c  area ,  probab ly  dev i tr i f ied g l ass , wh i c h  i s  
fi ner-gra i ned toward the brec c i a  matr i x ; the contact var ies  from sharp to 
i ndist i n c t .  The vari o l i tes  con s i s t  of p l ag ioc l ases u p  to 500 �m l on g .  
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63538 

a b 

Fig ure 2 .  a )  63538 , 7 , matr i x ,  ppl . wi dth 2mm . 
b )  63538 , 8 ,  vari o l i t i c  area , ppl . wi dth 2mm . 

PHYS I CAL PROPERT I ES : Pearce and S i monds ( 1 9 74 ) report magnet i c  data for 63538 . 
The s aturat i on remanence to s aturat i on magnet i zat i on rat i o  i s  0 . 0 .  FeD/ Fe2+ i s  
0 . 0103 and total Fe0 i s  0 . 024 wt% . 

PROCESS I NG AND SUBD I V I S IONS : Two sma l l matr i x  ch i ps were made i nto th i n  sect i on s  
, 7  and , 9  (from , 1 ) and , 8  ( from , 2 ) . One of the potted butts was u sed for the 
magnet i c  s tudy.  
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63539 F I NE-GRA INED  I MPACT MELT 0 . 39 

I NTRODUCT I ON :  63539 i s  a gray,  angu l ar ,  coherent ,  f i ne-grained impact me l t  
( F i g .  1) . It i s  a rake s amp l e .  

P ETROLOGY : 63539 i s  a fi ne-grai ned ,  brown i sh impact me l t  ( F i g. 2) w i th a 
ser 1 ate s i ze d i str i b u t i on of c l asts down to extreme ly t i ny .  Mos t of the 
c l asts are p l a g i oc l ases wi th rounded corners and ragged edges , but some are 
l i th i c  fragments i nc l u d i n g  granob l as t i c  anorthos i te .  The matrix  i s  more 
maf i c  than the c l ast popu l at i on and conta i n s  a few p l ag i oc l ase l aths . 

PROCESS I NG AND SUBD I V I S I ONS : A s i n g l e  c h i p  , 1  (F i g. 1 )  was made i nto t h i n  
sect i ons  , 6  and , 7 . -

,1 

,0 

63539 

Fi gure 1 .  
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Fi gure 2 .  6353 9 ,7 ,  general  v i ew ,  
ppl . width 2mm . 



63545 F I NE-GRA I NED BASALT I C  I MPACT MELT 1 5 . 95 g 

I NTRODUCTI ON: 63545 i s  a ves i c u l ar ,  d ark , coherent ,  basa l t i c  i mpact me l t  ( F ig .  1 ) .  
I t  i s  a rake s amp l e  w i th abundant zap pits . 

63545 

F i gure 1. 

PETROLOGY: Warner et al . ( 19 73) c l as s i fy 63545 as 
( 1977) prov i des a brier-petrographic descr i pt i on . 
pub l i shed . 

a porphyr i t i c  basa l t .  De l ano  
No m i croprobe data have been 

63545 is a f i ne-grai ned , suboph i tic i mpact me l t  (Fig . 2 )  contain i n g  smal l o l iv i ne 
phenocrysts , a network of p l agioc l ase l aths , pyroxene ,  and i n terst i tial g l as s . 
Opaque phases i nc l ude chromite , arma l co l i te (? ) ,  i l men i te and u l v�spine l .  C o l or l e s s  
s p i ne l  (p i nk s p i ne l  of De l an o ,  1 9 7 7 ) i s  presen t .  Most c l asts are smal l p l ag i o
c l ases . 
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63545 

F iTure 2 .  6354 5 , 6 ,  genera l v i ew ,  
pp . width 2mm . 

EXPER IME NTAL PETROLOGY : Del ano ( 1977 ) determ i ned the l i qu i du s  phase re l at i ons  
from 0 to 30 kbar on  a synthe t i c  ana l og of 6354 5 .  The res u l ts are s hown i n  F i gure 
3 .  Sp i ne l  i s  the l i q u i du s  phase thro ughout ,  fol l owed at l ow pres sures by p l ag i o
cl ase . Sp i ne l  eventu al ly  reacts out . The res u l ts i nd i cate that 63545 i s  an 
i mpact produced m i xture rather than a part i a l  mel t  of the l un ar i n ter ior (whether 
d i fferent i ated or not ) i n  that no  sig n i f i c ant mu l t i p l e  s aturat i on po i n t  i s  
present at any press ure . 
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F i g ure 3 .  Mel t i ng  rel a t i ons , 
from Delano ( 1 97 7 ) .  



63545 

CHEMI STRY: Hubbard et a l . (1 973 ) prov i de ana lyse s of major and trace e l ements 
and Nyqu 1 s t et a l . (I9f31 prov i d e  Rb and Sr abun dances . These are s ummar ized i n  
Tab l e  1 and FTgure 4 .  

TABLE 1 .  Summary chemistry of 63545 

(from Hubbard et a l . , 1973; Nyqui s t  et a l . ,  1973) 

5i02 43 

Ti02 0 . 96 

Al2o3 22.2 

Cr2o3 0 .11 

FeO '1.6.8 

MnO 0.07 

MgO 12 . 3  

CaO 13 .0 

Na2o 0 .38 

K20 0 . 12 

P205 0 .17 

Sr 169 . 8  

La 1 9 . 7  

Lu 0 . 888 

Rb 3 . 16 

Sc 

N i  

Co 
Ir ppb 

Au ppb 

c 
N 
s 800 

Zn 

Cu 

Oxides i n  wt%1 others in ppm except as noted 

en 200 LlJ 
u z <{ 0 100 z 
::;) CD <{ 
0 50 LlJ N 
..J <{ 
:!; 0:: 20 0 z 
LlJ 1- 10 0:: 0 z 0 J: 
u 

5 
Sr 

Ba Ce 

Fi �ure 4 .  Rare earths , from D el ano  
(1 77), data of Hu bbard et <D_. ( 1 973 ) .  

RAD I OG E N I C  I SOTOPES : Nyqu i st et a l . (1973 ) prov i de who l e  rock Rb and Sr i soto p i c  
data . 87RbjB6 Sr - 0 . 0539  ± 6 and87SrjBGSr = 0 . 70258 ± 1 2 .  f1odel ages of 4 . 50 ± 
0 . 20 b . y .  ( TBABil and 4 . 62 ± 0 . 20 b . y .  (\urHl were c a l cu l ated . 

PHYS ICAL PROPERT I ES : Pearce and S i monds ( 1974 ) measured magne t i c  parameters of 
63545 . The s aturat i on remanence to saturat i on magnet i zat ion  rat i o  i s  0 . 001 5 . 
Fe0/Fe2+ i s  0 . 13 1  and total Fe0 i s  0 . 54 wt% . 

PROCESS I NG AND SUBD I V I S I ONS : A sma l l typ i ca l  c h i p  ( , 1 )  was taken to make th i n  
sect1 ons  , 4  and , 6 .  The potted butt was u sed for the magnet i c  measurements . 
Ch i p  , 2  ( F i g .  1 )  was a l l ocated for the chem i cal  and i s otop i c  stu d i e s . 
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63546 F I NE-GRAINED  I MPACT MELT 9 . 23 

I NTRODUCT ION : 63546 i s  a d ark , f i ne-grai ned crystal l i ne rock ( F i g .  1 )  wh i ch i s  
an 1 mp act mel t .  I t  i s  a rake s amp l e  w i th some zap p i ts .  

PETROLOGY : 63546 i s  a f i ne-gra i ned , brown i sh i mpact me l t  ( F i g .  2 ) .  P l ag i oc l ase 
clasts h ave a seri ate s i ze d i str i bu t i o n  down to t i ny ,  and are rounded . The matr i x  
i s  mortar- l i k e ,  en c l o s i n g  the t i ny p l ag ioc l as e  c l asts , i s  more maf i c  than the 
c l ast pop u l at i on ,  and has scattered p l a g i oc l ase l aths up to 200 �m l on g .  The 
texture approaches subop h i t i c  i n  p l aces . 

PROCESS I NG AND SUBD I V I S I ONS : F i ve sma l l  ch i ps ( , 1 )  were removed to make th i n  
sect 1 on s  , 6  and ,7. 

63546 

F igure 1 .  
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F i gure 2 . 63546 ,6 , genera l v i ew ,  
ppl . wi dth 2mm . 



63547 PO IK I L IT IC  I MPACT MELT 4 . 90 9 

I NTRODUCT I ON : 63547 i s  a d ark , coherent , po i k i l i t i c  i mpact me l t  ( F i g .  1 ) .  I t  
i s  a rake samp l e  and has  zap p i ts .  

PETROLOGY : Warner et  a l . ( 1 97 3 )  and S i monds et a l . ( 1973 ) c l as s i fy 63547 as a 
poik i l i t i c  rock , ana-i n terpret i t  as a n  i mpac�meTt . S i monds e t  al . ( 1973 ) 
prov i de some petrograph i c  and m i croprobe dat a .  

----

The s amp l e  con s i sts  o f  p i geon i te o i k ocrysts  200-400 �m across enc l os i n g stubby 
p l ag i ocl ases (F i g. 2 ) .  I n tero i k ocryst areas conta i n i l men i te ( and arma l co l i te ? ) ,  
p l ag i oc l ase ,  some g l as s ,  and Fe-metal  b l ebs . A mode by S i monds et a l . ( 19 7 3 ) has 
67% p l ag i oc l ase and mesostas i s ,  25% p i geon i t e ,  and 8% o l i v i n e .  Pyroxene 
compos i t i on s  are qu i te restr i cted ( F i g .  3 ) .  Most c l asts are p l a g i oc l as e ,  s ome 
are o l i v i ne; l i th i c  c l asts are absen t .  

F i gure 1 .  S-72 -55389 ,  mm scal e .  
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Fiaure 2 .  6354 7 , 4  a )  g enera l  v i ew , xpl . 
wi th  2mm . b )  c l o se-up, rfl . width  
0 . 2mm .  

F i gure 3 .  Maf ic  m i nera l compo s i t i on s ,  
ol1 v 1 ne p l otted a l ong  ba s e ,  from 
S imonds et �- ( 1 97 3 ) .  

63547 

PHYS I CAL PROPERT I E S : Pearce and S imonds (1974 ) report magnet ic  parameters for 
63547 . The s aturat i on remanence to saturat i on magnet i zat i on rat i o  i s  0 . 0017 . 
Fe0/Fe2 + i s  0 . 224 and tota l  Feo i s  1 . 05  wt% . 

PROCESS I NG AND SUBD I V I S I ONS : A representat i ve c h i p  ( , 1 )  was u sed to make th i n  
sect i on s  , 3  and , 4 .  
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INTRODUCTION : 63548 i s  a gray ,  fi ne-gra i ned , coherent impact me l t  (F i g .  1 ) .  
It i s  a rake s amp l e  and has  zap p i ts .  

PETROLOGY : 63548 i s  a brown i sh fi ne-grai ned impact me l t  (F i g .  2) . It contai ns 
a ser1 ate s i ze d i str i but ion  of p l ag i oc l ase c l asts  wh i ch have rounded corners 
and ragged edges . The me l t  i s  more maf i c  than the c l as t  popu l at i on and conta ins 
a few p l a g i oc l ase l aths . 

PROCESSING AND SUBDIVISIONS : Three small matr i x  ch i ps ( , 1 )  were made i n to th in  
sect 1 on s  , 6  and , 7 .  A fourth ch i p  ( , 2 )  i s  u na l l oc ated . 

,2 

63548 

Fi gure 1 .  
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63549 F I NE-GRA I NE D  BASALT I C  I MPACT MELT 2 6 . 6  g 

I NTRODUCTION : 
me l t  ( F i g . 1 ) . 

63549 

S-72- 55375 

63549 i s  a med ium gray , coherent , f i ne-gra i ned basa l t i c  impact 
It i s  a rake s amp l e  an d has zap p i ts .  

1 em 

Fig ure 1 . 

PETROLOGY : 63549 i s  c l assi f i ed as  a porphyr i t i c  ba sa l t  by Warner et a l . ( 1 9 73) 
and as an o l i v i ne-free ,  bas a l t i c-textured me l t  rock by Van iman an d-vaPTke ( 1 981 ) .  
Both p apers present mi croprobe data . Goo l ey et a l . ( 1973 ) present metal and 
schre i bers i te compo s i t i onal and petrograph i c  dat� 

63549 i s  a bas a l t i c  i mp act me l t  (F i g .  2 )  w i th p l ag i oc l ase l aths 50-100 �m l on g  
( Vaniman and P ap i ke ,  1 98 1 )  partly set i n  pyroxene and w i th a g l a s sy mesostas i s .  
O l i v i n e  i s  absen t .  �1i neral  d ata  are s hown i n  F i gure 3 .  Gool ey et a l . (1973 ) 
report metal data ( F i g .  4 ) . The metal i s  h i gh i n  N i ;  etch i n g  demon strated that 
the metal was s i n g l e  phase . Gool ey et a l . ( 19 7 3 ) note that 63549 has no  re l i ct 
mi neral  or 1 i th i c  c l asts  _i . e . , i t  wastotal l y  mo l ten . 

385 



63549 

a )  

b )  

.- Ab 

Figure 2 .  6354 9 , 8 ,  genera l  view , 
ppr-:- w1 d t h 2mm . 

. .. 
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Figure 3. a) Pyroxene compo siti o n s , from Warner et a l . (1 97 3) , 
a nd Va n ima n a nd Pa p i ke ( 1 981 ) .  b) P l a giocl a se compo s i t i o n s , 
from Va nima n a nd Pa pi ke (1 981) . 
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WT PERCENT Ni 

F igur�. Meta l s ,  from Goo l ey et a l . ( 1 97 3 ) .  

63549 

CHEMI STRY: Hubbard et a l . ( 19 73 ) present a major e l ement an a lys i s  and Hubbard 
et al. (1974 ) trace element an a lyses for ch i p  ,2. Boynton et cl. ( 1976 ) and 
Wasson et a l . (1977) report comprehens i ve ana lyses ,  i nc l ud i ng major , s i deroph i l e ,  
rare earth - ,-and vo l at i l e  e l ements , of ch i p  , 9 .  Tayl or and Bence ( 19 7 5 ) report 
rare earth e l ement d ata . The data are summar i zed i n  Tab l e  1 and F i gure 5 .  The 
basa l t i s  more al um i nous and l ower i n  i ncompat i b l e  e l ements  than l oca l  s o i l s  
and most Apol l o  16  bas a l t i c  i mpact me l ts .  It has no s i gn i f i cant europ i um 
anom�\ F i g .  5 ) .  

PHYSICAL PROPERTIES: Pearce and S imonds ( 1974 ) report magne t i c  para�eters . The 
saturat1on remanence to saturat i on magnet i zat i o n  rat i o  i s  0 . 007 . Fe /Fe 2+ i s  
0 . 0448 and total Fe0 i s  0 . 1 42 wt% . 

PROCESSING AND SUBD I V I SIONS: Several smal l ch i ps were removed ( F i g .  1 )  for th i n  
sect i ons  and for chemical ana lyses . , 1  was made i nto th i n  sect ions  , 5  and , 8 .  
, 2  was part ly consumed i n  the Hubbard et a l . ( 19 73 , 1 974 ) an a lyses , and , 3  was 
d i v i ded and part ly  con sumed i n  the other chem i ca l  ana lyses . 
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Figure 5 .  Rare eart hs. 

TABLE 1 .  Summary chemistry of 63549 

Si02 
Ti02 
A12o3 
Cr2o3 
FeO 

MnO 

MgO 

CaO 

Na2o 

K20 

P20
5 

Sr 

La 

Lu 

Rb 

Sc 

Ni 

Co 

Ir ppb 

Au ppb 

c 
N 

s 
Zn 

Cu 

45 .7  

'\.{).4 

29 

0 .09 

"14 . 2  

0 .05 

"14.3 

-o15 .5 

0.45 

0 .07 

0 .07 

170 .2  

6 .4  

0.29 

1.76 

7 .3  

205 

18 

8 

3.4 

400 

1 . 12 

2 .6  

Oxides in  wt%; others in  ppm except as  noted 



63555 F I N E-GRAINED  I MPACT MELT 3 . 38 g 

I NTRODUCT ION : 63555 i s  a p a l e-co l ored, coherent ,  f i ne-gra i ned crysta l l i n e  
rock (Fi g .  1 ) . I t  i s  a c l ast-r i ch i mpact  me l t .  I t  i s  a rake s amp l e  w i th a 
th i n ,  dark c l as t i c ( ?) coa t .  

63555 

F IGUR E 1 .  Sma l l e st  scal e d i v i s i on 
i n  mm. 

F I GURE 2 .  63 555 , 7 . 
g enera l  v i ew ,  ppl . 
wi d th 2mm . 

PETROLOGY : 63555 i s  a f i ne-gra i ned ,  brown i sh i mpact me l t  wh i ch i s  fai r l y  
heterogeneous ( F i g .  2) .  It  contai ns  n umerou s  p l ag i oc l as e  and l i th i c  c l asts 
wh i ch are angu l ar w i th rounded corners , w i th a seri ate s i ze d i str i b u t i on . 
The me l t  phase i s  more maf i c  than the c l ast popu l at ion . The l i th i c  c l asts 
i nc l ude smal l fe l dspath i c  granoblast i c· impac t i tes and spheru l i t i c  impact 
me l ts ( F i g .  2) .  Accord i n g  to an SEM study by Ph i nney et a l . ( 1976 ) ,  63555 
conta i n s  no g l as s  and has 5% ves i c l es ; the matr i x  consTSts-of p l ag i oc l ases  
up  to 10 �m across and  orthopyroxenes up  to 2 �m . 

PROCESS I NG AND SUBD I V I S IONS : A s i ng l e  c h i p  ( , 1 )  was used to make th i n  
sections ,6 and , 7 .  
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63556 PO I K I L IT I C  I MPACT MELT 18 . 10 q 

I NTRODUCT ION : 63556 i s  a med i um gray, f i ne-gra i ned , po i k i l i t i c  impact me l t  
(Fi g .  1) . I t  i s  a rake s amp l e  w i th many zap p i ts on one face, and few on 
the others . 

F igure l .  S -7 2 - 5 5401 ,  mm scal e .  

PETROLOG Y :  Warner et a l . ( 1 9 73 ) and S imonds et a l . ( 1 973 ) c l as s i fy 63556 as a 
po i k i l it1c impact meTt;-the l atter prov i de a petrograph i c  descr i pt ion and mi cro
probe data . 

63556 con s i sts  of p i geon i te o i kocrysts 200-400 �m i n  d i ameter enc l o s i n g  stubby 
p l ag ioc l ase crysta l s  ( F i g .  2 ) .  The i n teroi kocryst areas cont a i n  i l men i te ,  
p l a g i oc l as e ,  and g l a s s . Pyroxene analyses are s hown i n  F i gure 3 .  A mode by 
S imonds et a l . ( 1973 ) has  68% p l ag i oclase p l u s  mesostas i s ,  29% p i geon i te ,  2% 
oli v i n e ,-an�l% opaque mi neral s .  O l i v i ne occurs as rel i ct c l asts, but most 
c l asts  are p l agi ocl ases . L i t h i c  c l asts  are absent .  
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Enso Fsso 

63556 

Filure  2 .  63 556 , 4 ,  genera l  v i ew ,  
pp  . w1dt h 2mm . 

Figure 3 .  Pyroxene c ompo s i t i ons , 
from S imond s et a l . ( 1 97 3 ) .  

CHEM I STRY : Wasson et a l . (19 7 7 )  prov i de two rep l i c ate major and trace e l ement 
an alyses of ch i p  , 6

-
. The rep l i c ate an a lyses  are very s i m i l ar .  The d ata are 

summar i zed i n  Tab l e  1 and F·igure 4 .  The s amp l e  i s  among the h i ghest i n  
i ncompat i b l e  e l ements at the Apol l o  1 6  s i te .  

PROCESS I NG AND SUBD I V I S I ONS : A smal l ch i p  ,1  was taken ( F i g .  1 )  and made i nto 
th i n  sect i on s  , 2  and , 4 .  Other groups of sma l l ch i ps , 5  and , 6 ,  were a l l ocated 
for chem i cal  an a l yses . 
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TABLE 1. Summary chemi stry of 63556 

(Wasson et al . ,  1977) 

Si02 
Ti02 
Al 2o3 
Cr2o3 
FeO 

MnO 

MgO 

CaO 

Na2o 

K20 

P205 
Sr 

La 

lu 

Rb 

Sc 

Ni 

Co 

Ir ppb 

Au ppb 

c 
N 

s 
Zn 
Cu 

1 . 2  

19.7  

0.18 

8 . 5  

0 . 1 1  

10.;3 

11.9 

0 .59 

0 .35 

53 

2 .2 

15.4 

'1-540 

'1.40 

"-16 

"-9 

Oxides in wt%; others in ppm except as notea 



63557 F I NE -GRA I NE D  I MPACT MELT 7 . 53 

I NTRODUCT I ON :  63557 i s  a med i um d ark gray ,  fi ne-grai ned impact mel t  (F i g .  1 ) .  
I t  1s a rake samp l e  and has zap p i ts .  

fj]ure 1 .  S -7 2-55382 , mm sca l e .  

PETROLOGY : warner et a l . ( 1973 ) c l as s i fy 63557 as a meta-nor i te .  F l oran et a l . 
(1976 ) defi ne i t  as-a polym i ct  dark matr i x  brecc i a .  I t  i s  a fi ne-grai ned Tmpact 
mel t  ( F i g .  2 )  wi th a matr i x  conta i n i ng t i ny i l men i te need les . The mel t  forms a 
mortar for a c l as t  pop u l at ion  wh i c h  has  a ser i ate s i ze d i stri btuion down to very 
t i ny .  Several 300-400 �m fragments  of maf i c  mi nera l s ,  as wel l as a 700 �m 
p l ag i oc l ase c l ast ,  are present i n  th i n  sect i on , 4 .  
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63557 

£i�ure 2 .  63557 , 4 ,  g enera l v i ew,  
pjJT:IIilcft h 2mm . 

CHEMISTR Y :  F l oran e t  a l . ( 19 7 6 )  and B l anch ard ( unpub l i shed ) an a lyzed ch i p  , 6  
for maj or and traceel ements respect i ve l y .  These are s ummar i zed i n  Tab l e  1 and 
F i gure 3 .  The fragment i s  fe l dspath i c ,  w i th l ow rare earth abundances . Wh i l e i t· 
i s  contam i n ated w i th meteor i t i c  mater i a l , the l e ve l  of contam i n at i on is not great . 

PROCESS I NG AND SUBD I V I SIONS : A ch i p  ( , 1;the smal l es t  i n  F i g .  1 )  was made i n to 
th i n  secti ons , 3  and , 4 .  The i n termed i ate c h i p  i n  F i gure 1 was s p l i t  i nto ch i ps 
, 6  an d ,7, of wh i ch the former was a l l ocated for chem i c a l  an alys i s .  
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Fi gure 3 .  Rare eart hs . 

TABLE 1 .  Summary chemistry of 63557 

Si02 
Ti02 
A12o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

44.7 
0.38 

29.8 
'\.().05 

3.5 

3.2 
17.0 

0 .62 
0 .08 

3 . 62 
0.01 

6 .2 
44 

7 . 2 

9 

Oxides in  wt%; others in ppm except as noted 



63558 PO I K I L IT I C  I MPACT MELT 7 . 09 

I NTRODUCTI O N :  63558 i s  a med ium gray ,  coherent rock ( F i g .  l )  wh i ch i s  a 
poik i l i t i c  i mpact mel t .  I t  i s  a rake s amp l e  and has  many zap p i ts on a l l 
surfaces . 

Figure l .  S-72-553 97 , mm seal e .  

PETROLOGY : Warner et  a l . (1973) and S imonds et  a l . ( 19 73) c l as s i fy 63558 as  a 
po 1klhtic rock . S1monas et a l . ( 19 73) prov ide petrogr·aph i c  and mi croprobe data . 
The s amp l e  con s i st s  of o i kocrysts of orthopyroxene and aug i te ,  mos t  '1..600 11m i n  
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63558 

d i ameter ,  enc l os i n g  p l ag i oc l ase crystal s .  I ntero i kocryst areas conta i n  p l ag io
c l ase ,  opaque m i neral s  ( arma l col i te ,  a nd  i l men i te w i th exso l ved  ruti l e )  and 
g l as s .  A mode by S imonds et a l . ( 1973 ) has  56% p l agi ocl ase p l u s  mesostas i s ,  
32% , orthopyroxene ,  n o  p i geoni te , 1 2% aug i te ,  2% o l i v i ne ,  and 2% opaque s . The 
ol i v i ne occurs as gran u l es of uncerta i n  ( re l i ct? ) ori g i n . Pyroxene and o l i v i ne 
compos i t i on s  are shown i n  F i gure 3 .  One l i th i c  c l as t  observed by S imonds et a l . 
( 1973 ) has  l athy fel dspar as we l l  as o l i v i n e  and i lmen i te .  

- -

I 
En so F s50 

F i�ure 2 .  63558 ,4 , g enera l v i ew ,  
pp . wiat h 2mm . 

Fi gure 3 .  Mafic m i nera l compos i t i ons  
ol iv i ne p l otted a l ong ba se , from 

' 

Warner et a l . ( 1 973 ) .  

PROCESS I NG AND SUBDIV I S IONS : The two sma l l es t  c h i ps 
together and made 1 nto thi n  sect1" ons  2 and 4 Th ' • . e 
numbered w i th the parent as , 0 .  

i n  F i gure 1 (, 1 )  were potte d  
other two ch i ps remai n  
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63559 DEV ITR I F I E D  GLASS 6 . 04 g 

I NTRODUCT I ON :  63559 i s  a ves i cu l ar g l as s  and conta i n s  smal l wh i te i n c l u s i ons 
(Fi g .  1 ) .  Much of the g l ass has dev i tr i f i ed .  I t  i s  a rake samp l e .  

PETROLOGY : 63559 i s  a ves i cu l ar g l ass ran g i n g  from c l ear or gray to the more 
common dev i tr i f i ed brown g l as s  ( F i g .  2 ) .  I n  p l aces the dev i tr i f i cat i on i s  
i ntense . A few m i neral and sma l l  l i th i c  c l asts are presen t .  

PROCESS I NG AND SUBD I V I S I ONS : A s i n g l e  representative ch i p  ( , 1 ;  F i g .  1 )  was made 
into th i n  secti ons , 6  and , 7 .  

63559 

1 em 

Figure l .  
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�e 2 .  63559 , 6 ,  genera l v i ew ,  
p[)T-:-w1dth 2mm . 



63565 DEV ITR I F IED  GLASS , WHITE CLASTS 0 . 94 g 

I NTRODUCTION : 63565 i s  a dark gray, coherent and ves i c u l ar g l ass  conta i n i n g  
fri able white i nc l u s i on s  ( F i g .  1 ) .  Most of the g l ass  has dev i tr if i ed . I t  i s  
a rake samp l e .  

PETROLOGY : 63565 con s i sts mai n ly of a brown , ves i cu l a� dev i tr i f i ed g l ass  w i th 
cl asts of p l ag i oc l ase-r ich brecc i a  ( F i g .  2 ) .  The g l ass  contai n s  some c l ear or 
gray p atches . Devi tr i f i cation resu l ts i n  f i ner-gra i ned products c l oser to the 
c l asts . The l arge c l ast ,  samp l ed i n  th i n  secti on , 6 ,  ( F i g .  2 )  i s  bonded w i th a 
mortar of f i ne-grai ned me lt  or g l ass  and conta i n s  Fe-metal .  

PROCESS I NG AND SUBD I V I S I ONS : Two ch i p s  of g l as s ,  one conta i n i ng l i ght-col ored 
clasts , were potted together as , 1  and made i nto th i n  sect ions  , 6  and , 7 .  

a 

F i gure 1 .  mm scal e .  

b 

399 

F igure 2 .  63565 , 6  a )  g enera l v i ew ,  
ppl . w idth  2mm . b )  gl ass  and white 
c l a st ,  ppl . width 2mm . 



63566 DEV ITR I F I E D  GLAS S ,  CATACLAST I C  ANORTHOS ITE CLAST 19 . 61 g 

I NTRODUCT I ON :  63566 i s  a dark gray ,  ves i cu l ar g l as s  conta i n i n g  fri ab l e  wh i te 
clasts  i nc l ud i n g at l east  one l arge catac l as t i c  anorthos i te ( F i g .  1 ) .  The 
g l as s  has a smooth surface and i s  most l y  dev i tr i f i ed . I t  i s  a rake s amp l e .  

F igure l .  S-7 2 - 55385 , mm sca l e .  
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a b 

F igure 2 .  63566 , 4  a )  g l a ss ,  a northos i te contac t ,  ppl . width  2mm . 
b )  g l a s s , anortho s i te contact , xpl . width 2mm . 

63566 

P ETROLOGY : Warner et a l . ( 1973 ) c l as s i fy 63566 as a dendr i t i c  to spheru l i t i c  
dev 1 tr 1 f 1 ed g l as s .  -rhe-g l ass  i s  brown , ves i cu l ar ,  and dev i tr i f i ed i nto fans and 
bow-t ie  structures ( F i g .  2 ) .  The l arge wh i te c l ast ( F i gs . 1 and 2 )  i s  a 
catac l as t i c  anorthos i te w-ith gra i n s  l arger than 1 mm , and conta i n s  more than 
99% p l ag ioc l as e .  

PROCESS I NG AND SUBD I V I S I ONS : P art of a s i ng l e  ch i p  ( , 1 )  con s i st i ng of g l ass  
matrix and part of the l arge wh i te c l as t  ( F i g .  1 )  was made i nto th i n  sect i on , 4 .  
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63567 DEV ITR I F I E D  GLASS , WH ITE CLASTS 3 . 2 1  g 

I NTRODUCT ION : 63567 i s  a ves i cu lar g l ass  w i th smooth e :<ter i or surfaces and 
conta1 n 1 ng wh i te c lasts  ( F i g .  1 ) .  The g l ass  i s  dev i tr i f i e d .  It i s  a rake 
samp l e .  

PETROLOGY : 63567 i s  a brown , dev i tri f i ed g lass  ( F i g .  2 )  conta i n i n g  a few 
mineral and l i th i c  c lasts . The latter i nc l ude p lag i oc lase-r ich  brecc ias and 
shocked fel dspath i c  granu l i tes . 

PROCESS I NG AND SUBD I V I S I ONS : Smal l ch i ps ( , 1 )  were potted together and made 
i nto th 1 n  sect 1ons  , 6  and , 7 .  
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Figure l .  mm sca l e .  

F i gure 2 .  63 567 , 7 , g eneral v i ew, 
ppr:-wi dth  2mm . 



63568 DEV ITR I F I ED  GLAS S ,  GRAY CLASTS 4 . 06 g 

I NTRODUCTION : 63568 i s  a c i ndery gray g l as s  contai n i ng gray crysta l l i ne c l asts  
(Fi g .  1 ) .  At l east one of the c l asts i s  an impact me l t .  The g l ass i s  dev i tr i f i ed . 
63568 i s  a rake s amp l e .  

PETROLOGY : The groundmas s  of 63568 i s  a brown , ves i cu l ar ,  dev i tr if i ed g l ass  ( F i g .  2 ) .  
Dus ty debri s  i s  wel ded to i ts exter i or . The s amp l ed c l as t  ( , 1  i n  F i gure 1 )  i s  a 
f i ne-grai ned i mpact mel t ( F i g .  2 )  w i th a texture wh i ch v ar i es from m i cropo i k i l i t i c  
to suboph i t i c  t o  i n tergranu l ar t o  v ar i o l i t i c .  I t  i s  cut  by brown i sh -red g l ass 
vei ns  general ly about 30 �m th i c k  but  th i cker in some p l aces . 

PROCESS I NG AND SUBD I V I S I ONS : Four ch i ps ( , 1 )  were taken from the gray c l as t  and 
made into thin sections , 6  and , 7 .  A s i n g l e  c h i p  of g l ass  ( , 2 )  was made i nto th i n  
sect i ons ,8 and  , 9 .  

63568 

a 

F i gure 1 .  mm scal e .  

b 

403 

��· a )  63568 ,8 , ma tr i x , 
pPf. w idth  2mm . b )  63 568 , 3 ,  
c l a st ,  ppl . wi dth 2mm . 



63569 DEV ITR I F I E D  GLASS/GLASS-BONDED BRECC IA ,  WHITE CLASTS 0 .43 g 

INTRODUCTION : 63569 i s  a d ark gray , coherent g l ass  w "i th whi te c l asts ( F i g .  1) .  
The glass  is mai n l y  dev i tr i fi ed .  I t  i s  a rake samp l e .  

PETROLOGY : 63569 con s i sts  o f  a fragment- l aden g l ass  ( F i g .  2 )  wh i ch i s  c l ear 
1 n  p l aces but mai n l y  dev itr i f i ed .  The l arge wh i t e  c l ast i s  a catac l as t i c  
anorthos i te; a t  the c l ast-matri x  boundary the g l as s  conta i n s  l i tt l e  c l as t i c  
mater i a l  and i s  coarse l y  devi tr i f i ed . 

PROCESS I NG AND SUBDIVIS I ONS : A s i n g l e  ch i p  ( , 1 �  mai n ly matr i x  but conta i n i n g  
some white clast ,  was  made i nto th i n  sect i ons , 2  and  , 3 .  

Figure l .  mm sca l e .  
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F i gure 2 .  6356 9 , 3  a )  matr i x , a northos i te 
cl a s t , p pl . width 2mm . b )  matri x ,  
a northo s i te c l a s t ,  xpl . w idth  2mm . 



63575 GLASS , WH ITE CLAST 4 . 72 

I NTRODUCT ION : 63575 i s  e s sen t i a l l y  a g l ass  coat on a wh i te c l as t  (F i g .  1 ) .  The 
glass  is not devi tr i fi ed . The c l ast i s  a fragmental  brecc i a ,  probably  a cata
c l as t i c  anorthos i te .  63575 i s  a rake s amp l e .  

�ure 1 .  S-7 2- 55384 , mm sca l e .  

III I I  

PETROLOGY : Warner et  a l . ( 19 7 3 ) c l a s s i fy 63575 as  a g l a s s  cement i ng  wh i te 
cl asts . I t  cons i s tsofa c l E! ar or gray b anded g l as s  wh i c h  i s  devi tr i f i ed on ly  
i n  100  �m th ick  b ands at c l as t  mar g i n s  ( F i g .  2 ) .  The  dev i tr i f i cati on i s  
s pheru l i t i c .  The ban d i n g  i n  the c l ear or gray g l ass  i s  a con sequence of 
var i ab l e  concentrat i on s  of t i ny metal spheru l e s .  

The c l ast i s  a fragmental  brncci a; a l i th i c  rel i c  500 �m across suggests that i t  
i s  a catac l as t i c  anorthos i te w i th pyroxene . At the marg i n s  of the c l ast i t  i s  
i nvaded and bonded by the g l as s  for a th i ck ne s s  of about 200 �m . 
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63575 

figure 2 .  63 57 5 , 4 ,  g enera l v i ew ,  
PPT · width 2mm . 

PHYS I CAL PROPERT IES : Pearce and S imonds ( 19 74 ) tabul ate magnet i c  parameters for 
63575  as two separate s p l i ts or measurements , both l i s ted as g l as ses . ( However , 
the i r  measurements were made on the potted butt s amp l e  wh ich  con s i s ted of two 
ch i p s ,  one the wh i te c l as t ,  the other the c l as t  and g l as s . )  Both sets of 
measurements  produce s i mi l ar e st imated Fe0 contents ( 0 . 20 and 0 . 24 wt% ) .  The 
rat i o  s aturat ion remanence/saturation magnet i zat ion i s  g i ven  on ly  for the second 
s p l i t  and i s  0 . 019 . 

PROCESS I NG AND SUBD I V I S I ONS : Two ch i ps ,  one wh i te c l as t  and one wh i te c l as t  p l u s  
g las s ,  were potted together and made i nto th i n  sect i on , 4 .  The potted butt was 
used for the magnet i c  measurements . 
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63576 VESI CULAR GLASS , WH ITE CLASTS 1 . 23 g 

I NTRODUCTION : 63576 i s  a ves i cu l ar dark g l ass w i th whi te c l asts ( F i g .  1 ) .  I t  
i s  a rake s amp l e .  

PETROLOGY : 63576 i s  a ves i cu l ar g l as s  wh i ch i s  c l e ar i n  patches but partly 
devitrified ( F i g .  2 ) .  The wh ·i te c l ast s ampl ed i s  a p l ag i oc l ase-rich brecci a 
( F i g .  2 )  wi th unshocked , angu l ar p l ag i oc l ase fragments . The c l ast  conta i ns g l ass 
ba l l s ,  chondu l es  and brown g l assy ves i c u l ar brecc i as ,  and is  not porou s but 
probab l y  s i ntered or g l ass-bonded . 

PROCESS I NG AND SUBD I V I S I ONS : Two ch i ps ,  both cons i s t i ng of g l as s  and the wh i te 
cl ast prominent to the l eft i n  F i gure 1 ,  were potted together as , 1  and th i n  
sections , 3  and , 4  cut from them . 

63576 

Figure 1 .  mm scal e .  
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Fi gure 2 .  6357 5 , 4 ,  genera l v i ew ,  
ppl . width 2mm . 



�6�35�7�7�C�R�Y�ST�A�L�L�I ��I E�( ?�)�PO�L�Y�M�IC�T�BR�E�C�C�IA�------------------------�1 2� . .  4 1  g 

I NTRODUCT I ON :  635 7 7  i s  a med i um gray , coherent  po lym i c t  brecc i a  ( F i g .  1 ) ,  much 
l i ke a fragmental  brecc i a but e i ther me l t-bonded or s i ntered . I t i s  a rake 
s amp l e .  

P ETROLOGY : 63577 s uperfi c i a l ly i s  s i mi l ar to a fragmental  brecc i a  ( F i g .  2 )  but  
1s  more coheren t  and i s  bonded or s i n tered w i th l i tt l e  pore-space . Patches of 
f i ne-grai ned mel t or g l ass are v i s i b l e  i n  p l aces . The c l asts are angu l ar and are 
m a i n l y  p l ag i oc l ases i nc l ud i n g  l arge s hocked ( and s ubsequent ly  annea l ed )  p l ag i o
c l ase . L i th i c  c l asts i nc l ude granob l as t i c  and  po i k i l ob l as t i c  i mpac t i tes , 
basa l t i c  i mpact me l ts ,  and brown i s h  g l ass fragments . 

PROCESS I NG AND SUBD I V I SIONS : Four ch i ps were potted together as , 1  and th i n  
sections ,3 and ,4 cut from i t .  

F igure l .  mm sca l e .  
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Fiyure 2 .  63577 , 3 ,  general v i ew ,  
x p • 11ilcft h 2mm . 



63578 GLASSY OR F I NE -GRAI NED  MELT BRECC IA  19 . 60 

I NTRODUCTION : 63578 i s  a f i ne-grai ned , coherent  po lym i ct  brecci a  (F i g .  1 )  wh i c h  
appears t o  be bonded w i th e i ther g l ass  or a fi ne-grai ned me l t .  I t  i s  angul ar wi th 
fl at s i des . I t  i s  a rake s amp l e  wi th zap p i ts .  

F ·i gure l .  S-72-55400,  mm scal e .  

PETROLOGY : Warner et a l . ( 19 73 ) c l as s i fy 63578 as a s l i ght ly  metamorphosed 
glassy brecc i a .  I t1sa brown i s h ,  fi ne-grai ned po lym i ct  brecc i a w i th con s p i cuous 
m i neral  c l asts , mai n l y  p l ag i oc l ase ( F i g .  2 ) .  The matr i x  i s  heterogeneous w i th 
g l obul ar aggregates separated by pa l e-col ored b ands . F i ne-grained me l t  or g l assy 
materi a l  appears to b i nd the m i neral fragments together . 

PHYS I CAL PROPERT I ES : Pearce and S i monds ( 1974 ) report magnet ic  parameters for 
63 578 ,  wh ich  they refer to as metamorphosed . The s aturat i on remanence to 
s aturati on magnet i zat ion rat i o  i s  0 . 0044 . Fe0/Fe2 + i s  0 . 0 1 34 and total Fe0 i s  
0 . 050 wt% . 
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63578 

PROCESS I NG AND SUBD I V I S I ONS : 
th 1 n  sect i on , 4 .  Two ch i ps 
ana lys i s .  The magnet i c  stud 

F ifu re 2 .  63578 ,4 , genera l v i ew ,  
p Wf<ft h 2mm . 

Part of a representat i ve c h i p  (, 1 )  was made i n to 
, 3 )  shown i n  F i gure 1 were a l l ocated for chem i ca l  
es  were done on t he  potted butt of , 1 . 
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63579 F I NE-GRAI NED I MPACT MELT 1 1 . 35 

INTRODUCT ION : 63579 i s  a coherent ,  tan-gray to wh i t e ,  f i ne-grained impact 
me l t  (F i g . 1 ) .  I t  i s  a rake s amp l e .  

PETROLOGY : 63579 i s  a f i ne -grai ned heterogeneou s  i mpact me l t  w i th abundant 
al i gned p l ag ioc l ase need l e s  or l aths 50-100 �m l on g  ( F i g . 2 ) .  I t  conta i n s  
rounded p l ag ioc l ase c l asts , some of wh i ch are s hocked . Most  of the mel t con s i s ts 
of s tubby p l ag i oc l ases and maf i c  m i nera l s  and i t  i s  d iff i cu l t  to d i st i ng u i s h t i ny 
c l asts from the mel t .  

PROCESS ING AND SUB D I V I S IONS : F i ve smal l matr i x  ch i ps were potted  together as  , 1  
and thin sect i on s  , 3  and , 4  c u t  from i t .  

F i gure 1 .  mm sca l e .  

4 1 1  

F i gure 2 .  6357 9 , 4 ,  genera l  
v i ew ,  ppl . wi dth 2mm . 
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I NTRODUCT I ON : 63585 i s  a med i um gray ,  coherent b ut  fractured rock , F i g . 1 1  wh i ch 
l S  an i mpact mel t w i th a texture ran g i n g  from suboph i t i c  and i n tergran u l ar to 
po i k i l i t i c .  I t  i s  a rake samp l e  w i th many zap  p i ts . 

- � � = �  ,�.""' - - ·�• c. � 

0 I 2 3 4 
� I l 

,1-TS 
63585 

F i gure  l .  

. 

S -· 72 - 43490 

PETROLOGY : Warner et  a l . ( 1 9 7 3 )  c l as s i fy 63 585 as a mesostas i s - r i ch bas a l t  and 
prov i de m i croprobe data:- In contrast ,  E ng l eh ardt ( 1 9 79 ) c l as s i f i es 63585 as a 
po i k i l i t i c  me l t .  Th i n  sect i ons  from oppos i te s i des of the rock ( F i g .  1 )  are both 
i mpact me l ts but contrast in texture . 
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63585 

The area of , 1  i s  a f i n e-grai ned s u boph i t i c  to i n tergran u l ar impact me l t  w i th 
p l ag i ocl ase l aths 100-200 �m l on g  ( F i g .  2 ) .  The p l a g i oc l ases are embedded i n  
o l i v i n e ,  w i th i n terst i t i a l pyroxenes and some mesostas i s  g l as s , i l men i te and 
tri dym i te ( ? ) . An a lyses of maf i c  m i neral s by Warner et a l . ( 1973 ) are s hown i n  
F i gure 3 .  C l asts of p l ag i oc l ase , some shocked , are presen t .  The me l t  i s  cut  by 
g l ass-fi l l ed s hear zones , a l on g  wh i ch p l ag i oc l ase i n  the me l t  has  been converted 
to maske l yni te . I n  contrast ,  the area of , 8  i s  a f i ne-grai ned po i k i l i t i c  impact 
me l t  ( F i g .  2 )  w i th 50-100 �m o i k ocrysts of maf i c  m i nera l s  enc l os i n g  n umerous 
p l ag ioc l ase crystal s .  I ntero i kocryst areas contai n  i l men i te .  The me l t  conta i ns 
p l ag i oc l ase c l asts . 

b 

F igure 2 .  a )  63585 , 4 ,  ba sal t i c  area , ppl . wi dth  2mm . 
b )  63 585 , 1 0 ,  po i k i l i t i c  area , ppl . w idth  Zmm . 

PHYS ICAL PROPERT I ES : Pearce and S imonds ( 1974 ) report magnet ic  p ar ameters for 
the potted butt of the basa l t i c  port i on ( , 1 )  of 63585 . The ratio  of s aturat i on 
remanence/ saturat i on magnet i zat i on i s  0 . 0029 . Fe0 /Fe2+ i s  0 . 0800 and total Fe0 
i s  0 . 40 wt% . 

PROCESS I NG AND SUBD I V I S I ONS : Several c h i ps have been removed from 63585 , ma i n l y  
shown 1 n  Fi gure 1 .  Thi n  sect i on s  were made from , 1  (wh i ch was al so used for 
magnet i c  measurements ) and , 8 .  , 6  was a l l ocated for r are gas stu d i e s  and , 7  
( n umerous sma l l  ch i ps ) for chem i c a l  ana lys i s .  
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63586 F I NE-GRA INED  I MPACT MELT 1 . 98_£ 

I NTRODUCT I ON : 63586 i s  a med i um gray , heterogeneou s ,  coherent rock ( F i g .  1 )  
wh 1 ch 1 s  a fi ne-gra i ned i mpact mel t .  I t  i s  a rake samp l e  and has  many zap p i ts .  

PETROLOGY : 63586 con s i sts  of rounded p l ag i oc l ase c l asts ( s ome embayed ) i n  a 
f 1 ne-gra1 ned impact me l t  ( F i g .  2 ) .  The me l t  conta i n s  some i l men i te and p l ag i o
c l as e  l aths  and i s  more maf i c  than the c l ast  p9pu l at i on ,  wh i ch h as a ser i ate 
s i ze d i str i bu t i on . Some of the c l asts are fl ame-textured , one be i ng a mos a i c  of 
gra i n s  wi th s u c h  t e x t u re s . The p a l e - c o l ored z o n e s  ( F i g . 1 )  are s c h l i eren of 
p l ag i oc l ase-r ich brecc i as .  

PROCESS I NG AND SUBD I V I S I ONS : Of two c h i ps ( F i g .  1 )  , l  was used to make t h i n  
sect i ons  , 4  and , 5 .  

,2 

63586 

Fi gure 1 .  
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F i gure 2 .  6358 6 , 4 ,  genera l 
VlE!I� , ppl . wi dth  2mm . 



63587 F I NE-GRA I NED  POI K I L IT IC  IMPACT MELT 20 . 5  

I NTRODUCT I ON :  63587 i s  a med i um gray ,  ves i c u l ar and coherent rock ( F i g .  1 ) .  I t  
1 s  a f i ne-grai ned i mpact mel t  w i th a po i k i l i t i c  texture and numerous c l asts . I t 
i s  a rake s amp l e  and ha s  many z ap p i ts . 

P ETROLOGY :  63587 i s  a ves i cu l ar impact me l t  w i th abundant m i neral and l i th i c  
c l asts (Fi g .  2 ) .  The mel t  con s i sts of 200-300 �m o i kocrysts ( p i geon i te ? ,  some 
aug i te )  enc l os i n g  p l ag ioc l ase crystal s ,  w i th i n tero i kocryst areas conta i n i n g 
an gu l ar and l athy i lmen i tes . Fe-metal and tro i l i te are a l so present .  

Most  of the c l asts are p l ag i oc l ases , some qu i te shocked . There i s  a w i de 
v ar i ety of l i th i c  c l asts i nc l u d i n g  catac l as t i c  anorthos i te ,  granob l as t i c  
fel dspath i c  i mpact i tes , b asa l t i c  i mpact mel ts ,  and granob l as t i c  dun i te ( one  
fragment ,  �250 �m d i ameter ) .  

6358 7 

F i gure l .  mm scal e .  

F i gure 2 .  63 587 ,4 , general 
v i ew ,  ppl . wi dth  2mm . 

PROCESS I NG AND SUBD IV I S I ONS : Three matr i x  ch i ps ( , 2 ;  F i g .  1 )  were potted together 
and th 1 n  sect ions  ,4 and , 5  cut from them . 
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INTRODUCT ION : 63588 i s  a pa l e gray , moderately fr i ab l e  po lym i ct brecci a ( F i g .  1 )  
wh i ch i s  fragmental but partly bonded by fi ne-gra i ned or g l assy mater i a l . I t  i s  a 
rake s amp l e  w i th z ap p i ts . 

PETROLOGY : 63588 con s i sts of angu l ar m i neral and l i th i c  fragments ( F i g .  2 )  bonded 
by s i nteri n g  or f i ne-gra i ned/ g l assy materi al . The cl asts i n c l ude brown - g l ass 
bear i n g  fragments , c hondru l e- l i k e  s pheru l e s ,  g l a s sy po lym i ct brecci as and 
po i k i l ob l asti c fe l dspath i c  i mp acti tes . 

PROCESS I NG AND SUBD I V I S I ONS : Sp l i ts are shown i n  F i gure 1 .  
potted together and th i n  sect i ons  , 4  and , 5  cut  from them . 
l i ned crater . 

The two c h i ps  , 1  were 
C h i p  , 2  has a g l as s -

63588 

416 

fi gure l . 

F i gure 2 .  63 588 , 4 ,  g enera l 
v 1 ew ,  pp l . width 2mm . 



63589 FRAGMENTAL ( ? )  POLYM ICT BRECC I A  13 . 51 g 

I NTRODUCT I ON :  63589 i s  a p a l e  gray ,  moderate l y  fri ab l e , f i ne-grai ned po lym i ct 
brecci a  ( F i g .  1 ) .  The on ly th i n  secti on s ug gests that i t  i s  fragmental but i t  
m i ght b e  g l ass-bonded . I t  i s  a rake s amp l e  w i th some zap p i ts .  

Fi gu�. S -7 2 -553 98 , mm scal e .  

PETROLOGY : Warner et a l . ( 197 3 )  c l as s i fy 63589 as a g l assy brecc i a ,  i n  wh i ch 
c ategory i t  i s  deemea to h ave -v50% g l ass  matr i x .  I n  contras t ,  F l oran et a l . 
( 1976 ) c l as s i fy i t  as a dark matr i x  brecc i a ,  a c ategory whose members they-state 
have l i tt l e  i f  any g l as s .  The on l y  th i n  sect i on i s  of poor qual i ty .  I ts matr i x  
con s i sts  of angu l ar fragment s ,  ma i n l y  of p l agi ocl ase ( F i g .  2 ) .  I t  appears to be 
fragmental , but i t s  brown co l or and a few f i ne-grai ned patches suggest that i t  
m i ght be g l ass-bonded . 
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63589 

Fi �1u re 2 .  63 58 9 , 4 ,  genera l 
v i ew ,  ppl . wi dth  2mm . 

CHEMI STRY : The summary chem i s try ( Tab l e  1 an d F i g .  3 )  i s  taken from the major 
element an a l ys i s  reported by F l oran et a l . ( 19 7 6 \  and the trace e l ement ana lys i s  
of B l anchard ( unpub l i shed ) .  The h i g�aTUm i n a ,  l ow i n compat i b l e  e l emen t ,  and l ow 
( though c l early meteori te-contam i n ated ) s i deroph i l e abundances are s i mi l ar to 
many of the Stat i on 1 1  fragmental  brecc i as .  

PROCESS I NG AN D SUBD I V I S I ONS : Two adj acent  c h i p s  were separated ( F i g .  1 1 .  The 
smal l e r  i s  , 1 ,  from wh 1 ch th i n  sect i on , 4  was made ; the l arger i s  , 3 ,  a l l ocated 
for chem i c a l  analyses . 
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F i gure  3 .  Ra re earths . 

TABLE 1 .  Summary chemistry of 63589 

Si02 
Ti02 
A12o3 
cr2o3 
FeO 

MnO 

MgO 

CaO 
Na2o 
K20 
Pzos 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 

Cu 

45 .2  
0.30 

30. 7  
o .os 
2 .8 

2 . 7  
17 .4 
0.59 
0.07 

2 .47 
0 . 131 

5 . 6  
42 

8 .3  

Oxides i n  wt%; others i n  ppm except a s  noted . 



63595 FRAG�1ENTAL POL Y�HCT ::::...BR:..:.:E::..::C:...:.C.=.:IA-'-----------------::::...2.:...:.1:..:0__.,_c 

I NTRODUCT ION : 63595 i s  a pa l e gray ,  moderate l y  fr i ab l e  po l ym i ct brecc i a  ( F i g . l ) 
w 1 th a fragmental  or  l i gh t l y  s i n tered matr i x .  I t  i s  a rake s amp l e  wi th some 
zap  p i ts .  

PETROLOGY : 63595 i s  a fragmenta l  brecc i a  conta i n i n g angu l ar c l asts  of p l ag i o
clase , brown g l assy brecc i a ,  aphan i t i c  me l t  brecc i as ,  and fe l dspath i c  gran u l i tes 
( F i g .  2 ) . P h i n n ey e t  a l . ( 19 7 6 ) from an SEM study showed that the matr i x  has 
�35% poros i ty ,  w i th-z-3% matr i x  g l as s  as  f i l aments h o l d i n g  gra i n s  together ( s ee 
the i r  F i g .  1 F ) .  Most  of the matr i x  i s  angu l ar to suban gu l ar gra i ns l ess  than 
10  ]Jm i n  d i ameter 

PROCESS I NG AND SUBD I V I S IONS : Th i n  sect i ons  , 3  and ,4 were made from a typ i c a l  
matrix ch i p  ( , 1 ;  F i g .  1 ) .  

- -- ,1 

63595 

F i gure 1 . mm sea 1 e .  
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F i gu re 2 .  63 595 ,4 , genera l 
v i ew ,  rJpl . IVi dth  2mm . 



63596 V E S I CULAR PO I K I L IT I C  I MPACT MELT 6 . 40 

I NTRODUCTI ON :  63596 i s  a porou s ,  coherent gray rock ( F i g .  1 )  wh ich  i s  an i mpact 
mel t  w i th a f i ne-grai ned po i k i l i t i c  texture . I t  i s  a rake s amp l e  wi th a few z ap 
p i ts .  

P ETROLOGY : 63596 i s  an extreme l y  ves i cu l ar and f i ne-grai ned poi k i l i t i c  i mp act 
mel t  ( F i g .  2 ) .  Sma l l (�50 �m ) o i kocrysts o f  pyroxene ( p i geon i te ? )  enc l ose 
p l ag i oc l ase crysta l s .  I n tero i kocryst areas conta i n  i l men i te w i th exso l ved rut i l e .  
The mel t  conta i n s  n umerou s  c l asts most of wh i ch are p l ag i oc l ase but  one c l ast  of 
gran ob l a s t i c  fe l ds path i c  impacti te i s  present i n  th i n  sect i on  , 4 .  

PROCESS I NG AND SUBD I V I S IONS : Two sma l l c h i ps ( , 1 )  were potted together and made 
1 nto th i n  sect ions  , 3  - , 5 .  

F i gu re 1 .  S-7 2-42032 . 
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Fi gure 2 .  63 596 ,4 , genera l 
v i ew ,  ppl . wi dth  2mm . 



63597  V E S ICULAR PO I K I L IT I C  I MPACT MELT 5 . 6 7  

I NTRODUCT ION : 63597 i s  a poro u s ,  coherent ,  gray po i k i l i t i c  i mp act me l t  ( F i g . l ) .  
It i s  a rake s amp l e  w i th a few zap p i t s .  

P ETROLOGY : 63597  i s  an  extreme l y  ves i cu l ar po i k i l i t i c  i mpact me l t  ( F i g . 2 ) .  
Maf i c  0 1 k ocrysts ( '\,300 11m d i ameter ) enc l ose  p l a g i oc l ase crysta l s  wh i c h  are 
extreme ly  e l ongate compared w i th the stubby c rys ta l s in most po i k i l i t i c  i mpact 
mel ts . The texture i s  fa i r l y  v ar i ab l e  from p l ace to p l ac e .  Abundant fragments 
of p l a g i o c l ase and some l i th i c  fragments are presen t .  

PROCESS I NG AND SUBD I V I S I ONS : Th i n  sect i on s  , 3  and , ·� were cut  from a s i ng l e  
res presentat 1 ve ch 1 p .  

F i gure 1 .  S -7 2 -42082 . 

F i gu re 2 .  63 597 , 4 ,  general 
v i ew , ppl . wi dth 2mm . 
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63598 V E S I CULAR PO I K I L IT I C  I MPACT MELT 1 2 . 66 g 

I NTRODUCT ION : 63598 i s  a porous ,  coheren t ,  gray i mpact me l t  ( F i g .  1 )  w i th a 
f i ne-grai ned po i k i l i t i c  to s uboph i t i c  texture . I t  i s  a rake  s amp l e  w i th a 
few zap  p i ts .  

Fi gure l .  

P ETROLOGY : Warner et  a l . ( 1973 ) c l as s i fy 63598 as a m i cro-nor i te type maf i c  
bas alt and prov i de m i croprobe data . F l oran et a l . ( 19 7 6 ) c l as s i fy i t  genera l l y 
as an impact mel t ,  and spec i f i c a l l y  as a m i crocrysta l l i ne matr i x  brecc i a .  

63598 i s  an extreme ly  ves i cu l ar impact me l t  w i t h  a dom i n an t ly  po i k i l i t i c  texture 
( F i g .  2 )  wh i c h  i n  p l aces grades i nto a s u boph i t i c  texture . Pyroxene o i k ocrysts 
are �100 �m i n  d i ameter ( a l though Warner e t  a l . ,  1973 , state that pyroxene occ urs 
as 20 x 30 ym pr i sms ) wh i c h  enc l ose sma l l e r  PTag i oc l ase crysta l s .  Pyroxene and 
o l i v i ne an a l yses from Warner et  a l . ( 1973 ) are shown i n  F i gure 3 .  Un l i k e  most  of 
the b as a l t i c  imp act me l t  s amples-, and l i k e  poi k i l i t i c  me l t  s amp l e s ,  pyroxene 
an alyses do not form a cont i nuum from l ow-Ca to h i gh-Ca  var i et i es .  Fe-meta l  and 
i lmen i te l aths : w i th exsol ved rut i l e  and chrom i te ( ? ) ) are present . Host  c l asts 

/ are p l ag i oc l ase ,  but  o l i v i ne ( F i g .  3 )  and l i th i c  re l i cs are presen t .  
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63598 

Fi gure 2 .  63598 , 4 ,  general 
v i ew ,  ppl . width 2mm . 

F i gure 3 .  Mafic m i nera l c ompo s i t ions , 
o l i v i ne pl otted a l ong  ba se , from 
Warner et_ �. ( 1 97 3 } . 

CHE�1 I STRY : The s ummary chem i stry presented i n  Tab l e  1 and F i gure 4 i s  taken from 
the major e l ement ana lys i s  by F l oran et a l . ( 19 7 6 ) and trace e l ement ana lyses  by 
B l anchard ( u npubl i shed ) .  The s amp l e  1s CTear ly  metE!Or i te contam i n ated . 

PHYS ICAL PROPERTI E S : Pearce and S imonds ( 1974 ) present magnet i c  parameters 
measured on the potted butt from , 1 .  The rat i o  of s aturat i on remanence/saturat i on 
magnet i zat ion  i s  0 . 002 . Fe0/ Fe2+ i s  0 . 100 and total Fe0 i s  0 . 57 wt% . 

PROCESS I NG AND SUBD I V I S I ONS : The ma i n  sp l i ts are shown on F i gure 1 .  , 1  was u sed 
to make th i n  sections , 6  and  , 7 .  The chem i ca l  ana lyses  were made on ch i p  , 2 .  
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Lu 

TABLE 1 .  Summary chemistry of 63598 

Si02 47.0  
Ti02 0 .93 
A1 203 22.5 
cr2o3 0 . 14 
FeO 7 . 1  
MnO 
MgO 8 . 1  
CaO 13·.3 
Na2o 0 .57 
K20 0 .31  
Pzos 
Sr 
La 41 .7  
Lu 1 . 79 
Rb 
Sc 
Ni 530 
Co 36 . 7  
Ir ppb 
Au ppb 
c 
N 
s 
Zn 30 
Cu 

Oxides i n  wt% ; others in  ppm except as noted 
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64425 DIL ITHOLOGI C  BRECC IA ( ? ) 1 4 . 62 g 

I NTRODUCT ION : 64425  i s  a coherent rock , apparently composed of  di st i nct  gray 
and whi te l i thol ogi es ( Fi g .  1 ) . The contacts between the two l i thol ogi es are 
very i rreg u l ar  and no cl ast/matri x rel at i ons can be determi ned macroscopi ca l l y .  
By anal ogy w i th other Stat ion  4 d i l i tho log i c  b recci as ( e . g . , 64535-6- 7 ) ,  the 
dark materi a l  i n  64425 i s  probably a cl ast-l aden i mpact mel t and the l i ght 
mater ia l  i s  brecci ated anorthos i te .  Metal i s  p resent i n  both of the l i thol og i es 
and a s i ngl e gra i n of  sp i nel ( ? ) was observed i n  one of  the patches of dark 
materi al (Apol l o  1 6  Lunar Sampl e I nformat ion  C atal og , 1 972 ) . Th i s  roc k  was 
taken from a soi l sampl e .  Zap p i ts are abundant on the B s u rface ,  rare on 
others . 

S -72- 41 585 

F igu re 1 . 
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64435 HETEROGENEOUS IMPACT MELT,  PARTLY GLASS-COATED 1 079 g 

I NTRODUCT I ON :  64435 i s  a coherent,  very 1 i ght  gray, heterogeneous i mpact mel t 
That conta i n s  abundant c l a sts of pri sti n e  ferroan anorthos i te ( F i g .  1 ) .  A 
g l as s  coat  i s  present on the surface of the roc k ,  whi ch was part ly  buri ed i n  
the l unar rego l i th .  These protected surfaces are devo i d  of zap p i ts whereas 
the surfaces that were exposed on the Moon have many zap p i ts . The samp l e  was 
col l ected from the northeast wa l l  of a sma l l ,  subdued crater on the northeast 
s i de of Stone Mountai n .  The l unar ori entat i o n  i s  known . 

0 I 2 3 4 

Fi gure 1 .  
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64435 

P ETROLOGY : 64435 cons i sts  of three mai n  l i thol ogi es :  1 )  a l i g h t  g ray matri x 
of heterogeneou s ,  p l ag i oc l a se-ri ch  i mpact mel t ,  2 )  anorthos i te c l asts and  
3 )  a part i a l  coat i n g  of  d ark g l ass . The Apol l o  1 6  Lunar  S amp l e  I n format ion  
Cata l og ( 1 97 2 )  an d Mason ( unpub l i s hed  data pack  i nforma t i o n )  prov i de petro 
graph i c descri pti ons .  

The l i ght gray matr ix  accounts for � 80% of the rock and i s  s omewhat var i ab l e  
i n  texture , often w i th sharp contacts between the d i fferent textures . Port i ons  
of the  matrix  have subhedral l aths of p l ag ioc l ase ( An 9 s - 1 o o ,  u p  to � 0 . 5  mm ) 
s uspended i n  a very f i ne-grai ned , c l ast-r ich me l t  ( F i g . 2 ) .  Most  of the l aths 
and c l asts have f i ne-grai ned react i on r i ms w i th the matr i x .  A f l ow a l i gnment  
i s  often obv i ou s .  Shock effects range from moderate i n  the  c l asts to  absent 
in the l aths . Other port i ons  of the gray matr ix  are more c l as t i c  w i th anhedra l ,  
l i gh t ly  to moderate ly  shocked c l asts of p l ag ioc l ase ,  pyroxene , and mi nor o l i v i ne , 
cemented together by a sma l l a.mount  of i n terst i t i a l mesostas i s .  Very sma l l 
( <  5 �m ) maf i c s  and opaques w i th a me l t  texture are concentrated i n  these i n ter
s t i ces . Sti l l  other port i on s  of the gray matri x have a vari o l i t i c  to bas a l t i c  
texture . Angu l ar c l asts  o f  basal t i c  impact me l t ,  meta l , tro i l i te , i l men i te and 
u l v6spi ne l  ( ? )  are i nhomogeneous l y  d i str i buted throughout the rock . A few smal l 
brown g l as s  vei ns  a l s o  cut the matri x .  

The . anorthos i te c l asts con s i s t  of � 98% p l ag ioc l ase ( An g s - l o o ) w i th mi nor pyroxene , 
o l i vine and metal  (F i g . 2 ) . Pre-catac l as i s  gra i n s i ze was > 0 . 5  mm . A s i n g l e  gra i n  
o f  aug i te had the compos i t i on Wo4 4 En 3 & ( Mason , unpubl i shed ) ,  s i m i l ar t o  those i n  
other ferroan anortho s i tes . Hewi n s  and Go l dste i n  ( 1975a ) f i nd  the metal i n  the 
anorthos i te c l asts to have Co too h i gh to be of meteor i t i c  or i g i n  ( F i g . 3 )  and 
compos i t i onal l y  s i m i l ar to the metal  in pri s t i n e  anorthos i te 600 1 5 .  No maske lyn i te 
was observed i n  any of the anorthos i te c l asts . 

The dark gl ass  coat i ng i s  present on ly  on the surface of the rock that was bur i ed 
on the l u nar surface . I t i s  somewhat ves i cu l ar and c l ast-r ich near the rock -g l ass  
contact . Away from the rock the g l as s  is  i sotrop i c ,  show i n g  no s i gns  of devi tri 
f i cati on . Hetal  i n  the g l ass  contains � 30% N i  ( C i sews k i  et  �· , 19 76 ) .  

CHEMI STRY : Lau l et al . ( 1974 ) prov i de major and trace e l ement  analyses of an 
anorthos i te ch i p-, the gray matr i x  and the g l ass  coat . Major and trace e l ement 
data on the matri x are a l so g � ven by Hubbard et �· ( 1974 ) and S . R .  Tay lor 
et �· ( 19 74 ) . Mason ( unpub l 1 shed data pack i nformat i on ) determ i ned major 
eTements on a ch i p

_
of matr i x  fused to a g l ass  and on fragments of the g l ass  

coat ,by e l ectron �1 croprobe . Moore et �· ( 19 73 ) ,  Cri pe and Moore ( 1 9 74 ) 
and Moore and Lew 1 s  ( 1 976 ) report total C , N  and S on a matr i x  ch i p .  Nunes 
et �· ( 19 74 ,  197 7 )  prov i de U-Th -Pb data on the matr i x . 

The gray matri x i s  a l umi nous ( Tabl e 1 )  wi th i ts rare earths and o ther trace 
e l ements domi nated by a sma l l amount  of KREEP ( F i g .  4 ) . A c h i p  from the l arge 
area of a northos i te on the W s urface of the roc k i s  nearly pure p l ag i oc l ase  
( Tab l e l ) and has rare earth e l ement  a bundances s i mi l ar to other pri s t i n e  
a northos i te s  ( F i g .  4 ) . The l ac k  of  KREE P  contami nati on  a n d  t h e  l ow l e ve l s  of  
s i derophi l es ( Co  1 . 3  ppm )  i nd i ca te that  the  anorthos i te port i o n  of thi s rock 
i s  c hem i ca l ly  pri sti n e .  The g l a s s  coat i s  s i gn i fi cant ly  d i fferen t  i n  both 
maj or  and trace e l ements from the rest of  64435 and from the l ocal  soi l s .  I t  
i s  h i gh l y  enr i c hed i n  s i derophi l es and conta i ns a s i g n i fi cant  KREEP component 
( Ta b l e  l ,  F i g .  4 ) . 
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64435 

a b 

F i g u r e  2 .  a )  6443 5 , 3 ,  ma tr i x , pp l . w idth  2mm . 
b )  6443 5 , 73 , anortho s i te c l a s t ,  pp l . w idth  2r;ln . 

F i g ure  3 .  Meta l s  i n  a nort ho s i te c l a s ts , 
from Hewi n s  and  Gol d s te i n  ( 1 975a ) .  
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64435 

TABLE 1 .  Summary chemistry of 64435 l i thol ogies  

Matrix Anorthosite c lasts G l ass coat 

S i02 44 .5  
TiOz 0 . 19 <0 .1  o .s 

Al 2o3 3 1 . 1  35 .5  24. 5  

cr2o3 0 . 069 0.0083 0. 170 

FeO 3 . 18 0.61  8 . 0  

MnO 0 . 04 0.011 0. 105 

MgO 3 . 3  8 . 0  

CaO 17 .3  19.0 13 . 3  

Na2o 0 . 34 0. 29 0.55 

K2o 0 .025 0.025 0.086 

P2o5 0 .03 
Sr 154 
La 1 . 5  0 . 16 9 . 6  

Lu 0.08 0.008 0. 43 

Rb 0 . 5  
Sc 6 0 . 9  6 . 9  

Ni 56 1800 

Co 17 1 . 3  100 

Ir ppb 50 

Au ppb 30 

c 46 
N 56 
s 330 
Zn 
Cu 

oxides i n  .wt%> others i n  ppm except <IS noted. 

From l i g ht gas ( H20 ,  C02 , N2 , CO , S02 ) rel eases  at d i fferent temperatures ,  
G i bson and Moore ( 1 975 ) fi nd ev i dence for poss i bl e  carbonate phases i n  the 
matr i x  ( Fi g .  5 ) . An anorthos i te c l a s t  does not conta i n  these pos si b ly  car
bonate phases . G i bson and Andrawes ( 1 978 ) fi n d  that n i trogen and a trace of 
methane are the on ly gases g i ven  off when ch i p s  of matr i x  and of an anortho
s i te cl ast are crushed under 25 tons of press ure . 

432 



64435 

M10 Ht MO �00 U O  � 700 lt.IO tOO 1000 llt.IO 1100 ISOO 1400 ISOO 1600 
1M tM 11M ..e Me 600 1M IH ... lOoN 1100 UN 1:100 140e Uot 

TIMPUATUII •c 
TEMrti.TUll •c 

Fi gure 5 .  Ga s rel ease prof i l e s , 
from G1 bson and  Moore ( 1 97 5 ) .  

RAD I OGEN I C I SOTOPE S  AND GEOCHRONOLOGY : Nunes et  a l . ( 1974 , 1977 ) and  Rosho l t  
(1974)  provide U-Th-Pb isotopic data on the gray matr i x .  Th i s  l i th o l ogy con 
ta i ns  excess Pb  re l at i ve to U wh i ch i s  i sotop i c a l l y  very s i m i l ar to , but  much 
l es s  abundant than , the Pb i n  66095 . The excess Pb i s  ch aracteri zed by a h i gh 
2 0 7 Pb/2 0 6 Pb rat i o  ( 1 . 2 5 )  and was apparent l y  produced i n  a U - r i ch reservo i r very 
e ar l y  i n  l un ar h i story.  A two-s tage mode l  age of 3 . 73-4 . 0  b .y .  for the i ntro
duct i o n  of the exces s Pb i nto the rock and  a three-stage mode l  age of 4 . 42 to 
4 . 65 b . y .  for the product i on  of the U-r i ch reservo i r were ca l cu l ated by N unes  
et  �- ( 19 77 ) . 

A measured 6 7 Sr/ 8 6Sr  r at i o  of 0 . 69978±6 for a matr i x  ch i p  was reported by 
W i esmann and Hubbard ( 19 75 ) .  

RARE GAS/EXPOSURE AGE S :  Bogard et  a l . ( 19 7 3 )  report He , Ne ,  Ar and  Kr i sotop i c  
d ata  for an i nter1 0r matr i x ch i"P: From these data  Bogard and G i bson ( 1975 ) 
ca l cu l ate 2 1 Ne and 3 8Ar exposure ages of 0 . 6  and  0 . 7  m . y .  ( both ± 0 . 3  m . y . ) ,  
respecti ve l y .  Bhandari  et  a l . ( 19 7 6 )  g i ve an " i n so l at i on age"  of 0 . 5  m . y .  from 
ga l ac t i c  cosmi c r ay tracK$ and  a crater-count exposure age of 0 . 2-2 m . y .  for an 
exteri or matr i x  ch i p .  From 2 6Al  data  on th i s  s ame exter i or ch i p ,  Bhandari  ( 1977 ) 
c a l c u l ates an exposure age of 0 . 5  : 0 . 1  m .y .  Fruchter e t  � - ( 1 9 7 8 )  a n a lyzed 
an i nter i or matr i x  ch i p  wi th  >2 em sh i e l d i n g  on a l l s i des  and  report 2 6Al  and 
5 3 Mn exposure ages of 1 . 3 and 1 . 7 m .y .  ( both ± 0 . 3  m . y . ) respect i ve l y .  
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64435 

PHYS I CAL PROPERT I E S :  B as i c  and remanent magnet i c  propert i es of the  gray matr i x  
i nd i c ate 0 . 096  wt% metal and no  s i gn i f i cant  res i du e  o f  NRM after 1 50 Oe · rms de
maonet i zat i on ( Nagata et a l . ,  1974 ) .  C i sewsk i et  a l . ( 19 76 ) pro v i de magnet i c  
data on  a sp l i t  o f  t h e  gTass coat . The f i e l d  acqui red b y  the g l ass i s  s im i l ar to 
that presen t l y  observed at the Apol l o  1 6  s i te .  Schwerer and Nagata  ( 1 976 ) de
term i n ed0the  s i ze d i str i bu t i on of meta l l i c part i c l es in  the range 0 . 003-0 . 0 1 5  �m 
( 30 - 1 50 A )  by magn et i c  gran u l ometry o n  a matr i x  c h i p .  The mean gra in  s i ze of 
f i ne-gra i ned metal i n  the matr i x  i s  62  � .  
Huffman e t  a l . ( 1974 ) report the ph ase d i str i but i ons  of i ron and the metal l i c/ 
ferrou s  Tron-rat i o  in the  gray matr i x  as determ i ned by Mos sbauer and magnet i c  
a n a lyses . H uffman and Dunmyre ( 19 7 5 )  prov i d e  data on s uperparamagnet i c  c l u sters 
of ferrou s  i ron s p i n s  i n  matr i x  o l i v i nes  and the res u l ts of heat treatments on 
these c l u s ters . Wi th i ncreas i ng t i me of subso l i du s  annea l i n g ,  the percentage 
of total i ron i n  these c l u sters progress i ve l y  decreases ( F i g .  6 ) . 
Charette and Adams ( 1 9 7 7 )  g i ve spectral  ref l ectance data  for an i nter i or matr i x  
ch i p  ( F i g .  7 ) .  

z 0 iJi 
� z < a: t-
tz w 0 a: w ... 

.%�.���� ..;;;.; -�'-· �· ·-- �- . .;..;.:... �� . �-.,.......: 64435 Annealed "\ • • r 
33.5 hrs at 965 C j, '.,. � 4.9 K 

VELOCITY (mm/s) 
Liquid-helium spectra of 64435 after 10 and 33.5 hr of annealing at 96S'C. 

Fi gure 6 .  From Hu ffma n 
and Du nmyre ( 1 97 5 ) .  

30� ... 
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Fi gure 7 .  From C harette 
and Adams ( 1 977 ) .  
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Superparamagnetic cluster percentage as a function of annealing time at 965"C 
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64435 

P ROCESS I NG AND SUBD I V I S I ONS : I n  1 973 ,  64435 was cut i n to three mai n  p i eces , 
i nc l udi ng a s l a b  (F i g s . 8 ,  9 ,  1 0 ) .  The s l ab and the sma l l er butt end  ( , 1 2 )  
were .exten s i ve ly  s u bd i v i ded for a l l ocati ons . Most  of the s l a b  samp l es con
s i s t  of matri x  ( F i g .  9 ) . The a northos i te c l a sts stud i ed by Hewi ns  and Gol d 
stei n ( 1 975a ) are i n  thi n sect i ons  made from s l a b  sp l i t  , 2 2 .  The a northos i te 
chi p ( , 44 )  a na lyzed by Laul et a l . ( 1 974 )  i s  from the area of mass i ve anor
thos i te seen on the W and N surfaces ( Fi g .  1 ) .  

I I I I 
0 I 2 3 l 1  

CM · 

, 14 

below lunar surface 

Black ves icular glass 
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Fi gure  8 .  Cutt i ng s ketc h .  

F i g ure 9 .  S l a b  fac e ,  
pr ior to s u bd i v i s i o n s . 
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64435 

S - 73 - 17794 

Fi gure 1 0 .  Sl a b  s u bd i v i s i ons . 
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6445 5  BASALT I C  I MPACT MELT , GLASS COATED 56 . 7  

I NTRODUCT I ON : 64455  i s  a basa l t i c  impact  me l t  w i th a very th i ck coat i n g  of smooth , 
dark g l ass ( F i g .  1 ) .  The basa l t i s  s omewhat fr i ab l e  and the bon d i n g  between the 
b a s a l t  and the g l as s  coat i s  genera l l y weak . A l on g  the b a s a l t / g l ass contact the 
b as a l t  has been part i a l l y  me l ted fol l owed by l im i ted m i x i n g  of the me l t  w i th the 
g l as s  coat . The g l ass coat appears to h ave once enc l osed the ent i re rock , but a 
smal l area on the " l unar top"  has been broken away expo s i n g  the basa l t .  Zap  p i ts 
are present o n ly  on the " l unar  top "  s urface . D i s t i nct  sphero i ds and dumbe l l s  of 
g l ass are adher i ng to ,  and coa l e s c i n g  w i th ,  the exter i or surface of the coat . Th i s  
s am p l e  was co l l ected from the northeast r i m  of a s u bdued crater on the northeast 
s l ope of Stone Mountai n .  

Fi gure  l .  S-73 -2265 6 ,  mm sca l e .  
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PETROLOGY : Gr i eve and P l an t  ( 19 7 3 ) ,  B l anford et  a l . ( 19 74 ) ,  Schaal  et  a l . ( 1 979 ) 
and V am man and P ap i ke ( 1 98 1 )  prov i de petrograP!lici nformat i o n . 64455 1s a 
bas a l t i c  i mp act me l t  ( F i g .  2 )  w i th a very th i ck g l ass coat . G r i e ve and P l an t  
( 1973 ) recogn i ze four d i s t i nc t  textura l  zones w i th i n  t h e  rock : 1 )  a crysta l l i ne 
core of b as a l t i c  i mp act mel t ,  2 )  a zone of b as a l t w i th i nterst i t i al part i a l  me l t ,  
3 )  a th i n ,  d i scon t i nuous  crust of dev i tr i f i ed g l as s ,  and 4 )  an ou ter coat i n g  of 
fresh g l as s . 

The  b as a l t  con s i sts  of �65% p l a g i o c l ase  ( An 9 o - 9 s ,  u p  to 1 mm l on g ) w i th i nterst i 
t i a l  l ow-Ca  pyroxene ( Wo & - l 3 E n 7 & - & s ) wh i c h  i s  often cored by  m i nor o l i v i ne 
( Fo 7 5 - s o )  ( F i g .  3 ) .  Accessory metal  ( N i  5 . 1% ,  Co 0 . 3% ) , troi l i te , schre i bers i te , 
and i l men i te account  for �5% of the rock . Several  of the me l t  gra i n s  i n  the 
b asa l t are rusty .  

Between the core o f  b asa l t an d t h e  g l ass  coat there i s  a th i n  zone (�1 mm w i de ) of 
b as a l t  w i th a s i gn i f i cant amount  of i nterst i t i a l g l ass  ( F i g .  2 ) . Gr i eve and P l ant 
( 19 7 3 ) i n terpret th i s  g l ass  as a part i a l me l t  of the basa l t ,  c i t i ng as ev i dence a 
decrease i n  the moda l  abundance of pyroxene ,  part i a l resorp t i on of m i nera l g ra i n s , 
and the comp l imen tary compos i t i on of the g l ass compared to the crysta l l i ne res i due 
w i th i n  th i s  z one . Quench crysta l s  of o l i v i ne and pyroxene are common in  the i nter
st i t i a l  g l ass  and as  r i ms around the p art i a l l y  resorbed gra i n s .  

The th i n  ( 0 . 25 mm w i de )  cru st o f  dev i tr i f i ed g l ass s andw i ched between the b asa l t 
and the  fresh g l ass  coat con t a i n s  numerous areas of ac i cu l ar p l ag i oc l ase gra i n s  
and cryptocrysta l l i n e  mesostas i s .  As po i n ted out  by B l anford e t  a l . ( 1 974 ) these 
are quench crysta l s  and not the products of subso l i dus dev i tr iTicat i on .  Th i s  
z on e  i s  d i scont i n uous  and cannot be  recogn i zed i n  every sect i on ( F i g .  2 ) .  Meta l  
sph eru l es w i th assoc i ated tro i l i te a n d  schre i bers i te are abundan t ,  as  are sma l l 
ves i c l es wh i ch are concentrated a l on g  the b a sa l t / g l ass contact . 

Except for a smal l eroded are a ,  the  fresh gl ass coat (m i n i mum 2 mm t h i ck l com
p l ete ly  e nc l oses the rest of the rock . The smooth extern a l  surface of the coat 
i n d i c ates that  i t  formed dur i n g  free f l i gh t .  F l ow b and i n g  i s  dom i nant l y  p aral l e l 
to the b asa l t/ g l as s  contact and i s  emphas i zed by abundan t ,  m i nute spher u l es of 
metal  ( 20 . 4% N i , 0 . 8% Co ) ,  tro i l i te , and schre i bers i te . I n  contrast to the bas a l t  
none of the metal gra i n s i n  the g l as s  coat are rusty .  Swi r l s of g l ass around 
ves i c l es i n d i cate movement  of the me l t  after emp l acement and  p r i or to quenc h i n g  
( Schaa l  et  �. , 1979 ) .  I n  several  p l aces the g l as s  penetrates the  b a s a l t  for·m i ng 
ve i n s  wh i ch occas i on a l l y  merge w i th the i n ters t i t i a l  part i a l me l t  descr i bed above . 
A th i n  zone of quench crys ta l s  i s  a l s o  present  a l on g  port i ons  of the exter i or 
surface of the coat . 

E XPER I MENTAL P ETROLOG Y :  U l r i ch an d Weber ( 19 7 3 )  performed d i fferent i a l  therma l 
a� a l�ses ( DTA) on natural  and synthet i c  s amp l es of the fresh g l ass coat . The 
l 1 qu 1 du s  temperature of the synthet i c  compos i t i on was found to be  1350-140ooc 
the so l i d u s  temperature i s  �1200°C . A coo l i n g  rate of 140°C/m i nu te from 14000 
req u i red to match the DTA d ata on the synthet i c  compos i t i on w i th that obta i ned on 
the natura l  s amp l e .  

was 

CHEM!STRY : Majo� and trace e l emen t data for both the b as a l t  and the g l ass coat are 
pro v 1 ded  by Hask l n  et  �· ( 1 9 73 ) . Meteor i t i c  s i deroph i l e and vo l at i l e  e l ement 
abun d ances for these two l i th o l o g i es are  g i ven by G anapathy et  a l . ( 1 974 ) .  Gri eve 
and  P l ant ( 1 973 ) report broad beam e l ectron m i croprobe ana lyses-rosA ) of the b as a l t ,  
the g l ass coat ,  g l ass ve i n s  and the i n ter i or part i a l  me l t .  The data are summar i zed  
i n  Tab l e  1 and  F i gu re 4 .  
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a b 

F i gure 2 .  a )  6445 5 , 7 0 8 ,  ba sal t i c  mel t ,  pp l . w i dth  2mm . 
b )  64455 , 38 , zone of  g l a s s coa t ,  ba sa l t wi t h  

i nter s ti t i a l  mel t ,  pp l . wi dth 4mm . 

644 5 5  

644 55  

Or\ 
64455 

., .&&__.. .. ______ _, An Ab so 90 

F i gu re 3 :  a )  t1a f i c  m i neral c om po s i t i on s , o l i v i n e 
p l otted a l on g  ba s e . b )  Pl a g i oc l a s e  compos i t i o n s , 
from Va n ima n  a nd Pa p i ke ( 1 98 1 ) .  
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F i g ure 4 .  
Rare earths . 

"' 
G) -·;::: "tl c 0 .c (.) 

"
.!:! 
c. 
E 
., (/) 

TABLE 1 

Summary chemistry of basalt  and g l a s s  from 64455 

Basalt  G l ass  Coat Part i al �ie l t  

Si02 
Ti02 
Al 2o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 

Sc 

Ni  
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

47 .8  
0 . 63 

23 .6  
0 . 15 
5 .4  
0 .07 
8 . 5  

13 .5  
0 .43 
0 . 22 

21 . 1  
0.96 
6 . 0  
7 .8 

80-540 
'1.30 
2 .25 
1 . 56 

3 

44 . 1  
0 . 42 

25 . 1  
0 . 15  
6 . 1  
0 .07 
8 . 0  

1 4 . 5  
0 .36 
0 .08 

12 . 6  
0 . 56 
3 . 1  
7 . 0  

'\.800 
o..50 

40 . 6  
12 . 7  

2 .4 

Oxides in  wt%; others i n  ppm except as noted . 

,20 Basaltic core 

,22 Glass coat 
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48.6 
0.67 

17 .5  
0 .25 
6 . 5  
0 .07 

14.0 
11 .3  
0 .84 
0 .26 
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Compared to the crysta l l i ne core ,  the g l as s  coat on  64455 contai ns  more a l umi n a ,  
l ower i ncompat i b l es ,  and h i gher s i deroph i l e abundances ( Tab l e  1 )  and thus cannot 
represent s i mp ly  a reme l t  of the basa l t .  Both the basa l t and the g l as s  coat approx
imate , but do not matc h ,  l oca l  s o i l compos i t ions . Gri eve and P l ant ( 19 73 ) f i nd that 
the dev i tr i f i ed g l as s  r i m  and the g l ass coat are compos i t i on a l l y  i denti cal  ( F i g .  5 )  
and probab ly  represent textural var i at i ons  of a s i n g l e  me l t .  The areas of i nter i or 
parti a l  me l t  an alyzed by these authors are s i m i l ar i n  compos i t i on to the KREE P -r i c h , 
Apo l l o  1 6  po i k i l i t i c  i mpact me l ts ( e . g .  603 1 5 ,  622 3 5 )  ( Tab l e  1 ) .  Ana lyses a l o n g  a 
g l ass ve i n  wh ich  connects w i th the g l ass coat and penetrates i n to the part i a l ly 
me l ted zone show a ser ies  of i ntermedi ate compo s i t i ons  wh i ch s pan those of the coat 
and the part i a l  me l t  ( F i g .  5 )  ( Gr i eve and P l an t ,  1 9 73 ) .  

Hertogen et a l . ( 19 7 7 ) report d i fferent meteor i t i c  groups for the bas a l t and the 
g l ass coat; based on s i deroph i l es . The bas a l t  bel ongs  to meteor i t i c  group 1 H ,  a 
group l arge ly  restri cted to the Apo l l o  1 6  s i te .  The g l ass coat conta i n s  meteor i t i c  
group 5 H  and i s  i n terpreted , a l o n g  w i th g l ass  s pheres 6009 5 and 650 1 6 , t o  represent 
South Ray ejecta ( Hertogen �! �- · 1 9 7 7 ) .  

Fi gure 5 .  r�ol . %  ACF for vari ou s compo nents of 6445 5 , 3 5 .  
T he da s hed l i n es s how the range o f  compos i t i ons  o f  t he 
part i a l  mel t a nd t he g l a ss vei n .  1 )  ba sa l t i c  impact 
mel t .  2 )  various  h i g hl a nd basa l t  g l a sses , other aut hors . 
3 )  d ev i tr i fi ed ri m .  4 )  gl ass  coa t .  5 )  part i a l  mel t .  
6 )  g l a ss vei n .  7 )  res i d ua l  crysta l l i ne mater i a l  i n  
part i a l  mel t zone . From Gr i eve a nd Pl ant  ( 1 97 3 ) . 

RARE GAS/EXPOSURE AGES :  Bogard et �- ( 19 7 3 ) prov ide He , Ne , Ar , Kr and Xe i s otop i c  
data for a c h 1 p  of  basa l t .  From these data Bogard and G i bson ( 1 97 5 )  c a l c u l ate 2 1 Ne 
and 3 8Ar expos ure ages of 1 . 2  and 1 . 8 m . y . , respec t i ve l y .  Kr i sotopes y i e l ded an 
exposure age of 2 . 01 m . y .  ( Mart i , 1 9 7 5 ,  pers . comm . referenced i n  B l anford et a l . ,  
1 9 75 ) . These l ow exposure ages and the s i mp l e  exposure h i s tory i n d i c ated bymTCro
crater data are con s i stent w i th excavat i on of 64455 by  the South Ray crater i n g  
e�ent .  B l anford e t  � - ( 1974 ) ca l c u l ate a n  exposure age of 0 . 5 - 0 . 6  m . y .  from the 
m 1 crocrater data of Neukum �� �- ( 19 73 ) .  
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M I CROCRATER S ,  TRACKS AND SURFACES :  Neukum et  a l . ( 19 7 3 ) prov i de s i ze-frequency data for m i crocraters on 64455  ( F i g .  6 ) .  Asimp l e  exposure h i s tory i s  i n d i c ated by the fact that on l y  those  surfaces exposed at the t i me of co l l ecti on h ave m i crocraters . The su rfaces are i n  prod uct i on .  
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F igure 6 .  M icrocrater s ,  
from Neu kum � �L ( 1 97 3) . 

B l anford et  a l . ( 1 974 , 1 97 5 ) report the part i c l e  track profi l e  i n  the g l ass  coat 
( F i g .  7 )  anduse the data to d -i s cuss  the so l ar energy s pectrum . 

MINIMUM E N E R G Y  (Me V/amu) 
OF AN IRON ION AT THE ROCK S U R FACE CAPABLE 
OF PENETRATING TO THE DEPTH INDICATED BELOW 

1o-1 1oo 101 102 

PARTICLE TRACK: 1 
1011 IN LUNAR ROCK 

64455 
(NORMALIZED) 

10'3 10'2 10'1 100 

DEPTH (g/<m2J 
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MINIMUM ENERG Y  (Me V/amu) OF AN I R O N  
ION AT THE R O C K  SURFACE CAPABLE OF 

PENETRATING TO THE DEPTH INDICATED BELOW 

lo-3 1o-2 lo-1 IOo 

DEPTH (g/<m2) 

F i g ure 7 .  Sol a r  fl are  trac ks , 
from Bl anford et �· ( 1 974 ) . 
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Le i c h  et  a l . ( 19 73 ) determi ned the depth d i str i b u t i on s  of H and F i n  exter i or 
c h i ps Of the g l as s  coat and the basa l t ( F i g s .  8 , 9 ) .  A max imum concentrat i on of 
H was detected w i t h i n  �200 A of the exte r i or s urface of both the rock and the 
g l as s  c h i ps . As 64455 was exposed to the atmosphere on route to earth and pr i or 
to storage i n  n i trogen -f i l l ed cab i nets , Le i � h et �- ( 1973 ) cons i der th i s  H to be 
terrestr i a l  contam i n a t i on .  The H at >2000 A w i t h i n  the bas a l t  and the g l as s  can
not  be  accounted for by  e i ther terrestr i a l contam i n at i on or d i rect ly imp l anted 
so l ar w i nd and therefore was probab l y  i n her i ted from a pre - i rradi ated component 
of the i mpact me l t .  A peak i n  the F concentrat i on was observed � . 2-0 . 4  �m from 
the exter ior surfaces of both the basa l t and the g l as s ,  b u t  techn i c a l  prob l ems , 
poor reprodu c i b i l i ty , and the poss i b i l i ty of terrestr i a l  contam i nat ion  i n  these 
s amp l es prec l u de any j udgement as to the ori g i n  of the F ( Le i ch � �. , 1 9 73 1 .  

An upper l i mi t of 3x10 1 5 atoms /cm2 of s o l ar w i n d  i mp l anted carbon for an exter i or 
su rface of basal t was reported by Gol dberg et �- ( 1976 ) .  
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PROCESS I NG AND SUBD I V I S IONS : I n  1972 , 64455 was cut  i nto three m a i n  p i eces , 
i n c l ud i ng a s l ab ( F i g . l:Of.- The s l ab was extens i ve l y  subd i v i ded for a l l oc at i ons . 
Severa l  ch i ps were a l s o  a l l oc ated from the W end  of the l arge butt end  ( , 0 ) .  

,13 

,l'T 
glassy ,21 

22 
white ,19 

,20 

em 

, o 

F i gure 1 0 . Cu tt i ng s ketc h .  
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64475 D I L I THOLOG I C  (ANORTHOS ITE AND BASALT I C  IMPACT MELT) BRECC IA 1 032 g 

I NTRODUCTION : 6447 5 cons i sts of  a whi te ferroan anorthos i te ,  parts of whi ch may 
be chemically pri sti ne , and a dark , fi ne-gra i ned , basal t i c impact mel t .  I n  pl aces 
the two l i thol og i es . are banded , i n  pl aces are d i st i nctly s eparated , and el se
where are i nt imate ly  mi xed ( Fi gs . l and 2 ) . I n  the fi na l  stages of the  format i on 
of the  rock , the wh i te phase  i ntruded the dark . 

64475 was col l ected from the regi on of two subdued  s ha l l ow craters on Stone 
Mounta i n  and i ts ori entat ion i s  known . The sampl e i s  bl ocky and  co herent wi th 
few fractures . Za p pi ts and pati na occur predomi nantl y on the exposed surface 
wi th none on the buri ed s i de .  

F i gu re l .  
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F i gure 2 .  

P ETROLOGY :  Al l phase compos i ti ons reported bel ow are from G . J .  Tayl or and 
R . D .  Warner (pers . �. ) .  
The whi te materi a l  i s  85-95% pl ag i ocl ase  and  catacl ast i c though some cumu l a te� 
l i ke textures are preserved i n  pl aces ( Fi g . 3 ) .  I t  appears to be essent i a l l y  
monom i ct and i s  non-porou s despi te brecc i at ion . M i croprobe ana lyses show 
pl agi ocl a se  An 9 s _ g s ,  exsol ved pyroxenes wh i ch are ma inl y l ow-cal c i um ( En s 4Wo 2 ; 
b u l k  gra i n s �En & 4Wo 4 _ s )  a nd  m i nor ol i v i ne ( Fo s &- 7 1 ) .  Some pyroxenes are up to 
l mm i n  d i ameter , but most are much sma l l er ;  pl ag i ocl ases were ori g i na l l y  3 mm 
or more i n  d i ameter o  A few gra i ns of F e-metal are present , conta i n i ng N i  �7% ,  
Co �0 . 8% i . e .  meteori t i c  compos i ti ons . However , metal i s  not present i n  the 
un brecci ated cl asts and proba b ly  i ndi cates contami nat ion of parts of the 
anorthos i t i c  materi a l . 
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c 

F i gure 3 .  a )  6447 5 , 62 ,  
b )  6447 5 , 62 , 
c )  6447 5 ,  58 , 
d )  6447 5 , 58 ,  

644 75 

b 

d 

a northo s i te , pp l . w idth  l mm .  
ba sa l t c l a s ts  i n  anor t hos i te ,  p p l . w idth  2mm . 
ba s a l t ic  impac t me l t ,  pp l . w idt h 0 . 5mm . 
ba sa l t anor tho s i t e  contac t ,  ppl . w idth  2mm . 
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The dark phase  i s  f i n e - gr a i ned , mesostas i s - r i c h  bas a l t i c  i mpact  me l t  conta i n i n g  
an gu-,-ar;-p l ag i oc l ase c l asts ( F i g .  3 ) .  Fe-metal  i s  common and h as -v5% N i , 0 . 6% 
Co ,  typ i c a l  of contam i n ated me l ts .  Troi l i te and schre i bers i te are a l so  presen t .  

The re l at i on s  between the dark and l i gh t  phases are comp l ex . I n  most p l aces 
the b l ack fragments are angu l ar and appear to be c l asts c arr i ed i n  the wh i te 
matr i x  ( F i g .  3 ) .  I n  several  p l aces apophyses of wh i te mater i a l c l ear l y  i ntrude 
the dark phases . However , i n  a few p l aces the wh i te mater i a l appears as rounded 
c l asts w i th i n  the b l ack . The l atter a l so shows textura l  v ar i at i ons  wh i ch 
i n c l ude mar g i n s  apparent l y  ch i l l ed a g a i n s t  wh i te mater i a l . As w i th some of the 
other " b l ack  and wh i te "  rock s ,  i t  appears that b as a l t i c  i mpact me l t  i ntruded the 
wh i te ph ase and was l ater remob i l i zed ,  w i th the bas a l t  then act i n g  as competent 
fragments i n  a f l u i d i zed ,  though not l i q u i d ,  wh i te ph ase . 

CHE M I STRY : M i xed b l ack and wh i te c h i ps  were a na lyzed by Scoon ( 1 974 ) for major 
e l ements and by Moore and Lew i s ( 1 9 7 6 )  for C and N abundan ces  (Tab l e  1 ) , and 
reported w i thout d i scuss i on .  

TABLE 1 .  Summary chemi stry of 64475,  mi xed bl ack and whi te 

S102 44.8 
Ti02 0. 54 
A12o3 28.3 
Cr2o3 0.07 
FeO 4.6  
MnO 0.06 
MgO 5 . 6  
CaO 1 5. 9  
N�O 0.49 
�e.zo 0 . 1 2 

Pz% 0.1 5 
c 55 
N 92 

Oxides i n  wt%; C, N i n  ppm 

�ARE G�SES AN D EXPOSURE ,AGES : Bogard an ? G i bs?n ( 1 9 75 )  report He , Xe , Ar , and Ne 1 s?top 1 c data for two m1 x�d bl ack  and  wh1 te ch1 ps , one of  whi ch ( , 1 7 ) was ma i n l y  w h1 te ,  !he other ( . �1 ) ma 1 n l y  da rk . The sampl es  conta i n  a ppreci a bl e amounts of 
�� l ar  w1 nd  gases . Ne exposure ages of  1 . 0 m . y .  ( , 1 7 )  and 1 . 3 m .y .  ( , 2 1 ) and a 

.
Ar  exposure age of 1 . 6 m . y .  ( , 1 7 ) are subject to ± 50% error but are cons i s tent Wl th Sout� Ray rather than North  Ray sampl es . Kr data ( not  reported ) s how domi nan tl y a tmos ph  en c Kr . 

Lambert �t 2l· ( 1 97 5 )  measured 2 1 0 Po acti v i ty on an external su rface of a mi xed ch i p ( , 1 6 ) wh1 ch  wa s i n  contact wi th l unar  fi nes , provi d i ng i n forma tion  on 2 2 2Rn . 
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64475 

PHYSI CAL P ROPERT I ES :  Stephenson et a l . ( 1 974) report natural remanent magneti zation  
(NRM )  i n tens i ties  for two smal l blockS of  mi xed b l ac k  and  whi te materi a l , summari zed 
in Tabl e 2 .  

The d i rections i n  l l A  and l l B  were c l ose to those o f  the ori gi nal  chi p .  There 
i s  no s tatement i n  Stephenson et �· ( 1 974 ) that l l A  a nd l l B  were macroscopi cal l y  
d i s s imi l a r .  , 7  and  , l l A  were aTso s u bjected to  a l ternati ng  fi el d demagneti zati on 
and thermal demagneti zat i on , respect ivel y .  The NRM may not be thermoremanent i n  
ori g i n  and  pal eoi n tens i ty determination  i s  unrel i ab l e .  A pa l eoi ntens i ty deter
m i nat ion  by anhystereti c remanent magneti zation  (ARM )  methods was a l so uns uccessful . 

TABLE 2 .  NRM i ntensi ties for 64475 ch� 

Sampl e 
, 7 bul k 
,11  bul k  
,1 1A 
, 1 1 8  
, 1 1 A  + , 1 1 8  

Intensi ty (G cm'g- 1 ) 
73 x 1 o- •  
ss x 1 o- •  

1 40 x 1 o- •  · 

59 x 1 o- • 
91 x 1 o- • 

PROCESS ING  AND SUB D I V I S I ONS : 6447 5 wa s sawn i n  1 g7 3  to produce a l arge end piece 
( ,1) ,  a sma l l er end pi ece ( , 2 )  and a s l ab ( , 3 ) . , 1  ( 740 g )  i s  i ntact , whi l e  the 
other two p i eces have been s ubdi vi ded . The mai n subdi vi si ons of the s l ab are s hown 
i n Fi gure 4 .  

6 4 4 7 5  S - 73 - 27839 

Figure 4 .  Sl a b  subd i v i s i on s . 
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I NTRODUCT I O N :  64476 con s i sts of �70-80% catac l a s i ze d ,  granob l as t i c  anorthos i t e ,  
probably monom i c t ,  and �20-30% dark aphan i t i c  to bas a l t i c  imp act me l t  ( F i gs .  1 
and  2 ) .  The l a tter i s  vari ab l e i n  texture and  cl a st  content and mi ght even 
represent more than a s i ngl e l i thol ogy . The wh i te materi a l  cl early i n vades the 
dark  in pl aces , but el s ewhere dar k  rims surrou n d  whi te c l a sts . 

64476 was col l ected from the reg ion  of two s ubdued sha l l ow craters on Stone 
Mounta i n .  I ts ori entation  pr ior  to actual col l ect ion i s  known , but the sampl e 
may have been moved pri o r  to i ts be i ng photogra phed . The sampl e i s  angu l a r  and  
coherent wi th few fractures . A few zap pi ts a re present on  three s i des , i nc l udi n g  
the l unar  top as  photographe d .  

F i gu re 1 . 

F i g ure 2 .  
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64476 

a b 

c d 

e 

Fi gu re 3 .  a ) 6447 6 ,8 ,  a northo s i te ,  pp l . w i d t h  2mm . 
b ) 6447 6 , 8 ,  a nor tho s i te ,  x p 1 . wi dth  2mm . 
c )  6447 6 ,7 , ba sa l t c l a st s  i n  a nort hos i t e ,  p p l . w i dt h  2mm . 
d )  6447 6 , 5 ,  f i ner -gra i n ed bas a l t i c  impac t me l t ,  ppl . wi d t h  l mm .  
e ) 6 447 6 ,8 ,  coar s er -gra i ned bas a l t i c  i mpact mel t ,  ppl . 11i d t h  l mm .  
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64476 

P ETROLOGY : T he whi te phase  i s  homogeneous ,  macroscopi cal l y  conta i n i ng sparse 
yell ow-g reen mi neral s .  Thin s ecti ons  s how i t  to be apparentl y monomi c� non- porous, 
brecci ated anorthos i te ( F i g .  3 ) w i t h  more than 90% pl a g i ocl a s e .  Both ol i v i ne 
and  pyroxene gra i n s appear to be present . The preserved texture i s  granobl asti c 
w ith  tri pl e junct ions  but most pl ag i ocl ases  a re shocked . P l ag i ocl ase gra i ns are 
up to 2 mm i n  d i ameter and mafi c gra i ns are l ess  than 500 �m i n  d i ameter . 

The dark phase is  vari abl e .  One type i s  c l ast-ri ch , fi ne-gra i ned , and  cons i s ts 
of s k e l eta l  o l i v i nes in a fel s i c  grou ndmass ( F i g .  3 ) .  The cl asts are nearly a l l 
shocked pl ag i ocl ases and  l i thi c cl asts are a bsent .  A second type i s  darker-col ored ,  
c oarser-gra i ned ,mesostas i s-r i c h  basa l t i c  i mpact mel t wi th few cl a s ts ( Fi g .  3 1 . 
B oth types conta i n Fe-meta l . One l arge c l ast  ( s hown i n  Fi gure 1 )  appears macro
s copi cal l y  to have a gradat i on between the two types . 

The rel at ions  between the wh i te a n d  da rk l i tho l og i es are comp l ex .  I n  some pl aces 
the angu l ar b l ack fragments are cl early i ntruded by wh i te matri x ,  but s el vages of 
dark materi a l  around whi te materi a l , and the pl a g i ocl ase cl asts i n  the dark 
mater i a l  suggest that the l atter i s  the host .  Wi l s h i re and  Moore ( 1 974 )  suggest 
that ori g i na l l y  the dark phase formed the matri x but  a l ater event reversed th i s  
re l at i on s h i p  by mobi l i z i ng the whi te phas e .  

CHEM I STRY : Cl ark and Kei th ( 1 97 3 )  ana lyzed the bul k rock for K ( 0 . 066% ) , U ( 0 . 31 
ppm ) ,  Th ( 1 . 1 9  ppm ) and  radi onuc l i des u s i ng  y-ray s pectroscopy .  The ana lys i s  
i nd i cates that. the whi te pha se i s  extreme ly  l ow i n  KRE E P  el ements . 

PROCESS I NG AN D  SUBD I V I S IONS : The rock has not been sawn and most of  i t  rema i n s  as  
, 0  (1 24 g ) .  O n ly  , 1  and , 2  have  been removed , and both were made i nto th i n  sections . 
, 1  was from the cl ast-ri c h  mel t area ( Fi g .  1 )  and , 2  cons i s ted of l oose c hi ps of 
bl ack  and whi te mater ia l , un l ocated but bel i eved to be g eneral l y  from the area at 
the top of Fi gure 1 .  
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644 7 7  HETEROGENEOUS GLASSY .:c.:BR�E:..::.C.::.cC I'-'-A'--------------------'1'-"-9--'-. .::..3 2'----"-

I NTRODUCT ION : 64477 i s  a coherent , med i um gray brecc i a  w i th abundant wh i te 
c l asts  ( F i g .  1 ) .  Several  penetrat i n g  fractures c u t  t h e  roc k .  I t  was co l l ected 
from the r i m  of a s ubdued dou b l et  crate r ,  near several  l arge r ,  s im i l ar-appear i n g  
rock s . Lunar orientat i on i s  unknown . Z a p  p i ts are abundan t  o n  three surfaces , 
absent from the other surfaces .  

64477 

S - 72 - 46771 

F igure  l .  

P ETROLOGY : 64477  i s  a p l ag i oc l ase-r i ch brecc i a  w i th a cont i nuous , but  hetero
geneously d i s tr i buted g l assy matr i x  ( F i g .  2 ) . Fragments of p l a g i o c l ase  are the 
most abundant c l ast-type . Several  angu l ar c l asts of f i n e-grai ned po i k i l i t i c  
impact me l t ,  a few c l asts of g l assy brecc i a , and rare maf i c  m i nera l  fragments are 
a l so present .  Troi l i te i s  u n u sua l l y  abundan t , an d  i s  usu a l l y  as soc i ated w i th the 
g l assy matr i x .  Some Fe-meta l  i s  a l so present . 

Port i ons of the rock are near l y  devo i d  of the  g l assy matr i x  an d ,  i n  these p l ace s ,  
the rock approaches  a catac l ast i c  anorthos i te .  Th i s  rock may h ave been a 
d i l i th o l og i c  brecc i a  ( c atac l as t i c  anorthos i te + po i k i l i t i c  impact mel t )  that  was 
shocked and i n v aded by g l as s . 
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F i g ur e  2 .  64477 , 1 3 ,  general v i ew ,  
ppl . width  4mm . 

PROCES S I NG AND SUBD I V I S I ONS : 64477  was removed from i ts documented bag as four 
p i eces  ( , 1 - , 3  and , 5 ) which were found to f i t  together, and some c h i ps an d f i nes 
( , 4 ) .  , 1  was a l l oc ated for th i n  sect i ons . 
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64478 PO I K I L I T I C  I MPACT MELT ( ? ) ,  GLASS COATED 1 2 . 34 g 

I NTRODUCT I ON :  64478 i s  a coherent , med i um dark  gray brec ci a  wi th  a bundant 
c l as t s ,  coated wi th  a h i g h ly  ves i cu l a r  g l as s  ( Fi g .  1 ) .  The matr i x i s  probably 
p o i k i l i t i c  i mpact mel t .  I t  was c o l l ected  from the rim of a s ubdued doubl et 
crater .  Zap p i ts a re a bsent . 

fi gure 1 .  c u be i s  l cm .  

P ETROLOGY : The th i n  sect i on s  of th i s  rock are dom i n ated by a coarse -gra i ned 
( p l agiocl ases up  to 2 mm ) anorthos i t i c  brecc i a  p art i a l l y  s urrounded by f i ne
grai n ed po i k i l i t i c  impact me l t  ( F i g .  2 ) .  The  brecc i a  i s  probab ly  a c l as t  i n  the 
i mp act  me l t .  Brown g l as s  ve i n s  cut both the brecc i a and the impact me l t .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972  three smal l ch i ps ( , 1 )  were removed and 
made i n to th i n  secti ons , 1 3  and , 14 .  
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64505 F RAGt•1E NT AL ( ? ) POL YM I CT BRE-=-CC"-'I"-'A� ____________ 5::.:
·c.::3.:..9 _;,_ 

I NTRODUCT I O N :  64505 i s  a med i um p a l e gray , po lym i c t  brecc i a ,  
sma l l l i ght  and  dark c l asts  ( Fi g .  l )  i nc l ud i ng g l as s  s ha rd s . 
coherent  a n d  pos s i b ly  hel d  together w i th  g l a s s . Con sp i cuous 
occur on two surfaces . 

conta i n i ng 
I t  i s  fa i r ly 

s l i c ken s i des 

The fragment  wa s taken from a regol i th samp l e  co l l ected near the rim of a 
subdued 1 5 m crater . A few zap  p i ts are p resent .  

Fi gure l .  mm scal e .  
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64506 F I N E-GRAINED  BASALT I C  IMPACT MELT ( ? ) ;  PARTLY GLASS COATED 5 . 08 g 

I NTRODUCTI ON :  64506 i s  a coherent ,  a n g u l ar ch i p  o f  med i um p a l e gray i mpact  
me l t  ( F i g .  1 ) .  The  me l t  contai ns p l a g i oc l ase  l aths  � 1 00 �m l ong  and 
sch l i eren of whi te c l a st s .  B l ack ,  ves i c u l ar g l a ss  coats one surface ;  
adj acent to  the  rock i t  i s  c rysta l l i ne or dev i tr i f i ed .  

64506 was taken from a rego l i th samp l e  col l ected near the  r i m  of a s ubd ued 
1 5  m crater . Zap p i ts are common on  the ba sa l t i c  mel t ,  but  the g l a s s  coat 
ha s a smooth s urface . 

64506 

1 cm 
r 

Fi gure l .  
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64507 D I L I THOLOG I C  ( GLASSY I MPACT �1E LT AND CATACLAST I C  
ANORTHOS ITE  ?)  BRECC I A  

4 . 47 g 

I NTRODUCT ION : 64507 i s  a coherent , a n g u l ar fragment ,  wi th  a bout  70-80% 
dark c o l ored ma teri a l  a nd  the  rema i nder wh i te c l asts  ( Fi g .  1 ) .  The da r k  
materi a l  i s  a g ray, fi ne-gra i ned t o  b l a c k  g l a s sy me l t , a n d  the  whi te  a ppears 
to  be p ure catac l as t i c a northos i te .  The whi te c l a s ts range u p  to several 
mms i n  p l ace s ,  but e l sewhere a re sma l l (< 1 mm ) and rounded . The fragment 
i s  cut  by g l a ssy vei ns . 

64507 wa s taken from a regol i th s amp l e  co l l ec ted near the r im  of a subd ued 
1 5  m crater . I t  l a c k s  zap p i ts .  

F i g ure 1 .  mm sca l e . 
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64508 D I LITHOLOGI C  (CATACLAST I C  ANORTHOS ITE AND GLASSY 
I MPACT MELT ?)  BRECCIA  

4 . 1 7  g 

I NTRODUCT I ON :  64508 i s  a n  ang u l ar ,  coherent fragment .  I t  i s  about 90% whi te 
materi a l  and the rema i nder i s  dark ( F i g .  1 )  The whi te appears to l ac k  mafi c 
mi nera l s ,  hence i t  i s  probably a catac l asti c anorthos i te .  The b lack  materi a l  
i s  a fi ne-grai ned to  g l a ssy impact  me l t  whi c h  forms rounded b l ebs i n  the 
anorthos i te ,  and i n  p l aces forms ri nds around whi te c l as ts . A few of the 
bl ack b l e bs have g l assy se l vages . 

64508 was taken from a regol i th samp l e  col l ected near the r im  of a s ubdued 
1 5  m crater . I t  l acks zap p i ts . 

F i g ure l .  mm scal e .  
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64509 FRAGMENTAL POLYM I CT BRECC IA  3 0 1 5  

I NTRODUCT I ON :  64509 i s  a rounded , med i um g ray , fri a b l e  po lym i ct brecc i a ( Fi g .  1 ) .  
I t  c onta i n s sma l l l i g ht and dark c l a s t s ,  i nc l u d i ng g l a s sy shards . One wh i te 
c l ast ,  � 8 mm i n  d i ameter ,  i s  a c oherent , coarse -grai ned anorthos i te ,  l ac k i ng 
maf i c m i nera l s .  

64509 wa s taken from a rego l i th s amp l e  col l ected near the r i m  of a s u bd ued 1 5 m 
c rater . I t  l ac k s  zap p i ts .  

F igure l .  mm sca l e .  
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645 1 5 BASALT I C  IMPACT MELT ( ? )  3 . 76 g 

I NTRODUCTI ON :  645 1 5  i s  a n  angu l ar ,  coherent ,  med i um d ark gray, c rysta l l i ne frag 
ment ( Fi g .  1 ) .  I t  conta i ns p l ag i oc l ases  � 0 . 5  mm . i n  d i ameter but dust  on the 
roc k surface obscures the textures . I t  conta i ns ves i c l e s  up  to a few mms d i a 
meter , troi l i te and rusty bl ebs ,  and l ac ks obv i ou s  c l asts . 

645 1 5  was ta ken from a regol i th samp l e  col l ected near the r im  of a s ubd ued  1 5  m 
crater . I t  l ac ks zap p i ts .  

F i gure l .  mm scal e .  
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645 1 6  CATACLASTI C ANORTHOS ITE 2 .  93  _g_ 

I NTRODUCT ION : 645 1 6  i s  a fri abl e ,  pure whi te fragment ( F i g .  1 ) .  I t  l acks 
mafi c m i nera l s  and i s  probab ly  a catacl asti c a northos i te .  Rare t i ny bl ack  
fl ecks may be  e i ther opaque m i neral s or  metal i n  the anorthos i te ,  or extraneou s 
mater i a l . · The p l ag i oc l ase  appears to be i n  g ra i ns much l es s  than 1 mm i n  d i a 
meter .  

645 1 6 was ·taken from a rego l i th samp l e  col l ected near the r im  of  a subdued 1 5  m 
crater. I ts fri abl e surface l acks zap p i ts .  

F i gure 1 .  mm sca l e .  
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645 1 7  F I NE-GRAINED CRYSTALLINE BRECC IA 1 .  55 g 

I NTRODUCT I ON :  645 1 7  i s  a coherent c hi p ,  a bout 80% of whi ch  i s  a med i um l i g ht 
gray , fi ne-grai ned crysta l l i ne brecci a a nd the remai nder a whi te c l ast  w i th 
coarse pyroxene ( ? )  and b lack  ve ins  ( opaque mi nera l s  or g l a s s ? ) .  The l atter 
vei ns do not cut the host brecc i a .  The fragment was taken from a regol i th 
samp l e  col l ected near the r im  of a subdued 1 5 m c rater . I t  l acks zap p i ts .  

Figure 1 .  mm sca l e .  
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645 1 8  F I NE-GRA INED  IMPACT MELT 1 .  49 g 

I NTRODUCT I ON :  645 1 8  i s  a n  angu l ar ,  coherent , med i um dark gray fragment  ( F i g .  
1 ) .  I t  i s  f i ne-gra i ned and c rysta l l i ne ;  some t i ny ves i c l es suggest that  i t  
i s  an  i mpact  mel t .  I t  conta i ns no obv i ou s  c l asts . The fragment was taken  
from a regol i th samp l e co l l ected near the r im  of a s ubdued 1 5 m c rater . I t  
l ac ks zap  p i ts .  

F i gure 1 .  mm scal e .  
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645 1 9  CATACLASTI C  ANORTHOS ITE  1 . 1 2  

I NTRODUCT ION :  6451 9 i s  a fri a bl e ,  pure whi te ,  rounded fragment ( Fi g .  1 ) .  No  
maf i c  mi neral gra i ns a re apparent and  i t  i s  probab ly  a catac l ast i c  anorthos i te .  
I t  was ta ken from a rego l i th samp l e  col l ected near the r im  of a subdued 1 5  m 
crater .  I ts fri a bl e  surface l acks zap p i ts .  

F i gure 1 .  sma l l est scal e s ubdi v i s i on 0 . 5mm . 
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64525 CATACLASTI C  ANORTHOS ITE l .  1 2  9 

I NTRODUCT I ON :  64525  i s  a whi te , rounded ,  fri abl e samp l e  ( F i g .  1 ) . I t  con
tai ns  no mafi c mi neral s or l i th i c  c l asts  but rare b l ac k  fl ecks are p resen t .  
I t  i s  a l most certa i n l y  a catac l asti c anorthos i te .  I t  was ta ken from a soi l 
samp l e  col l ected near the rim of a subdued 1 5  m crater .  I t  l acks zap p i ts .  

fj_gure l .  smal l est sca l e  s ubd i v i s i on  0 . 5mm . 
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64535 D I L I THOLOGI C  (CATACLASTI C  ANORTHOS ITE AND V IT ROPHYR I C  I MPACT MELT ) 257  g 
BRECC IA  

I NTRODUCT ION : 64535 i s  a d i l i th o l o g i c  brecc i a  made up of  � 90% wh i te ,  fr i ab l e ,  
anorthos 1 t 1 c  mater i a l and the rema i nder a dark , coherent , g l assy i mp act mel t  
that coats and i n trudes the anorthos i te ( F i g . l ) .  A m i xed zone a long  the contact 
on the 8 s urface i s  apparen t .  The mott l ed c l ast-l i k e  areas w i th i n  the anorthos i te 
( F i g . l )  can best be i nterpreted as  i ntrus i ve vei ns rel ated to the g l as s  coat i ng .  
The morpho l o g i c  s im i l ar i ty t o  the m i xed contact zone i s  apparent and macro-
scop i c  exam i n at i on reve a l s  at  l e ast  one d i rect connect i on between the g l ass coat 
and a c l ast- l i k e  area very s im i l ar to those i n  F i gure 1 ,  but  on the S surface . 
These areas appear to b e  restri cted to the exter i or of the rock : none were ob
served a l on g  cracks that penetrate to the i nter i or of the anorthos i te .  

Th i s  rock was co l l ected as a rake s amp l e  from the upper s l op e  of Stone 
on the r i m  of a smal l ,  subdued crater . Lunar or i entat i on i s  u nknown . 
and p at i n a  are present on the N ,  E ,  S and T surfaces . 

Mounta i n ,  
Z ap p i ts 

64535 

F igure l a . 
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64535 

" 
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Figure l b . 

S -72-43420 

. �' 
jk�: 

PETROLOGY : 64535 i s  composed of essent i a l l y  two l i th o l o g i es : a wh i te ,  cata
c l as t i c  anorthos i te and a dark , i n trud i n g i mpact mel t  ( F i g .  2 ) .  The l atter i s  
referred t o  as mesos tas i s -o l i v i ne - p l ag i oc l ase rock by Warner e t  a l . ( 1 9 73 ) who 
prov i d e  an a n a lys i s  of i ts mesostas i s .  

-- --

The catac l as t i c  anorthos i te appears to be monomi ct and may be  p r i s t i ne but no  
m i nera l  or chem i ca1  an a l yses  have  been p ub l i shed . Pre-catac l as i s  gra i n  s i ze 
ranged to > 1  mm . I n  p l aces a granob l as t i c  texture has  been preserved ( F i g .  2 ) .  
Mafi c  m i nera l s  are very rare ( <2% ) and genera l ly occur as  d i screte gra i n s  
i n terst i t i a l  t o  p l ag i oc l ase . 

The impact me l t  i s  a very f i ne-gra i ned  v i trophyre w i th t i ny ( a  few �m ' s ) ,  b l oc ky 
to l athy pl agioc l ase crysta l s i n  a g l assy matr i x . I rregu l ar l y  sh aped Fe-meta l 
gra i n s  ( u p  to �1  mm ) w i th assoc i ated tro i l i te and a more - poorly-ref l ec t i n g  
opaque are common . Angu l ar xenocrysts o f  p l ag i o c l ase and , l ess  common l y ,  maf i c  
m i nera l s  are a l so presen t .  The contact between the two l i th o l og i es i s  i rregu l ar 
but  sh arp ( F i g . 2 ) .  No c h i l l ed marg i ns were observed . 

CHEMI STRY : The on l y  pub l i shed ch em i c a l  data on 
wh i te ch i p  ( , 7 }  by Jes sberger et  a l . ( 19 7 7 ) .  
abundance ( 1 6 . 2% CaO ) i s  con s istent wi th th i s  
thos i te .  

4 68 

64535 are Ca and K abundances on a 
K i s  very l ow ( 1 23  p pm )  and the C a  
s p l i t  b e i n g  v i rtua l l y  pure anor-



a 

c 

469 

6453 5 

b 

F i gure 2 .  a ) 6453 5 , 1 3 , a northo s i te a nd 
impact  mel t ,  x p l . wi dth 2mm . 
b ) 6453 5 , 1 3 ,  a northo s i te ,  pre-ca tacl a s i s  
textu re , x pl . wi dth 2mm . 
c ) 6453 5 , 1 4 ,  a northo s i t e ,  i m pact  mel t 
contac t ,  pp l . w idth  l mm .  



64535  

GEOCHRONOLOGY : An  � 0 Ar- 3 9Ar p l ateau age of  3 . 98±0 . 02 b .y .  on a wh i te ch i p  ( F i g .  3 )  
i s  reported by Jess berger e t  {I_. ( 19 7 7 ) .  

,� ..-----

F i gure  3 .  Ar rel eases , i u  
from Jess berger et �· ( 1 97 7 ) . 

i "  
6�S35.7 

�---------------------� 

EXPOSURE AGE : An 3 8 Ar exposure age of 1 . 9±0 . 2 m . y . on a wh i te c h i p  ( , 7 1  
( Jessberger et a l . ,  1 9 77 ) i s  cons i s tent w i th the excavat i on of 64535 by the 
South Ray Crater-event . 

PROCESS I NG AND SUBD I V I S I ONS : I n 1975  a l arge ch i p  ( , 3 )  was t aken from the E face 
and subd i v 1 ded  , , 3 - , 1 or-f0r a l l ocat i ons  ( F i g . � ) .  I n  1979  a s econd round of 
a l l oc at i ons  was made by subd i v i d i n g  , 9  and by tak i ng a few c h i p s  of both anor
thos i te and g l ass from , 0 .  The l arge st  s i n g l e  p i ece rema i n i n g  i s  , 0  ( 233 . 0  g ) . 

64535 S -75 -23039 

F i gure 4 .  
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64536 D I L I THOLOG I C  ( ANORTHOS ITE  AND F I NE-GRA I NED  I MPACT MELT ) BREC C I A  

I NTRODUCT ION : 64536 i s  composed o f  two l i th o l og i es : wh i te ,  fr i ab l e ,  c ata
�l as t i c  anorthos i te and d ark , coherent ,  g l assy i mpact  me l t  ( F i g .  1 ) .  C l ast/  
matr i x  re l at i on s  of the  two l i th o l o g i es are  obscure . The  i mp act me l t  i s  not  
s i mp ly a s p l ash  coat i ng and  seems to occur  as  c l asts w i t h i n  the  anorthos i te .  
Apparent l y  both l i tho l og i es were s omewhat mob i l e  d ur i n g  the i r  emp l acement i n  
th i s  rock . 

1 7 7 . 5  g 

Th i s  s amp l e  was co l l ected as a rake s amp l e  from the r i m  of a sma l l ,  subdued , 
crater on  the upper s l ope of Stone Mounta i n .  L i tho l og i c a l l y  i t  i s  very 
s i m i l ar to 64535 and 64537 , both rake s amp l es from the s ame l oc a l i ty .  Pat i n a  
and a few zap p i ts are present  o n  the T s urface o f  6453 6 .  

S - 75 - 2 2681 64536 

F i g ure l .  
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6 4536 

a 

PETROLOG Y :  The wh i te l i th o l Qgy i s  a coarse-gr a i ne d , appare nt ly  monom i c t ,  c ata
cl astic  anorthos i te w i th rare i n terst i t i a l mafi cs ( F i g . 2 ) .  Pre-catac l as i s  
gra i n  s i ze ranged u p  to � 1 em . Tro i l i te i s  the on l y  opaque  phase  present . 

The dark l i tho l ogy i s  a very f i ne-gra i ne d ,  g l assy i mpact me l t .  Gra i n  s i ze i s  
somewh at vari ab l e ,  but  i s  n ever greater than � 0 . 1  mm . Re l at i ve l y  coarser
gra i ned areas have a bas a l t i c  texture ( F i g .2 ) wh i l e the f i ner-gra i ned port i ons  
are fa i n t l y  po i k i l i t i c .  Met a l  and troi l i te are  common . Angu l ar c l asts of 
p l ag i o c l ase and mafi cs  are a l so prese n t .  

b 

F igure 2 .  a )  6453 6 , 2 3 , a nort hos i te ,  xp l  .. w idth  2mm . 
b )  64536 , 2 5 , i mpac t  mel t ,  ppl . width 0 . 5mm . 

CHEMISTRY : Ca  and K data on  the  anorthos i te ( , 3 )  and the i mpact me l t  ( , 1 2 ) are 
g 1 ven by Jessberger et a l . ( 1 9 7 7 ) .  The anorthos i te appears  to be v i rtua l l y  
pure p l ag i oc l ase ( 16-:-7%Ca0 ,  265 p pm K ) ,  wh i l e  the i mp act me l t  i s  much l ess 
fe l dsp ath i c  and con s i derab l y  more potas s i c  ( 9 . 4% CaD ,  1410 p pm K ) .  
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64536 

RAD I OG E N I C  I SOTOPES/GEOCHRONOLOGY : Je ssberger et  a l . ( 19 7 7 )  report K-Ar i so
top i c  data  on  the  anorthos i te ( , 3 )  an d the  i mpact mel t ( , 12 ) .  An 4 0 Ar - 3 9Ar 
p l ateau age of 3 . 97 ±0 . 01  b . y .  was obtai ned  from the anorthos i te ( Fi g .  3 ) .  The 
i mpact mel t  d i d  not y i e l d  a good p l ateau : two apparent age reg imes  are presen t .  
A l ow temperature fract i on { 3 -47% 3 9 Ar )  g i ves  a n  age of 4 . 14±0 . 02 b . y .  wh i l e  a 
h i gh temperature frac t i on ( 57 -99% 3 9Ar )  g i ves an age of 3 . 83±0 . 02 b . y .  The geo
chronol og i ca l  s i gn i f i c ance  of e i ther age is  " spuri ou s  at presen t "  ( Jessberger 
et �· , 1 9 7 7 ) .  

ba&- • 

"' 

F i gure 3 .  Ar rel ea s es ,  
from Jes-s berger et �· ( l 97 7 ) . 

EXPOSURE AGE S :  3 8 Ar exposure ages o f  1 . 7±0 . 2  m . y .  and 2 . 4±0 . 3  m . y .  for the 
anorthos i te , , 3 )  and the  i mpact me l t  ( , 1 2 ) ,  respec t i ve ly  ( Jess berger et  a l . ,  
197 7 ) ,  are cons i stent  w i th the excavat i on of 64536 by the South Ray Crater 
even t .  

PROCESS I NG  AND SUBD I V I S I ONS : I n  1 9 7 5  several smal l p i eces were c h i pped from 
64536 for a l l oc at i on s  { F i g . 4 ) .  Many o f  these c h i ps and the parent ( , 0 ; 147 . 24 g )  
rema i n  i n  stock at JSC . 
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64536 

64 5 3 6  

S - 75 - 22682 

F igu r e  4 .  
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1 24 . 3  g 

I NTRODUCT I ON :  64537 i s  domi nated by two l i thol ogi es : a coherent , dark gray , 
c rystal l i ne i mpact mel t and a coherent , wh i te ,  catacl a s t i c  anortho s i te ( Fi g .  1 ) .  
The i mpact mel t  appears to i ntrude the anorthos i te and coarsens away from the 
contact . Ves i cl es a re very rare i n  the i mpact mel t ,  a bsent from the anorthos i te .  
A few thi n  gl ass vei n s  cut the i mpact mel t .  

Th i s  rock i s  a rake s amp l e  co l l ected from the r im  of a s ubdued doub l et  crater on 
Stone Mounta i n .  Zap p i ts and pat i n a  are present on a l l surfaces i nd i c at i n g  a 
comp l ex exposure h i story .  

F i g ure 1 .  S-7 5-20885 , mm scal e .  
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64537 

PETROLOGY : Two d i s t i nct  l i th o l og i es compose  the bu l k  of  6453 7 : a f i ne-gra i ned 
1 mp act me l t  and a catac l as t i c  arwrthos i te ( F i g . 2 ) .  Warner et  a l . ( 1973 ) 
i n c l ude th i s  rock i n  a genera l  oetrograph i c  d i sc u s s i on of ApOTlo-16 rake samp l es . 

The impact me l t  has a f i ne-gra i ned po i k i l i t i c  texture and a ppears to i ntrude the 
anorthos i te .  O i k ocrysts ( u p  to � . 2  mm ) are choked w i th t i ny p l a g i oc l ase  l aths 
( most 0 . 05 mm ) .  An gu l ar p l a g i oc l ase  c l asts  ( rare l y  u p  to 2 mm ) are present . A 
s i n g l e  c l ast  of bas a l t i c  i mpact me l t  was observed . Accessory p hases i n c l ude  
i l men i te ,  Fe-metal  w i th assoc i ated tro i l i te and schre i bers i te ,  and  rare euhedra l 
s p i ne l ( ? ) .  

The anorthos i te has been c atac l as i zed and m i l d l y  recrysta l l i zed . I t  i s  probab l y  
monom i c t .  Pl ag i oc l ase gra i n s  range up to "'2 mm l on g . ,')._ few gra i n s  ( <5% ) of 
exso l ved pyroxene are pres en t ,  somet imes reta i n i ng or i g i n a l  gra i n  bou ndar i e s  and 
show i n g  a re l i ct  cumu l ate texture . B l ebby i n tergrowths of tro i l i te and s i l i c a ( ? \  
r im  some pyroxenes . Fe-meta l  and  chrom i te ( ? \  are extreme ly  rare . 

a b 

F i gure 2 .  a )  64537 , 4 ,  a northo s i t e ,  impact m e l t  contac t ,  p p l . wi dth  2mm . 
b )  64537 , 1 8 ,  i m pa c t  mel t ,  ppl . w idth  l mm .  
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64537 

PHYS I CAL PROPERT I ES : Pearce and S imon ds ( 1 974 ) report the resu l ts of  a room 
temperature hysteres i s  curve determ i n at i o n  on a potted butt  conta i n i ng both the 
dark and l i gh t  l i tho l o g i es . The very sma l l s aturati on remanence to s aturat i on 
magnet i zat i on rat i o  ( JRS/JS = 0 . 005 ) i nd i cate s that most  o f  the ferromagnet i c  
p hases i n  th i s  rock occur as >300 R ,  mu l t i doma i n  part i c l es . Fe0/Fe 2+ i s  0 . 086 
and total Fe0 i s  0 . 46 wt% ( Pearce and S i monds , 1 974 ) .  

PROCESSING  AND SUB D I V I S ION S :  I n  1 9 72  fi ve . sma l l  p i eces were removed a n d  one  
o f  these ( , 1 )  al l ocated for th i n sect i o n i n g  and  petrogra phy . The magneti c  
stud i es  were done on the  potted butt o f  , 1 .  I n  1 97 5  the  roc k  was sp l i t  i nto 
several p i eces for further a l l ocat i ons  ( Fi g .  1 ) .  The l a rgest  s i ng l e p i ece re
ma i nt i n g  i s  ,0 ( 9 1 . 1 3  g ) .  , 5  ( 1 9 . 55 g )  i s  stored  at the  B rooks Remote Storage  
Vaul t .  
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64538 POLYL ITHOLOG I C  BRECC I A  30 . 0  

I NTRODUCT I ON : 64538 i s  composed of three d i s t i nct  l i tho l o g i es i n  s harp contac t :  
a coherent ,  med i um gray , g l assy matr i x  brecc i a ;  a coherent , dark gray ,  crys ta -l l i ne  
i mp act mel t ;  and a moderate l y  coherent , wh i te ,  anorthos i t i c  brecc i a  ( F i g .  1 ) .  
Th i n ,  g l assy ve i ns cut  the g l assy brecc i a  and  the  i mp act me l t .  

Th i s  rock i s  a rake s amp l e  from the  r i m  of a subdued doub l et crater on Stone 
�1ou nta i n .  Zap p i ts are common on a l l surfaces i nd i cat i ng  a comp l ex exposure 
h i story . 

64538 

1 c:m 

S - 79 - 40480 

F i gure 1 .  
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64 538 

PETROLOGY : The �l as sy matr i x  brec c i a  makes up  the b u l k of 64538 and i s  composed 
of many c l asts o plagioc l as e  and catac l ast i c anorthos i te wel ded together by a 
con t i nuous  matr i x  of parti a l l y  crystal l i zed  g l as s  ( F i g .  2 ) .  R are maf i c  m i nera l s  
a l so occur a s  c l asts . Accessory phases  i nc l ude Fe-meta l , tro i l i te and i l men i te .  

The i mpact me l t  i s  very f i n e-gra i ned w i th a fa i nt ly  po i k i l i t i c  texture . C l asts 
of plag i oc l ase ,  rare mafi c  grai n s  and  Fe-meta l  ( some rusty )  are presen t .  The 
contact wi th  the anorthos i t i c  brecc i a  i s  very angu l ar ( F i g .  2 )  i nd i c at i n g  that  
some remob i l i zat i on of these  l i th o l o g i es has  probab l y  occurred . Port i on s  of the  
i mpact me l t  appear to  h ave been  frozen wh i l e  be i n g  sheared off  i n to the  anorthos i t i c  
br·ecc i  a .  

The anortho s i t i c  brecc i a  con s i sts of a catac l as t i c  anorthos i te wi th several  c l asts 
of crystal l i ne  impact mel t that are probab l y  re l ated to the l i thol ogy descr i bed 
above ( F i g .  2 ) .  O l i v i ne and pyroxene  are i n terst i t i a l  to the l arger p l a g i o c l ase  
gra i n s . Rare Fe-metal i s  present .  

PROCES S I N G  AND SUBD I V I S I ONS : I n  1979  two c h i ps ( , 1 and , 2 )  that s amp l ed a l l three 
11 tho l ogies  were al l oc ated for th i n  sec t i o n s .  

a 

Fi gure 2 .  

b 

a )  64538 , 5 ,  g l a s sy ma tr i x  brec c i a ,  ppl . w idth  l mm .  
b )  64538 , 6 ,  i mpac t  mel t a nd a northo s i t ic brec c i a , 

ppl . wi dth  2mm . 
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64539 D I L I THOLOG I C  BRECCIA  1 7 .  76_g_ 

I NTRODUCT ION : 64539 cons i s ts of  two di st i nct l i tho l og i e s : a coherent medi um 
gray materi al  w i th wh i te c l a s ts and  a moderately coherent wh i te materi al  wi th 
dark c l asts ( Fi g .  1 ) . Macroscopi ca l ly i t  i s  very s i mi l ar to the other di l i thol ogi c 
brecci as from Stati on 4 ( e . g . , 64535-6- 7 ) . I t  i s a rake sampl e from the r im  of 
a s ubdued doubl et crater on Stone Mounta i n .  Zap p i ts a re rare or absent . 

F i gure l .  S - 7 2 -4 2 558 . 
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64545 D I L ITHOLOGIC  BRECC IA 1 4 . 09 g 

I NTRODUCT I ON :  64545 i s  composed of two di st i nct l i thol ogi es : a coherent , 
medi um g ray materi a l  w i th wh i te c l asts and a moderately coherent ,  wh i te 
materi a l  wi th rare dark cl asts ( Fi g .  1 ) .  Macroscop ·i ca l l y  i t  i s  very s i mi l a r 
to the othe r Stat i o n  4 di l i tho l ogi c b recc i as (e . g . , 64535-6-7 ) .  I t  i s  a rake 
sampl e from the ri m of  a s ubdued doub l et crater on Stone Mounta i n .  Pat i na and 
a few zap p i ts a re present .  

F igure 1 .  S-7 2-42557 . 
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64546 D I L I THOLOG I C  (CATAC LAST I C  ANORTHOS ITE  AND PO I K I L IT I C  IMPACT 

MELT ) BRECC IA  

I NTRODUCT I ON : 64546 i s  a coherent brecc i a  composed of  two l i tho l og i es : wh i te 
catac l as t i c  anorthos i te and dark gray poi k i l i t i c  i mpact  me l t  ( F i g .  1 ) .  I t  was 
col l ected as a rake s amp l e .  Zap p i ts are absent . 

6 4 546, 0 

Fi gure l . 
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64546 

PETROLOGY : 64546 i s  a typ i ca l  " b l ack  and wh i te "  rock , b e i n g  composed of on ly  
two l itho l og i e s : c atac l asti c  anorthos i te and fi ne-grai ned poi k i l i t i c  impact 
mel t ( F i g .  2 ) .  The anorthos i te i s  coarse-grai ned ( up to �2 mm ) w i th r are 
i nterst i t i al maf ic  mineral s .  The poi k i l i t i c  i mp act mel t  conta i n s  c l asts and 
l aths of p l ag i oc l ase and e l ongate oikocrysts (� . 4  mm l ong ) . I t  appears to 
occur c h i ef ly  as angul ar c l asts w i th i n  the anorthos i te .  Fe-metal  i s  an accessory 
phase i n  both l i tho l og i es b ut  i s  more common i n  the poi k i l i t i c  me l t .  Gool ey et 
a l . ( 1973 ) provide compos i t i ona l  data for metal in  the me l t  (Tab l e  1 ) .  

--

TABLE 1 Composit ions of metal and coexisting schrei bers i te (wt% ) 

Ni Co Fe p s 
metal (wi thout schreibersite)  6.6-7 . 4  0 . 6  -- 0 . 0-0 . 03 0 . 02 
metal (wi th schreibersite )  5 .0 0 . 7  93. 1  0 . 1  0 .01 
schreibersite 18. 6  0 . 3  66 . 2  15 .4  0 . 1  

PROCESS I NG AND SUBD I V I S I ONS :  I n  1972 a smal l ch i p  ( , 1 )  was a l l oc ated to P h i nney 
for th i n  sect i on i ng and petrography . 
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Fi gure 2 :  64546 ,4 , anortho s i t e ,  
impact mel t contact ,  ppl . w idth 2mm . 



64547 F RAGt�ENTAL POLYMI CT OR  D I L I THOLOGI C  B RECC IA  1 0 . 90 g 

I NTRODUCT I ON :  64547 i s  a moderate l y  cohe rent , wh i te b recc i a  w i th  a few dark 
c l asts ( Fi g . 1 ) .  Macroscopi ca l l y  the c l asts and  the  matri x of th i s  roc k  
resemb l e  the  two d i st i nct l i tho l o g i es i n  othe r Sta t i o n  4 d i l i tho l o g i c b recc i as 
( e . g . ,  64535-6- 7 ) . 64547 may represent  a n  "end  member "  o f  a s e ri es o f  d i l i thog i c 
b recc i as , be i n g comp l ete l y  domi nated by one  of  the  components , i n  th i s  case  
the wh i te materi a l . 

I t  i s  a rake s amp l e  from the r i m  of a subdued doub l et crater on Stone Mounta i n .  
Zap p i ts and p at i n a are presen t .  

F i g�. S -7 2 -42 557 . 
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64548 D I L ITHOLOG I C  B RECC IA ( ? )  8 . 49 g 

I NTRODUCT ION : 64548 i s  a moderately coherent , wh i te ,  anorthos i ti c  b recc i a  
w i th abundant dark , a ngu l ar c l asts ( Fi g .  1 ) .  I t  i s  a ra ke samp l e  from the 
ri m of a s ubdued doubl et crater on Stone Mounta i n .  Zap p i t s  are rare or 
absent . 

F i gure l .  

P ETROLOGY : Warner et a l . ( 1 97 3 )  i ncl ude 64548 i n  a general petrograph i c  d i s 
cuss i on o f  Apol l o  l�rakes . Two l i tho l og i es  appear to domi nate 64548 . The 
wh i te matri x i s  l arge ly  b recci ated anorthos i te ( Fi g .  2 ) . The dark c l asts  
a re v i rt ual ly  a l l fi ne-gra i ned i mpact mel t  w i th a fa i nt ly  poi k i l i t i c  texture . 
The anorthos i t i c  materi a l  and  the i mpact mel t  appear to have been i nt i mately  
mi xed ( F i g .  2 ) ,  mak i n g  a separat i on of pure anorthos i te extremely di ffi cul t .  
Gool ey et al . ( 1 9 73 )  provi de compos i t i onal  data for metal wi th a nd wi thout 
coexi s tTng-schre i bers i te i n  the i mpact mel t .  These data are reproduced i n  
Tab l e 1 .  
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64548 

Fi gure 2 .  64548 , 4 ,  general v i ew ,  
pp l . w i dth 2mm . 

TABLE 1 Compo s i t i ons of metal and coex i s t i ng schrei bers i te for 54548 

Ni Co Fe p s 
Metal (wi thout schrei bersti te ) 6 . 6- 7 . 4  0 . 6  - 0 . 0-0 . 3  0 . 02 

Metal (with schrei bers i te )  3 . 5  0 . 6  96 . 4  0 . 2 0 . 0 1  
Schreibers ite  1 1 . 4 0 . 2 73 . 8  1 5 . 5  0 .  1 

CH E�1 ISTRY : F-l oran et  a l . ( 1 9 7 6 )  p resent  major  e l ement data obta i ned by 
e l ectron  mi croprobe-analys i s  o f  natura l  rock  powder fus ed to a g l a s s  ( except 
FeO and N a 2 0 ,  by i n s trumen ta l  neu tron act i v at i on \ .  B l anchard ( u n p u b l i shed  
data ) prov i des a bu l k  rock  trace e l ement ana lys i s  and  the FeO and  Na20  data 
quoted by F l oran et  a l . ( 1976 ) . These data i nd i c ate that 64548 i s  s i m i l ar 
to the l oc a l  mature soi l s  i n  both major and trace e l ement compos i t i on ( Tab l e  2 ,  
F i g .  3 ) . 
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TABLE 2 .  
S i 02 
n o

2 
A1 2o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
KzO  
P205 
Sr  
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

Summary of chemi stry of 64548 

I I 

45 .28 
0 . 43 

27 . 67 
0 . 098 
4 . 47 

5 . 67 
1 5 . 79 
0 . 464 
0. 1 3  

1 4 . 6  
0 , 67 

6. 78 
380 

24 . 5  

l 

64548 

Oxides i n  wt%; 

others i n  ppm except as noted. 

1-

64548 1-
1-
1-
1-
1-

,_
B lanchard, unpublished data 

I I 
Sm Eu 

Fi gure 3 .  
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64548 

PHYS I CAL P ROPERT I ES :  Pearce and S i monds ( 1 9 74 )  report the  re su l ts of  a room 
temperat ure hysteres i s c urve determ i nat i on  on 64548 . The very sma l l satura ·
t i on remanence to satura t i on magnet i zat i on rat i o  ( JRs/Js = 0 . 0043 )  i nd i cates 
that v i rt ua l l y  a l l  of  the  fe rromagnet i c phases i n  th i s samp l e a re mu l ti dorna i n  
pa rt i c l es .  Fe0/ Fe 2+ i s  0 .  "1 1 3 .  

PROCESS I NG AND SUBD I V I S IONS : I n  1 97 2  the  roc k  was s p l i t  i nto severa l  p i eces 
and  one  of  these ( , 1 )  a l l ocated to Ph i nney for th i n  sect i on i ng  and  petrography . 
I n  1 97 5  a set  of three sma l l ch i ps ( , 3 )  was a l l ocated for chem i stry ;  the 
ana lyses of Fl oran e t  a l . ( 1 9 7 6 )  and  B l a nchard ( unpub l i shed )  a re both of  por
t i ons  of  t h i s  s p l i t-:-- The magne t i c s t ud i e s  were done on the  potted b utt of 
, 1 .  Th e rema i nder of  the rock  rema i ns at JSC  as  ,0 ( 8 . 20 g ) . 
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64549 D I L ITHOLOG I C  B RECCIA ( ? )  6 . 47 

INTRODUCT I ON : 64549 i s  a moderate ly  coherent , wh i te  b recc i a  w i th a dark g ray 
cl a s t  on one co rner ( Fi g . 1 ) .  Macroscop i ca l l y  i t  appears to be  an  u n represent
ati ve s ampl e of the l a rger Sta t i o n  4 d i l i tho l og i c b recci as ( e . g . , 64535-6- 7 ) ,  
bei n g  comp l ete ly domi nated by t he  wh i te mater i a l . I t  i s  a ra ke samp l e from 
the ri m of a subdued doub l et crater on Stone Mounta i n .  Zap p i ts and  pat i na  
are present . 

F i g ure l .  S-7 2 -42558 . 

489 



64555 FRAGMENTAL D I L I THOLOG I C ( ? )  BREC C I A  

I NTRODUCT ION : 64555 i s  a moderate l y  coheren t ,  
rare dark cl asts ( F i g .  1 ) .  It  is  covered w i th 
d i ff i cu l t ,  but  i t  cou l d  be an unrepresentat i ve 
4 d i l i th o l o g i c  brec c i as : e . g . ,  64535-6- 7 ) .  I t  
of a s ubdued doub l et crater o n  Stone Mounta i n .  

5 . 2 9 .!l 

very l i ght  gray brecc i a  w i th 
pat i n a  mak i ng i dent i f i ca t i on 
s amp l e  of the l arger Stat i on  
i s  a rake s amp l e  from the r i m  
Z a p  p i ts are rare or absen t . 

F igure 1 .  S - 72-42558  
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64556 D I L I THOLOG I C  OR POLYM ICT BRECC I A  5 . 1 5 g 

I NTRODUCT I ON : 64556 i s  composed of a coheren t ,  med i um gray mater i a l w i th wh i te 
cl asts and a moderate l y  coherent ,  wh i te mater i a l sw i r l ed together ( F i g .  1 ) .  
C l as t/matr i x  re l at i ons  between the two l i th o l o g i es are u n c l e ar and 64556 may be 
re l ated to the l ar ger Stat i on 4 d i l i tho l og i c brecc i as ( e . g . , 64535-6-7 ) .  I t  i s  
a r ake  s ampl e  from the r i m  of a subdued doub l et crater on Stone Mounta i n . Zap  
p i ts are r are . 

F igure 1 .  S-7 2-42558 . 
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64557 POLYM I CT MELT MATR I X ( ? )  BRECC I A  4 . 79 g 

INTRODUCT I O N : 64557 con s i sts of many wh i te , a ngu l ar c l asts i n  a dark matri x 
that i s  p robably an i mpact mel t ( Fi g .  1 ) .  I n  some pl aces the c l asts and 
matri x have been swi rl ed together i n  a marb l ed texture . I t  is  a ra ke sampl e 
from the r im  of  a s ubdued dou b l et crater on Stone Mounta i n .  Zap p i ts a re 
rare or absent . 

figu re 1 .  S-72-42 5 57 . 
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64558 D I L ITHOLOG I C  BRECC IA  3 . 13 g 

I NTRODUCT ION : 64558 i s  a coherent brecc i a  apparent l y  composed of o n l y  two 
l i thol o g i es : a wh i te ,  anortho s i t i c  brecc i a  and a gray ,  f i n e-grai ned impact 
me l t  ( F i g .  1 ) .  It i s  a rake s ampl e .  Z ap p i ts are rare . 

PHYSICAL PROCESSE S :  Pearce and S i monds ( 1 974 ) tabu l ate magneti c data for a 
sample l i sted as 64558 , but Curator i a l  records i n d -i c ate that 64558 has never 
been sp l i t  or a l l ocated . 

Figure 1 .  S-7 2-42557 . 

493 



-=-64..:...:5=-=5-=-9---"'-B.;__:_AS="'-A-=L-'-T I::.:C:.__::_;I M_:.:.P_.:...;A.;:;..CT'---'-'M=EL=-=T. ________________ ----==2 1_.ll_g_ 

I NTRODUCT I O N : 6 4559 i s  a coherent . medi um gray . basal t i c  i mpact mel t  wi th 
several stri ngers and c l as ts of ano rthos i te ( Fi g .  1 ) .  I t  i s  a rake s ampl e 
co l l e cted from the rim of a subdued doub l et c rater on Stone Mounta i n .  Zap pi ts 
and ves i c l es are absent . 

Fi g�. S-72 - 5 53 52 .  mm scal e .  
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64559 

P ETROLOGY : Warner et al . ( l 97 3 )  i ncl ude thi s rock i n  a general petrograph i c  
d1 scus s 1 on o f  Apo1 1o-1�rake s ampl es . I t  i s  a fi ne-grai ned basa l t i c  i mpact 
mel t w i th abundant g l assy mesostas i s  and many p l a g i oc l ase  c l asts ( Fi g .  2 ) . An 
e l ectron mi croprobe analys i s  of the mesostas i s  i s  g i ven by Warner et a l . ( l 97 3 )  
and reproduced h ere a s  Tab l e 1 .  Some of  the c l asts have been smeared!Dut to 
el ongate vei n l ets . Accessory phases i n  the bas a l t  i nc l ude Fe-meta l , associ ated 
t ro i l i te and s chre i bers i te ,  and cohen i te ( Goo l ey et a l . ,  1 9 73 ) . Compos i ti ons 
of  Fe-metal and coexi s t i n g  schre i bers i te are provi de�by Gool ey et al . ( 1 9 7 3 )  
and reproduced here as  Tab l e  2 .  

-- --
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F igure 2 .  6455 9 ,4 , impact mel t a nd 
a northosi te c l a st ,  p pl . width l mm .  



64559 

TABLE 1 .  ComEosi ti on of mesostas i s  in  64559 
( from Warner � al. ,  1973)  
S iD2 52. 7  
TiD2 D . 4  
Al 203 1 8 . 2  
Cr203 D. 2 
FeD 6 . 5  
MgD 7 . 4  
CaD 1 3. 6  
Na20 0 . 1  
K2D D .4  

TABLE 2.  Composi ti on of metal and schreibers i te i n  64559 

( from Gool ey � tl, ,  1973)  

Ni  Co  Fe P S 

Metal 4 . 2 

Schreibers i te 1 3 . 9  

D . 6  95 . 5  0 . 1  

D . 6  71 . 6  1 5 . 5  D . l  

PHYS I CAL PROPERT I ES :  Pearce and  S i monds ( 1 974 ) report the res u l ts of a room 
temperature hysteres i s  c urve determi n at i on o n  64559 . The very sma l l s aturati o n  
remanence to  saturati on magneti zation  rat i o  ( JRs/Js = Q . 0049 ) i ndi cates that the 
ferroma�neti c phases i n  th i s  rock are domi nantly > 300 A ,  mul ti doma i n  part i c l es .  
FeO/ Fe2 i s  0 . 242 a nd tota l Feo i s  1 . 08 wt % ( Pearc1� and S i monds , 1 974 ) .  

PROCESS I NG AND S UB D I V I S I ONS : I n  1 972 three ch i ps W1�re removed 
( , 1 )  al l ocated t o  Phi nney for th i n  sect i o n i n g  and p1�trography . 
studies  were made on t he potted butt of , 1 .  
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64565 GLASSY IMPACT MELT 1 4 . 73 g 

I NTRODUCT I ON : 64565 i s  a coherent , dark gray , i mpact mel t  wi th several l arge 
ves i cl es ( Fi g .  1 ) . I t  i s  a rake sampl e from the ri m o f  a subdued doubl et 
crater on Stone Mountai n .  Zap pi ts a re absent .  

Fi gure l .  S-7 2-553 54 , mm scal e .  
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64565 

PETROLOGY : Warner et a l . ( 1973 ) i n c l ude th i s  rock i n  a general  petrograph i c  
d 1 scuss 1 on o f  Apo .l lo16rake samp l es and c l as s i fy i t  a s  " spheru l i t i c  to 
dendr i t i c  devi tri f ied  g l as s " .  Abundant s hocked to recrystal l i zed cl a s ts of 
p l a g i ocl ase and anorthos i te res t  i n  a matri x of p l a g i ocl ase  needl es a n d  
g l assy mesostas i s  ( Fi g . 2 ) .  Accessory phases i nc l ude Fe-meta l  a n d  troi l i t e .  

Fi gur� 64565 , 4 ,  genera l v i ew , 
ppl . wi dth l mm .  

PHYS I CAL  P ROPERT I ES :  Pearce and  S i monds ( 1 974 ) report the res u l ts of a room 
temperature hysteres i s cu rve determi n at i on o n  64565 .  The saturat i on remanence 
to s aturati on magnet i z at i o n  rat i o  ( J Rs/Js = 0 . 0 1 1 ) s u��ests that both s i ng l e 
doma i n  and mu l ti doma i n  part i cl es a re present . FeO/ Fe i s  0 . 1 22 and total 
FeO i s  0 . 34 wt% ( Pearce and S i monds , 1 974) . 

PROCESSING AND S UB D I V I S IONS : I n  1 9 72 two s ma l l ch i ps were removed and  one of 
these ( , 1 ) a l l ocated to Ph i nney for th i n  sect i on i ng and petrography . The 
magnet i c s tud i es were made on the potted butt of , 1 .  
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64566 F I N E-GRAINED IMPACT MELT 1 4 . 1 3  g 

I NTRODUCT ION : 64566 i s  a coherent , dark g ray , aphan i ti c  i mpact mel t wi th a 
few wh i te c l asts ( F i g .  1 ) .  Port i ons of the  rock  may be g l assy .  I t  i s  a ra ke 
samp le  from the rim of a s ub dued doub l e t  c rater on Stone Mounta i n .  Zap p i ts 
and  pat i na a re present on a l l  s urfaces . 

F i gure 1 .  S -7 2-42556 . 
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64567 PO I KI L IT IC  IMPACT MELT ·---------·-------'-'13::....:·-=.8.::....6....._g 

I NTRODUCTI ON :  64567 i s  a coherent ,  med i um gray , p oi k i l i ti c  i mpact me l t  ( F i g .  1 )  
col l ected as  a rake samp l e .  Zap p i ts are a bundant on one surface ,  rare ?n the 
o ther s urfaces . T he face that i s  heav i ly p i tted a l s o  s hows a concentrat 1 o n  of 
rus ted metal ( Ph i n ney and  Lofgren , 1 973 ) .  

F i gure l .  S-72-55373 ,  mm scal e .  

P ETROLOGY :  A p etrogra p h i c  descri p t i on i s  g i ven  by S i monds e t  a l . ( 1 973 ) . 
64567 d i ffers from most other Apol l o  1 6  poi k i l i t i c  impact meftsi n  hav i ng o l i 
v i ne a s  the sol e oi kocryst p hase . P l ag i oc l ase  l a ths ( up to "'0 . 1  mm ) a re we l l  
deve l oped and the texture approaches subop h i t i c  i n  p l aces ( F i g .  2 ) . S i monds 
et  �- ( 1 973 ) g i ve a mode of 69% p l agi oc l ase a nd mesostas i s ,  20% o l i v i ne ,  1 0% 
p i geon i te ,  and 1 %  opaques . M i nera l  compos i ti ons a re shown i n  F i gure 3 .  A 
s i ng l e  c l as t  of "meta-brecc i a "  i s  noted by S i monds et  �!..L ( 1 973 ) . Compos i ti ons  
of  Fe-meta l and coex i s t i n g  sch r·e i bers i te are g i ve n  by Goo l ey et  a l . ( 1 97 3 )  and 
reproduced here as  Tab l e  l .  

-- --
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F iTure 2 .  64567 , 9 ,  genera l 
pp . wi dth  l mm .  

v i ew,  

TABLE 1 .  Composi t i ons  of metal and coexi sting schre i bers i te (wt %) 

metal (wi thout schrei bersite)  

metal (wi th schrei bersi te )  
schrei bers i te 

t nso Fsso 

Ni 

4 . 1 -6 . 1  
4 . 4  

1 5 . 0  

Co Fe 

0 . 5  -

0 . 6  94. 3  

0 . 2  69 . 7  

� MATRIX FELDSPAR 
GRAINS 

I'll CORES OF RELIC 
FELDSPAR GRAINS 

p 5 
0 . 0-0 .5  0 . 02 

0 . 05 0 . 01 
1 5 . 0  0 . 1  

An MOLE % 

F igure 3 .  �1 i nera l c om po si t i o n s , o l i v i ne pl otted a l ong 
ba se  of pyroxene d i a gram , from S imond s et �- ( 1 97 3 ) .  
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CHEM I STRY : Major and trace e l ement data are presented by Hubbard et a l . ( 1 97 3 )  
and s ummar i zed here as  Tab l e  2 and Fi g ure 4 .  Other chemi ca l  data are-gi ven by 
g eochronol og i sts ( referenced be l ow ) . 

64567 

a. 
E co 

en 

Ce Nd Sm Eu Gd Dy Er Yb 

F i gure 4 .  Rare eart hs . 

RAD I OGE N I C  I SOTOPES/GEOCHRO�OLOGY : Nyqui s t  et �· ( 1 97 3 )  and Nyq u i s t  ( 1 97 7 )  
prov i de who l e  rock  Rb-Sr data whi c h  are summari zed here i n  Ta bl e 3 .  8 7S rj 8 6 Sr 
( a t  4 . 6  b . y . ) i s  corrected by Nyqui s t  ( 1 97 7 )  for i nterl aboratory b i a s . 
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0 . 0968±8 

TABLE 2 . Summary chem i stry of 64567 

S i 02 45 . 7  
Ti�2 o .  7 1  
A1 2o3 21 . 3  
cr2o3 0 . 1 49 
FeO 7. 2 
MnO 0 . 07 
MgO 1 1 . 5 
CaO 1 2 .8 
Na2o 0 . 42 
�0 o .  1 8  
P205 o. 1 9  
Sr 147 
La 
Lu 
Rb 4 . 93 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

Oxides i n  wt%; others i n  ppm except as noted . 

TABLE 3 .  Rb-Sr data for 64567 
e7Srj86Sr 87Srj86Sr TSABI (measured) (at 4 . 6  b .y . )  (b.y . )  

0 . 70503±7 0. 69952 4 . 28±0. 07 
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( b.y . ) 
4 . 34±0 . 07 

64567 
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Ar data are g i ven  by Turner and Cadogan ( 1 9 7 5 ) . The re l ea se  pattern approaches 
a p l a teau ( F i g .  5 )  and  a n  age of 3 . 97±0 . 04 b . y .  i s  favored by Turner and Cado
gan ( 1 97 5 ) . The s amp l e  has l os t  a moderate amount (�20%) of radi oge n i c  Ar . 

FI�ACT ! O�\ OF j7Ar RELE ASED 

Fi gure 5 .  Ar rel ea ses , from 
Turner a nd Cadogan ( 1 97 5 )  

RARE GASES/EXPOSURE AGE S :  Ar data are g i ven  by Turner a n d  Cadogan ( 1 975 ) . 
These authors ca l cul a te a nomi na l  expos ure age of 370 m .y .  ba sed on the i nter
med i a te temperature rel ease  pattern . 

PHYS I CAL PROPERT I ES :  Pearce and S i monds ( 1 974 )  report the res u l ts of a room 
temperature hys teres i s  c urve determ i nat i on on 64567 . The s aturati on remanence 
to saturati o n  mag neti zati on rat i o  i s  very sma l l

. 
( JRs /Js = 0 . 001 2 )  i nd jcati ng  

that vi rtual ly  a l l of the  ferromagneti c phases  i n  thi s rock are > 300 A. mu l ti 
domai n  parti c l e s . Fe0/ Fe2+ i s  0 . 053 and tota l Fe0 i s  0 . 28 wt% ( Pearce and 
S i mond s ,  1 974 ) . 

PROCESS ING AND SUBD I V I S IONS : I n  1 972  s i x  sma l l ,  homogeneous ch i ps  were re 
move d .  From these c h i p s ,  a l l ocati ons  were made for thi n sect i o n i n g  and petro
graphy ( , 3 ) , chemi s try and Rb-Sr i sotop i c ana  lyses ( ,  4 )  and  Ar geochronol ogy 
( • 5 )  . 
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64568 POI KI L IT I C  I MPACT MELT 9 . 38 g 

I NTRODUCT ION : 64568 i s  a coherent , med i um g ray , poi k i l i ti c  i mpact me l t  ( Fi g .  1 ) . 
Sma l l vugs (�0 . 5 mm) a re apparently di stri buted a l ong heal ed  fractures ( Ph i nney 
and Lofgren , 1 973 ) .  Th i s rock  i s  a rake sampl e from the r im  of a s ub dued doub l et 
c rater on Stone Mounta i n .  Zap p i ts a re abundant o n  a l l s u rfaces . 

F i gure l .  
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64 568 

PETROLOGY : A petrographi c des cri pti o n  and m inera·,, compo s i t i ons  are g i ven by 
S i monds et a l .  ( 1 9 73 ) .  Pi geon i te i s  the so l e o i kocryst phase ("'0 . 5  mm ) , enc l o s 
i ng abunda:nn aths of pl ag i oc l ase ( Fi g .  2 ) . Cl asts of  p l ag ioc l ase and  rare 
anorthos i te and  mafi c mi neral s are concentrated i n  the i nteroi kocryst reg i o ns . 
A mode by S i monds et fll· ( 1 9 73 ) i s  56% p l agi oc l ase + rnesosta s i s ,  39% p i geon i te ,  
2% o l i vi ne ,  2 %  opaques ( Fe-metal , troi l i te , i l men i te )  and 1 %  aug i te . Mi neral 
compos i t i ons  are shown i n  F i g ure 3 .  

b 

Fi gur�. 64 5 68 , 4 ,  general  v i e1v ,  lv i d t h  l mm .  
a ) pp l . b )  x p l . 
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E n so Fsso 

100 
An MOLE " 

1i:J MATRIX FELDSPAR 
GRAIIH 

l!ll CORES OF RELIC 
FELDSPAR GRAINS 

64568 

Fi gure 3 .  M i nera l compo s i t ion s , ol i v i ne 
p lotted a l ong base  of pyroxene d ia gram , 
from S imond s � �· ( 1 97 3 ) .  

PHYS I CAL PROPERT I ES :  Pearce and S i monds ( 1 974 )  report a magneti cal ly deter
mi ned FeOjFe2+ of 0 . 61 . 

PROCESS I NG AND S UBD I V I S I ONS : I n  1 97 2  th ree sma l l ch i ps ( ,1 )  were removed and  
a l l ocated to  Ph i nney for th i n  s ect i o n i ng and  petrography . The magneti c  stud i es 
were done on the potted butt of , 1 .  
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64569 PO I K I L IT I C  I MPACT MELT 1 4 . 32 g 

I NTRODUCT I ON :  64569 i s  a coherent , medi um gray , poi ki l i t i c  i mpact mel t  ( Fi g .  1 )  
w i th h i gh l evel s of i ncompati b l e  e l ements . I t  i s  a rake sampl e from the rim 
of a s ubdued doubl et CY'ater on  Stone Mounta i n .  Zap p i ts are absent .  

F i gure 1 .  

PETROLOGY : A petrograph i c  descri pti on i s  gi ven by S i monds et a l . ( 1 9 73 ) .  
l�arner et a l . ( 1 9 7 3 )  i ncl ude th i s  rock i n  a genera l petrographTC d i s c u s s i on 
of ApollO T6 rake samp l es . 
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P i geon i te i s  the so le  o i k ocryst ph ase ( to �0 . 4  mm ) and enc l oses abundant 
tabu l ar ch adacrysts of p l ag i oc l ase ( F i g .  2 ) .  Shocked c l asts of p l ag i o-
c l ase and o l i v i ne are al so abundan t .  A mode by S imonds et �· ( 1973 ) i s  57% 
p l agi ocl ase + mesosta s i s ,  1 9% p i geon i te , 2 1 % o l i v i ne and  4% opaque s .  S i l i cate 
mi neral compos i t i ons ( S i monds et a l . ,  1 97 3 )  are s hown i n  F i g u re 3. Metal com
pos i t i ons  are p resented by Gool ey et �· ( 1 9 7 3 )  and reproduced here as Tabl e 1 .  

Enso Fsso 

64569 

A n  MOLE % 

� M ATRIX FELDSPAR 

G R A I N S  

� C O R E S  OF RELIC 

F E L DSPAR G R A I N S  
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Fi gure 2 .  64569 , 4 ,  general v i ew ,  
XjjT.-wTOth 2mm . 

F i gure 3 .  M i n era l com pos i t i ons , 
ol i v i n e pl ott ed a l ong base of 
pyroxene d ia gram , from S imond s 
� �· ( 1 973 ) .  
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Metal 

TABLE : .  Metal compo s i t i on (wt%�54569 

Ni ---

4 . 1 - 6 . 1  
_1_o_ 
0 . 5  

p --

0 . 0 -0 . 5  

s 

0 . 02 

CHEMI STRY : Wasson et  a l . ( 1 9 7 7 )  pre s ent  a maj or and  t race e l ement a n a lys i s .  
F l o ran  e t  a l . ( l 976T-report maj o r  e l ement data obta i ned  by e l ectron m i c roprobe 
ana l ys i sofnatura l  roc k  powder fused to a g l a s s  ( except FeD and Na 2D  by 
i ns trumenta l  neutron acti vati on ) .  B l a nchard ( unpub l i shed  data ) provi des  a 
trace e l ement ana lys i s  and  th e  FeD and  Na 2D  data q uoted by F l o ran  et  ill_. ( 1 97 6 ) .  

The d i fferent a n d . J " � '  are a l l i n  good agreemen t .  The l ow Al 2 0 3 an d h i gh 
l eve l s  of REEs , Tab l e  2 ,  F i g .  4 )  are typ i c a l  of Apo l l o  1 6  po i k i l i t i c  impact  
me l ts .  

TABLE 2 .  SuiTilla r.)' chem i s tr.)' of 64569 

S i 02 46 .4  

T i02' 0 . 99 

A1 2o3 21 . 7  

cr2o3 0 . 1 93 

FeO 8 . 1  

MnO 0 . 1 0  

MgO 1 1 . 9 

CaO 1 2 . 1  

Na2o 0 . 5 1 4  

K2o 0 . 2 1  

P205 
Sr 
La 26 . 3  

L u  1 . 22 

Rb 

Sc 1 3 . 2  

Ni 'V]60 
Co 'V45 

I r  ppb 1 9  

Au ppb 20 

c 
N 

s 
Zn 

Cu 

Oxides in wt%; others in ppm except as note d .  
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F i gure 4 .  Rare ea rths . 

PROCESS I NG AND S UBD I V I S I ON S : I n  1 97 2  four  ch i ps were removed a nd one of these 
{, 1 )  a l l ocated t o  Ph i nney for th i n  sect i on i ng  a n d  petrography . I n  1 9 75  a set 
of four sma l l ch i ps ( , 3 )  was a l l ocated for chemi stry ;  the ana lyses of Fl ora n  
e t  a l . ( 1 976 ) a nd  B l anchard ( unpubl i shed ) are both porti ons of th i s  sp l i t .  I n  
T976a sma l l ch i p  ( , 6 )  was a l l ocated t o  Wasson for chemi stry .  The magneti c 
stud i es were done on the potted b utt of , 1 .  The rema i nder of the rock  rema i ns 
at JSC as  , 0  ( 1 3 . 85 g ) . 
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64575 PO I KI L IT I C  IMPACT MELT 6 .  84 _g_ 

I NTRODUCT ION : 64575 i s  a coherent , medi um gray , poi k i l i t i c  i mpact mel t  ( Fi g .  1 ) .  
I t  i s  a rake s amp le  from the ri m of  a s ubdued doub l et crater o n  Stone Mounta i n .  
Zap p i ts a re rare on one s u rface , absent on other s u rfaces . 

1 em 

645 75 S - 72 - 55369 

F i gure 1 .  

PETROLOGY : A petrograph i c  descri pt i o n  and m i nera l  compo s i t i ons  are g i ven by 
S i monds et a l . ( 1 9 73 ) .  Orthopyroxene i s  the so l e  o i kocryst phase ( cv0 . 2  mm ) . 
Pl ag i ocl a s echadacrysts tend  to be very equ an t ;  many h ave rounded corners i nd i 
cat i ng s ome recrysta l l i za t i o n  ( Fi g .  2 ) .  A mode by S i mo nds et a l . ( 1 9 73 ) i s  
47% pl ag i ocl ase + mesosta s i s ,  43% orthopyroxene , 6% aug i te ,3%ol i vi ne a nd  
2%  opaques ( domi nant ly i l me n i t e ,  a sma l l amount of tr·o i l i te and  very rare Fe
meta l ) .  M i neral compos i t i ons a re shown i n  F i gure 3 .  �1etal compos i t i ons  a re 
gi ven by Goo 1 ey et �.. ( 1 9 7 3 )  and  reproduced here a s  Tab 1 e 1 .  

TABLE 1 .  Composi t i ons of metal (wt%) in 64575 

Metal 

N i  

4 . 1-6 . 1  

512  

Co I' s 

0 . 5  0 . 0-0 . 5  0.02 



a 

6457 5  

b 

Fi gu re 2 .  6457 5 , 4 ,  g eneral v i ew,  wi dth l mm .  
a )  ppl . b )  x pl . 

64575 

C> 

Enso Fsso 

Fi gure 3 .  Ma fic mi neral compo s i t i on s ,  
ol i v i ne pl otted a l ong ba s e ,  from 
S imonds et �- ( 1 973 ) .  

PHY S ICAL PROPERT I ES :  Pearce and  S i monds ( 1 974)  report the resul ts  of  a room 
temperatu re hysteres i s  curve determi nation on 6457 5 .  The Feo/ Fe2+ i s  0 . 1 26 
a n d  the total FeO i s  0 . 696 wt%.  

PROCESS ING  AND SUB D I V I S I ONS : I n  1 972 a s i ng l e  ch i p  ( , 1 )  was removed and 
a l l ocated to Ph i nney for th i n  s ectioni n g  and petrography . The magnet i c  s tudi es  
were done on the potted butt of  , 1 . 

513  



64576 BASALT I C  I MPACT MELT ________ _:::.6:._;:_. 9L_g_ 

INTRODUCT ION : 64576 i s  a coherent , l i gh t  gray , bas a l t i c  i mpact mel t  ( Fi g .  1 ) .  
I t  i s  a rake samp l e col l ected from the ri m of  a subdued doub l et crater o n  Stone 
Mounta i n .  Zap p i ts a re absent . 

F igure 1 .  S-72-553 63 , mm scal e .  

PETROLOGY : Warner et a l . ( 1 97 3 )  i ncl ude th i s  rock i n  a genera l  petrograph i c  
d i scuss i on o f  Apol lol 6rake samp l es and  g i ve mi neral compos i t i ons . Skel etal 
o l i vi ne phenocrysts rest  i n  a matri x of pl ag i oc l ase l a ths , i ntersti t i a l  o l i vi ne 
and p i geoni te and abundant g l a s sy mesostas i s  ( Fi g . 2 ) . The tex ture i s  somewhat 
vari ab l e ,  rang i ng from i ntersertal  to suboph i t i c to var io l i t i c .  C l asts  of 
p l ag i ocl ase  are common ; one c l ast of fi ne- gra i ned poi k i l i t i c  i mpact mel t  was 
a l s o  observed . Metal and tro i l i te a re accessory phases . r�i neral compo s i t i ons 
a re shown i n  Fi gure 3 .  Compo s i t i ons  o f  meta l and coex i sti ng s ch re i bers i te are 
gi ven by Gool ey et �- ( 1 97 3 )  and are reproduced here as Tab l e 1 .  
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64576 

Fi gure 2 .  64576 , 4 ,  g enera l v i ew ,  
·pp l . w1dth  l mm .  

TABLE 1 .  Compo s i ti ons of· metal and coexist ing schreibers i te ('"t%) in 64576 

( from Goo l ey .tl ,g.L ,  1973)  

Ni Co Fe p s 

Metal (wi thout schre i bers i te )  4 . 4-1 6 . 1  0 .  6-1 . 2  - 0 . 0-0. 2 0 . 02 

Metal (wit.h schreibers i te) 1 2. 0  0 . 8  86 . 9  0 . 03 0 . 01 

Sch rei be rs i te 24. 6  0 . 1  59 . 8  1 5 . 1  0 . 3 
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64576 

• M A T R I X  
X R E L I C S  

Fi gure  3 .  Mafi c  m i neral c ompos i t ions , 
ol i v ine-pl otted a l on g  ba se , from 
War ner et !}__. ( 1 97 3 ) .  

PROCESS I N G  AND SUBD I V I S I ON S : I n  1 9 72  a s i ng l e chi p ( , 1 )  was removed and  a l l o
cated to Ph i nney for th i n  sect i on i ng a nd  petro l ogy .  

5 1 6  



64577 H ETEROGENEOUS GLASSY B RECCIA 5 . 69 g 

I NTRODUCT I ON :  64577 i s  a coherent , med i um gray , g l a s sy b recc i a  ( Fi g .  1 ) .  I t  
i s  a rake samp l e from the  r im  of a s ub dued doubl et crater on  Stone Mounta i n .  
Zap p i ts  are abundant o n  al l s u rfaces . 

64577 

S - 72 - 55362 

F igure 1 . 

5 1 7  

1 em 

F ifure 2 .  64577 , 4 ,  genera l v i ew , 
pp  . wi dth 2mm . 



64577 

PETROLOGY : 
d i s cu ss i on 
bounda ri es  
mesostas i s  
poi k i  l i ti c 

Warner et al . ( 1 97 3 )  i nc l u de th i s  rock  i n  a general petrograph i c  
of Apol l o  1 6  rake samp l es . Rare p l agi oc l ase  c l asts wi th d i ffuse  
rest i n  a heterogeneous matri x of sma l l p l agi ocl ase  l aths and g l assy 
( Fi g . 2 ) .  Port i o n s  of  the matri x have c r·ysta l l i zed to a fa i nt ly  
texture . 

PHYS ICAL PROPERT I ES :  Pearce and  S i monds ( 1 974 )  report the res u l ts of a room 
temperature hystere s i s  curve determi nati o n  o n  6457 7 .  Fe0/ Fe2+ i s  0 . 01 04 and 
total FeO i s  0 . 24 wt%.  

PROCESS I NG  AND SUBD I V IS I ONS : I n  1 972  th ree ch i ps were removed and one of 
these ( , 1 )  a l l ocated to Phi nney for th i n  sect i o n i ng and petrography . The 
magn et i c  stud i es were done on the potted b utt of , 1 .  
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64578 F I NE-GRAI NED IMPACT MELT 5 . 60 g 

I NTRODUCT ION : 64578 i s  a coherent , medi um gray ,  aphan i t i c  i mpact mel t  w i th 
a few wh i te c l asts ( Fi g .  1 ) .  A sma l l area of  sp l ash gl as s i s  present on one 
surface , and a few zap p i ts a re p resent on a 1 1  surfaces . I t  i s  a rake sampl e 
from the r im  of a s ubdued doub l et c rater on Stone Mounta i n .  

F i gure 1 .  S-72-42 556 . 
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64579 F I N E -GRA I NED H4PACT M ELT 4 . 8Q___g_ 

I NTRODUCT I O N :  64579 i s  a coherent , dark gray , aphan i t i c  i mpact mel t ( F i g .  1 ) .  
I t  i s  somewhat ves i cu l a r  w i th a few zap p i ts on some surfaces . I t  i s  a ra ke 
s ampl e from the r i m  of  a s u bdued doubl et c rater on Stone Mounta i n .  

F i gure 1 .  S-7 2 -55368 , mm scal e .  

PETROLOGY : Warner et al . ( 1 97 3 )  i nc l u de 64579 i n  a general petrograph i c  
d i s cus s i on of  Apol l ol6rake samp l es .  I t  i s  an  i mpact mel t whi ch has crystal 
l i zed to a fi ne-gra i ned i ntergrowth of rad i at i ng p l ag ioc l ase crystal s  a nd  g l a s sy 
mesosta s i s .  Cl asts  of p l ag i ocl ase  a nd  catacl ast i c anorthos i te a re conmon and  
often act as nucl eat i o n  s i tes for the  matri x c 1�stal s ( Fi g .  2 ) . Fe-metal occurs 
i n  assoc i at i on w i th eutect i c  meta l - phosph i de i nter�1rowths .  Compos i t i ons  of the 
meta l l i c  phases a re g i ven by Gool ey et i.l_. ( 1 9l3 )  and  reproduced here as Tab l e 1 .  
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64579 

F i¥ure 2 .  6457 9 , 4 ,  genera l v i ew ,  
P P  • wi'ath 2mm . 

TABLE 1 .  Compos i ti ons of metal and metal -phosph i de i ntergrowths (wt%) in 64579 

Ni Co Fe p s 
Metal 1 8 . 6  0 . 9  78. 9 1 . 1 0 . 02 

Eutectic Intergrowth 21 . 8  0 . 8  65 .0  1 2 . 0  0 . 7  

PROCESS I NG  AND SUBDI V I S I ONS : I n  1 97 2  two chi ps were removed and one  of these 
( , 1 )  a l l o cated t o  Phi nn ey for th i n  s ect i on i ng a n d  petrography . 
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64585 F I NE-GRA I NED BASALT IC/PO I K I L IT I C  I MPACT MELT 4 .  70 _g_ 

I NTRODUCT ION : 64585 i s a coherent , medi urn gray , f i ne-9ra i ned i mpact mel t  
( F i g .  1 ) .  One l arge ( 5  mm ) tabu l a r  g l ass c l as t  is present ( Ph i nney and  Lofgren , 
1 973 ) . I t  i s  a rake sampl e from the ri m of a subdued doubl et crater o n  Stone 
Mounta i n .  Zap pi ts are rare on  a l l s urfaces . 

154585 

F i gure l .  

PETROLOGY : Warner et a l_. ( 1 9 7 3 )  i nc l ude th i s  rock  i n  a ge nera l petro9raph i c  
d i scuss i on o f  Apol l o  1 6  rake s ampl es . I t  i s  a fi ne -gra ·i ned i mpact mel t wi th 
randomly or i ented p l agi ocl ase l aths and abundant gl assy mesostas i s .  Textura l l y  
i t  grades from suboph i t i c  t o  o ph i ti c  o r  poi k i l i t i c  wi th el ongate o i kocrysts ( up 
to •c0 . 5  mm) . P l ag ioc l ase rel i cts are s cattered through the roc k .  An el ectron 
mi croprobe ana l ys i s  of the mesostas i s  i s  gi ven by Warner· et a l . ( 1 9 7 3 )  and 
reproduced here as Tabl e 1 .  Compos i t i ons of metal wi th and w i thout coex i s t i ng 
schre i pers i te are presented by Gool ey et al . ( 1 9 7 3 )  and  reproduced here as 
Tabl e  2 .  

- -
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TABLE 1 .  

64585 

F igure 2 .  6458 5 ,3 , general v i ew ,  
p p l . w1dth l mm .  

Comeosi ti on of mesostas i s  (wt% ' i n  64585 

(from Warner ,£1 aL ,  1 973 )  

Si 02 54. 5  
Ti� 2. 8  
A1203 1 4. 5  
Cf"2� 0 . 2 
FeO 7 . 0  
Mit) 7 . 3  
CaO 1 3 . 5  
Na2 0 . 2 
�0 0 . 2 
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64585 

Metal 
Metal 

TABLE 2. Compo s i t i ons of metal and s chreibers i t e  (wt%) in 64585 

( from Warner et gl. ,  1 973) 

Ni  Co p s 
(without schre i bersite)  6 . 6- 7 . 4  0 . 6  0. 0-0. 3 0 . 2  

(wi th schreibers i te )  4 . 9  0 . 6  6 0 . 2  0 . 01 

Schreibe rs i te 9 . 4  0 . 4  .I 1 5 . 7  0 . 1  

PHYS I CAL PROPERT I ES :  Pearce and S i monds ( 1 974 ) report the resu l ts of a room 
temperature hysteres i s  curve determi nat i on on 64585 . The very l ow saturati on 
remanence to s aturat i on magnet i zati on  rat i o ( J Rs/dS = 0 . 0045 )  i nd i cates that 
vi rtual ly  a l l of the ferromagnet i c  phases i n  th1 s roc k  are > 300 A .  mu l t i doma i n  
part i c l es .  FeO/ Fe2+ i s  0 . 246 and total FeO i s  1 . 1 5  wt % ( Pearce and S i monds , 
1 974 ) .  

PROCESS I NG AND SUBD I V IS IONS : In  1 97 2  a s i ng l e  chi p ( , 1 )  was removed and a l l o
cated to Ph i nney for thi n  sect i on i ng and petrography . The magneti c stud ies  
were done on  the potted b utt of , 1 .  
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64586 F I N E-GRA I N ED IMPACT MELT 3 . 34 g 

I NTRODUCT ION : 64586 i s  coherent , dark gray , a phan i t i c  i mpact mel t  ( Fi g .  1 ) , 
I t  l acks both ves i c l es and  zap  p i ts and  i s  part i a l l y  g l ass  coated .  I t  i s  a 
r·ake samp l e  from the r im  of  a s ub dued doubl et crater on Stone Mounta i n .  

PETROLOGY : Warner et a l . ( 1 973 ) i nc l ude th i s  rock i n  a genera l  petrograph i c  
d i scuss i on o f  Apo1 1o-1�rake samp l e s .  Abu ndant p l ag i ocl ase c l asts , often wi th 
d i ffuse boundari es , res t  i n  a dark brown , g l assy matri x that i s  fa i nt ly  poi k i l i t i c  
( Fi g . 2 ) .  t�any ti ny l aths o f  p l ag i ocl ase  ( <0 . 1  mm ) a re s u s pended i n  the matri x 
and often appear to be ori ented due to fl ow , Spherul es of Fe-metal  are abundant  
and are o ften associ ated w ith  s ch rei bers i te .  

P ROCESS I NG AND SUB D I V I S IONS : I n  1 97 2  two ch i ps were removed and one of these 
( , 1 )  a l l ocated to  Phi nney for th i n sect i o n i n g  and  petrogra phy . 
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F i gure 1 .  S -7 2 - 5 533 9 ,  
mm scal e .  

fi9ure�. 6458 6 , 3 ,  general v i ew ,  
ppl . w idth l mm .  



64587 FRAGMENTAL POLYM ICT BRECC IA ,  GLASS COATED  7 . 1 8 g_ 

I NTRODUCT I ON :  64587 ·i s a moderately coherent , l i g ht  .gray , cl as ti c  b recc i a  
parti a l l y  coated by green i sh ,  ves i cu l a r  g l ass  ( Fi g .  1 ) .  I t  i s  a rake samp l e  
from the r i m  o f  a s ub dued doub l et  c rater o n  Stone Mounta i n .  Zap  p i ts a re absent . 

S - 72 - 5531 2 64587, 0 

Fi gu re 1 . 

PETROLOGY : Ph i n ney et al . ( 1 976 ) stud i ed the matri x characteri s t i c s  of  64587 
us i n g  SEM tech n i ques-:-- Warner et a l . ( 1 9 73 )  i nc l u de th i s  roc k  i n  a genera l 
petrograph i c  di s cuss i on of ApolTo-1 6  ra ke samp l es .  

64587 i s  dom i n ated by m i neral  fragments , pr i nc i pa l l y  o l ag i oc l as e ,  i n  a f i ne
gra i ned matr i x ,  "-20% of wh i ch i s  a d i scon t i nuous network of g l as s  ( F i g .  2 ) .  
Fragments and beads of c l ear and l i ght  ye l l ow g l ass are presen t .  L i th i c  
c l asts are re l at i ve l y  rare and i nc l ude fragments of catac l ast i c  anorthos i te ,  
f i ne-gra i ned po i k i l i t i c  i mpact me l t  and basa l t i c  i mpact mel t .  
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64587 

FiTure 2 .  64587 ,3 , genera l v i ew ,  
pp . w1 dth l mm .  

PHY S I CAL PROPERT I ES : Pearce and  S i monds ( 1 9 74 )  report the res u l ts of  a room 
temperature hysteres i s  curve determi nat i on on 64587 . The saturati on remanence 
to s aturat i on magnet i zati on  rati o ( JRsiJs = 0 . 02 5 )  i nd i cates that �,3-6% of  the 
meta l  i n  th i s  samp l e i s  s i ng l e doma i n  and the rema i nder i s  mu l t i doma i n .  The 
FeO/Fe2+ i s  0 . 0457 .  

P ROCESS I NG AND SUBD I V I S IONS : I n  1 972  th i s  rock was br·oken i nto s everal p i eces . 
One fragment o f  bu l k rock ( , 1 )  was a l l ocated to Ph i nney for th i n s ect i on i ng 
and petrography . The magnet i c  stud i e s  were done on  the potted butt of  , 1 .  
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64588 FRAGMENTAL POLYM I CT BRECC IA  --------------�2�.5 5 �  

I NTRODUCT ION : 64588 i s  a med i um gray, fri ab l e ,  c l as t i c  brecc i a  ( F i g .  1 ) .  I t  
1 s  a rake  s amp l e  from the r i m  of a s ubdued doub l et crater o n  Stone Mounta i n .  
Z ap p i ts are absent .  

S - 72 - 55330 64588 

,1 

1 em 

F i gu re l . 

P ETROLOGY : Ph i nney et a l . ( 1 976 ) stud i ed the matri x characteri sti cs of 64588 
u s i n g  SEM  tech ni ques-.- Warner et a l . ( 1 9 7 3 )  i nc l ude th i s  rock  i n  a general  
pet rograph i c  d i scuss i o n  of  ApoTio-1 6  rake samp l es .  M i neral and  l i th i c  c l asts ,  
and shards and beads of c l ear g l ass , rest i n  a po rous  matri x conta i n i ng vari ab l e  
amounts of g l ass  ( Fi g .  2 ) .  P h i nney et a l . ( 1 976 ) est 'i mate < 1 % g l ass i n  the 
matri x whereas the th i n  sect i on shows some areas wi t h  cons i derab l e  gl ass  wh i ch 
l ea d  L�a rner et a l . ( 1 9 7 3 )  to c l a ss i fy t h i s  rock as  a " g l assy b recci a " .  L i th i c 
c l a s ts i nc l ude oasa l t i c  i mpact mel t ,  cata c l asti c ano t·thos i te and  granobl ast i c 
a northos i te .  

52 8  



64588 

F i gure 2 .  64 588 ,3 , genera l  v i ew ,  
ppl . width l mm .  

PHYS I CAL PROPE RT I ES :  Pearce and S i monds ( 1 974 )  report the resu l ts of a room 
temperature hysteres i s curve determi nati o n  on 64588 ( Fi g .  3 ) .  The saturati on 
remanence to saturati on magneti zati on rat i o  ( J Rs/Js = 0 . 02 7 )  i nd i cates that 
3-6% of t he metal i n  th i s  rock i s  s i ng l e doma i n and the rema i nder i s  mul ti 
doma i n .  FeO/ Fe2+ i s  0 . 0733 .  

PROCESS I NG  AND SUBD I V I S I ON S : I n  1 97 2  a s i n g l e  ch i p  ( , 1 )  was removed and  
a l l ocated to  Ph i n ney for th i n  sect i o n i n g  a n d  petrography . The magnet i c stud i es 
were done on the potted b utt of , 1 .  

J/J, 

0 2 4 6 
H (Koe) 
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F i gure  3 .  Ferromagnetic component 
of  magnet i za t i on c u rv es , from 
Pearce a nd S imond s ( 1 974 ) .  



64589 CATACLAST IC ANORTHOS ITE --------------�4�-� 

I NT RODUCT I ON :  64589 i s  a moderate ly  coherent , whi te anorthos i te ( Fi g .  1 )  
col l ected as a rake s ampl e .  Macroscop i ca l l y ,  i ndi vi dual  crystal s appear to 
be s everal mm l ong . Zap p i ts a re absen t .  

P ROCESS I NG AN D SUB D I V I S IONS : I n  1 97 5  two sma l l  ch i ps ( , 1  a nd  , 2 ) were removed 
and a l l ocated to Bel l .  I n  1 9 79 these c h i ps were returned u nopened to JSC . 

F i gure 1 .  S- 73- 1 7 l l 6 ,  mm s ca l e .  
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6481 5  META-PO I K I L I T I C  I MPACT MELT 20 . 9  

I NTRODUCT ION : 648 15 i s  a poi k i l i t i c  i mpact  me l t  that has been subjected t o  l ow
grade thermal metamorph i sm .  I t  was erroneous ly  i dent i f i ed by LSPET ( 1973 ) and 
the Apol l o  16 Lun ar Samp l e  I nformat i on Catal og ( 1972 ) as a "crushed u l tramaf i c  
rock " .  Macroscop i c al l y  64815 i s  l i ght  o l i ve gray i n  co l or ,  coherent and angu l ar 
( F i g .  1 ) . A few z ap p i ts are present on one surface . Th i s  rock i s  a rake 
samp l e  col l ected from the r i m  of a s ubdued crater on Stone Mou nta i n . 

F i gure 1 .  S-7 2- 5533 6 ,  mm scal e .  
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6481 5 

a 

PETROLOGY : S i monds et  a l . ( 1973 ) i n c l ude 648 15  i n  a general d i scuss i on of po i 
kilitic 1 mpact me l ts--. Textura l ly 6481 5  i s  d i st i nct from most other Apo l l o  16  
po i k i l i t i c  rocks i n  be i n g  coarser-gra i ned , more c l ast-r i ch and  apparent ly  some
what metamorphosed ( F i g .  2 ) .  S imonds et a l . ( 1973 ) g i ve a mode of 55% p l ag i o
c l ase p l u s  mesostas i s ,  34% orthopyroxene,'9% o l i v i n e  and 2% opaques . O i kocrysts 
are i rregu l ar i n  s hape , u p  to 0 . 5  mm , and con t a i n  abundant chadacrysts  of 
rounded p l ag i oc l as e  and o l i v i ne .  Low-Ca pyroxene ( Wo �E n 1 z l  i s  the dom i n ant 
o i kocryst-form i ng m i neral  a l though many p l a g i o c l ase and o l i v i ne gra i ns a l so 
con t a i n  abundant rounded i nc l u s i ons . O l i v i ne u s u a l ly occurs as d i screte ,  
rounded gra i ns ( F o 6 s - 7 o ,  most l y  0 . 1 -0 . 3  mm ) both outs i de of ,  a nd  i nc l uded w i th i n , 
orthopyroxene o i kocrysts . An gu l ar ,  l i gh t ly  s hocked c l asts  of p l ag i oc l ase ( u p  to 
0 . 5  mm ) are very abundan t .  The gra i n  boundar i es of these c l asts tend to be 
smooth , often form i n g  tr i p l e  junct i on s  w i th other p l ag i oc l ase and o l i v i n e  gra i ns 
( F i g .  2 ) .  Accessory m i nera l s  i nc l ude meta l , tro i l i te ,  i l men i te ,  at l east one 
other opaque ox i de ,  and phosph ate . Some of the phosphate grai n s  a l so con t a i n  
m i nute ,  rounded i nc l u s i on s  o f  p l ag i oc l as e . Very sma l l  ( <10 ).lm ) ,  i rregu l ar ly  
sh aped i nterst i ces are often f i l l ed by  a h omogeneous , poor ly-refl ect i n g  phase 
wh i ch may be e i ther K-fe l ds par or g l ass . No re l i c t  o l i v i ne or l i th i c  c l asts 
were observed ( S imonds et  �- · 1 9 73 ) .  

b 

F i gure 2 .  6481 5 , 5  a )  g enera l v i ew , ppl . wi d t h  2mm . 
b )  c l o se-u p ,  ppl . wi dth 0 . 5mm . 
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648 1 5 

CHEM I STR Y :  Major and trace e l ement  an a lyses of 648 1 5  are provi ded b y  Hubbard 
et al. (1973 ) ,  Wanke  et a l . ( 1976 , 197 7 )  and Was son et a l . ( 1977 ) .  The data 
are-summari zed i n  Table r-and F i gures 3 and 4 .  ChemicalTY 64815  c l ose ly  resemb l e s  
other KREEP-r i ch Apo l l o  1 6  po i k i l i t i c  roc k s  such as  6031 5  a n d  62235 a l though i t  
has  s l i ght ly  l ower i ncompat i b l e  e l emen t  abundances . I ts  major e l emen t  compo
s i t i on p l ots very near the o l i v i ne -p l ag i oc l ase-sp i ne l  per i tect i c  of the OL-AN -S I  
system ( F i g .  3 ) .  6481 5  i s  h i gh l y  enri ched i n  s i deroph i l e e l ements (Tab l e  1 ) ,  
i nd i cati n g  a s i gn i f i c an t  meteori t i c  component . 

... 
"C c: 0 .c: 
(.) 
'-...._ 

Q) 
a. 
E 
(1J 

en 

La Ce Pr Nd 

6481 5 

-- ,9 = Wan ke et at. , 1 976 

--- ,7 = H ubbard et a/. , 1 973 

- · - ,10= Wasson et a/., 1 977 

Er Lu 

F i gure  3 .  Rare earths . 
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6481 5 

TABLE 1 .  Summary chemi stry of 6481 5. 

Sio2 
Ti02 
Al 2o3 
cr2o3 
FeO 
�1n0 
MgO 
CaO 
Na2o 
K20 
P

zos 
Sr 
La 
Lu 
Rb 
Sc 
Ni  
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

45 .6 
1 . 64 

17 .6  
0 . 24 
9 . 4  
0 . 12 

11 .9  
12 .0 
0 . 50 
0 ,27 
0 . 30 
138 

34.8 
1 . 7  
6 . 7  
22 

460-830 
'145 
9-16 
8-14 

1140 
<5 .8  

14 

Oxides in wt%; others i n  ppm e:<cept as noted . 

S I L I C A 

figure 4 .  From S imonds et a ·l . ( 1 973 ) .  

S P I N E L  

534 



6481 5 

RADIOGE N I C  I SOTOPES AND GEOCHRONOLOGY : Nyq u i s t  et  a l . ( 1973 ) report who l e  rock 
Rb-Sr data ( Tab l e  2 ) .  The h i gh 8 7 Sr/8 6 Sr rat i o  TS typ i ca l  of KREEP-r i ch l un ar 
rock s .  

Sampl e  

64815 ,2 

TABLE 2 .  Summary of Rb-Sr data for 64815 

0 . 142 

8 7Sr/8 6Sr 8 7 Sr/86Sr TBABI ( b .y . ) 
measured at 4 . 6  b .y.*  

0 . 70808± 8 0. 70008 4 .43±.07 

*Corrected for i nterl aboratory b i as by Nyquist ( 1977 ) 

TLUNI ( b . y . ) 

4 . 47± 0 .07 

PHYS I CAL PROPERT I ES : Pearce and S i monds ( 1974 ) report magnet i c  parameters 
determ i n ed on a potted butt . Fe0/Fe2+  i s  0 . 0245 and tota l FeD i s  1 . 8 wt% . 

PROCESS I NG AND SUBD I V I S I ONS : 
filled by taking  smal l chips 
( , 0 )  we i ghs  18 . 9  g .  

6481 5  has never been s awn . Al l ocati ons h ave been 
from the rock . The l argest s i ng l e  p i ece rema i n i ng 
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648 1 6  PO I K I L I T I C  I MPACT MELT 3 . 83_g_ 

I NTRODUCT I ON :  648 1 6  i s  a coherent ,  med i um gray ,  po i k i l i t i c  i mpact me l t  ( F i g .  1 ) .  
I t  i s  a rake samp l e  from a sma l l s ubdued crater on Stone Mou n ta i n .  Zap p i ts are 
absent . 

F i gur�. S-7 2 -553 28 , mm scal e .  

P ETROLOGY : A petrograph i c  descr i p t i on and m i neral  compos i t i ons  are g i ven by 
S 1 monds et a l . ( 19 73 ) .  P i geon i te i s  the s o l e  o i k ocryst phase and tends to 
occur aseforlgate cryst a l s  ( up to '\.{) . 5  mm l o ng ) .  I n tero i k ocryst reg i ons  con t a i n  
patches w i th a suboph i t i c  texture , a "K -r i ch phase " wi th u p  t o  9%  K2 0 and as 
l i tt l e  as 7% CaO, and abundant p l a gi oc l ase c l asts  ( S i monds et  a l . , } g 73 ) .  Lathy 
i l men i te often out l i nes  the o i kocrysts ( F i g .  2 ) .  A mode g i venby S i monds et a l . 
( 19 7 3 ) i s  59% p l ag i ocl ase + mesostas i s ,  34% p i geon i te ,  4% o l i v i ne and 2% opaques . 
M i neral compos i t i ons  are shown i n  F i gure 3 .  Fe-metal  w i th rare schre i bers i te 
i n c l u s i ons  are accessory m i neral s .  Meta l  compo s i t i ons  are reported by Goo l ey 
et  a l . ( 1973 ) and reproduced here as Tab l e  1 .  
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6481 6 

F i gu re 2 .  6481 6 , 3 ,  g enera l  v i ew ,  
ppl . width l mm .  

TABLE 1 .  Metal compos i t i on s  (wt%) 

Ni Co p s 
Metal ( w i thout schreibersi te )  4 . 1-6 . 1  0 . 5  0. 0-0. 5  0 .02 

Enso Fsso 

64816 

An MOLE % 

� MATRIX FELDSPAR 

GRAINS 

Eil CORES OF RELIC 

FELDSPAR GRAINS 

F i gure 3 .  M i nera l  com po s i t i o n s , o l i v i ne 
pl otted a l ong ba se of pyroxene d i a gram , 
from Simond s  et �· ( 1 973 ) .  
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6481 6 

PHYS I CAL PROPERT IES : Pearce and S imonds  ( 1974 ) report the resu l ts of a room 
temperature hysteres i s  curve determ i n a t i on on 68416 .  The very sma l l saturat i on 
remanence to s aturati on magnet i zat ion rat i o  ( J  /J  = 0 . 00 1 2 ) i nd i cates th at 
v i 5tua l ly a l l of the ferromagn0t i c  phases in t�rs �amp l e  are mu l t i doma i n  part i c l es . 
Fe /Fe2 i s  0 . 222  and total Fe i s  1 . 1 5  wt% . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1 9 7 2  two ch i ps were removed and one of these ( , 1 )  
all ocated to Phi nney for th i n  sect i o n i n g  and petrography . The magnet i c  stud i es 
were done on the potted butt of , 1 .  
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648 17 BASALT IC I MPACT MELT--------- 8 . 98 g 

I NTRODUCT I ON : 6481 7  i s  a coherent ,  med i um gray, b as a l t i c  impact me l t  ( F i g .  1 ) .  
It i s  a rake samp l e  from the r im  of a smal l ,  subdued crater on Stone Mounta i n .  
Zap p i ts and ves i c l e s  are rare . 

S - 72 - 55327 

F i gure 1 .  

PETROLOGY :  Warner e t  a l . ( 19 73 ) i nc l ude 648 17  i n  a g eneral petrograph i c  
di scussion of Apo 1 1o-1�rake s amp l e s  and provi de mi neral compos i t ions . 
Anhedral pyroxene and ,  more rare ly ,  g l assy mesostas i s  f i l l s  i nterst i ces between 
n arrow p l ag i ocl ase l aths ( u p  to � . 4  mm l on g ,  F i g .  2 ) .  B l ocky p l ag i oc l ase 
phenocryst s  and shocked , i rregu l ar ly  s h aped p l ag i oc l ase c l asts are occas i on a l ly 
present .  Mi neral compo s i t i ons  are shown i n  F i gure 3 .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 a s i n g l e  ch i p  ( , 1 )  was removed and a l l ocated 
to P h i nney for th i n  sect i on i ng and petrography . 
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6481 7 

En 

540 

Figure 2 .  648 1 7 , 3 ,  genera l v i ew ,  
ppl . wi dth  l mm .  

F igure  3 .  Pyroxene com po s i t i o n s , 
from Har n er et a l .  ( 1 973 ) .  



64818  D I L ITHOLOG I C  BRECC IA  ( ? )  1 5 . 98 g 

I NTRODUCT ION : 64818 i s  a coherent  brecc i a  ( F i g .  1 )  composed of two l i tho l og i e s : 
a dark , clast- l aden , g l assy brecc i a  and a l i ghter co l ored , recrysta l l i zed 
anorthos i t i c  brecc i a .  I t  i s  a rake s amp l e  from the r i m  of a smal l ,  subdued 
crater on Stone Mounta i n .  Zap p i ts are abundant on some surfaces , absent from 
others . 

Fi gur�. S-7 2-55338 , mm scal e .  

541 



648 1 8  

P ETROLOGY : 64818 i s  composed of two d i st i nct l i tho l o g i es : a g l assy brecc i a  and 
a recrysta l l i zed ,  anorthos i t i c  brecc i a .  Warner et a l . ( 1 973 ) i nc l u de th i s  rock 
i n  a general petrograph i c  d i scu s s i on of Apo l l o  l�rake s amp l e s  and c l as s i fy i t  as 
a "meta-nor i te " .  

The gl assy brecc i a  appears to coat and i ntrude the anorthos i t i c  l i tho l ogy . I t  
conta 1 n s  abundant c l asts of p l a g i oc l ase and , l e s s  common ly ,  maf i c  m i neral s i n  a 
con t i nuous  g l assy matr i x  ( F i g .  2 ) .  A s i n g l e  �3 mm c l ast of c atac l as t i c  
anorthos i te was observed . The c l asts have d i ffuse boundar i es and show a poor ly  
devel oped fo l i at i on . 

The anorthos i t i c  brecc i a  i s  an extreme ly  c atac l as i zed anortho s i te ,  the f i ner· 
port i on s  of which h ave been recrystal l i zed  to a m i crogranu l ar i n tergrowth of 
p l ag i oc l ase and orthopyroxene ( F i g .  2 ) .  Many of the l arger fragments s how severe 
shock effects . Ph i nney et a l . ( 1976 ) stu d i ed th i s  l i tho l ogy u s i n g  SEM techn i ques 
and found  it to h ave a very-row poros i ty w i th v i rtua l l y  n o  g l ass  i n  the matr i x .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972  a s i n g l e  c h i p  ( , 1 )  of g l assy matr i x  was 
removed and a l located to P h i n ney for th i n  sect i o n i ng and petrography . I n  1 9 7 5  
the rock was broken i n to several p i eces to f i l l  further a l l ocati ons , revea l i n g  
the n ature of the i n ter i or o f  the rock . A s i n g l e  c h i p  of the anorthos i t i c  
brecc i a  ( , 6 )  was a l l ocated for th i n  sect i on s  i n  19 7 5 .  

a b 

F i gure  2 .  a )  648 1 8 , 3 ,  g l a ssy brecc i a ,  ppl . w i dth  2mm . 
b )  648 1 8 , 9 , a northos i t i c  brecc i a , xp l . w idth  l mm .  
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64819 CATACLASTI C  ANORTHOS ITE , PR I ST I N E  1 1 . 76 g 

I NTRODUCTION : 64819  i s  a coherent ,  wh i te ,  catac l as t i c  anorthos i te part i a l ly 
coated and ve i ned by a c l ast- l ade n ,  g l assy i mpact mel t  ( F i g .  1 ) .  The anorthos i te 
i s  chem i ca l ly  pr i s t i ne . Th i s  rock i s  a rake s amp l e  from the r im of a sma l l ,  
s ubdued crater on Stone Mountai n .  Z ap p i ts are absent . 

F i gu re 1 .  

P ETROLOGY :  A petrograph i c  descr i pt i on  i s  g i ven by D i xon a n d  P a p i k e  ( 1 975 ) .  
6481 9  1 s  a catac l as t i c  anorthos i te w i th or i g in a l  grai n  s i ze >5 mm ( F i g .  2 ) .  Rare 
pyroxenes w i th sma l l exso l u t i on l ame l l ae occur as i nterst i t i al gra i ns and are of 
compos i t i on Wo3En 6 s and Wo 4 4E n 4 4 ; p l ag i oc l ase i s  An 9 6 _ s 7 ( D i xon and P ap i ke , 1975 ) .  
Sma l l amounts of Fe-metal  and tro i l i te are a l so prese n t .  A mode by D i xon and 
Pap i ke ( 1975 ) shows 72% fe l dspar ,  1 . 0% orthopyroxene ,  0 . 1% c l i nopyroxene,  0 . 1% 
opaques and 27% brown g l ass as ve i n s  or a coat i ng . The g l assy mater i a l  i s  
compos i t i ona l l y  i dent i c a l  to fe l dspar . 
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6481 9 

F i gure 2 .  648 1 9 , 7 , genera l v i ew ,  
partl y xpl . width 4mm . 

CHEM I STRY : F l oran et a l . ( 1976 ) present major e l ement data obtained by e l ectron 
microprobe an a lys i so.fr1atural rock powder fused to a1 g l ass  ( except FeO and N a20 
by i n strumenta l  neutron act i v at i on ) .  B l anchard ( unpub l i shed data )  prov i des a 
trace e l ement an a l ys i s  and the FeO and N a2 0 data quoted by F l oran et �· ( 19 7 6 ) .  

These data show that 64819 i s  nearly pure p l ag i oc l ase w i th the l ow leve l s  of 
s i deroph i l e and l i thoph i l e  e l ements typ i c a l  of pri s t i ne l unar anorthos i tes ( Tab l e  
1 ,  F i g .  3 ) .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972  a s i n g l e  ch i p  ( , 1 )  was removed and a l l ocated 
for thin  section ing . I n  1975  a set of several c h i ps  of c l ean anorthos i te ( , 4 )  was 
a l l oc ated for chem i s try ; the an a lys i s  of F l oran et a l . ( 1 976 ) and B l anchard ( un 
pub l i shed ) are both of porti ons o f  t h i s s p l i t .  -- --· 
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6481 9 
TABLE 1 .  Summary chem istry of 64819 

f-- ' 
f-- I 1-I 
I- I 
I- I 

f--
I 
I 

f-- I I-
I 

10 
Si02 44 . 3  
Ti02 0 .01 
Al 2o3 34 .6 
cr2o3 0 .005 
FeO 0 .46 

en Cl) -

I- I 
I 
I � f-- I 
I 

MnO 
MgO 0.37 
CaO 19.3  

... "C r::: 0 .s:; 
(.) 

I 

f--
I 

t-I 
I 
I 

Na2o 0 .371 
K2o 0 .04 
P205 

(.T1 '-.;::. 
(.T1 Cl) 

I 
I 
I 

Sr 

La  0 . 16 
0. 1 
E 
m 
en 

I- I 1-
f-- I 1-

f-- I 

f--
I 

I-
I 

1-I 

Lu <0.0062 
Rb 

Sc 0.65 
Ni  <5 

��4 I 1-
I 
I 1-
I 

� I 
f-- � Blanchard, unpublished data - - - - - - -I- - - - - - - - - ..., 

Co 0.95 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

I I 0.1 
Oxides in wt%; others in ppm except as noted 

La Ce Sm Eu Yb 
m .;::. co -' 
1..0 

F i gure 4 .  Rare earths . 
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I NTRODUCT ION : 64825 i s  a med i um gray ,  fr i ab l e ,  c l as t i c  brecc i a  ( F i g .  1 )  w i th a 
di verse clast  popu l at i o n ,  i nc l ud i n g  at l east one  c l as t  of  green g l as s . Th i s  
rock i s  a rake samp l e  from the r im  of a smal l ,  subdued crater on Stone Mounta i n .  
A few zap  p i ts are present on one surface . 

fi gure 1 .  S-72-42077 . 
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64826 FRAGMENTAL POLYMI CT BRECC IA  1 1 . 3 3  g 

I NTRODUCT I ON : 64826 i s  a fri ab l e ,  med i um gray ,  c l a st ic  brecc i a  ( F i g .  1 ) .  
a rake sample from the r i m  of a smal l ,  subdued crater on Stone Mounta i n .  
p i ts are absent . 

I t  i s  
Zap 

64826-

Fi gure 1 . 

PETROLOGY : Warner et a l . ( 1973 ) i n c l ude 64826 i n  a general  petrograph i c  d i scuss i on 
of Apollo 16 rake samples and c l as s i fy i t  as a " g l assy brecc i a . "  Ph i n ney et a l . 
( 1976 ) stud i ed the ch aracter- i s t i c s  of the matr i x  u s i n g  SEM techni ques and founa 
<1% g l as s .  

Abundant mi neral and l i th i c  c l asts and bead fragments  of c l ear to p a l e  ye l l ow g l ass 
rest in a porou s ,  unequ i l i brated matr i x  ( F i g .  2 ) .  Mi neral fragments are domi nant ly  
p l ag i oc l ase w i th l es ser amounts of  maf i c  s i l i cates , meta l , tro i l i te and i l men i te .  
L i th i c  c l asts i nc l ude basa l t i c  i mpact me l t ,  f i ne-grai ned poi k i l i t i c  impact me l t ,  
recrystal l i zed brecc i a  and granob l as t i c  anorthos i te .  
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648 26 

a b 

Fi gure 2 .  648 2 6 , 3 , genera l v i ew , w idth  2mm . 
a ) pp l . b )  r fl . 

CHEMI STRY : F l oran et  a l . ( 1 9 76 ) report major e l ement data obta i ned by e l ectron 
m i croprobe an a lys i sof-natural  rock powder fused to a g l as s  ( except FeO and N a 2 0  
by  i n strumental  neu tron act i vat i on ) .  B l anch ard ( unpub l i shed data ) prov i des  a trace 
e l ement ana lys i s  and the FeO an d Na20  data qu oted by n oran � �· ( 19 76 ) .  

These data show that 64826 i s  very s im i l ar to the l oc a l  mature so i l s  i n  both major 
and trace e l ement compos i t i on ( Tab l e  1 ,  F i g .  3 ) .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972  four sma l l ch i p s were removed and one o 1  
these ( , 1 )  a l l ocated toPhlnney for th i n  sect i on i n g  and petrography . I n  1 9 7 5  a 
set of seven ch i ps ( , 2 )  was al l ocated for chem i stry ; the ana lyses of F l oran et a l . 
( 1 976 ) and B l anchard ( unpub l i shed ) are both of por t i on s  of th i s  s p l i t .  The --- 
rema i nder of the rock rema i r1 s  at JSC as , 0  ( 10 . 5 1  g ) .  
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TABLE 1 .  Summary chemi stry of 64826 

s;o2 
Ti02 
A12o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 

Na2o 

K20 

P205 
Sr 

La 
Lu 
Rb 
Sc 

Ni 

Co 
Ir ppb 
Au ppb 
c 
N 

s 

Zn 
Cu 

45.30 

0.45 

28 . 10 

0 .099 

4 .43 

4 . 59 

16. 22 

0 .479 

0 . 13 

10.8 

0 .527 

8 . 04 

260 

19 .4  

Oxides i n  wt% ; others i n  ppm except as noted 
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64827 FRAGMENTAL POLYM I CT BRECC IA 8 . 1 1  _9_ 

INTRODUCT ION : 64827 i s  a n  extreme ly  fri ab l e �  medi um g ray , c l ast i c b recci a  
( Fi g .  l ) .  I t  i s  a ra ke samp l e from the ri m o f  a sma l l ,  s ubdued crater on 
Stone Mounta i n .  Zap p i ts a re absent .  

F i gure 1 .  

PETROLOGY : Warner et a l . ( 1 97 3 )  i ncl ude 64827 i n  a genera l  petrogra ph i c  d i s 
c us s i on o f  Apol l o  1()-rake sampl es and c l ass i fy i t  a s  a " g l assy brecc i a " . Ph i nney e.t .al. ( 1 9 7 6 )  studi ed the characteri st i cs of the matl·i x u s i ng  S EM techn i ques 
and fou nd < 1 % gl ass . 

Abundant m i neral and l i th i c  c l asts and beads and fragments of pa le  orange g l as s  
rest i n  a porous , unequ i l i brated matr i x  ( F i g .  2 ) . M i neral fragments are 
dom i nant ly p l ag i oc l ase w i th l e sser amounts of maf i c  s i l i cates , metal , tro i l i te ,  
and i l men i te .  Li th i c  c l asts i nc l ude coarse-gra i ned , annea led , and recrysta l l i zed 
brecc i as ,  po i k i l i t i c  i mpact mel ts , and granob l as t i c  impact i tes . Trace amounts of 
aggl ut i nates are reported by Ph i nney et a l . ( 1 9 76 ) . 

- -
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Fi gure 2 .  64827 , 3 ,  general  v i ew ,  
ppl . wi dth 2mm . 

PROCESS I NG AND SUBD I V I S I ON S :  I n  1 972  three ch i ps  were removed and one o f  
these ( , 1 ) a l l ocated to Ph i nney for th i n  secti on i ng a n d  petro graphy . 
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�64�8�2�8�F�R�AG=M�E�N�TA�L�PO�L�Y�M�IC�T�BR�E�C�C�IA�--- -------------------------�0. 9 7_£ 

I NTRODUCT I ON : 64828 i s  an extreme l y  fri ab l e ,  l i ght  gray, c l as t i c  brecc i a  w i th 
several white to d ark gray c l asts ( F i g .  1 ) .  I t  i s  a rake s amp l e  from the r i m  
o f  a smal l ,  s ubdued crater o n  Stone Mounta i n .  Zap p i ts are absent . 

F i gure l .  S-7 2-4207 7 . 
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64829 FRAGMENTAL POLYMI CT BREC C I A  2 . 20 

I NTRODUCT I ON : 64829 i s  an extremely  fr i ab l e ,  l i ght  gray ,  c l as t i c  brecc i a  wi th 
several wh 1 te to dark gray c l asts ( F i g .  l l .  I t  i s  a rake s amp l e  from the r i m  
of a smal l ,  subdued crater on Stone Mounta i n .  Zap p i ts are absen t .  

Fi gure 1 .  S -7 2 -4207 7 .  
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64835 FRAGMENTAL POLYM I CT BRECC IA  2 . 32 

I NTRODUCT I ON : 64835 i s  an extreme ly  fri ab l e ,  l i ght gray, c l ast i c  brecc i a  w i th 
several white to dark gray c l asts ( F i g .  1 ) .  I t  i s  a rake  s amp l e  from the r i m  of 
a smal l ,  subdued crater on Stone Mou nta i n .  Zap p i ts are absent .  

F i g ure  l . S-7 2 -42070 . 

554 



�64�8�3�6�F�RA�G�M�EN�T�A�L �P�O�LY�M�IC�T __ BR�E�C�C_IA 
_____________________________ �l .� 

I NTRODUCTION : 64836 i s  a fr i ab l e ,  med i um gray ,  c l as t i c  brecc i a  w i th severa l  
smal l whi te c l asts ( F i g .  1 ) .  I t  i s  a rake s amp l e  from the r im of a sma l l ,  
subdued crater on Stone Mou n ta i n . Zap p i ts are absent . 

Fi gure l .  S-72-42070 .  
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�64�8�3�7--F�R�A�G�ME�N�T�AL�P�O�LY�M�I�CT�BR�E�C�C�IA�----------------------------�2.� 

I NTRODUCT ION : 64837  i s  a fr i ab l e ,  med i um gray , c l as t i c  brec c i a  w i th a part i a l 
coat of dark g l as s  ( F i g .  1 ) .  I t  i s  a rake s amp l e  from the r im  of a smal l ,  
subdued crater on Stone Mounta i n .  Zap p i ts are absen t .  

F i gu re 1 .  S -7 2-42070 . 
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650 1 5  PO I K I L I T I C  I MPACT MELT 18QL_g_ 

INTRODUCT ION : 65015 i s  a c l ast-r ich  po i k i l i t i c  i mpact me l t  that contai ns h i gh 
abundances of i ncompat i b l e  e l ements  and c l asts of anc i en t ,  i sotop i ca l ly un
equ i l i brated p l ag ioc l ase . Macroscop i c a l l y  i t  i s  angu l ar ,  homogeneous and  very 
coherent ( F i g .  1 ) .  

Th i s  s amp l e  was col l ected from the l ower s l ope of Stone Mounta i n but  the ex�ct  
l un ar ori entat i on i s  u n known . An obv i ou s  so i l l i ne enc i rc l es t h e  samp l e  ( F 1 g .  1 ) .  
Zap p i ts are abundant above th i s  r i ng and absent be l ow i t  i n d i cat i n g  a re l at i ve ly  
s imp l e  exposure h i story . 

F IGURE 1 .  S-72-3921 1 .  Sca l e i n  em . 

PETROLOGY : Petrograph i c  descr i p t i ons  are g i ven by Al bee e� a l . ( 1 97 3 ) , S imonds 
et� a l . ( 1 973 ) ,  McGee et a l . ( 1 979 ) and Van iman and Pap i ke(198 1 ) .  650 1 5  i s  an 
"'impact me l t  ch aracterTZedby a we l l  deve l oped poi k i l i t i c  texture i n  wh i ch o i ko
crysts of pyroxene ( l ow Ca >> h i gh C a )  enc l os e  abundant c l asts ( > 100 �m ) and 
ch adacrysts ( <100 �m ) ( F i g .  2 ) .  Modes are g i ven in Tab l e  1 .  

The groundmass compr i ses abundant sma l l ( <100 �m ) ch adacrysts of p l ag i oc l ase , 
o l i v i n e ,  h i gh-Ca  pyroxen e ,  metal , and tro i l i te encl osed by somewhat l arger ( u p  to 
�1 mm ) o i kocrysts of pyroxene . X-ray crystal l ograph i c  data on an aug i te-p i geo
n i te crys tal are g i ven by Takeda ( 1 973 ) .  I n tero i k ocryst areas are K-r i ch and 
contai n  abundant accessory m i nera l s  such  as wh i t l ock i t e ,  i l men i te ,  metal and 
troi l i te . The l arger c l asts al so  tend to be concentrated i n  the i ntero i kqcryst 
reg i ons . 
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6501 5 

a b 

F IGURE 2 .  6501 5 , 1 3 .  a )  g eneral v i ew ,  xpl . width l mm .  b )  rfl . width 0 . 2mm . 

The c l asts are predom i n an t l y  angu l ar fragments of p l ag i oc l ase ( u p  to "u() . 5  mm ) 
wi th s ubord i n ate amounts of o l i v i ne , h i gh-Ca pyroxen e ,  meta l , granob l as t i c  
anorthos i te ,  b as a l t i c  i mpact me l t ,  nor i t i c  anorthos i te ,  and dev i tr i f i ed mas 
ke lyn i te .  Many of the p l ag i o c l ase c l asts are d i scont i nuous ly  r immed by more 
sad i e  and more Fe- r i ch compos i t i ons  ( F i gs .  3 and 4 ) .  Most of the o l i v i ne  and 
h i gh-Ca  pyroxene c l as ts are embayed . From trace e l ements i n  the p l ag i oc l ase 
c l asts and chadacrysts , Meyer et  a l . ( 1974 ) and Meyer ( 1 979 ) conc l ude that the 
c l asts cou l d  not be i n  equ i l i brTumw i th the b u l k  of the rock ( F i g .  5 and Tab l e  2 ) .  
Meta l  occurs both as rounded c l asts and as i n teroi kocryst crysta l s ,  and i s  very 
homogeneous i n  compos i t i on ( F i g .  6 )  ( A l bee et  a l . ,  1973 ; E l  Goresy et  a l . , l 973a ; 
M i sra and Tayl or, 1 9 75 ) .  

-- -- -- --

Th i s  rock has been somewhat annea l ed but  not as exten s i ve ly  as , for examp l e ,  
648 1 5 .  C l asts i n  650 1 5  tend to be qu i te angu l ar and p l ag i oc l ase ch adacrysts , 
though somewhat rounded ,  c l ear l y  reta i n  the i r  euhedral sh ape ( F i g .  2 ) .  
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650 1 5 

TABLE 1 Modes of 65015 (vol % )  " 

,83 ( A l bee et al . ,  1973 \ S imonds �. 1973 ) 

p,l agioclase 57 . 1  6 1  ( incl udes mesostas i s )  

low-Ca pyroxene 28.9  29 

High-Ca pyroxene 6 . 4  6 

Ol i v i ne 1 . 1  1 

Opaques 1 . 7  3 �lmen i te 1 . 2  

e-metal 0 .4 
roi l i te 0 . 1  

K-ri ch interstitial 3 . 6  
materi al 

ltlitlock i te 0 . 7  

TABLE 2 .  Mi nor e l ements i n  pl agi oc l ase determi ned 
by i on m i croprobe ( Meyer et a l . ,  1974 ; Meyer , 1 979 ) 

Na2o (%)  l i  Mg K T i  

xenocrysts ( 12 ana lyses ) 0 . 45 6 570 320 87  

Xenocrysts (7 analyse s )  � . 2-8 . 6 400-800 

lavg . 6 . 2  avg . 610 

Chadacrysts ( 6  analyses ) 0 . 43 5 380 400 78 

Chadacrysts ( 1 analys is ) 1 .36 20 600 1000 360 

Al l e l ements ppm except as noted.  

65015 - PLAGKJCLASE GRAIN •1 65015 - PLAGIOCLASE GRAIN •2 .... 
.. 

.... 
.. 

'"oo 

.. 
.... 

""' 00 .. 40 

-

20 0 D 
Distance I'm 

65015 - PLAGIOCLASE 

60 

Sr 

161 

170 

450 

00 

Sa 

7 

35 

183 

F I GURE  3a . Pl a g i oc l a se compo s i t i on s ;  from Al bee et �. ( 1 97 3 ) .  
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6501 5 

0 
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65015 - PYROXENE 

111�,1 1 
-���1111 ,1 11" ,J\ "'•AIS\A +ear�Q, 
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.... SizQ, IFO,IInJ,S�Q, 
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F IGURE 3 b .  Nafic m i nera l  compo s i t i o n s ;  from Al bee e t  �- ( 1 97 3 )  . 
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FeO Content of 
Plagioclase 

in Semple 65015 

F I GURE 4 .  FeO i n  pl a g i oc l a se ;  from Al bee 
et a 1 . ( l 97 5 )  . 
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• 
0 2 

Wt.l Nickel 

6501 5 

Meteoritic Fo- motol 65015,81 
2J, 65015,82 
2D 

! 1.6 ...! 0 Q 12 

.4 

0 5 10 
wt % Ni 

F IGURE 6 .  Metal s ; a )  from Al bee et a l . ( l 973 ) . 
b )  from E l  Goresyiet a l . 

( 1 97 3a ) .  
- -

c )  from Hi sra a nd Tayl or 
( 1 97 5 )  . 

EX PER IMENTAL PETROLOGY : Tay l or et al . ( 1 976 )  performed subso l i dus annea l i n g  
experiments o n  65015 t o  determi ne-the chan ge i n  compos i t i on and morphol ogy of 
metal grai ns  w i th t ime .  Such anneal· i n g  h ad l i tt l e  or no effect on the metal i n  
th i s  rock ( F i g .  7 )  i nd i cat i n g  that the metal was a l ready l arge ly  equ i l i brated . 

-

6 5 0 1 5 

2 

0 Unheated Sample 
* 6 Day Annea l 

-------! * 1 0  Day Ann ea l  

4 6 

* • 20 Day Anneal  

Weig ht Percent N ic ke l 

561  

F IGUR E  7 .  from 
L . A .  Tayl or  et a l . 
( 1 976 ) .  
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TABLE 3 .  Chemical  work on 65015 whol e  rock 

Reference S�l i t  # E l ements Anal�zed 

Janghorbani et !!· ( 1973)  , 54 Majors 

Hask i n  et al . ( 1973 )  ,60 Majors , trace inc l .  rare earths 

Hubbard et al . ( 1973 ) ,45 Majors , trace i nc l . rare earths 

S .R .  Taylor et !!· ( 1973 ) , 62 Majors, trace i nc l . rare earths 

Duncan et al . ( 1973 )  , 57 Major s ,  some trace 

Baedecker et al . ( 1974 a,b ) , 63 Fe, Sc , other trace inc  1 .  rare earths 

Mi l ler et al . ( 1974 ) , 54 Fe, C o ,  Sc , Cr , E u ,  La 

Ehmann and Chyi ( 1 574 ) , 54 Zr, Hf 

Boynton et !!· ( 1975 )  ,63 Some majors and trace 

Wasson et !!· ( 1975 ) ,63 Trace , i nc l . s i derophi les and rare earths 

Wanke et a 1 .  ( 1976 ) ,133 Majors , trace ("-40 e l ements ) 

W!inke et a 1 .  ( 197 7 )  , 133 v 
Wasson et a 1 .  ( 1977 ) ,63 r�ajors , trace incl . rare earth and Co 

c..n KrahenbUhl et al . ( 1973 ) , 5 1  Meteori t i c  s ideroph i l es and vol ati les 
Cl'l 
N Hughes et !!· ( 1973 ) ,44 Meteori t i c  s i deroph i les and vo 1 at il  es 

Jovanovic and Reed ( 1973 ) ,32 U ,  L i , C l ,  Br, I, Hf 

Jovanovic and Reed ( 1976a ) , 32 Ru,  Os  

Jovanovic and  Reed ( 1976b ) ,32 C l , P , f , U 

Jovanovic and Reed ( 1977 )  ,32 Hg 
Reed et al . ( 1977 ) ,32 Volati l i zed Tl , Zn 

Kerridge et a 1 .  ( ,  0 7t:: k \ < A  ,. c \ ... ., , .., �.� ,  , u� ... � 
Des Marai s  ( 1978 ) , 174 C, N ,  S 

Nyqui st et !!·_ ( 1973 )  ,45 Rb,  Sr 

Kirsten et al . ( 1973 ) ,61 Ca,  K 

Nunes et al . ( 1973 ) , 52 U ,  Th, Pb 

Jessberger et !!· ( 1974 ) , 56 ca. K 
Tera et al . (1973, 1974 ) , 56 K, U ,  Th , Pb 

Papanastassiou and 
Wasserburg ( 1972b ) , 56 Rb, Sr 

TABLE 4 .  Summary chemistry of 65015 

Bul k  rock Metal spheru l e  

Si02 
4 7 . 5  

Ti02 1 . 18 

Al 2o3 
20.0 

cr2o3 
0 . 20 

FeO 8 .4 

MnO 0 . 1 2  

MgO 9 . 8  

CaO 12 .0 

Na2o 0 . 56 

K20 0 . 350 

P205 
0 . 40 

Sr 158 

La 56 . 9  

Lu 2 . 64 

Rb 9 . 0  

Sc 14.8 

Ni 185-730 56 , 700 

Co '1.35 

Ir  ppb 12 . 6  990 

Au ppb 10. 3  1 ,070 

c 10( ? )  

N 0 . 7  

s '1.975 

Zn 0 . 9  3 . 2  

Cu 4 . 5  

Oxi des i n  wt% ;  others in  ppm except as  noted . 

0'1 (.11 0 
� 

(.11 



6 501 5 

F I GU R E  8 .  Rare  earth  el ement s .  
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6501 5 

CHEM I STRY : Abundan t chem i c a l  data have been pub l i s hed for 6501 5 ,  referenced i n  
Tab l e  3 .  Trace e l ement abundances i n  accessory m i neral  phases are g i ven by 
Lover i n g  and Wark ( 1 974 ) ,  and Wasson et a l . ( 19 7 5 ) a l so report an ana l ys i s  of a 
meta l spheru l e  taken from the l'Oc k . 

-
-

Chem i ca l l y ,  65015  i s  s i m i l ar to other KREEP - r i ch Apo l l o  1 6  impact me l t s ,  except 
that i t  i s  somewhat more a l um i nous  than most (Tab l e  4 ) .  Rare earth e l ements i n  
65015  are amon g  the h i ghest  o f  any Apo l l o  1 6  rocks  ( Tab l e  4 ,  F i g .  8 )  and are 
on ly  s l i gh t l y  l ess  abundant than i n  Apo l l o  15 KREEP  bas a l ts 1 5382 and 1 5 386 . 
The h i gh Zr and Hf  abundances and the h i gh Z r/Hf rat i o  are a l so typ i ca l  of 
KREEP  ( Ehmann and Chyi , 1 9 74 ;  Garg and Ehmann , 1 9 76 ) .  The h i gh abundances of 
s i deroph i l e  e l ements  i n  650 1 5  ( Tab l e  4 )  i nd i c at e meteor i t i c  contam i n at i on .  
Hertogen et a l . ( 1 9 7 7 ) as s i gn 65015  to  anc i en t  meteor i t i c  group 1 H ,  a group 
l arge l y  restrTcted to the Apol l o  16 s i te .  Wasson et  a l .  ( 19 7 5 ) note that s i dero
ph i l e rat i os of the bu l k  rock d i ffer from those i na Si�parated meta l  s pheru l e  
( T ab l e  4 ) ,  i m p ly i n g  i ncomp l ete equ i l i brat i on between the me tal  and the rock . 
65015  i s  dep l eted i n  vol at i l e s ,  both i n  abs o l u te abundances and re l at i ve to 
i n vo l at i l e  e l ements  ( e . g . Tl /Cs ) ( Kr�henbUh l et a l . ,  1973 ; Jovanov i c  and Reed , 
1973  and others ) .  

- -

Sato ( 19 7 6 ) measured the oxyger fugac i ty of 65015  d i rect ly  u s i n g  the so l i d 
e l ectrolyte oxygen ce l l method . S e l f-reduc t i on by  as much as 1 . 5  l og f0 2  un i ts 
was observed d u r i n g  the f i rst  heat i ng cyc l e .  The v a l ues after the  sh i f t  ( Tab l e  5 )  
were reproduc i b l e  i n  s ubsequent  cyc l es . 

TABLE  5 

Average oxygen fugac i ty v a l ues of 6501 5 

T ( oC) - l og f02 ( atm ) 

1000 1 7 . 0  

1050 1 6 . 3  

1 100 1 5 . 6  

1 1 5 0  14 . 9  

1 200 14 . 1  

STABLE I SOTOPES : Kerr i dge et  a l . ( 19 7 5b ) prov i de who l e  rock C and S i s otop i c  data ,  
Tayl or and E p ste i n  ( 19 7 3 ) report 0 and S i  i sotope data  for  the  who l e  rock  and 
m i nera l  separates and C l ayton et  a l . ( 1 973 ) g i ve 0 i sotope data for m i nera l sep-
arates ( Tab l e  6 ) .  

-- -

From the l ack  of 60 1 8  enr i chmen t common l y  found i n  l u n ar so i l s ,  Tay l or and 
Epste i n  ( 1973 ) conc l u de that 65015  must h ave formed from mater i a l  w i thout  a s i gn i f
i c ant s urface expos ure h i story . C l ayton et  a l . ( 1 973 ) ca l cu l ate a temperature of 
equ i l i brati on of 1020°C from the  i s otop i crrac t i on at i on between p l ag i oc l ase and 
i l men i te .  
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6501 5 

TABL E  6 .  Stab l e  i sotope abundances i n  65015 ( a l l va l ues 0/oo ) 

S�mp le  ac l 3  os 3 4  80 1 8  oSi 3 0 

who l e  rock - 1 6 . 7  +1 . 8  +5 . 94 -0 . 02 
h i gh-Ca pyroxene +5 . 7 1  -0 . 22 
l ow-Ca pyroxene +5 . 63 -0 . 13 
p ·l ag i oc l ase +6 . 04 -0 . 04 

+5 . 76 
i lmen i te +3 . 8 

RAD IOGEN I C  I SOTOPES AND GEOCHRONOLOGY : Exten s i ve geochrono l og i ca l  work has been 
performed on 6501 5 .  Al l of the systems i n d i cate a major d i sturbance 3 . 9-4 . 0  b . y .  
ago , wh i ch i s  most  s i mp ly  i nterpreted a s  the age of the crystal l i zat i on of 65015 
from an impact me l t .  Rb-Sr and Ar systemat i c s  i nd i cate i n compl ete equ i l i brat i on 
between s ome p l agi oc l as e  c l asts and the matr i x ,  con s i stent w i th i on mi croprobe 
d ata ( Meyer et �· · 1974 ) .  

Rb-Sr data have been determi ned on who l e  rock and mi neral separates by 
P apanastass i ou and Wasserburg ( 1972b ) and Tera et a l . ( 1 973 ) and on a who l e  rock 
s amp l e  by Nyqu i st et a l . ( 1973 ) (Tab l e  7 ) .  These data reveal the presence of 
anc ient ,  i sotop i caTTyunequ i l i brated c l asts of p l ag i oc l ase ( P apanastas s i ou and 
Wasserburg ,  1972b ) .  Three separates of xenocryst i c  p l agi ocl ase fal l d i st i nct ly  
be l ow a 3 . 93±0 . 02 b . y .  i s ochron def i ned by who l e  rock and  "qu i ntessence " separate s ,  
and on a m i x i n g  l i ne wi th BAB I ( F i g .  9 ) .  I f  65015 remai ned a c l osed system d ur i n g  
the 3 . 9 -4 . 0  b . y .  d i sturbance ,  then an i sochron connect i n g  the most  prim i t i ve c l asts 
w i th the who l e  rock separates y i e l d s  the t ime of crystal l i zation of the rock . Such 
an i sochron g i ves an age of 4 . 42±0 . 04 b . y .  w i th I = 0 . 6991 7±8 . However i t  seems 
l ·i ke l v  that the 3 . 93 b . y .  age obta i ned from the who l e  rock and " qu i ntessence " s p l i ts 
actua l ly  dates the t ime of crysta l l i zati on of 6501 5 from a n  i mpact mel t  and the 
requ i rement for a c l osed system probab ly cannot be met . Thus  the 4 . 42 b . y .  
"primary" age probab ly  has  n o  real geochrono log i ca l  s i gn i f i c ance . 

Srn-Nd data on a who l e  rock ch i p  are reported by Lugma ir  and Carl son ( 1 9 78 ) (Tab l e  8 ) .  
No l arge p l ag ioc l ase xenocrysts were present i n  th i s  ch i p  so the s amp l e  i s  con s i d
ered representat i ve of the fi ne-grai ned matr i x .  The Sm-Nd i sotop i c  systemat i c s  of 
65015 are very s imi l ar to those of the KREEP-r ich  s amp l e s  from other l an d i n g  s i tes 
( F i g .  10 ) .  The l i ght R E E  enri chment ch aracter i s t i c  of 65015 ( and other KREEP-r ich 
s amp l e s ) was estab l i shed we l l  before the 3 . 9 -4 . 0  b . y .  d i sturbance and cou l d  not 
have been produced by part i a l  me l t i n g  at th i s  t ime ( Lu gma i r  and Car l son , 1978 ) .  

565 



65 01 5 

Sample  

whol e  rock A 

whole  rock B 
Plagioc lase A 
P lag iocl ase B 
Plagiocl ase C 

Quintessence 

Plagiocl ase M 

P l ag iocl ase 
Pyroxene L 
"Phosphates"A 
I lmeni te 
Quintessence 

whole  rock 

0.712 

0.710 

0. 

APOLLO 16 
65015 

TABLE 7 .  Rb-Sr i sotopic data for 65015 

8 7Rb/8 6Sr 87Sr/86Sr 
.measured 

0 . 1 629+7 0 . 70945+5 

0 . 1504+6 0 . 70874+8 
0 . 02574+10 0 . 70080+6 
0 .0900+4 0 . 70520+6 
0 .0972+6 0 . 70561+5 
0 . 981+4 0 .75542+10 

0 .00242 0 . 69920;!:7 
0 .02919 0 . 70ll0 ... 12 
0 .03555 0 . 7024C+l0 
0 .05703 0 . 70348+5 
0 . 2019 0 . 7 ll63�7 
0 . 998 0 .  75607±11 

0. 1606+12 0 . 70935+6 

T 8A81 • 4.49 1£. 

0.756 QUINT�ft 
� 86sr ,.,. T • 3.92 1£. 

A 

0. 755�-'-'----'-:-'=-'----'-,-=1 0.96 1.0 1.03 

566 

TBABI Reference 
( b .y . ) 

4 . 48+0.03 Papanastass i ou and 
Wasserburg ( 1972b ) 

4 . 52+0 .04 

4 .02+0 .02 

Tera et a 1 .  ( 1973 ) 

4 . 45+0 .06 Nyqu ist et �· ( 1973 ) 

F IGUR E  9 .  R b-Sr ; from Tera 
et ��---n 97 3 ) .  
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TABLE 8 .  SmcNd i sotopic data for 65015 (Lugmair and Car l son , 1978) 

Sm ( ppm) 

27 .96 

Nd ( ppm) 

101 .0  

' "'Sm/ 1 4  4Nd 

0. 1673 

I I l I 
FRACTIONATION 

OF 
I I I I PLAG�/ 

/ I I I I I I 12034tMG I I � 15382 o 
65015 0 � 

I I /15382 b 
0 14307 MTX 

147 144 
Sm / Nd 

1 "Nd/ 1 4 4Nd 1ICE TJUV 
{b .y . ) ( b  .y . ) 

0 . 511883:!:19 4 . 32+0 . 12 4 . 60+0 . 02 

F IGURE 1 0 .  Sm-Nd ; from 
Lugmai r  and Carl son { 1 978 ) . 

Ar-Ar d ata  on who l e  rock sp l i ts yi e l d  a p l ateau age of  3 . 92±0 . 04 b . y .  ( K i rsten 
et al . ,  1973 ) ( F i g .  1 1 )  and total Ar ages of 3 . 81±0 . 06 b .y .  ( K i rsten et a l . ,  
1973) an d 3 . 852±0 . 005 b . y .  ( Jessberger et  a l . ,  1974 ) .  Jessberger et  ar.-rl974 )  
a l so report Ar i sotop ic  d ata on  separates \Of varyi n g  pur i ty )  of  pTagTOc l ase ,  
pyroxen e ,  a nd  "phosphates " ,  some of  wh i ch have a l so been ana lyzed for Rb-Sr 
( Papan astas s i ou and Was serburg , 1972b ) .  Ar data on the purest p l ag i oc l ase 
separate g i ve a we l l  defi ned , i ntermed i ate temperature p l ateau age of 3 . 98 b . y .  
At h i gher temperatures the apparent age of th i s  separate r i ses t o  4 . 47 b . y . , 
conf i rm i n g  the presence of anc i en t ,  i sotop i ca l ly unequ i l i brated c l asts ( F i g s .  1 2  
and 13 ) .  The pyroxene a n d  "phosphate " separates a n d  t he  whol e  rock sp l i t d i d  
n ot show such evi dence for anc i en t  c l asts b u t  d i d  show anomal ous decreases i n  
apparent age at h i gh temperatures ( F i gs .  1 3 , 1 4 ,  a n d  1 5 ) .  Huneke and Smi th ( 1976 ) 
i nterpret these anoma l ous re l e ase patterns as resu l t i ng from the reco i l transfer 
of s i gn i fi cant 3 9Ar from K-ri ch areas of the rock to surround i ng nafi c  mi nera l s .  

Schaeffer et  a l . ( 1979 ) report total  K-Ar l aser ages of  the matri x  of 3 . 87±0 . 01 
and 3 . 82±0:0l!b.y.  and l aser ages of 3 . 73 -3 . 94 b .y .  for p l ag i oc l ase c l asts . 
These authors a l s o  d i scuss b l ank  prob l ems wh i ch cast some doubt on the i r  ear l i er 
resu l ts ( Schaeffer et  a l . ,  1 978 ) wh i ch seemed to i n d i cate the presence of p l agi o
c l ase c l asts w i th ages-up to 4 . 5  b . y .  
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FIGURE 1 2 .  Ar-Ar rel ea s e ,  
pl a g i oc l a se ;  from Jes s berger 
et �. { 1 974 ) .  
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F IGURE  l l . Ar -Ar rel ea s e , whol e 
from Ki r sten et �: ( 1 973 ) . 
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FIGURE 1 3 .  Ar-Ar rel ea se , whol e 
roc k ;  from Jes s berger et a l . { l 974 ) .  

U-Th-Pb  i sotop i c  data  are  g i ven by Tera et a l . ( 1 973 , 1974 ) for who l e  rock and 
plagioc l ase separates and by Nunes et a l--. (1973 ) for a who l e  rock s amp l e .  650 1 5  
i s  very r i c h  i n  U a nd  Th  and i ts P b-rs-very rad i ogen i c .  Both who l e  rock ana lyses 
are concordant at 3 . 99 b . y .  ( F i g .  1 6 ) .  
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F IGUR E  1 4 .  Ar -Ar rel ea se ,  pyroxene ; 
from Jess berger et a l  . ( 1 974 ) .  - -

569 

K 

6501 5 

APOLLO 16 65015 Ph· 8 
p <�90 1 565 1 615 
I 

0 
0 
2� 
I -

.., J •.o I 

...J-
005 --

--.... 

1ao 1 815 81)5 9109'.ll:i 

-..,__ I ---Co 0.0 
0.005 ---

. 
0.00 I -

or -- --
.ae- ...r 
6 

•
r-J 21-

' o
r-0 0.2 

� 

0.4 0.6 0.8 
FRACTION 39Ar RELEASED 

FRACTION 37 Ar RELEASED 

-

• 

1.0 

F IGURE 1 5 .  Ar-Ar rel ea s e ,  m i xed 
pha ses ; from Jessberger �t a l . 
( 1  974 ) . 

F IGURE 1 6 .  U-Pb  
concord i a ;  from 
Nunes et !1._. ( 1 97 3 ) .  
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RARE GAS/EXPOSURE AGE :  From track profi l es Bhandar i et  a l . ( 1973 ) determ i ned that 
65015 s pen t 1 . 2  m . y .  at  the l unar  surface and 50 m . y .wfllii n  the upper 10  ern of 
the regol i th .  Th i s  contrasts wi th 3 8Ar exposure a ges of 365 m . y .  cal c u l ated by 
K i rsten et a l . ( 1973 ) and 460-490 m . y .  c a l c u l ated by Jessberger et a l . ( 1974 ) 
for the Whole rock and mi nera l separate s . 

-- --

P HYS I CAL PROPERTIES : Brecher ( 1977 ) f i nds that the d i rect iona l  magnet i c  propert ie s  
of  650 1 5  are correlated w i th one of two major p l anes of observed fractures . Other 
room temperature magnet i c  data are g i ven by Stephen son et  �- ( 1977 ) .  

E l as t i c  propert ies  at conf i n i n g  pressures u p  to 5 kb  are prov i ded  by Todd et a l . 
( 19 73 ) .  E l ectr ica l  parameters ( F i g .  1 7 )  are reported by O l hoeft et a l . ( 1973r
and Al varez ( 1 977 ) .  Todd et a l . ( 1973 ) a l so compare the c a l cu l ated and measured 
val ues of the mean vol ume thermal expan s i on coeff i c i ent of 6501 5 .  The ca l c u l ated 
val ues are l es s  than those measured due to cracks and fractures in the rock i n to 
wh i ch m i neral  gra i ns can expand . 

TAN a 
1.0 

0.1 

570 

- _ -I._9e•c 

2 
1 0 0 0 / T"K 

215 

3 

F IGURE 1 7 . El ectr ica l  c ha racter 
i st i c s ; from Ol hoeft g!_ �. ( l 97 3 ) . 



6501 5 

On the b as i s  of e l ectron s p i n  reson ance ( ESR ) stud i e s ,  Ts ay and L i ve ( 1974 ) con c l ude 
that 6501 5 h as been ann ea l ed at �1000°C ( F i g .  18 ) .  

Hapke et a l . ( 1978 ) prov i de u l trav i o l et refl ectance spectra for a sp l i t  of 65015 
ground-ro-z74 �m. but l i st the s amp l e  as  6501 6 .  

1000 2000 ,000 4000 sooo 6000 
MAGNETIC FIELD, GAUSS 

7000 8000 9000 10,000 

FIGURE 1 8 .  El ectron spi n reso na nce ; from Tsay and L i ve  ( 1 974 ) .  

PROCESS ING AND SUBD I V I S IONS : 65015 has been exten s i ve l y  s p l i t  and w ide l y  
al l ocated .  I n  1972 i t  was cut i n to three mai n  p i eces i n c l ud i n g  a s l ab ( F i gs .  19 , 
20 ) .  The s l ab and the W butt end were subd i v i ded for a l l ocations . Many doc u 
mented and u ndocumented p i eces of  a l l  s i zes ex i s t .  The l argest s i n g l e  p i eces i n  
ex istence are , 25 ( 1 322 . 3  g )  a nd  , 73 ( 215 . 2  g ) . 
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F IGURE  1 9 . Cutt i ng d i a gr am .  
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F IGURE 20 .  Sl a b  subd i v i s i on . Cube ha s 1 em . s i de s . S-72-473 5 9 .  
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2�1 .� 

I NTRODUCT ION : 65016 i s  a ho l l ow hemi sphere of green impact g l ass ( F i g .  1 ) .  Its  
smooth surfaces and s phero i da l  s h ape i nd i cates that i t  coo l ed dur i n g  free f l i gh t . 
Ves i c l es and bub b l es are abundant .  Most of the ves ·i c l es are fi l l ed w i t h  s o i l .  
65016 was col lected near the r i m  of a subdued 20 m crater ; i ts l u n ar ori entat i on 
i s  unknown . Zap p i ts are absent .  

F IGURE 1 .  Scal e  i n  em . S-7 ?  3 9403 . 

P ETROLOGY : 65016 i s  near ly  ho l ohya l i ne .  A few c l asts of catac l as t i c  anorthos i te 
are present wh i c h  act as n uc l eat i on s i tes for quench crysta l s  ( F i g .  2 ) .  Spheru le s  
of Fe-metal ,  somet imes i n tergrown w i th schre i bers i te ,  are uncommon . Schaal  et  a l . 
( 1 979 ) prov i de a b r i ef petrograph i c  descr i pt i on and tabul ate var i ous  phys i car- -
parameter s ,  such as ves i cu l ar i ty .  
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6501 6 

F I GURE 2 .  6501 6 ,1 7 . dev i tr i f
l ect  (bottom ) a nd c l ear (to p )  
g l a s s , ppl . wi dth  2mm . 

CHEM I STRY : A major e l ement an a lys i s  by e l ectron mi croprobe i s  presented by 
Uhlmann et a l . ( 1977 ) .  Ganapathy et a l . ( 1974 ) report meteor i t i c  s i deroph i l e  and 
vo l at i l e-element abundance s . These-data are summar i zed  in Tab l e  1 .  

65016 i s  compos i t i onal ly very s im i l ar to the l oca l  mature soi l s .  Hertogen et a l . 
( 1977 ) tentat i ve ly ass i gn 65016 to meteori t i c  group 5H , note that th i s  i s  the s ame 
group as i n  glass s amp l e  60095 and the g l ass  coat of 64455 ,  and conc l ude that a l l  
of these g l asses probably represent impact mel t produced by the South Ray Crater 
event .  

PHYS I CAL P ROPERT I ES :  U h l mann e t  a l . ( 1 974 ,  1 97 7 ,  1 978 ) and Kl e i n  and Uhl mann 
( 1 976) prov i d e  an analys i s  of  thelki net ics  of the g l as s  formi ng process and the 
crysta l l i zati on behav i or of a synthet i c  ana l og and a natura l samp l e  of 650 1 6  
( F i gs . 3 ,  4 ) . Cl ose agreement between the natural and the syntheti c samp l es 
wa s o bta i ned . A cool i ng rate of 2x l 0 3  ° C/mi n was est imated ( U h l mann et a l . ,  
1 977 ) .  The l i qu i dus temperature of 6501 6 i s  �1 360° C .  

-- --
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TABLE 1 .  Summary chemi stry of 6501 6  

Si02 
Ti02 
A1203 
cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 
Sc 
Ni  
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

44 . 2 
0 . 6  

26 . 5  

5 . 5  

7 . 3  
1 5 . 3  
0 .4 
0 . 1  

1 .44 

532 

26 . 3  
7 . 19 

0.52 

Oxides i n  wt�; others in  ppm except as  noted . 

Temperature ( C )  

F IGURE 3 .  Growt h  rate v .  temperat 
ure for synthet i c  compos i t i ons ; from 
Kl ei n a nd U hlmann ( 1 976 ) .  

T ( °C} 
1450 1 1 56 947 791 670 

16 ����cr1�--�, ----,1-----,l -.l 
''0 ' '  ,,'� � 

' ' 

, , , 
, 

' , 
' , 

O L-��---��--�-L�--��� 
5.2 6.4 7. 6 8. 8 1. 12  

1 /  T (°K- 1•  104} 

F IGURE 4 .  V i scos i ty v .  temperatu re 
for synthet i c  compos i t i on ; from 
Uh lmann et :�· ( 1 974 ) .  

H apke et a l . ( 19 78 )  present u l tra- v i o l et ref l ectance spectra for a samp l e  l i sted 
as 650I6,1Dut the data are actual ly  for 6501 5 .  

PROCESS I NG AND SUBD I V I S I ONS : Several c h i ps have been broken off for a l l ocat ion  and  for  stock at JSC . 
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65035 CATACLASTIC ANORTHOS ITE , LARGELY GLASS COATED 446 g 

I NTRODUCT ION : The i nteri or of 65035 i s  a catac l as t i c  ferroan anortho s i te w i th 
a g l ass coat wh i ch fractured dur i ng i ts emp l acement ( F i gs .  l a , lb ) .  Gray c l ast
l i ke areas w i th i n  the anorthos i te macroscop i ca l ly  appear cont i nuous w i th the 
g l ass coat but the current e v i dence i s  not ent ire ly  conc l u s i ve .  

65035 was co l l ected from the south i n ter i or wal l of a 20 m crater ,  near the r im  
of a superposed 2 m crater . I t s  or ientat i on i s  known . The g l ass coat g i ves the 
s amp l e ,  wh i ch is coherent ,  a genera l l y  rounded outl i ne .  P at i n a  and zap p i ts are 
common on the broken , domi nantly wh i te s i de ( F i g .  l a )  whereas the oppos i t e ,  
smooth g l assy s i de i s  devo i d  of z ap p i ts--th i s  l atter s i de ,  however , was the 
l un ar " up "  showi n g  that the rock must h ave been fl i pped over a short t ime pr i or 
to col l ect i on .  

65035,  0 S - 79 - 33984 

FIGURE 1 a .  
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6 5035 

s - 79 - 3 3985 

Britt le, 
rafted, 
g lass 
coat 

F IGURE 1 b .  

65035, 0 

Dust,  
welded on 

P ETROLOG Y :  Schaal e t  a l . ( 1979 ) br ief ly  descri be  the textures of the g l as s  coat 
and the anorthos i te--. --

The i nteri or catac l as t i c  anorthos i te ( F i g .  2 )  con s i sts of more than 99% p l ag i o
c l ase ,  w i th gra i n s  u p  to 3 mm presen t .  The maf i c  gra i n s  are sma l l er than 20 �m . 
M i croprobe an a l yses ( Schaa l , pers . comm . ) show p l ag i oc l ase An g 6 _ 9 7 and a s i n g l e  
ana lyzed pyroxene was En 6 3Wo2 • H i gher b i refr i ngences i n  some gra i n s s how that 
o l i v i ne or au g i te i s  a l so prese n t .  S u l f i de i s  more common than very rare specks 
of Fe-metal , and ox i de phases are rare . 

The gray c l ast-rich  areas are f i ne-grai ned me sostas i s -r i c h  bas a l t  ( F i g .  2 )  
contai n i n g  p l a g i oc l ase c l asts ( '\,An 9 7 , Schaal , pers . cornm . )  and abundant Fe-meta l /  
troi l i te/schre i bers i te b l ebs . P l a g i oc l as e  l aths and o l i v i ne crysta l s  are l ess  
than 20 �m , and scattered p a l e - green p l eonaste sp i ne l s  are of s im i l ar s i ze .  I n  
the th i n  secti on area ( F i g .  l a )  t h e  basa l t  i s  f i n er-grai ned towards  t h e  cata
c l as t i c  anorthos i te ( F i g .  2 ) .  A th i n  brown to co l orl ess  ve i n  runs a l on g  the 
contact i n  p l aces but e l sewhere cuts both phases . I ts compos i t i on var i e s  from 
pure anorthos i te ( 36% Al z03 ) to 30% A l 20 3 ( Schaa l , pers . comm . ) .  I t  i s  unknown 
whether th i s  ve i n  i s  an extens i on of the g l ass  coat . 
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F IGURE 2 .  a )  65035 ,8 . catac l a st i c  
a northo s i te ,  xpl . wi dth 2mm . 
b )  65035 , 5 . basal t ic  impact mel t ,  
ppl . width 0 . 5mm 
c )  65035 , 6 . ba sal t/anorthos ite  
conta c t , wi th  gl a s s  vei n ,  ppl . wi dth 
2mm . 



65035 

Macroscop i ca l ly ,  the coat i s  g l a s s i est  on the exter i or ,  and the contact w i th the 
anorthos i te i s  var i ab l e  from s harp to gradat i ona l . I n  p l aces the obv i ous g l ass  
coat appears to grade i n to the gray c l ast- l i k e  areas , i n  others that contact i s  
s har p .  The coat was mol ten or p l ast i c  on the i n s i de wh i l e  the exter ior was 
sol i d  and br itt le , and p i eces of the exteri or were torn off or rafted i nto the 
st i l l -mo l ten mater i a l  ( F i g .  1 b )  e i ther i n  fl i gh t  or on l an d i n g .  Soi l adhered to 
the fresh l y  exposed mol ten materi a l  wh i l e  the l atter was st i l l  hot and c annot now 
be dusted off . 

CHEMI STRY : Ranc i te l l i  et a l . ( 1973b ) report bu l k  rock K (0 . 09% ) ,  Th ( 1 . 6 5  ppm ) ,  
and U (0 . 43 ppm )  abundancesderi ved from y-ray spectro scopy . 

EXPOSURE AGE : Ran c i te l l i  e t  a l . ( 1 973a ) report 2 2 Na  and 2 6Al data from y-ray 
s pectroscopy . The samp l e  1s saturated i n  2 6Al ( Yokoyama e t: �. , 1974 ) .  

PROCESS I NG AND SUBD IV I S I ONS : 65035 rema i ns essent i a l ly i ntact as , 0  ( 440 g ) .  
One l oose chip of anorthosite ( , 4 )  was made i n to th i n  sect i on s  and a second c h i p  
( , 3 )  o f  gray c l ast- l i k e  materi al ( g l as s  coat? ) and anodhos i te ( F i g .  1 )  was a l so 
made i nto th i n  s ec t i on s .  
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65055 BASALT I C  IMPACT MELT 501  g 

I NTRODUCT I ON :  6505 5 i s  an a l um i nous , b as a l t i c  impact me l t .  Macroscop i c a l l y  i t  
1 s  homogeneou s ,  angu l ar i n  s h ape ,and very coherent ( F i g .  1 ) .  Th i s  rock was 
co l l ected  from the l ower northeast s l ope  of Stone Mountai n .  I t  must h ave been 
d i s turbed shortly before co l l ect i on as zap p i ts are absent from the " l u nar top " 
but abundant on adj acent  s i des . 

F IGURE l .  Sca l e i n  em . S-72-43861 . 

PETROLOGY : 65055 i s  descr i bed by V an i man and Pap1�e  ( 1981 ) ,  who prov i de m i cro
probe d ata . I t  i s  ch aracter i zed by an i n tergran u l ar ,  suboph i t i c  texture w i th 
euhedral to subhedral l aths of p l ag i oc l ase ( u p  to 1 . 5  mm ) enc l os i ng anhedra l  
pyroxene ( F i g .  2 ) .  Accord i n g  to  Van iman a nd  P ap i ke ( 1981 ) ,  o l i v i ne i s  absent ,  
and the s i l i cate m i neral s  are extens i ve l y  zoned ( F i g .  3 ) .  Meta l , tro i l i te ,  
i lmen i te and a cryptocrysta l l i n e  mesostas i s  are i n terst i t i a l , accessory phases . 
Many of the l ath s are l i ght ly  s hocked , show i n g  a s l i ght undu l ose exti n ct i on . 
Rare rel i ct c l asts of p l ag i oc l ase are anhedral ,  i rregu l ar i n  s h ape , and tend to 
be more heav i ly shocked than the l aths . 
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F I GURE  3 .  M i neral  compos i t ions ; 
from Van ima n  and Pa p i  ke ( 1 98 1 ) .  
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F IGURE 2 .  65055 , 1 5 .  
general v i ew ,  ppl w ith  
refl ector i n . wi dth 3mm . 
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CHEMISTR Y :  An a l yses o f  major e l ements , l i thoph i l e s , s i deroph i l es and vo l at i l es 
Ti1 65055 -are presented by Boynton et a l . ( 19 76 ) , Chr i s t i an et a l . ( 1976 ) an d 
Was son et a l . ( 1 9 77 ) .  C l ark and KeTth( 1973 ) report n atu1·aland cosmogen i c  
radi on uCTi de abundances as determ i ned by gamma-ray spectroscopy . 

65055 i s  more a l um i nous and h as l ower abundances of rare-earths than the average 
l ocal  so i l  and most of the Apo l l o  16  bas a l t i c  impact me l ts (Tab l e  1 ,  F i g .  4 ) .  
Overal l  i t  i s  very s i m i l ar to the Stati on 1 1  s o i l s ,  wh i ch tend to be somewhat 
more a l umi nous and l es s  KREEPy than so i l s  from other stat i ons . 
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TABLE 1 .  Summary chemistry of 65055 

Si02 45.4 Sr 140 

Ti02 0 . 38 La 6 . 8  

A1 203 
28 . 5  lu 0 . 33 

Cr2o3 0 . 10 Rb 1 .0 

FeO 4 . 3  Sc 7 . 6  

MnO 0.06 Ni  235 

MgO 4 . 5  Co 2 1 

CaO 16 . 1  I r  ppb 10.1 

Na2o 0 . 46 Au ppb 4 . 0  

K20 0 . 073 c 

P 205 0 . 1 3  N 
s 
Zn 0 . 6  
Cu 

Oxides in wt%; others i n  ppm except as 
noted . 
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F IGURE 4 .  Rare earths ; from Boynton et al . - -- ( 1 976 ) . 

GEOCHRONOLOGY : Jessberger et a l . ( 1977 ) report total K-Ar ages of 3 . 94±0 . 0 1  b . y .  
and 3 9Ar- 4 0Ar p l ateau ages of �96±0 . 02 and 3 . 95±0 . 02 b . y .  for two spl i ts of 
basal t .  

EXPOSURE AGES : C l ark and Ke i th ( 1973 ) g i ve n atural and short- l i ved cosmoge n i c  
radionucl ide abundances . Jessberger et a l . ( 197 7 )  determi ned 3 8 Ar exposure 
ages of 2 . 4± 1 . 1  and 2 . 2±0 . 5  m . y .  for two-sp l i ts of basa l t ,  con s i stent w i th the 
excavat i on of 65055 by the South Ray Crater event . 
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65055 

PROCESS I NG AND SUBD I V I S IONS : I n 1 97 5 ,  65055  was  cut  i nto three ma i n  p i eces , 
i nc l ud i n g  a s l ab (Fi g .  5 ) . A l l ocat i on s to i n ve s t i gators were made from sub
d i v i s i on s  of  the  s l ab .  Th i n  sect i on s  have  been made from s p l i t s  of the s l ab 
an d other exter i or documented ch i ps .  

F I GUR E 5 .  S l a b su bd i v i s i on . Sca l e  i n  mm .  S-7 5-22694 . 
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65056  VAR IOL IT I C  IMPACT M ELT 64 . 8  g 

I NTRODUCT I ON : 65056 i s  a coherent ,  dark gray ,  g l assy impact me l t  w i th abun dant 
ves i cl e s  and a few l arge wh i te c l asts ( F i g .  1 ) .  The exter i or surfaces of th i s  
rock are smooth su ggest i n g  that i t  represents a comp l ete coo l i n g  un i t .  

65056 was col l ected from the i nter i or wa l l  of a s ubdued 20 m crater ,  �30 em 
from 65055 . A l though  i ts l unar l ocat i on i s  prec i s e ly  known , i ts ori entat i on 
cou l d  not be determi ned i n  the l aboratory due to break age . Z ap p i ts are absent . 

65056 
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� �  ' 

� . • ' .... .... ..... _ _  _ � '  . .. , ' 
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65056 

a b 

FIGURE 2 .  65056 , 1 3 .  a )  s p heru l i ti c  mel t ,  pp l . w idth  2mm . b )  po i k i l o b l a s t i c  
c l a s t ,  ppl . w i d t h  2mm . 

PETROLOGY : The matr i x  of 65056  i s  a mesostas i s - r i ch i mpact  me l t  w ith  th i n  l aths 
of p l a g 1 0c l ase  i n  sheave s ,  "bow- t i e "  s tructures , and  rad i at i n 9  c l u s ters ( F i g .  2 ) .  
I n ters t i ces are genera l l y  cryptocryst a l l i ne , not g l assy .  S ome Fe-rneta l  s pheru l es 
are present . 

One c l ast  of coarse-gra i ned  c atac l as t i c  anorthos i te ( p l ag i oc l ases  u p  to 4 mm ) and  
one c l as t  of maf i c -r i ch , recrys ta l l i zed  brecc i a  are s amp l ed by  the  th i n  sec t i ons 
( F i g .  2 ) .  I l men i te ,  troi l i te  and  met a l  ( some rusty )  are acces sory phases in the 
maf i c-r i ch  c l as t .  Both c l asts are �1 em l on g .  

C H EM I STRY : R an c i te l l i  e t  a l . ( 1 973b ) pro v i de who l e  rock K ( K 2 0 = 0 . 13% ) ,  U ( 0 . 4 1  
p pm )  a n d  T h  ( 1 . 55 ppm ) abundances by  gamma-ray spectroscopy . 

EXPOSURE AGE : Ranc i te l l i  e t  a l . ( 19 7 3 a )  prov i de who l e  rock 2 6A l  and  2 2 N a  abun
dance data . From these data  Yokoyama et  a l .  ( 1 9 74 ) cone I ude that 65056 i s  
s aturated i n  2 6A l  act i v i ty .  

- -

PROCESS I NG AND SUBD I V I S I ONS : 65056  was removed from i ts documented bag  as  two 
p i eces  th at  f i t  together . I n  1 9 7 2  severa l  sma l l c h i p s  of  matr i x  and c l asts were 
removed as , 3  and ,4 ( F i g .  1 ) .  , 3  was made i nto  a potted butt  from wh i ch th i n  
s ec t i ons  , 13 and  , 14 were c u t . - The two l arge p i eces were numbered , 5  and  , 6  
( F i g .  1 ) .  
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65075 BASALT I C  IMPACT �1ELT , GLASS-COATED 1 08 

INTRODUCTION : 65075 cons i s ts of  crystal l i n e ,  cl ast- beari ng materia l  coated wi th 
black gl ass (Fi g .  1 ) .  Al though  Gri eve  and Pl ant ( 1 973 ) i nterpret the crystal l i ne 
materi a l  as consi sti ng of  cl asts of  suboph i t i c  basa l t i n  a recrystal l i zed 
pl agiocl a se-ri ch matri x ,  the textures are compati bl e wi th  most of  the sampl e 
bei ng a basal ti c impact mel t of extremely vari abl e textu re .  The hot empl acement 
of the g l ass coat caused parti a l  mel t i ng to take pl ace on the adjacent crysta l l ine  
rock .  

65075 was taken from the i nteri or southwest wal l  o f  a 20 m crater o n  Stone 
Mounta i n  and wa s probabl y a bout hal f buri ed . Al though photographed pri or to 
sampl i ng ,  i t  was returned as 4 separate pi eces , hence i ts ori entati on was not 
establ i s hed . The sampl e i s  fri a bl e and the p i eces are angul a r .  Za p p i ts are 
present on only a few surfaces because of the breakages . 

F I GURE l . 
,5 

- ,3 

I I 
TS ,9 ,10 ,11 

S-72 -� 

PETROLOGY : Gri eve and P l ant ( 1 97 3 )  prov ide  a petrographi c descri ption wi th m icro
probe data , parti cul arly of  bu l k  composi tions of  d i screte l i th i c  and g l ass types , 
wi th some minera l o g i ca l  data . 
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d 

F IGURE 2 .  a )  65075 , 1 1 . ge nera l heterogeneou s mel t ,  xpl . wi d t h  2mm . 
b )  65075 , l l . pl a g i oc l ase-r i c h  mel t (r i ght ) ,  xpl . wid t h  2mm . 
c )  65075 , 1 1 . i ntersti t i a l  mel t ,  ppl . w i dt h  2mm . 
d )  65 07 5 , 1 0 .  g l a s s  coa t ,  ppl . wi dth 2mrn . 
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65075 

The th i n  secti ons  show that the crys ta l l i ne materi al  domi nantl y co ns i sts of 
ophi ti c and suboph i ti c  impact mel t ( Fi g .  2 ) ,  wi th  some po i ki l i ti c  mel t areas . 
D i st i nct  areas of fi ne-gra i ned and more pl agi ocl ase-ri ch mel ts  are present ( Fi g .  2 ) . 
Gri eve and P l ant  ( 1 97 3 )  refer to the sampl e as a l i ght  matri x- l i g ht  c l ast brec c i a  
a n d  i nterpret the crystal l i ne materi a l  ( anorthos i t i c  gabbro brecc i a )  a s  cons i sti ng  
of c l asts of  subophi ti c  basa l t i n  a recrysta l l i zed matri x .  I ts bu l k  compos i ti on 
has �24% Al 20 3 , 0 . 3 1 %  K20 and  0 . 72% T i 0 2 . O l i v i ne ( FO ? s )  oph i t i cal l y  encl oses 
p l a g i oc l a se  (An g s )  and meta l gra i ns conta i n 1 . 4- 4 . 9% N i . Pi geon i te ,  mi nor aug i te , 
i l men i te ,  and rare pl eonaste spi nel s are al so present . Fragmental pl agi ocl ases are 
extremely stra i ned and catacl as i zed . The "anorthos i ti c  m i c robrecc i a "  c l asts (Gri eve 
and P l ant , 1 97 3 )  cons i st of p l a g i oc l ase l a ths wi th i ntersti t i a l  o l i v i ne and pyroxene ; 
they conta i n s hocked pl ag i ocl ase  c l asts . Pl eonaste sp i nel i s  presen t .  Th i s  l i thol ogy 
i s  much more fel dspathi c  ( 30% Al 20 3 ) than the g eneral crysta l l i ne materi a l . I n  a 
few pl aces , l aths o f  pl ag i ocl ase  are o pti cal l y  conti nuous from thes e c l a s ts i nto 
the general crysta l l i ne materi a l . Because the enti re brecc i a  i s  crystal l i ne and 
" c l ast"  boundari es i nd i st i nct , it  seems poss i bl e  that most of the crysta l l i ne a rea 
i s  a s i ng l e i mpact mel t wi th  extremel y vari a bl e texture . 

The crysta l l i ne mater ia l , i nc l udi n g  the fel dspathi c  c l a s ts ,  conta i n areas of parti a l  
mel t ( F i g .  2 )  des cri bed i n  deta i l  by Gri eve a n d  P l a nt  ( 1 97 3 ) . They are usua l l y  
d ev i tri fied . These parti al  mel ts are vari abl e i n  composi t i on but i n  general have 
�l B% Al 20 3  and are s imi l ar i n  compos i ti o n  to KREEP ( l ow and medi um- K Fra 1'1auro ) .  
The parti al  mel t resul ts  from the heat i ntroduced by the empl acement of the s urface 
spl a s h  g l a s s , whi ch probably had a temperature >1 350°C . 

ThE� gl ass  coat con s i s ts of an outer g l a s s  ( 0 . 7 5 mm max imum ) wh ich  i s  dev i tr i fi ed 
to a mosa i c  of pl ates , and  an  i nner  zone up to 1 . 7 mm wi de whi ch i s  coarsel y 
dev i tri fi ed i nto aci cu l ar  pl a g i ocl ase ( F i g .  2 )  ( Gri eve and P l ant , 1 97 3 ) . The two 
a reas have s i mi l ar compos i t i ons  wi th  25% Al 20 3 , and d i ffer from the crys ta l l i ne 
materi a l  i n  l ower K20 ( 0 . 06% ) and Ti0 2 ( 0 . 33%)  a bu ndances . Metal g ra i ns wi th �20% 
Ni are pres ent . The coat i s  not a mel t of an ol der su rface of the rock but i s  
s p.l a shed on . 

CHEM ISTR Y :  Ranc i tel l i  e t  �· ( l 973b )  report bul k rock K ( 0 . 1 61 % ) ,  T h  ( 2 . 89 ppm ) 
a nd U (0 . 84 ppm ) a bundances from y-ray s pectroscopy , wi thout comment . 

EXPOSURE : Ranci tel l i  et �· ( 1 973a ) report cosmogen i c  ra d i onucl i de [ 2 2Na and 2 6Al ) aata from y-ray s pectroscopy wi t hout commen t .  Yo koyama e t  a l . ( 1 9 74 )  l i s t  the 
sampl e as  saturated with 2 6Al . - -

PROCESSI NG AND SUBD I V I S I ONS : The sampl e ,  recei ved as four  ma i n  p i eces , i s  d i v i ded as s hown i n  F i gure 1 .  
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65095 FRAGME NTAL REGOL ITH ( ? )  BRECC I A ,  PART IALLY  GLASS C OATED 560 _g_ 

I NTRODUCT I ON : 65095 i s  composed of abundan t  gray c ·l asts i n  a fri ab l e  wh i te 
matr i x  ( F i g .  1 ) .  I t  i s  parti a l l y  coated w i th dark g l ass . 

550g5 was co l l ec ted from the l ower s l ope of Stone Mounta i n .  Lunar ori entati on 
i s  k nown . I t  must h ave been d i sturbed short ly  before cc l l ec t i on as z ap p i ts 
are absent from the " l un ar top " but  abundant on the oppc s i te surface s . 

F IGURE 1 .  65095 , 21 , a bout ha l f  
of t he sampl e .  Smal l es t  sca l e 
d i v i s i ons  i n  mm . 

PETROLOG Y :  65095 i s  a c l as t i c  brecc i a  w i th an  abundant and d i verse c l ast  
popu l at 1 on i n  a fragmenta l  matr i x  ( F i g .  2 ) .  C l asts i nc l 11 de gra i n s of p l ag i o
c l as e ,  mafi c  mi nera l s ,  Fe-meta l  ( s ome rusty ) ,  tro i l i te ,  i l men i te ,  an d s p i n e l , 
and fragmen ts of po i k i l i t i c  and bas a l t i c  i mpact me l t ,  v i tr i c  matr i x  brecc i a ,  
catac l as t i c  and granob l as t i c  anorthos i te ,  fe l dspath i c  gran u l i te ( some w i th a 
re l i ct bas a l t i c  texture ) ,  and rare maf i c  v i trophyres ( F i g .  2 ) .  Beads and 
fragments of g l as s and v i trophyr i c  i mpact me l t  are abundant and suggest the 
presence of a rego l i th component .  One fragment  of shocked and part i a l l y  re
crysta l l i zed catac l as t i c  anorthos i te has  a gra i n  s i ze >1  em and sma l l gra i n s  
o f  i nters t i t i a l  pyroxen e .  B i ck e l  and Warner ( 19 7 8 )  refer· to the pyroxene i n  
th i s  c l ast  a s  ferroan and u nequ i l i brated b u t  pro v i de n o  s pec i f i c  data . 

P ort i on s  of the wh i t e  matr i x  ( TS , 1 3 - , 1 5 )  are near ly  monom i c t  catac l as t i c  
anorthos i te .  The Apol l o  1 6  Lunar Samp l e  I nformat i on C at a l og ( 1972 ) descr i bes 
one of these areas . 

Metal compos i t i o na l  d ata for the bu l k  rock are g i ven by �l i sra and Tayl or 
( 19 7 5 ) ( F i g . 3 ) .  
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FI GURE 2 . a )  65095 ,49 . g enera l  
matr i x  wi th ol i v i ne v i tro phyre 
c l a st ( l o wer center ) , ppl . width l mm . 
b )  65095 , 54 .  general matr i x ,  
r fl . width 2mm . 
c )  65095 ,4 9 .  catac l a st i c  a north 
o s i te cl a s t ,  x pl . width 2mm . 

65095 
• 

• -. � 
2 4 () 8 

Wt. � Nic::kel 

FIGUR E  3 .  Metal s ;  
from M i sra and Tayl or 
( 1 975 ) .  



65095 

CHEMISTRY : Kr�henbUh l et a l . ( 1973 ) ana lyzed a representat i ve i nter i or sp l i t  
and found h i gh l eve l s  or-both s i deroph i l e  and vo l at i l e  e l ements (Tab l e  1 ) .  
The h i gh vo l at i l e  to i n vo l at i l e  rat i os ( e . g .  T l / U )  are i nterpreted as i nd i 
cat i n g  a fumarol i c  component .  Hertogen e t  a l . ( 1 977 ) as o. i gn 65095 to mete
ori t i c  group 1 H ,  a group l arge ly restr i c tedto Apo l l o  1 6 .  

E l dri dge e t  a l . ( 1973 ) and Ran c i te l l i  et a l . ( 1973 a , b )  prov i de who l e  rock 
d ata for I<; �  Th , and cosmogen i c  rad i on uCTi des . These data i nd i cate that 
the l eve l s  of i ncompat i b l e  e l ements in 65095 are roug h ly s im i l ar to those i n  
the l oca l  so i l s .  

EXPOSURE AGES : From the cosmoge n i c  rad ionuc l i de d ata of E l dr i dge et a l . 
('197 3 )  and Ranc i te l l i  et a l . ( 1 973a ) ,  Yokoyama et a l . ( 1 974 ) conc l udethat 
65095 i s  s aturated i n  26Ar-act i v i ty .  

-- --

PHYS I CAL PROPERT I ES : Hargraves and Dorety ( 1 975 ) and C i sowsk i et a l . ( 1 975 , 
1976 )  provide magnet-i c  data .  C i sows k i  et a l . ( 1 975 , 1976 ) notethat a f i e l d  
o f  a t  l east a few tenths o f  a n  oersted TS Tmp l i ed by the magnet i zat i on of 
th i s  rock . Sug i ura et a l . ( 19 7 8 )  i nvesti gated the effects of heat i n g  under 
a contro l l ed  oxygen fUgac i ty on the magnet i c  propert ies  of 65095 ( F i g .  4 ) .  
The prom i nent peak i n  pTRM i s  probab ly  due  to the format i on of magnet i te 
from the natural rust i n  the rock . 

1 . 0  

E 
01 ...... 
:I 
E 
CD 

TABLE 1 .  Summary chemi s try of 65095 

K20 wt% 
Rb ppm 
N i  ppm 
I r  ppb 
Au ppb 
Zn ppm 

� � 
E 
01 ...... 
:I 
E 

0 . 098 
1 . 1  
235  
6 . 43 
5 . 45  
8 . 65  

0 0 
0 

FIGURE 4 .  from Su g i ura 
�:t !!}_. (1 978 ) . 

10 
I 0 

0 

0 

8 0 0  
T e m p  e r a  t u r e (°C) 

PROCESS I NG AND SUBD I V I S IONS : I n  1972  two sma l l c h i ps ( , 1 )  of near ly  pure 
white matr 1x  were made i nto th i n  sect ions  , 1 3 - , 1 5 .  I n  1973  the rock was 
broken a l on g  exi st i n g  fractures i n to two mai n p i eces ( , 2 1  and , 2 2 )  and the 
sma l l er of these ( , 2 2 )  exten s i ve ly  s ubd i v i de d .  The ·l arge st s i n g l e  p i ece 
rema i n i n g  i s  , 2 1  ( 3 6 1 . 5  g ) .  , 2 2  ( 129 . 1 5 g )  i s  s tored at the Brook s Remote 
Vau l t .  
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65315 CATACLAST I C  ANORTHOS ITE , P R I ST I NE ,  PART IALLY GLASS COATED 300 g 

I NTRODUCTION : 65315  i s  a monom i ct ,  catac l as t i c ,  ferroan anorthos i te that i s  
chem i cal l y  pr i st i n e .  Macroscop i ca l l y  i t  i s  b l u i sh wh i te i n  col or ,  and somewhat 
rounded ( F i g .  1 ) . A part i a l  g l ass  coat i n g  i s  i n  s h arp contact w ith the anorthos i te .  
The coat i ng was once more exten s i ve b ut  was eroded away on the Moon . 

Th i s  rock was col l ected on the l ower s l ope  of S tone Mounta i n ;  l un ar or i entat i on i s  
not known . Zap p i ts are rare on the N surface, absent from other s urfaces . 

F I GURE 1 . 

P ETROLOGY : D i xon an d Papi ke ( 1 9 7 5 ) and the Apo l l o  16  Lunar Samp l e  I nformat i on 
Catal og ( 197 2 )  prov i de petrograp h i c  i nformat i on . 65315  i s  a crushed , ferroan 
anorthos i te w i th re l i ct p l ag i oc l ase gra ins  ( An 9 7 )  up to 4 mm l ong ( F i g .  2 ) .  
Pyroxene i s  the on ly  maf i c  s i l i cate present and i s  concentrated as smal l ,  
d i screte grai ns i n tersti t i al to the l arger p l ag i oc l ases . A few or i g i n al  p l ag i o 
c l ase-pyroxene gra i n  boundar i es rema i n .  The or i g i na l  pyroxene was apparent ly  a 
p i geon i te wh i ch h as subsequent ly exsol ved ( F i g .  3 ) .  Al l gra ins  exh i b i t  undu l ose 
exti nct i on .  No s hock me l t i n g  or recrystal l i zat i on was observed . 

Mehta and Gol dste i n  ( 1 980 ) report the compos i t i ons of meta l  gra ins  from the g l ass 
coat ( F i g .  4 ) .  
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653 1 5  

F IGURE 2 .  653 1 5 , 4 .  
;J enera l  v i ew , xpl . 
'Ni dt h 2mm . 

Meyer ( 1 979 ) reports m i nor e l ements in  p l ag ioc l ase as determi ned by i on m i croprobe 
( Tab l e  1 ) .  

TABLE 1 .  M i nor 

Li  

a )  2 

b )  1 . 8 

F I GURE  3 .  Pyroxene comp
os i t ion s ; from Dixon a nd 
Pa pi ke ( 1 97 5 ) . 

e l ements 

.Ji9._ 
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6 1 6  

i n  p l ag ioc l ase ( ppm ) ( f�eyer , 1 9 7 9 ) 

T i  Sr Ba 
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1 50 208 8 
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FIGURE 4 .  Meta l s ;  from Mehta and  Go l d ste i n  
(1 930) . 
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653 1 5  

CHEMI STRY : Major , l i thoph i l e ,  s i deroph i l e ,  vol ati l e  and other trace e l ement abun 
dances are presented by Wanke et al . ( 1974 ) . W i th near ly  35% Al 20 3 (Tab l e  2 ) ,  
653 1 5  i s  v i rtua l ly pure p l ag i oCTase. R are earth ( F i g .  5 )  and s i deroph i l e  (Tab l e  2 )  
e l ements are very l ow i n  abundance , i n d i cat i ng that 6531 5  i s  chem ica l l y  pri s t i n e . 
Zn  i s  u nusua l l y  h i gh at 93 ppm , but  other vol at i l es are not s im i l ary enri ched ( see 
data of Wanke et �- , 1974 ) .  

gJ .... 
� 

"t:J c 0 .c 0 

Si02 
Ti02 
A1 2o3 
cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 

TABLE 2 

Summary chemi stry of anorthos i te 6531 5  

44 . 3 
0 .012 

34.87 
0 . 003 
0 .31  
0 . 006 
0 . 25 

19.07 
0 .304 
0 . 007 
0 .001 

Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

167 
0 . 12 
0 . 004 
0 . 17 
0 .39 
1 . 4  
0 . 58 

1 .0 
,12 

93 
2 . 1  

Oxides i n  wt%; others i n  ppm except as noted .  

15�=c==�==c===�====�=========c� 

10 
6531 5, 52 

FIGURE 5 .  Rare earths ; 
·from Wa n ke et �· ( 1 974 ) .  

" IV 1.0 
c. E co UJ 

� 0.1 't=�===�====�======::r=========::::.=� 
La Ce Sm Eu Dy Yb Lu 
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6531 5 

GEOCHRONOLOGY : Stett l er et a l . ( 1974 ) d i d  not obt a i n  a good <-Ar p l ateau ( F i g . 6 ) .  
The l ow temperature re l eases-po i nt to a d i sturbance � 2 b . y .  ago whereas the h i gher 
temperature re lease may i nd i c ate a metamorph i c  event 3-4 b .y .  ago and the presence 
of anc i ent ( 4 . 30± 0 . 26 b .y . ) ,  i n comp l ete ly  outgassed , p l ag i oc l ase i n  the rock 
( Stettl er et a l . ,  1974 ) .  - -

- 4.50 bJ 
s 

4.00 bJ 
� 

� 3.50 � 
� 3.00 
bJ 
a: � 2.50 0.. 
"' 

65315 . 3 5  F IGURE 6. Ar rel ea se ; from 
Stettl er et �· ( 1 974 ) .  

RARE GAS/EXPOSURE AGES : Vari ous rare gas exposure ages c l u s ter about  1 . 5- 1 . 8  
m . y . , cons i s tent w 1 th the excavat i on o f  65315  by the South Ray crater i ng event 
( Tab l e  3 ) . 

Kr and Xe i sotop i c  data are prov i ded by Eberhardt et a l . ( 19 7 5 )  and Eugster 
et a l . ( 19 75 ) ,  respect i ve ly .  The i sotop i c  compos itTon-of thE > 600°C fract i on  
of Xe  i s  con s i s tent w i th a m i xture of  terre str i a l  atmospher i c  con tam i nat i on and 
spa l l at i on Xe . 

TABLE  3 .  Exposure ages of 65315  

System 

Ar 
3 8Ar- 3 7 Ar 
8 1 Kr - Kr 

2 1  Ne 
Sol ar Cosm i c  Ray 

Exposure Age ( m . y . ) 

1 . 8 
1 . 6  
1 . 5+0 . 7  

1 . 5  
7 

Reference 

Stett l er  et �. ( 1974 ) 
Eberhardt et �. ( 1 975 ) 
Eberhardt et �. ( 1 975 ) 
Gopal an and Rao ( 1976 ) 

Gopa l an and Rao ( 19 7 6 ) 

�1 I CROCRATERS AND SURFACES : Nage l et a l . ( 1976 ) and Hartung  ,2t a l . ( 1 978 ) stud i ed  
the glass  linings  of zap  p i ts on 65315. Compo s i t i o na l  grad i�2nts-i n some l i n i n gs 
i n d i cate a m i xture of  meteor i t i c  mater i a l  w i th me l ted target ( F i g . ? ) .  
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F IGURE 7 .  Compos i t i o na l  data 
for impact cra ter ; from Hartu n y  
et a 1 . ( 1 978 ) . 

F l uori ne d ata on an exter i or and an i n ter ior  s urface are provi ded by Le ich  et a l . 
( 1974 ) . S i gn i f i cant f l uor i ne  present on the exter i or surface i s  most l i ke ly- 
terrestr i a l  contami nat ion . 

F i l l eux et a l . ( 1977 ) f i n d  no so l ar w i nd- impl anted carbon on the surface of a 
fresh i n terTOr ch i p .  

P�OCESS I NG AND SUBD I V I S I ON S :  I n  1972 , several ch i ps of anorthos i te and g l ass were 
taken from various surfaces for a l l ocati on . I n  1 9 7 3 ,  65315  was s l abbed and the 
s l ab and the W butt end further subd i v i ded ( F i g .  8 ) . The l argest s i n g l e  p i ece 
remai n i n g  i s  , 46 ( 1 67 . 14 g ) .  

6531 5 

s - 73 - 28308 

F I GURE  8 .  Sawi n g  s u bd i v i s i o n s . 
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65325 CATACLAST I C  ANORTHOS I TE , PR I ST I NE 67 . 9  g 

I NTRODUCT ION : 65325 i s  a fr i ab l e ,  catac l as t i c ,  ferroan �northos i te wh i ch i s  
chemically pr i st i ne .  An i rregu l ar cru st  of dark brown g l as s  p art i a l l y  coats 
one s urface ( F i g .  1 ) .  Th i s  rock was col l ected as a rake s amp l e  from the l ower 
s l ope of Stone Moun ta i n ;  l un ar ori entat i on i s  unknown . A few g l as s - l i ned zap 
p i ts are present . 
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F I GURE 1 .  Sma l l e st sca l e  
d i v i s i o n  i n  mm . 

F I GURE 2_. 653 25 , 6 .  genera l 
v i ew ,  xp l . wi d th 2mm . 



653 2 5  

PETROLOGY : Warren and Wasson ( 1978 ) provi de a petrograph i c  descr i pt i on . 
Pl agioclase ( An 9 6 - 9 7 ) accounts for � 99% of the rock w i th the remai nder pr i n 
c i pa l l y  l ow-Ca pyroxene (Wo2 En 6 3 ) .  Traces o f  i l me n i te and rusty metal are 
a l so present .  The rock has  been severe ly  cru shed ; few gra i n s are more than 1 mm 
l on g  wi th most l ess  than � 0 . 1  mm ( F i g . 2 ) .  

CHEM ISTRY : Warren and Wasson :1 978 ) g i ve a bu l k  ana lys i s  of the anorthos i te ,  
summar 1 zed here as Tab l e  1 .  The an a lys i s  shows 65325 to be nearly pure p l a g i o 
c l ase w i th l eve l s  of rare-earth a nd  s i deroph i l e  e l ements typ i ca l  of pr i st i n e  
anorthos i tes . 

TABLE 1 .  Summary chemistry of 65325 

Si02 
Ti02 
A1 2o3 
Cr2o3 
FeO 

MnO 

MgO 

cao 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 
Sc 
N i  
Co 

Ir ppb 

Au ppb 

c 
N 
s 
Zn 
Cu 

44 . 08 

35 . 1 5  
0 . 004 
0 .28 
0 .008 
0 . 23 

19 . 60 
0 .340 

0 . 12 

0 . 43 
0 . 68 
1 .0 
0 . 06 
0 .04 

22 

Oxi des i n  wt% ; others i n  ppm except 
as noted . 

PROCESS I NG AND SUBD I V I S I ONS : A few smal l c h i p s  of the anorthos i te h ave been 
al located for chemical analyses and for th i n  sect i on s .  K i rsten was a l l ocated 
c h i ps of a z ap p i t ,  and Hou s l ey was a l l ocated c h i p s  of the g l ass  coat and 
exterior anorthos i te .  Otherw i se the s amp l e  rema i n s  near ly  i n tact . 
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65326  CATACLAST I C  ANORTHOS ITE  
----- 36 -i_g_ 

I NTRODUCT I ON : 65326 i s  a l i ght gray, moderate l y  coheren t ,  catac l as t i c  anor
thos i te \ F i g .  1 1 •  A few areas w i th a sheared appearance }re presen t . Streak s 
of ru st  and ve i n s  of u n a l tered met al are common on some f}ce s . I t  i s  a rake 
s amp l e .  Zap p i t s are rare . 

PETROLOGY : Petrograph i c  descr i pt i on s  are prov i ded  by Dowty e t  �- ( 1974a ) and 
Warner et  a l . ( 19 7 6b ) .  Textural l y  65326 i s  a typ i ca l  cat ,lc l as t i c  anorthos i te ,  
w i th angul ar c l asts  of p l ag i o c l ase  i n  a f i ne-gra i ned matr i x  of p l ag i oc l as e .  
Some heterogene i ty i s  present w i th some coarser , c l ast-r i ch areas s eparated by 
reg i ons  of predom i n an t l y  f i n e - gra i ned , gran u l ated mater i a l  ( F i g .  2 ) .  Pyroxene 
i s  the on l y  maf i c  phase present and i s  very rare . M i  era l c ompos i t i on s  are 
shown i n  F i gure 3 and tab u l ated by Dowty et  �- ( 19 76  . I l men i te i s  an 
acces sory phase . 

F I GURE l .  Sca l e  i n  em . S-7 2 -4341 0 .  
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10 0 
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65326  

F IGURE 2 .  6 53 26 , 3 .  
general v i ew ,  partl y 
x p 1 . wi dth  3mm . 

TABLE  1 .  Chem i s try of 65326 

( DBA , norma l i zed  to 100% ) 

S i 02 44 . 5  

Al 203 35 . 6  

FeO 0 . 23 

MgO 0 . 07  

CaO 19 . 1  

Na2o 0 . 45  

K20 0 . 06 

P205 0 . 03  

F IGURE 3 .  M i nera l compo s i ti o n s ; from R .  Warner et �. ( 1 97 6b ) . 

CHEMI STRY : A defocussed e l ectron beam ana l ys i s  ( DBA ) i s  presented by Dowty et 
al. ( 1974 a )  and reproduced by Warner et  a l . ( 19 76b ) and here as Tab l e  1 .  The 
ana l ys i s  i n d i cates that 65326 i s  v i rtuallY pure p l ag i oc l ase . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1973  two smal l c h i ps and some f i nes ( , 1 )  were 
a l l ocated to Ke i l  for petrography . 
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65327  CATACLAST I C  F ERROAN ANORTHOS ITE , P R I ST I N E  6 .  9Z_g_ 

I NTRODUCT I ON :  65327 i s  a wh i te ,  catac l a s t i c  anorthos i te of vari abl e coher
ence that was col l ected as a ra ke samp l e  ( F i g .  1 ) .  I t  i s  c hemi cal l y  pr i s t i n e .  
Sma l l a reas of g l assy crust  and a few z a p  p i ts are p resen t .  

PETROLOGY : Warren and Wa sson ( 1 978 ) prov i de a bri ef  petrograp h i c  descri p t i on 
and mi neral  c ompos i t i o ns .  P l ag i ocl ase  (An 9 7 ,  up  to 1 . 5 mm l ong ) composes 
'<>99% of  the roc k ,  wi th  the rema i nder l ow-Ca pyroxene (Wo2 En6 2 _ 6 7 ) . Rare 
gra i ns of  metal were observed macrosco p i ca l l y ( Ke i l  et  a l . ,  1 97 2 ) .  No s i gns  
of recrysta l l i za t i on are p resent ( Fi g .  2 ) . 

-- --

F I GUR E l .  Sma l l  scal e d i v i s i on i n  mm . s-n-47 678 . 
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Si02 
Ti 02 
A12o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 

Na2o 

K2o 

P205 

653 27 

F IGURE 2 .  653 27 , 5 .  genera l  v i ew ,  
xp l . wi d t h  2mm . 

TABLE 1 .  Summary chemi stry of 65327 

4 4 . 5  

34 . 4  

0 . 003 

0 . 34 

0 . 009 

0 . 33 

19 . 7  

0 . 297 

Sr 

La 

Lu 

Rb 
Sc 
Ni 

Co 

Ir 

Au 

c 
N 

s 

ppb 
ppb 

0 .08 

0 . 40 

<0. 9  

0 . 96 

0 . 010 

0 . 012 

Oxides in wt%; others in ppm Zn 22.0  

except as noted . Cu 

CHEMI STRY : Major and trace e l ement data g i ven by Warren and Wasson ( 1 978 ) s how 
65327 to be near ly  pure p l ag i oc l ase w i th the l ow l eve l s  of i n comp at i b l e  and 
s i deroph i l e  e l ements  typ i ca l  of pr i st i ne Apol l o  16 anorthos i tes  ( Tab l e  1 ) .  Zn 
i s  con s i derab l y  enr i ched for a pr i s t i n e  anorthos i te .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1 97 7 , the rock was sp l i t  i nto several c h i ps 
( , 1 - , 7 )  for al l ocat i on for chemi stry ( , 1 )  and t h i n  sect i on s  ( , 2 � th i n  sect i ons  
, 4 and , 5 ) .  
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65328 CATACLAST I C  ANORTHOS ITE ----�--------------------- 1 . 28 

I NTRODUCTION : 65328 i s  a wh i te ,  fr i ab l e  anorthos i te ( F i g .  1 ) .  It  i s  sub
rounded w 1 th a gran u l ated appearance . Gra i n  s i ze of  the  p l ag i oc l ase  ranges 
up  to �2 mm . T i ny d ark specks ( <0 . 05 mm ) and a few metal l i c gra i ns are 
present .  A dark g l ass  cru st  i s  present on one face . Th i s  rock i s  a rake 
samp l e ,  and has  very few zap  p i t s . 

F I GURE  1 .  Sc al e d i v i s i o n  i n  mm . S-7 2 -47665 . 
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65329 CATACLAST I C  ANORTHOSITE l .  92 g 

I tiTRODUCT ION : 65329 i s  a wh i te , fri a bl e anortho s i te col l ected a s  a ra ke 
s amp l e (Fi g .  1 ) . I t  i s  s u bangu l a r  and  has a gra n u l ated appea ranc e .  P l a g i ocl a s e  
cry s ta l s u p  t o  2 mm l on g  a r e  p res ent . Ti ny ( <0 . 05 mm ) da rk  f l ecks  are scattered 
thro u g h  the roc k .  Zap p i ts are rare . 

60�) 

F I GURE l .  Sca l e  d i v i s i on 
i n  mm . 



65335  CATACLAST I C  ANORTHO S I T E  1 . G 3  g 

I NTRODUCT I Orl : 65335  i s  a wh i te to l i g ht  g ray , fri a b l e ano rtho s i te co l l ected 
a s  a rake s ampl e ( Fi g .  1 ) . I t  i s  rounded a nd  has a gran u l a r texture . S u rfa ces 
a re a braded and  covered wi th  pa t i na .  Zap p i ts  a re ra r e .  

F I G U R E  ·1 . Sca l e  d i vi s i o n 
----

i n  mm . 

606 



6 5336 CATACLAST I C ANORTHOSITE 

I NTRODUCT ION : 65336 i s  a whi te , fri a bl e  anortho s i te col l ected 
sampl e ( F i g .  1 ) .  I t  i s  s u bangul ar and has a gra n u l ar  texture . 
coats a port i on of one s urface . Zap p i ts are rare . 

0 . 60 g 

as a rake 
Dark g l ass  

F IGURE  l .  Sc al e d i v i s i o n  i n  
mm . 
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65337  FRAG�1E NTAL POLY�1 I CT BREC C I A  _____ �-- _____________ 1_1 . 5 �  

I NTRODUCT ION : 65337  i s  a l i gh t  gray ,  fr i ab l e ,  c l as t i c  brecc i a  w i th a d i verse 
c l ast  popu l at i on ( F i g .  1 ) .  It i s  a rake s amp l e .  Zap  p i ts are very rare . 

F I GJRE l . Smal l sca l e  
d i v i s i o n  i n  mm . 

F IGURE 2 .  65337 , 4 . 
g eneral v i ew ,  part l y 
xpl . wi dth 3mrn . 

P ETROLOGY : Warner et  a l . ( 19 7 6 b ) prov i de a br i ef petrogr11 ph i c  descr i pt i on . 6 5337  
i s  a fragmenta l  or"ecc i a  composed of  m i nera l , l i th i c  and g l ass  fragments 
w i th a sma l l  amount  o f  i nters t i t i a l  g l ass  ( F i g . 2 ) .  L i th i c: c l asts i nc l ude  a 
l arge ,  part i a l ly  recrysta l l i ze d ,  trocto l i te fragmen t ,  grar1ob l as t i c  and 
catac l ast i c  anorthos i te s ,  p o i k i l i t i c  rock fragment s ,  var i c1 us  brecc i as and 
sever a 1 srna 1 1  "chundru 1 e s . "  

PROCESS I NG AND SUBD I V I S I ONS : I n 1 9 73 several  ch i ps were a l l oc ated to Was serburg 
for geochrono l ogy � 3 . 08 g )  and to Ke i l for petrography ( , 2 0 . 1 0 g ) .  
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65338 FRAGMENTAL POLYMICT BRECC IA ( ? )  2 . 65 

I NTRODUCT I ON :  65338 i s  a l i gh t  gray ,  fr i ab l e  brecc i a ( F i g .  1 ) .  Macroscop i ca l l y  
1 t  appears to b e  predomi nant ly  a c l as t i c  rock a l though abundant ves i c l es are 
present  i n  s ome areas . A 1 . 5  mm patch of metal  and a s i m i l ar area of dark g l as s  
are a l so presen t .  Th i s  i s  a rake samp l e .  Z a p  p i ts are r are . 

PETROLOGY : A th i n  sect i on of 65338 exam i ned by Warner et  a l . ( 1 976b ) s hows a 
coherent ,  recrystal l i zed  brecc i a , rather than the fragmentaT, c l as t i c  brecc i a  
expected from macroscop i c  exam i nat i on ( F i g .  2 ) .  The coherent brecc i a ,  presumed 
to be a c l as t  by Warner et a l . ( 1976b ) ,  has  a poi k i l i t i c  to gran u l ar texture 
w i th  abundant mi neral an�lTfh i c  c l asts . L i t h i c  c l asts  are most ly  recrysta l l i zed  
anorthos i t i c  fragments . M i neral compos i t i on s  w i t h i n  the  coherent brecc i a  are 
shown i n  F i gure 3 and tabu l ated by Dowty et a l . ( 19 76 ) .  M i nor phases i nc l u de 
i l men i te ,  armal co l i te ,  rut i l e ,  Fe-metal  (�8-8 . 6% N i , 0 . 3-0 . 5% C o )  and badde lye i te 
(Warner et a l . ,  1976b ) .  

S - 72 - 47661 
65338 

1 em 
F IGURE 1 .  
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65338 

I I I 
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ly .  

• 

-. 
• 

Pyroxene composition (mole 'lo) 

.J I 
80 

I I 
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I 
�0 

I 
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Forsterite content of olivine (mole%) 

� � � � � � 20 
Anorthite content of plagioclase (mole%) 

th 

FIGUR E  2 .  65338 , 2 . general  
v i ew ,  par t l y  xpl . wi dth  2mm . 

1 .  Chem i s try of 65338 ( c l ast ? ) ..:..:._:;::-=.:::._:::.._:___ 

( DBA, norma l i zed  to 100% ) 

S i 02 44 . 8  
T i 02 0 . 54 
A l 2o3 26 . 1  
Cr2o3 0 . 07 
FeO 5 . 1  
r1n0 0 . 04 
1'<1g0 7 . 6  
CaO 14 . 9  
N a2o 0 . 52 
K20 0 . 10 

F I GURE 3 .  M i neral compos i t i o n s ; from R .  Warner 
et a l . ( l 97 6b ) . 

P205 0 . 20 

C H EM I STRY : A defoc ussed e l ectron beam ana lys i s  l DBA ) of the coherent brec c i a  
(clast? ) i s  g i ven by Warner et �- ( 1 9 7 6b ) and reproduced here as Tab l e  1 .  

PROCESS I NG AND SUBD I V I S IONS : I n  1 9 7 3 , a s i n g l e  ch i p  ( , 1 )  was taken for th i n  
sect i on s  ( F i g .  1 ) .  Photodocumentat i on ne i ther prec l u des r or neces s i tates the 
con c l u s i on that the ch i p  was a c l ast . 
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65339 FRAGMENTAL POLYMICT BRECCIA 1 . 62 g 

I NTRODUCTI ON :  65339 i s  a l i g ht gray , fri abl e brecc i a  col l ected as a rake 
samp l e  ( Fi g . 1 ) .  C l asts  i ncl ude whi te anorthos i t i c  fragments ("'1 mm ) ,  gray 
aphan i ti c  materi a l  ("'1 mm ) and a few yel l ow crysta l s ( <0 . 1  mm ) . Zap p i ts 
are rare . 

F I GURE 1 .  Sca l e  d i v i s ion  i n  mm . 

6 1 1  



65345 FRAGMENTAL POLYM I CT BRECC IA  --- 0 . 86  g 

I NTRODUCT I ON : 65345 i s  a l i g ht  gray ,  fr i ab l e ,  c l as t i c  bre�cc i a  ( F i g .  1 , .  I t  
i s  a rak e s amp l e .  Z a p  p i ts are very rare . 

P ETROLOGY : Warner et  a l . ( 1976b ) pro v i de a br i ef petrograph i c  descr i p t i on . 
6 5345  i s  a c l ast i c  brecci a w i th h i gh poros i ty ( F i g .  z , . L i th i c  fr agments  
i n c l ude f i ne-gra i ned  po i k i l i t i c  rock , an anorthos i t i c  c l a s t  w i th a s i n g l e  
l arge pyroxene crysta l . and several  types  of brecc i a .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1 9 73 a smal l set  of c h i p s  and f i nes  ( , 1 )  
were a l l oc ated to Ke i l  for petrography .  

• - • •  94,  •• . . . • • 
. . 

612  

F I GURE  l .  Sea l e d i v i  s i a n  i n  mm . 

F IGURE 2 .  65345 , 3 . 
genera l v i ew ,  pa rtl y 
xpl . wi dth  3mm . 



65346 FRAG�1ENTAL POLYM I CT BRECCIA 0 . 80 g 

I NTRODUCT I�N : 65346 i s  a l i g ht  gray , fri abl e brecc i a col l ected a s  a ra ke 
sampl e ( Fi g .  1 ) .  Cl asts  i nc l u rle whi te anorthos i t i c  materi a l  (�0 . 5  mm ) ,  gray 
a phan i ti c  fragments (�0 . 7  mm ) ,  pos s i bl y  some gl ass  s pherul es a nd 1·are metal . 
I t  i s  s u brounded wi th  rare zap pi ts . 

PROCESSING AND SUBD I V I S IONS : Duri ng i n i ti a l  process i ng i n  1 972 , 65346 broke 
i nto three s ubequal  p i eces ( F i g .  1 ) .  

613 

FIGURE 1 .  Sca l e  d i v i s i on i n  mm . 



6 5347 FRAGMENTAL POL YM I CT B R E C C I A  0 . 43 g 

I NTRO DUCT I ON :  65347 i s  a l i g h t  g ray , fri a b l e brecc i a  :ol l ected a s  a r a k e  
samp l e ( F i g .  1 ) . C l a s ts i n c l u d e  s ev e r a l  g ray c ry s ta l l i n e fra gme n t s  ( u p  to 
2 mm ) a n d  w h i t e  a n o rt ho s i t i c  m a t e r i a l  ( u p  to 1 . 5 rnm ) . Za p p i ts a re v e ry r a re . 

F I GU R E  1 .  Se a ·  e d i v i s i o n  i n  mm . 
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§5348 GLASS ( OR GLASSY FRAGME NTAL BRECC IA? ) 1 1 . 66 g 

I NTRODUCT ION : 65348 i s  a dark gray ,  coherent g l ass  or g l assy brecc i a  conta i n i n g  
ieveral l arge wh i te c l asts ( F i g .  1 ) .  Mos t  of the rock i s  ho l l ow :  a l arge 
ves i c l e  or cav i ty occup i es the center of the s amp l e .  Th i s  rock i s  a rake s amp l e . 
Zap p i ts are rare . 

PETROLOGY : A brief petrograph i c  descr i pt i o n  of the dark matr i x  i s  prov i ded by 
Warner et a l . ( 1 976b ) .  Abundant m i nera l and l i th i c  c l asts res i de i n  a g l assy but  
fragmentallnatr i x  ( F i g .  2 ) .  C l asts are genera l l y  smal l er than in  fragmental  
brecc i a s .  

PROCESS I NG AND SUBD I V I S IONS : I n  1 973 , a s p l i t  ( , 1 )  cons i st i n g  of a ch i p  of dark 
rnatr1 x  and a ch i p  of wh i te c l ast was taken for th i n  sect i on s  ( F i g .  1 ) .  
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F I GURE l . 

FIGUR E 2 .  63548 , 2 .  general 
v i ew ,  partl y xpl . w idth  3mm . 



65349 GLAS S Y  I MPACT M E LT 7 . 58 g 

I NTRODUCTION : 65349 i s  a medi um g ray , c o h e re n t , g l a s sy i � pact mel t c o l l ected 
a s  a r a k e  sampl e ( F i g .  1 ) . I t  i s  s o m e11hat v e s i c u l a r  1� i t h i n t e r l o c k i n g  
p l a g i oc l a s e  l a t h s  c ommo n  o n  t h e  v es i c l e  wa l l s .  C l a s t s  f n d  z a p  p i ts a re ra re . 
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F IGURE 1 .  Sam p l e i s  a bo u t  
2 em . a c r o s s . 



65355 G LAS S Y  I MPACT tiELT 4 . 94 

I NT RODUCT I O N : 65355  i s  a medi um g ray , coheren t ,  g l a s sy i mp a c t  mel t c o l l e c t e d  
a s  a ra k e  samp l e  ( F i g .  l ) " I t  i s  s u bro u n d e d  a n d  s omewha t v e s i c u l a r .  C l a s t s  
a n d  z a p  p i t s  a re ra re . 

F IG U R E  1 .  Sc a l e  d i v i s i o n  i n  mm . 
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65356 GLASSY I M PACT 11 E L T  

I � TRO DUCT I O � : 65356 i s  a m e d i um g ray , c o h er e n t , g l a s sy i r1pa c t  mel t c o l l e c t e d  a s  
a rake s a m pl e  ( Fi g .  1 ) .  I t  i s  a n g u l a r  a n d  somew h a t  v es i c u l a r .  A few w h i te 
c l a s ts ( u p  to 1 . 5 mm ) are p re s e n t .  Z a p  p i t s  a re r a re . 
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65357 P O I K I L I T I C  I MPACT MELT 18 . 76 

I NTRODUCT I O N :  65357  i s  a l i gh t  gray ,  cohere nt ,  po i k i l i t i c  impact me l t  
col l ected as a rake s amp l e  (r i g . 1 ) .  I t  i s  su brounded w i th several zap 
p i ts . 

PETROLOGY : Warner et a l . ( 1976b ) prov i d e  a br ief  petrograph i c  descr i pt i o n  
a n d  m i n eral  compos iTions. 653 57 i s  re l at i ve ly  coarse-gra ined  w i th o i k.ocrysts 
up to 1 mm l on g  ( F i g . 2 ) . C l asts are predom i n an t ly  p l a g i oc l ase and are 
w i de ly  scattered throu gh  the roc k .  M i neral  compo s i t i ons  are shown i n  F i gure 
3 and tabu l ated by Dowty et a l . ( 19 7 6 ) .  Accessory phases i n c l ude i l men i te ,  
Fe-metal ( 4 . 3 -9 . 1% N i , 0 .3.:03% Co ) ,  badde l ey i te and a "K-r i ch phase"  
( 1 2 . 2 - 1 3 . 5% KzO ) .  

CHEM I STRY : 
( 1976b ) and 
than norma l  

F I GURE  l . 

- 47674 

A defocussed e l ectron beam analys i s  ( DBA ) i s  g i ven by Warner et a l . 
reproduced here as Tab .l e  1 .  The T i O z  v a l u e  i s  substant i a l l y  Filgher 
for an Apo l l o  1 6  po i k i l i t i c  rock . 

619 



6 53 57 

• • 
•• 

• 

Pyroxene composition (mole %) 

· - � · J. uio l l  �0 eo 70 7o 610 410 3o � Forsterite content of olivine (mole%) 

• � � ro ro � 40 � 
Anorthite content of plogiocla .. (mole%) 

20 10 

F IGURE 3 .  M i n era l  compos i t i o n s ; from R . Warner 
et a l . ( l 97 6 b )  . 

0 

FIGURE  2 .  653 57 , 2 .  
genera l J i ew ,  pa r t l y 
xpl . width  3mm . 

TABLE 1 .  Chem i stry of 65357 

_jDBA, normal i zed to 100% ) 

S i D2 4 6 . 4  

T i D 2 2 . 59 

A l 2D3 20 . 5  

cr2o3 0 . 1 2  

FeD 7 . 3  
MnO 0 .08 

MgD 9 . 0 

CaD 12 . 4  

Na2D D . 64 

K2D 0 . 43 

P20 5 0 . 40 

PROCESS I NG AND SUBD I V I S I ONS : I n  1 9 7 3  a s i n g l e  ch i p  ( , l )  was a l l o c at ed to K e i l  
for petrography . 
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65358 P O I K I L I T I C  I MPACT MELT 7 . 02 

I NTRODUCT I O N :  65358 i s  a l i gh t  gray ,  coherent ,  po i k i l i t i c  i mpact me l t  
col l ected as a rake s amp l e  ( F i g . 1 ) .  Macroscop i ca l l y  h a l f  of the rock i s  
very wh i te and the other ha l f more gray wi th  a very smooth con tact between 
the two areas . The d i fferences do  not appear to be  due e nt i re ly  to adher i n g  
surface mater i al . I t  i s  angu l ar i 1  s h ape w i th rare vugs  and zap p i t s .  

PETROLOGY : Warner e t  a l . ( 1976b ) prov i de a b r i ef petrograph i c  descr i pt i on 
and m1 neral  composTfi ons . O i kocrysts ( 0 . 2 -0 . 3  mm ) of  dom i n an t l y  l ow-Ca 
pyroxene s u r r o u n d  e uhedr a l , s ubequant p l ag i oc l a s e  c h adacrysts and a b u n d a n t  
c l asts , most  of wh i ch are a l so p l a g i oc l ase ( F i g . 2 ) .  Mi nera l  compos i t i ons  
are shown i n  F i gure 3 and  tab u l ated by  Dowty et a l . ( 19 76 ) .  M i nor phases 
i nc l ude i l men i te ,  Fe-metal ( 1 . 7 - 7 . 3% N i , 0 . 3 -0.""5% Co ) and a "K-ri ch phase"  
( 10 . 4- 1 1 . 5% K20 ) .  

s - 72 - 47669 

65358 

fiGURE  l .  
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653 58 
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F I G U R E  2 .  653 58 , 2 .  
g e ner a l  v i ew ,  pa r t l y  
x p l . wi dt h 3mm . 

TABLE 1 .  Chem i s try of 65358 
(DBA, normal i z e d  to 100% ) 

S i 02 4 7 . 0  
T i 02 0 . 86 
Al 2o3 2 2 . 4  
Cr2o3 0 . 1 3 
FeO 5 . 4  
MnO 0 . 0 7  
MgO 8 . 7  
CaO 1 3 . 3  
Na2o 0 . 53 
KzO 0 . 2 7  
P

205 0 . 24 

F I GURE  3 .  �1 i n er a l  c om po s i t i o n s ; from R .  L/a r ner et �L ( 1 9 7 6b ) .  

CHEMI STRY : A defo c u s s e d  e l e c tron b e am a n a l ys i s  ( DBA ) i s  p r e sented by 
W a r n e r  e t  a 1 .  ( 19 7 6b )  a n d  r e p r o d u c e d  h e re a s  Tab 1 e 1 .  

PROC E S S I NG AND SUBD I V I S I ONS : I n 1 9 7 3  a s i n g l e  c h i p  ( , 1 )  was a l l o c a t e d  to 
K e i l  for p e t r o g r a p h y ( F i g . l ) .  
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65359 POLYM I CT BRECC I A ,  GLASS-COATED 2 . 53  

I NTRODUCT I ON : 65359 i s  a he terogeneous rock composed of wh i te ,  fri ab l e  brecc i a  
and dark , coherent i mpact me l t  ( F i g .  1 ) .  Dark , bubb l y  g l ass  coats one surfac e .  
Severa l  ve i n s  o f  rusty mater i a l  are presen t .  65�59 ·i s a rake s amp l e ;  zap p i ts 
are very rare . 

PETROLOGY : Warner et a l . ( 19 76 b )  prov i de a br ief  petrograph i c  desc r i p t i on 
and m i neral  composlfions . Approx imate l y  h a l f  of the th i n  sect i on exam i ned 
by Warner et a l . con s i sts  of a f i ne-gra i ned ,  c l ast l aden impact me l t  w i th 
a suboph i tTC to po i k i l i t i c  texture ( F i g . 2 ) .  The rema i n der of the sect i on 
i s  a brecc i a  composed of � 80% p l a g i oc l ase c l asts ( u p  to 2 mm l on g )  and 
the rema i nder a fi ne-gra i ned , me l t  matr i x  w i th a suboph i t i c  texture . M i n era l  
compos i t i ons  are shown in  F i gure 3 and  tabu l ated by Dowty et a l . ( 19 76 ) . M i nor 
phases from unspec i f i ed  port i on s  of the rock i n c l ude Fe-metal--( 2 . 3-3 . 3% �! i ,  
0 . 4-0 . 6% C o )  and schre i bers i te .  

TABLE 1 .  

F IG U R E  l .  Smal l sca l e  
d i v i s i o ns i n  mm . 

Chem i s try of 65359 ( DB A ,  normal i zed to 10m� � 

S i o 2  46 . 7  
Ti02 0 . 47 
A1 203 

28 . 2 

Cr2o3 0 . 04 
FeD 3 . 3  
MnO 0 . 03 
MgO 4 . 3  
CaD 1 5 . 8  
Na?O 0 . 66 
K20 0 . 30 
P205 0 . 23 
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653 59  

F IGURE 2 .  653 5 9 , 3 .  
general v i ew ,  pa rt l y  
xpl . w idth  3mm . 

F I GUR E 3 .  M i nera l compo s i t ion s ;  
·from �Warner et a l .  ( l 9 7 6b ) . 

CHEM I STRY : A defocussed e l ectron beam an a lys i s  ( DBA )  of i:he en t i re th i n  sect i on 
i s  g l Ven by l�arner et {!_. ( 1 9 7 6  b )  and reproduced here a�; Tab l e  l .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1 9 73  several sma l l c h i ps were removed as , 1  
and a l l ocated to Keil for petrography . 
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65365 PO I K I L IT I C  I MPACT MELT 

I NTRODUCT I ON : 65365 i s  a l i gh t  gray, fr i ab l e ,  po i k i l i t i c  i mp act me l t  
collected as a rake samp l e  ( F i g . 1 ) .  It i s  s ubangu l ar and cut by fractures 
and g l assy ve ins . Zap p i ts are rare . 

2 . 1 6 

PETROLOGY : Warner et �· ( 1976b ) prov i de a br i ef petrograph i c  desc r i p t i on 
and m i neral  compos i ti o��. I rregu l ar l y  shaped o i k ocrysts  enc l ose euhedral  
p l ag i oc l ase chadacrysts and re l at i ve l y  rare m i neral  c l asts ( F i g . 2 ) .  M i nera l 
compos i t i on s  are shown i n  F i gure 3 and tabu l ated by Dowty et a l . ( 1976 ) .  
�1 i nor p hases i nc l ude i l men i te ,  arma l co l i te and meta l  ( 3 . 3 -8 . 2%Ni ,  0 . 3-3 . 5% Co ) .  

F I GURE 1 . 
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653 65 
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F I GURE  3 .  M i neral compo s i t i on s ;  from R .  Warner 
et �. ( 1 97 6b ) .  

TABLE 
( DBA, 

' 
0 

' 
0 

F I GURE 2 .  65365 , 3 . 
general v i ew , part l y  
xpl . width 3mm . 

1 .  Chem i s tr� of 65365 
norma l i zed to 100% ) 

S i 02 45 . 2  
T i o2 0 . 63 
Al 2o3 

23 . 0  
Cr2o3 0 . 1 2 
FeO 6 . 8 
MnO 0 . 06 
MgO 9 . 6  
CaO 1 3 . 6  
Na2o 0 . 52 

K20 0 . 19 
P205 0 . 19 

CHEM I STRY : A defocussed  e l ectron beam an a lys i s  ( DBA ) i s  presented by Warner e t  �- ( 1976b ) and reproduced here as  Tab l e  1 .  

PROC E S S I NG AND SUBD I V I S I ONS : I n  1 9 73  a s i n g l e  c h i p  ( , 1 )  W i l S  a l l ocated to 
Ke i l  for petrography \ F i g�. 
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65366 GLASS COAT ( ? )  FRAGr�Er�_:_TS�--------------------"8--'-._49---"'-

I NTRODUCT I O N :  65366 i s  a co l l ecti on o f  several f l at ,  angu l ar fragments  of 
gl as s ,  usua l l y � 1 - 2 mm th i ck ( F i g . l ) .  Most  of these fragments h ave anor
thos i t i c  mater i a l adher i n g  to one of the i r  surfaces i n d i cat i n g  th at they 
were once probab ly  por t i ons  of g l ass  coats on anorthos i t i c  rock s .  Ves i c l es 
are not abundan t .  Zap p i ts are rare on a l l of the p i eces . These fragments 
are rake s amp l es . 

P ETROLOGY : Warner et a l . ( 19 76b ) prov i de a br i ef petrograph i c  descr i pt i on 
or- one  of-the fragment� conf i rm i n g  that i t  i s  c l ear , f l ow-banded g l ass 
( F i g . 2 ) .  Some catac l as t i c  anorthos i te debr i s  adheres to one surface and a 
few parti a l ly ass im i l ated c l asts of brecc i a  are su spended w i th i n  the g l ass . 
Quench crysta l s  s urround the c l asts and occur a l ong  the contact wi th the 
adher i n g  anorthos i te .  

F IGURE l .  
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653 66 

• 

. -__ .. _i i:, . I' 

f 
F I GURE 2 .  65366 ,3 . genera l v i ew ,  part l y 
x pl . wid t h  2mm . 

TABLE 1 .  Chem i s tr;t of 65366 fr agmen t  ( DBA ) 

S i D 2  4 4 . 4  
T i D 2  D . 38 
A 1 2D3 

24 . 6  
Cr2D3 D . l l  
FeD 6 . 5  
MnD D . Dl 
MgD 8 . 6  
CaD 1 4 . 6  
Na2D D . 39 
K 2D D . D8 
P2D5 D . D8 

CHEM I STRY : A defocu ssed e l ectron beam a n a lys i s  ( DBA ) i s  g i ven by Warner et a l . 
(1976b ) and  reproduced here as  Tab l e  1 .  The fragment ·i s chem i ca l l y  s i m i l ar tO 
l oc a l  s o i l s .  

PROCESS I N G  AND SUBD I V I S IONS : I n  1 9 73  one of the fragments  ( , 1 )  was a l l ocated 
to Ke i l for petrography ( Fi g . 1 )  
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6551 5 V ERY FRIABL E ,  POLYMI CT BRECCIA 50 . 2 5  g 

I NTRODUCTION : 6551 5 i s  a pal e brown , extreme ly  fri a bl e  brecc i a  probab ly  
composed of weakly l i thi fi ed soi l ( Fi g . 1 ) . One very fri a bl e ,  whi te i nc l u s i on 
(�6 mm ) i s  presen t .  I t  was col l ected as  a ra ke sampl e .  I t  i s  rounded and zap 
pi ts are absent.  

F IGURE 1 .  Sampl e is  a bout 4 em . acros s .  
s-72-43351 . 
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6551 6 VERY FRIABL E ,  POLYM I CT BRECC IA  1 0 .49  g_ 

INTRODUCT ION : 6551 6 i s  a pal e brown , extremely  fri a b l e  brecc i a  probably 
compo sed o f  wea kl y  l i thi fi ed so i l  ( Fi g .  1 ) .  A few meta l gra i n s  and  pl a g i ocl a se  
crysta l s c an  be  s een  macrosco pi ca l l y .  I t  i s  a rake sampl e ,  rounded i n  shape 
and  devo i d  of zap pi ts .  

F IGURE l .  Sampl e i s  a bout 3 em . a cl'O S S . 
S-7 2  43351 . 

630 



6551 7 V ERY FRIABLE ( D I SAGGREGATED?)  POLYMI CT BRECCIA 1 1 . 8 5  g 

I NTRODUCTPON : 6551 7 i s  an  extreme ly  fri abl e ra ke sampl e ( Fi g .  1 )  that has  
apparently  di s i ntegrated to l oose s o i l  ( Ke i l et � • •  1 972 ) .  I t  i s  very fi ne 
grai ned and pa l e  brown i n  col o r .  

F I GURE  1 .  Sampl e i s  a bout 2 . 5  em . across . 
S -72"43351 . 
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6551 8 V ERY FRIABL E ,  POLYM I CT BRECC IA  9 , 48 g 

I N TRODUCTION : 6551 8 i s  a pa l e  brown , extremel y fri a b l e  l1rec c i a  col l ected as 
a rake s ampl e ( Fi g .  1 ) . It i s  round and i s  probab ly com 1Jo sed of weak ly  
l i t h i fi ed so i l . Za p p i ts are  absen t .  

F I GURE 1 .  Sampl e i s  a bout 2 crr . a cros s .  
S-7 2 -433 51 . 
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6551 9 VERY FR IABL E ,  POLYM I CT BRECCIA l 0 .  58 g 

I NTRODUCT ION : 655 1 9 i s  a pal e brown , extremely fri a bl e brecci a  col l ected as  a 
ra ke sampl e ( Fi g .  1 ) . I t  i s  ro unded and  proba b ly  compos ed of wea k ly  l i th i fi ed 
so i l . Zap p its  a re abs ent . 

F IGU�. Sampl e i s  a bout 2 em . acro s s . 
S-7 2 -433 51 . 
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6 5 5 2 5  VERY FRIABL E ,  POLYM I CT BRECCIA 7 . 118 g 

I N TRODUCT I ON : 6 5 5 2 5  i s  a pal e brown , extremely  fri a bl e brecc i a  co l l ected as  a 
ra ke sampl e ( F i g .  1 ) .  I t  i s  ro unded and proba b ly  compo sed of  wea k ly  l i th i fi ed 
so i l . Za p p i t� are absent .  

F I GUR E 1 .  Sam p l e i s  a bout  2 em . acro �. s .  
S-7 2 -4 3 3 5 1 . 
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65526 V ERY FRIABLE , POLYM I CT BRECCIA 3 . 55 

INTRODUCT IOtl : 6 5526 i s  a pa l e  brown , extremely fri a b l e  brecc i a  col l ected as  a 
rake sampl e ( F i g .  1 ) .  I t  i s  rounded and probab ly  co8pos ed of weak ly  l i th i fi ed 
soi l . Za p p i ts are absent .  

F I GURE 1 .  Sam pl e i s  a bout 2 em . a cros s .  
S -7 2 -433 51 . 
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65527 VERY FRIABL E ,  POLYM I CT BRECC IA 2 . 89 g 

I NTRODUCT I ON : 65527 i s  a pa l e  brown , extremely fri a b l e brecci a col l ected as 
a ra ke sampl e  ( Fi g .  1 ) .  I t  i s  ro unded and  pro ba bl y composed of  wea k ly  
l i th i fi ed so i l . Zap p i ts are  a bs ent . 

F IGURE l .  Sampl e i s  a bout 2 em . acro s s . 
S-72-43351 . 
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65528 V ERY FR IABL E ,  POLYM I CT BRECC IA 3 . 08 

I NTRODUCTION : 65528 i s  a pa l e  brown , extremely fri a bl e  brecc i a  col l ected a s  a 
rake sample ( Fi g .  1 ) .  I t  i s  ro unded and  probably composed of  weak ly  l i th i fi ed 
so i l .  Zap p i ts a re absent .  

FIGURE 1 .  Sampl e i s  a bout 1 . 5 em . acro s s . 
S-7 2 -433 51 . 
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65529  FRAGMENTAL POLYM I CT BRECC I A  ( REGOL ITH  BRECC IA? ) 
_____________ 

2_. 5� 

I NTRODUCT I ON :  65529  i s  a p a l e brown , very fr i ab l e  so i l  c l od w i th several  sma l l 
g l as s  beads an d one g l as s  spheru l e � mm i n  d i ameter ( F i g .  1 ) .  Th i s  rock i s  a 
rake  s amp l e .  Zap p i ts are absen t .  

PETROLOGY : The l arge g l ass  spheru l e  was extracted and  found to  be a teardrop 
shaped bead . Warner et a l . ( 1976b ) exam i ned  a th i n  sect i on of th i s  bead and 
found a fe1v ves i c l e s  TFig: 2 : .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1 9 73 the rock was s p l i t  and the l arge g l ass  bead 
extracted as  , 1  ( 0 . 03 g )  for a th i n  sect i on . 

F I GURE 1 .  Larger p i ec e  i s  a bout l . �i e m .  acros s .  
S-7 2 -43351 . 
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65 535 V ERY FR IABL E ,  POLYM I CT BRECCIA 2 . 66  g 

I NTRODUCTION : 65535  i s  a pa l e brown , extremel y  fr i a b l e brecci a co l l ected as  
a ra ke sampl e ( Fi g .  1 ) .  I t  i s  rounded and probab ly  composed of wea k ly  
1 i t  h i  f i  ed so i l . Zap p i ts are absen t .  

F IGURE 1 . Sampl e i s  a bout 1 . 5 em . across . 
S -7 2 -43351 . 
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6 5536 V E R Y  FR I A G L E ,  P O L YM I C T  BRECC I A  1 . 58 ..9.. 

I N TRO D U C T I ON : 65536 i s  a p a l e brown , e x treme l y  fri a b l e IJ recc i a  co l l ec ted a s  
a ra k e  sampl e ( Fi g .  1 ) .  I t  i s  r o u n d e d  and proba b l y  comp1J s e d  o f  wea k l y  l i t h i fi ed 
s o i l . A fra gmen t of g re e n  g l as s  ( 0 . 5  mm ) i s  e x p o s e d  on ·th e  s u r face . Zap p i t s  
a re a b s e n t .  

F I G U R E  l .  samp l e i s  a bo u t  1 . 5 e m . a c r o s s . 
S-72 43351 . 
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6 5537 VERY FRIABL E ,  POLYM I CT BRECC IA  2 . 43 g 

I NTRODUCTION : 65537 i s  a pa l e  brown , extreme ly  fri a bl e brecc i a  col l ected a s  
a rake sampl e ( Fi g .  1 ) . I t  i s  rounded and  probab ly compo s ed of wea k ly  
l i th i fi ed so i l . Zap  p i t s  are  a bsent .  

F IGURE l .  Sampl e i s  a bout  1 . 5 em . acro s s . 
S-72-4 3 351 . 
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65538 VERY FRIABL E ,  POLYM I CT  BRECC I A  2 .  34  9. 

I NTRODUCT ION : 6 5538 i s  a pa l e  brown , extremely fri a b l e br ·ec c i a  col l ected as  
a rake  sampl e ( Fi g .  1 ) .  I t  i s  rounded and  p ro ba b l y  c ompo s e d  o f  wea k l y  
1 i t h i fi ed so i l . Zap pi ts are a bsent . 

FIGUR E 1 .  Sampl e i s  a bout 1 . 5  em .  acro s s . 
S-7 2 -433 51 . 
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65539 V ERY FRIABL E ,  POLYM ICT BRECC IA 2 . 1 3  g 

I NTRODUCTION : 65539 i s  a pal e brown , extremel y fri ab l e brecc i a  col l ected a s  
a rake sampTe ( F i g .  1 ) . I t  i s  rounded and  probab ly  composed of weak ly  
l i th i fi ed soi l . Za p p i ts are absen t .  

F IGURE l .  Sampl e i s  a bout 1 . 5 em . acros s .  
S-7 2 -43351 . 
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6 5545 VERY FRIABL E ,  POLYMI CT BRECC IA  l • 8 0  \l 

I NTRODUCTION : 65545 i s  a pal e brown , extremely fri a bl e  b recc i a  co l l ec ted as  
a rake sampl e ( F i g .  1 ) :  I t  i s  ro unded and  proba bl y compo sed of wea k ly  
l i th i fi ed so i l . Za p p i ts a re a bsent .  

F I GURE  l .  Sampl e i s  a bout  l em . acros s .  
S-7 2-43 551 . 
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65546 VERY FR IABL E ,  POLYM I CT BRECC IA 1 . 35 g 

I NTRODUCTION : 65546 i s  a pal e brown , extremel y fri a bl e brecc i a  col l ected as  
a rake sampl e ( Fi g .  1 ) .  I t  i s  ro unded and probab ly compo sed of wea k ly  
l i thi fi ed so i l . Z a p  p i t s  are absent .  

F I GURC. 1 .  Sampl e i s  a bout  1 em . across . 
S-7 2 -43351 . 
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65547 VERY FR IABL E ,  POLYM I CT BRECCIA 1 .  5 9  g 

I NTRODUCTION : 65547 i s  a pal e brown , extremely  fri a bl e brecci a col l ected a s  
a rake sampl e ( F i g .  1 ) . I t  i s  ro unded and proba b ly  compo sed of  weak ly 
l i th i fi ed so i l . Za p pi ts are absen t ,  

FIGURE 1 .  Sampl e i s  a bout 1 em . across . 
s-72-43351  . 
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65548 VERY FR IABLE , POLYM I CT BRECC IA 3 . 02 g 

I NTRODUCTI ON : 65548 i s  a pal e brown , extremel y fri abl e brecc i a  col l ected as  
a ra ke sampl e ( Fi g .  1 ) .  I t  i s  rounded and probab ly  composed of  weakly 
l i th i fi ed soi l . Zap p i t s  a re absent .  

F IGURE 1 .  Samp l e i s  a bout 1 em . across . 
S-72-43351 . 
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65549 VERY FRIABL E 2  POLYM I CT BREC C IA 2 , 09 g 

I �TRODUCT ION : 6 5549 i s  a pa l e  brown , extremel y fr i a bl e  brecc i a  col l ected as  
a ra ke sampl e ( Fi g .  1 ) . I t  i s  ro u nded and  probab ly  composed  of weak ly  
l i th i f ied  soi l . Za p p i t s  are absen t .  

F I GURE l .  Sampl e i s  a bout l em . acro s s . 
S-72-43351 . 
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65555 V ERY FR IABL E ,  POLYM I CT BRECCIA  2 , 20 g 

I NTRODUCTION : 65555 i s  a pa l e  brown , extremel y fri a b l e  brecci a  col l ected a s  
a ra ke sampl e ( Fi g .  1 ) .  I t  i s  rounded and probably composed of weak ly  
l i thi fi ed soi l .  Za p pi ts  are a bsent . 

F I GURE 1 .  Di s h  has 5 em . d i ameter . 
S -7 2-43352 . 
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65556 VERY FRIABL E ,  POLYM I CT BRECCIA l • l 7 g 

I NTRODUCT ION : 65556 i s  a pa l e  brown , extremel y fri a b l e  b recc i a col l ected as  
a rake sampl e  ( Fi g .  1 ) .  I t  i s  rounded and  proba b ly  composed of  weak ly  
l i th i fi ed  so i l .  Z ap  pi ts are  a bsent . 

F IGURE l .  D i s h  ha s 5 em d i ameter . 
S-7 2- 43352 . 
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65557 V ERY FRIABLE ,  D I SAGGREGATED, POLYmCT BRECCIA l . 1 1  g 

INTRODUCTION : 65557 i s  a pal e brown , extremely fri a bl e rake sampl e ( Fi g .  l )  
that has a pparently d i s i ntegrated to l oose soi l  ( Kei l et � • •  1 97 2 ) . 

FIGURE l .  Di s h  has 5 em . d i ameter . 
S-7 2 -43352 . 
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65558 VERY FR IABLE , POLYM ICT  BRECC IA l .  70 g 

I NTRODUCTION : 65558 i s  a pa l e  brown , extremely fri a bl e  brecc i a  col l ected as  a 
rake sample ( F i g .  1 ) . I t  i s  rounded and probab ly  compos e<! of weak l y l i th i fi ed 
soi l . Zap p i ts are absent .  

F IGURE l .  D i s h  ha s 5 em . d i ameter . 
S-7 2-43341 . 
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65559 VERY FRIABLE , POLYM I CT BRECCIA 1 .  5 3  g 

I NTRODUCTION : 65559 i s  a pal e  brown , extremel y  fri ab l e brecc i a  col l ected as  
a ra ke sampl e  ( Fi g .  1 ) .  I t  i s  rou nded and probab ly composed of  weak ly  
l i thi fi ed so i l . Zap pi ts are absent .  

F IGUR E  I .  D i s h  has 5 em . d i ameter . 
S-7 2-43352 . 
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65565 VERY FR IABL E ,  POLYM I CT DRECCIA 0 . 8 5  g 

I NTRODUCTION : 65565 i s  a pal e brown , extreme ly fri a bl e brecc i a  col l ected as 
a rake sampl e ( Fi g .  1 ) .  I t  i s  rounded and probably composed of wea k ly  
l i t h i fi ed soi l . Za p p i ts a re absen t .  

FIGUR E  1 .  D i s h  ha s 5 em . d i ameter . 
S-7 2-433 52 . 
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65566 VERY FRIABLE ,  POLYM I CT BRECC IA 2 . 00 g 

I NTRODUCTION : 65566 i s  a pal e brown , extremely  fri a bl e  brecci a  col l ected a s  a 
rake sampl e ( Fi g .  1 ) . I t  i s  rounded and probably composed of  weak ly l i thi fi ed 
soi l . Za p p its a re absent .  

F IGURE 1 .  D i s h  has 5 em . d i ameter . 
S-72-43352 . 
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65567 VERY FRIABLE ,  POLYM I CT BRECC IA  l .  2 9  g 

I NTRODUCT I ON : 65567 i s  a pal e brown , extremel y  fri a b l e  brecci a  col l ected as  
a rake sampl e ( F i g .  1 ) . I t  i s  rounded and  probab ly  co�posed of wea k ly  
l i th i fi ed soi l . Zap  pi ts are absent .  

FIGURE 1 .  D i s h  has  5 em . d i ameter . 
S-72.-433 52 . 
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65568 V ERY FRIABL E ,  POLYM I CT BRECC IA  0 . 81 g 

I NTRODUCTIOtl : 65568 i s  a pal e brown , extremel y fri a bl e  brecci a col l ected as  
a ra ke sampl e ( Fi g .  1 ) . I t  i s  rounded and probably composed of  weak ly  
l i thi fi ed soi l . Za p pi ts a re absent .  

F IGURE 1 .  D i s h  ha s 5 em . d i ameter . 
S-72-43352 . 
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65569 VERY FRIABL E ,  POLYM I CT BRECCIA 0 .87 g 

I NTRODUCTION : 65569 i s  a pa l e  brown , extreme ly  fri abl e brecc i a  col l ected as 
a rake sampl e ( Fi g .  1 ) .  I t  i s  rounded and probabl y composed of  weak ly 
l i th i fi ed soi l . Za p p i ts a re absen t .  

F IGURE 1 .  D i s h  ha s 5 em . d iameter . 
S-7 2 -43352 . 
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65575 SO IL  CLOD, CLAST OF  PO I K I L IT I C  ROCK 0 . 9 1  g 

I NTRODUCT I ON : 65575 i s  a pal e brown , very fri a ble soi l c l od col l ected as a ra ke 
sample {Fi g .  1) .  One l a rge c l a s t  of  po i ki l i ti c  impact mel t was extracted and 
exami ned petrographi ca l l y . Several yel l ow a nd whi te c rysta l l i ne cl a sts were 
o bserved macroscopi cal l y  ( Ke i l  et al . ,  1 972 ) .  The rock  i s  somewhat angul a r  and 
1 acks zap p i ts . 

- -

PETROLOGY : Warner et a l . ( 1 976b}  prov i de a bri ef petrograph i c descri pti on a nd 
mineral anal yses ofa CTas t  of poi ki l i ti c  impact mel t .  O ik ocrysts i n  t h i s  cl ast  
are  up to  1 mm l ong and surround p l a g i ocl ase and mi nor ol i v i ne chadacrysts ( Fi 9 . 
�1i neral compo s i t i ons a re s hown i n  Fi gure 3 and tabul ated by Dowty et a l . ( 1 976 ) .  
Mi nor p ha ses i ncl ude i l meni te , Fe-metal ( 6 . 1 - 9 . 9% N i , 0 . 4-0 . 5% Co )anoa " K-r i ch  
phase'' ( 1 0 . 3- 1 2 . 6% K2o ) .  

CHEM I STRY : A defocussed el ectron beam ana lys i s  ( DBA ) of  the poi ki l i ti c  cl a st  i s  
given by Warner et a l . ( 1 976b)  a nd reproduced here as Tabl e 1 .  No analys i s  o f  
the matr i x  i s  avaTlalii e .  

PROCESS ING AND SUBDI V I SI ONS : I n  1 973  a dark , coherent cl ast  ( , 1 )  and a few sma l l 
matrix chi ps { ,2) were allocated to Kei l for petrograp hy .  

F I GURE 1 .  D i s h  ha s 
5 em . d i ameter . 
S-72 -43352 . 

FIGURE 2 .  6557 5 , 4 .  
genera l v i ew o f  po i k i l 
i ti c  c l a s t ,  part ly  xpl . 
wi dth 2mm . 
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TABLE 1 
Chemis try o f  65575 po i k i 1 i t i c  c l a s t  ( OOA)  

Si02 47 . 0  

Ti02 0.85 

A1 2o3 
24 . 1  

cr3o3 0 . 1 2 

FeO 5 .8  

MnO 0 . 07 

HgO 7 . 4  

CaO 1 4. 1  

Na2o 0 . 56 

K20 0 .37  

Pzos 0. 26 

I 20 
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,l) 

I 10 

FIGURE 3 .  M i nera l compo s 
i t i o n s  of  po i k i l i t i c  cl ast ; 
from R . .  Warner et �. ( 1 97 6 b ) . 



65576 V ERY FR IABL E 1  O I SAGGREGATED�  POLYMICT BRECCIA 0 .  91  g 

I tiTRODIJCT ION : fi5576 i s  a pa l e  bro�m , extremely  fri abl e ra ke sampl e that 
ha s d i s i ntegrated to fi ne so i l  p l us  a few l a rger cl ods ( Fi g .  1 ) .  

F IGURE 1 .  D i sh  has 5 em . d i ameter . 
S-72-43352 . 
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65577  VERY FRIAI:lL E ,  DI S/\GGREGATED, POLYt1 I CT l:lRECC IA  0 . 7 1 

I NTRODUCT I ON : 65577  i s  a pa l e  brown , extremel y fri a b l e  rake sampl e ( Fi g .  l )  
that ha s a pparently d i s i ntegrated to fi ne-gra i ned soi l ( Ke i l � .9l_. , 1 97 2 ) . 

F IGUR E l .  D i s h  ha s 5 em . d i ameter . 
S-7 2 -43 3 5 2 . 
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65578 VERY FR IABL E ,  D I SAGGREGATED ,  POLYM I CT BRECC IA  0 . 32 g 

I NTRODUCTION : 65578 i s  a pal e brown , extremel y fri a bl e ra ke sampl e ( Fi g .  l )  
t"llat  ha s di s i ntegrated to a fi ne-gra i ned so i l ( Ke i l et �· · 1 972 ) .  

F IGURE l .  D i s h  has 5 em . d i ameter . 
S-72-43352 . 
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65579  VERY FRIABLE, . O I SAGGREGATED1  POL Yt1 I CT BRECC IA  0 . 6 l _jJ_ 

INTROOUCT ION : 6 5579  i s  an  extremel y fri abl e rake sampl e that has d i s i n tegrated 
to fi ne so i l  pl us a few l a rge p i eces ( F i g .  1 ) .  I t  i s  pa l e  brown i n  col o r .  A 
fragment of dark g l ass  was observed macroscop i cal l y  i n  c n e  c l o d ( l� e i l et �· , 
l 972 )  • 

F IGURE l .  D i s h  has 5 em . d i ameter . 
S-72 -43352 . 
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65585 C I NDERY GLASS ( OR AGGLUT I NATE? ) 9 . 29 

I NTRODUCT I ON : 65585 i s  a ye l l ow-green , coherent g l ass  w i th l arge , i n homogeneous l y  
d i str1 buted ves i c l es ( F i g .  1 ) .  I t  i s  a rake s amp l e .  

P ETROLOGY : Warner e t  a l . ( 1976 b )  prov i de a br i ef petrograph i c  descr i p t i on . Th i s  
fragment of h i gh l y  vesTCu l ar ,  f l ow-banded g l as s  conta i n s  several  sma l l m i neral  
an d l i th i c  c l asts ( F i g .  2 ) . One  adher i n g  fragment  of c l as t i c  brecc i a  i s  noted  by 
Warner et �· \ 1976b ) .  

PROCESS I NG AND SUBD I V I S IONS : I n 1973  the s amp l e  was s p l i t  i nto two l ar ge , s ub
equa l  p i eces and three smal l ch i p s . The three smal l ch i p s  ( , 1 )  were a l l ocated to 
Ke i l  for petrogr aphy . The two l arger p i eces remai n  as , 0 .  
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F IGURE 1 .  Smal l est  s ca l e  
d i v i s i o n  i s  i n  mm .  

F IGURE 2 .  65585 , 3 . 
general v i ew ,  par tl y 
xpl . w i dth 3 mm . 



65586 FRAGMENTAL POLYM I CT BRECC I A  ( REGOL ITH  BRECC IA? }� GLASS COATED _ _::_6 .:__:_• 7._Lg_ 

I NTRODUCT ION : 65586 i s  a d ark fr i ab l e  brecc i a  t h i n l y  coated by coheren t ,  
ves i c u l ar gTas s  ( F i g .  1 ) .  Con s i derab l e  so i l  adheres to t h ,� exter i or s urfaces of 
the  g l as s  and f i l l s many ve s i c l es .  On fresh  surfaces the  �� l as s  i s  ye l l ow green 
i n  c o l or w i th s treaks of wh i te .  I t  i s  a rake s amp l e .  Zap  p i ts are absen t . 
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F IGUR E  1 .  �ima l l est  s ca l e  
d i v i s ion  i !; i n  mm . 



65587 rRAG�1ENTAL POL Y�1 I CT 13RECCJA (REGOL ITH BRECC IA ) , GLASS COATED 2 . 1 4  g 

I NTRODUCTION : 65 587 i s  a n  i rregul ar mi xture of  fri a b l e  brecci a and co herent , 
vesicular  gl ass  col l ected as a rake sampl e ( Fi g .  1 ) .  The  g lass  appears to coat 
a soi l c l od a nd so i l  fi l l s  many ves i c l es i n  the g l as s .  On fres h s urfaces the 
so i l  i s  yel l ow green w i t h  s trea ks of whi te .  
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FIGURE 1 .  Sma l l es t  
seal e d i v i s i o n  i s  
i n  rrun .  



65588 FR IABLE POLYMICT BRECC IA 9 . 63 .9_ 

I NTRODUCT ION : 65588 i s  a p a l e  brown , fr i ab l e  brecc i a  co l . ected as a rake  
s amp l e  (Fi g .  1 ) .  I t i s  subangu l ar and dev o i d  of z ap p i ts .  
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F IGURE 1 .  Sampl e i s  a bout  
3 em . l ong . S -7 2 - 4 3 3 53 . 



65 7 1 5  FRAGME NTAL POLYM ICT BRECC IA 31 . 4  Q 

I NTRODUCT ION : 6 5 7 1 5  i s  a fr i ab l e ,  l i ght  gray,  c l as t i c  brecc i a  w i th a d i verse 
clast  popul at i on ( F i g .  1 ) .  I t  i s  a rake s amp l e  from the r im  of a smal l ,  subdued 
crater on Stone Mounta i n .  Z ap p i ts are rare or absent . 

PETROLOG Y :  6 5 7 1 5  i s  a po lym i c t ,  c l as t i c  brecc i a  w i th many d i fferent c l ast types 
1 n  a porous matr i x  of f i n e ly  comm i nuted m i neral  and g l ass fragments ( F i g .  2 ) .  
L i t h i c  c l asts i n c l ude catac l as t i c  and granob l as t i c  anorthos i te ,  basa l t i c  i mp act 
mel t ,  coarse-grai ned and f i ne-grai ned po i k i l i t i c  i mp act mel t ,  g l assy brec c i a  and 
annea l ed , granob l as t i c  brecc i a  ( F i g .  2 ) .  P l a g i oc l ase domi n ates the mi neral c l ast  
popu l at i on w i th l es ser amounts of  maf i c  s i l i cate s ,  Fe-meta l  and  i l men i te .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1979  a b u l k  rock ch i p  ( , 1 )  and several s eparated 
c l asts ( , 2 )  were made i nto t h i n  sect i ons . 

F I GURE 1 .  S -7 9-405 1 7 . 
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657 1 5 

a 

c 

FIGURE 2 .  a ) 6571 5 , 5 .  
b ) 657 1 5 .7 . 
c ) 6571 5 .  6 .  
d ) 657 1 5 , 6 .  

b 

d 

genera l matr i x ,  ppl . wi d t h  2mm . 
ba sal t i c  impact  mel t c l a s t ,  ppl . wi dth l mm .  
po i ki l obl a st i c  c l a s t , ppl . wi dth l mm .  
granobl a st i c  c l a s t ,  ppl . wi dth  l rnm . 
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65716 FRAGMENTAL POLYMI CT BRECC IA 14 . 28 g 

I NTRODUCT I ON : 657 16  i s  a l i gh t  gray ,  fr i ab l e  brecc i a col l ected as a rake s amp l e  
\Fi g .  1 ) . C l asts  i n c l ude wh i te ,  anorthos i t i c  materi a l (�1 mm ) ,  l i ght gray ,  
crystal l i n e  fragments (� . 5  mm ) a n d  dark gray ,  g l assy fragments ( � . 5  mm ) i n  
approx imate ly  equal  amounts . I t  i s  rounded w i th few z a p  p i ts .  

F IGUR E l .  Smal l sca l e  
d i v i s i o n  i n  mm .  

PROCES S I NG AND SUBD I V I S I ONS : Th i s  rock cons i sts of a l arge p i ece shown i n  F i gure 
1 and two smal ler p 1 eces � 0 . 8  em in d i ameter wh i ch were grouped together as 
6 57 1 6 , 0  dur i n g  i n i t i a l proces s i n g  in 1972 . 
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657 1 7  FRAGMENTAL POLYMICT BRECC IA  7 . 42 

I NTRODUCT I ON :  65717  i s  a l i gh t  gray , fr i ab l e  brecci a co l l ected as a rake samp l e  
( F i g .  1 ) .  I t  i s  covered w i th adher i n g  dust  mak i n g  macroscop i c  i den t i f i cat i on 
d i ff i cu l t .  Col or photos show one l arge l i th i c  fragment ("-8 mm ) poss i b l y  w i th a 
con s i derab l e  amount of a ye l l ow maf i c ( ? )  m i nera l ; smal l er gray cl asts and wh i te 
c l asts  ("-1 mm ) are abundan t .  The rock i s  subrounded w i th rare zap p i ts .  
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FIGURE l .  Smal l sea l e 
d i v i s i on i n  mm . 



6571 8 FRAm1ENTAL POLYmCT BRECC IA  1 0 .  6 1  g 

I NTRODUCT I ON : 657 1 8  i s  a l i g ht gray , fri a bl e brecc i a  col l ected as a rake sampl e 
(Fi g .  1 ) .  Hhi te ,  a northos i ti c  c l asts and gray , crystal 1 i ne fragments are present . 
I t  i s  s u brounded wi th  rare zap pi ts . 
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F IGURE 1 .  Smal l seal e d i vi s i on 
i n  mm . 



6571 9 FRAGMENTAL POL YM_I
_C_T_B_R

_
E_CC

_
I
_A 

________________ .:..,7.:.:. 0:...:4_.g 

INTRODUCTION : 6571 9 i s  a l i ght gray , fr i a b l e  brecc i a  col l ected as  a ra ke 
sampl e ( Fi g .  1 ) . Gray , crys tal l i ne cl a sts ("-'2 mm ) ,  1�h i t e ,  a northos i ti c  fragments 
a nd rare yel l ow gra i ns ("-'0 . 5  mm ) are present .  It  i s  s u bro unded wi th rare zap 
p i t s . 
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F IGURE l .  Smal l seal e d i v i s i o n  
i n  mm .  



65725 FRAG,1EtHAL . POLVIHCT . BRECC IA 6 . 67  g 

INTRODUCTION : 6 5725  i s  a l i g ht g ray , fri abl e brecci a col l ected as a rake 
sampl e (Fi g , 1 ) . Gray , crystal l i ne c l asts ( u p  to 5 mm ) a nd a subord i nate 
amount of whi te , anorthos i t i c  fragments are abundant . I t  i s  suba ngul ar  wi th  
rare zap  p i ts .  
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FIGURE  1 .  Sma l l est sca l e  
d i v i s i o n  i n  mm .  



65726 FRAGt1UJTAL POL Yt1 I CT BRECC IA 5 .  l 9 9 

I NTRODUCTION : 65726 i s  a l i g ht g ray , fri a b l e  brecci a col l e cted as a ra ke 
sampl e (Fi g .  l ) .  �1edi um and dark g ray c rysta l l i ne c l a s ts ( u p  to <V5 mm ) and 
a s u bordi nate amount of whi te , a northos i ti c  cl a s ts are a bu ndan t .  I t  i s  
s u brounded wi th  a few zap p i t s . 

FIGURE l .  Smal l est scal e d i v i s i on i n  mm .  S-72 -47684 . 
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65727 FRAGMENTAL POLYMI CT BREC C I A  4 . 30 

I NTRODUCTION : 65727 i s  a l i gh t  gray ,  fri ab l e  brecc i a  col l ected as a rake  s amp l e  
( F i g .  1 ) .  A few l arge ( u p  to 5 mm ) ,  gray ,  crysta l l i ne c l asts and sma l l e r ,  wh i te ,  
anorthos i t i c  c l asts are present . I t  i s  subrounded w i th a few zap p i ts . 

PROCESS ING AND SUBDIV IS I ONS : Th i s  rock con s i sts of the p i ece shown i n  F i gure 1 
and a small er piece � . 4  em in d i ameter wh i c h  were grouped as 65727 , 0  dur i n g  
i n i t i a l  process i n g  i n  1972 . 
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F IGURE 1 .  Sma l l est sca l e  
d i v i s i on i n  mm .  



65728 FRAGMENTAL POLYM ICT BRECC I A  4 . 22 .9.. 
I NTRODUCT I O N :  65728 i s  a l i gh t  gray, fr i ab l e  brecc i a  ; F i g .  1 ) .  Z a p  p i ts 
are very rare . One b l ue-green c l as t ,  one c l ear ,  dark 1·ed c l ast and two smal l ,  
orange - p i n k  c l asts were observed macroscop i ca l l y  ( Ke i l et  �· · 1972 ) .  Th i s  
rock i s  a rake s amp l e .  

F IGURE 1 .  Sma l l est  sca l e  d i v i s i on  i n  mm .  S -7 2 -47681 . 

P ETROLOGY : A br i ef petrograph i c  descr i pt i on i s  g i ven by Warner et a l . ( 1976b ) .  
65728 i s  a c l as t i c  brecc i a composed o f  a heterogeneous mi xture or-mTnera l , 
l i th i c  and g l ass  fragments ( F i g .  2 ) .  L i t h i c  c l asts i nc l u de mesostas i s -r i c h  
bas a l t i c  impact me l t ,  granob l as t i c  anorthos i t i c  fragments , a var i e ty of 
brecc i as and a few " chondru l es " . 
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65728 

FIGURE 2 .  657 2 8 ,4 . g eneral v i ew ,  
part ly  xpl . width 2mm . 

PROCESS I NG AND SUBDI V I S I ON S : In 1973  two c h i p s  were removed from the rock and 
one of these ( , 1 )  a l l ocated to Ke i l  for petrography . 
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�65�7�2�9�F�RA�G�M�Et��T�A�L�P�O�LY�M�I�CT�B�RE�C�C�IA�--------------------------�3·.� 

I NTRODUCTION : 65729  i s  
sampl e ( Fi g .  1 ) .  Sma l l 
materi al are abundant .  

a l i ght gray , fri abl e brecci a col l ected as a rake 
cl asts of gray crysta l l i ne roc k and whi te , a northos i t i c  
I t  i s  su brounded w ith  a few zap  pi ts . 
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F IGURE l .  Sma l l est 
sca l e  d i v i s ion i n  mm . 



65735 FRAGMENTAL POLYMICT BRECC IA  4 . 26 

I NTRODUCTION : 65735 i s  a l i ght gray ,  fr i ab l e  brecc i a  col l ected as  a rake 
s ample ( F i g .  1 ) . C l ast s  o f  gray ,  crystal l i ne rock (�1 mm ) ,  wh i te ,  anor
thos i t i c  materi al (�1 mm ) and rare fragments of a yel l ow mafi c ( ? )  s i l i cate 
( u p  to 3 mm ) are presen t .  I t  i s  s ubangu l ar w i th few z ap p i ts . 

PROCES S I NG AND SUBD I V I S I ONS : Dur i n g  i n i t i al proces s i ng and macroscop i c  
exam i n at 1 on 1 n  1972 , th 1 s  rock fe l l  i n to two s ubequal p i eces ( F i g .  1 ) .  Both 
are grouped as 6573 5 , 0 . 
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F IGURE 1 .  Smal l est 
sca l e d iv i s i on i n  
mm . P hotos are of 
two s eparate pi ece s : 



65736  FRAGMENTAL POLYM I CT BRECCIA 2 . 74 g 

I NTRODUCT I ON : 6 5 7 36 i s  a l i gh t  gray ,  fr i ab l e  brecc i a  c o l l ected as a rake 
s ample l Fi g . l ) .  C l asts  of gray, crys ta l l i n e  rock ( u p  to  5 mm ) and wh i te ,  
anorthos i t i c  mater i a l  are abundan t . I t  i s  s u bangu l ar w i th abundant  p a t i n a  
and rare z a p  p i t s .  

PROCESS I NG AND SUBD I V I S IONS : Th i s  rock cun s i s ts  of the p i e ce shown i n  F i gure 1 
and two smal ler  p i eces (�0 . 3  and 0 . 1 5 em i n  d i ameter ) wh i ch apparen t l y  fe l l 
off du r i n g  i n i t i a l proces s i n g  and macroscop i c  exam i n a t i on i n  1972 . No photo
documentat i on of the  smal l er p i eces i s  ava i l ab l e .  A l l of the rock is  grouped 
as  6 5 73 6 , 0 . 
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F IGURE 1 .  Sma l l e st  sca l e 
d i v i s i o n  i n  mm .  



65737 FRAGMENTAL POLYMICT BRECC IA  0 . 85 

I NTRODUCT ION : 65737 i s  a l i ght gray , fri ab l e brec c i a  col l ected as a rake 
sampl e (Fi g .  1 ) .  Gray , crysta l l i ne cl asts ( u p  to 3 mm ) and whi te ,  a northosi ti c 
c l as ts ( up to 3 mm ) are a bundant . I t  i s  su brounded wi th a few zap p i ts . 
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;liGYR� 1 . .  Sma 1 1  est sea 1 e 
1 V 1 s 1 o n  1 n  mm .  



65738 FRAGMENTAL POLYMICT aRECC IA 1 • 1 7  g 

I NTRODUCT I ON :  65738 i s  a l i g ht gray , fri a bl e  brecc i a  col l ected as  a ra ke 
sampl e ( Fi g .  1 ) . Cl a s ts of whi te , anorthos i ti c  rock ( up to 4 mm ) and gray , 
crysta l l i n e rock (�1 mm ) a re abunda n t .  I t  i s  s ubangu l a r  wi th rare zap p i ts . 
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FIGURE 1 .  Sma l l est sca l e  
d i v i s i on i n  mm .  



65739 FRAGNHJTAL POL YM I CT llllECCIA 0 . 95 

I NTRODUCTION : 65739 i s  a l i g ht gray, fri a bl e brecc i a  col l ected as a ra ke 
sample {Fi g .  1 ) . Cl asts o f  g ray , crystal l i ne rock (�1 mm ) and  wh i te ,  
a northos i ti c  materi a l  (�1 mm ) are a bundant . I t  i s  suba ng u l a r  wi th a heavy 
coat o f  pati na and  a few zap p i ts . 
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FIGURE l .  Sma l l est sca l e  
d i v 1 s i o n  i n  mm . 



65745 FRAGMENTAL POLYMICT BRECC IA ( REGOL ITH BRECC IA? ) 7 . 76_g_ 

I NTRODUCT ION : 65745 i s  a brown i sh gray ,  fr i ab l e  brecc i a  ( F i g .  
c l ast populat ion  i nd i c ates th at i t  may be  a rego l i th brecc i a .  
and few , i f  any, z ap p i ts occur on i ts powdery surface . 

1 ) .  G l ass  i n  i ts 
I t  i s  a rake s amp l e  

PETROLOGY : Warner et a l . ( 19 7 6b ) prov i de a b r i ef petrograph i c  descr i p t i on . 65745 
is a fragmental  brecdacomposed of m i neral , l i th i c  and g l a s s  fragments ( F i g .  2 ) .  
L i th i c  c l asts i n c l ude n umerou s f i ne-gra i ned brecc i as ,  a ves i c u l ar g l ass  fragment 
w i th p l a g i oc l ase xenocrysts and a l arge s hard of c l e ar g l ass  w i th cryptocrystal l i ne  
patches . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1973  a s i n g l e  ch i p  was removed ( , 1 )  and a l l ocated 
to Ke i l  for petrography. 
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F I GURE l .  Smal l est sca l e  
d i v i s i o n  i n  rrun .  

F I GURE 2 .  65745 , 3 . 
genera l v i ew ,  part l y 
xpl . w i dth 3mm . 



65746 REGOL ITH BRECC IA ( ? )  4 . 19  

I NTRODUCT I ON :  65746 i s  a brown i sh-gray ,  fr i ab l e  brecc i a  ( F i g .  1 ) .  G l ass  i n  
i ts clast pop u l ation  i nd i c ates that i t  is  probab ly a rego l i th brecc i a .  It  i s  a 
rake sampl e  w i th few , i f  any , zap p i ts on i ts powdery s urface . 

FIGURE 1 . Sma 1 1  est sea 1 e 
d 1 v 1 s i o n  i n  mm .  S-7 2 -47691 . 

F I GURE 2 .  65746 , 3 .  
g eneral v i ew ,  partl y 
xpl . width 3mm . 

PETROLOGY : Warner et  a l . ( 1976 b )  prov i de a br ief  petrograph i c  descr i pt i on . 
65746 i s  a c l ast ic  brecci a composed of mi neral , l i th i c  and g l ass  fragments 
( F i g . 2 ) . F i ne-gra i ned brecc i a  c l asts are abundan t .  Several orange and 
pal e yel l ow g l ass fragments are noted by Warner et  �- ( 1976b ) . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1973  three ch i ps were removed and one of these 
( , 1 )  a l l ocated to Ke i l  for petrography. 
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65747 FRAGMENTAL POLYM ICT BRECCIA  (REGOL ITH BRECC IA? ) 0 . 82  g 

I NTRODUCT I ON : 65747 i s  a p a l e  brown , fr i ab l e  brecci a col l ected as  a rake s amp l e  
( F i g .  1 ) .  Aoundant c l asts  of wh i te ,  anorthos i t i c  materi al ( '\{) . 8  mm ) and gray, 
crystal l i ne  rock (�1 mm ) and a few gra i ns of a ye l l ow maf i c  s i l i cate rest in a 
very t i n e-grai ned matr i x .  I t  i s  rounded w i th few zap p i ts . 

FIGURE l .  Sma l l est sca l e  d i v i s i on i n  mm . 
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65748 FRAG�1ENTAL POLVtH CT BRECC IA  ( REGOL ITH BRECC IA ? ) 0 , 97 g 

I NTRODUCT IOtl : 65748 i s  a l i ght browni s h  gray , fri abl e breccia col l ected as a 
rake sampl e ( Fi g .  1 ) .  Whi te ,  anorthos i ti c  c l a sts a nd gray , crysta l l i ne 
fragments are common .  I t  i s  subrounded wi th rare zap pi ts . 
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F IGURE 1 .  Smal l est scal e 
d i v i s i o n  i n  mm . 



65749 FRAGMENTAL POLYM ICT BRECC IA (REGOL ITH BRECCIA ? )  0 . 95 g 

I NTRODUCTION : 65749 i s  a l i ght  brown i s h  gray , fri abl e brecci a col l ected as  a 
rake sampl e ( Fi g .  1 ) .  Sma l l c l a sts of  whi te , anortho s i t i c  materi al and  gray , 
crysta l l i n e  rock a re scattered through  the roc k .  I t  i s  s uba n gul a r  1�i t h  ra re 
zap p its . 
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F IGUR E  l .  Sma l l  est scal e 
d i v i  s i a n  i n  mm .  



65755 GLASSY I MPACT MELT ( ? ) OR REGOL ITH BRECC IA ( ? )  1 . 42 g 

I NTRODUCT I ON : 65755 i s  a brown i sh gray,  fri ab l e  brecc i a  wi th abundant whi te 
clasts and at l east one g l ass s pheru l e  ( F i g . 1 ) .  Macroscopi cal ly  th i s  rock 
appears to be a typ i cal c l ast i c  so i l c l od ,  but th i n  sect i ons  reveal a 
con s i derab l e  amoun t  of conti nuous g l assy matr i x .  I t  i s  a rake samp l e  and 
l acks  zap p i t s . 

PETROLOGY : Warner et �· ( 1976b ) prov i de a br i ef petrograph i c  descr i pt i on . 
L 1 th 1 c  and mi neral fragments  rest i n  a dark matr i x  wh i ch grades from crypto
crysta l l i ne to c l ear g l a s s  ( F i g . 2 ) .  L i th i c  c l asts  i n c l ude several fragments  
of  bas a l t i c  i mpact mel t ,  var i ou s  brecc i as and catac l a st i c  anortho s i tes . Al l 
c l asts show some ev i dence of ass im i l at i on by the me l t  matr i x .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973  a s i n gle c h i p  ( , 1 )  was taken for thi n 
sect i on s .  

F IGUR E 1 .  Smal l est  sca l e d i vi s i on s  
i n  mm .  

F I GURE 2 .  657 5 5 ,3 . g eneral v i ew ,  
partl y xpl . wi dth  2mm . 
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65756 FRAG�1ENTAL POL YrUCT BRECC IA 0 .  77  g 

I NTRODUCT ION : 65756 i s  a l i ght  brown i s h  gray , fri abl e brecci a col l ected as a 
rake sampl e ( Fi g .  1 ) .  Cl asts of  a northos i ti c  materi al  wi th an  as soci ated yel l ow 
ma fi c s i l i cate are common . The rock i s  s ubangul ar  and devo i d of zap pi ts .  

F IGURE 1 .  Sma l l est sca l e  d i v i s ions  
i n  mm . 
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65757 GLASSY I MPACT MELT 26 . 2  

I NTRODUCT I ON :  65757  i s  a med i un gray ,  coherent brecc i a  w i th several anorthos i t i c  
cl asts embedded i n  a matr i x  of very fi ne-grai ned i mpact me l t  ( F i g .  1 ) .  Dark , 
ves i cul ar g l a s s  coats �10% of the surface of th i s  rake s amp l e ,  which  has  a few 
zap p i ts .  

Area of ,1 

1 em 
S -72 -47701 

F IGURE 1 .  

P ETROLOGY : Warner et a l . ( 1976b ) prov i d e  a petrograph i c  descr i pti on of the 
matr 1 x  and the l arge-anorthos i te c l ast seen i n  F i gure 1 .  Dowty et a l . ( 1974a )  
i nc l ude th i s  c l as t  i n  a d i scu s s i on of  ferroan anortho s i te s . 

-- --

The l arge wh i te c l ast i s  a catac l ast ic  anorthos i te w i th moderate ly shocked c l asts 
of p l ag i oc l ase i n  a gran u l ated matrix ( F i g .  2 ) .  Pyroxene i s  the on ly  maf i c  
m i neral present .  M i neral  compos i t i on s  are s hown i n  F i gure 3 and tabu l ated by 
Dowty et a l . ( 1976 ) .  Acces sory phases i n c l ude s p i n e l  and Fe-metal ( 5 . 3 -7 . 1% Ni , 
0 . 45-0-:48%Co ) .  The metal compos i t i on s  are w i th i n  the "meteor i t i c  f i e l d "  and 
i n d i cate that the c l as t  i s  probabl y  not chemi ca l l y  pr i st ine . 
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657 57 

a b 

FIGURE 2 .  657 57 ,3 . partl y xpl . a )  a northos i te c l a s t .  width 2mm . b )  ma tri x  impact 
mel t .  width  2mm . 

.... • 
Pyroxene composition (mole%) 

NO O L I V I N E  
I I I I I I I I I 

100 eo 80 70 60 60 40 30 20 

Forsterite eon tent of olivine (mole%) 

100 eo � ro � w 40 w 20 

Anorthite content of plaQioelase (mole%) 

I 0 10 

10 0 

TABLE 1 .  Chemi stry of 65757 anorthosite cl ast 
(DBA, normal i zed to 100% ) 

Si02 44 . 4  
Ti02 0 .01 

Al2o3 35 . 1  

FeO 0 . 50 
MgO 0 . 39 

CaO 19 . 1  
Na2o 0 .42 

K2o 0 .02 

P205 0 . 06 

F IGURE 3 .  M i nera l compos i t ions ; from R .  Warner � !U_. ( l 976b ) . 
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657 57 

The matr i x  of 65757 con s i sts of l aths and tabl ets of p l ag i oc l as e  i n  a very f ine
grai n ed to g l assy impact mel t ( F i g .  2 ) . Angu l ar c l asts of p l ag i oc l as e ,  and 
s p i n e l  crysta l s  ( u p  to 0 . 2  mm ) are scattered through the g l as s .  

CHEMISTRY : A defocussed e l ectron beam analys i s  ( DBA ) o f  the catac l as t i c  anor
thos l te c l ast  i s  presented by Dowty et al . ( 1974 a )  and reproduced by Warner et 
!l· ( 1976b ) and here as Tab l e  1 .  

-- -- --

PROCESS I NG AND SUB D I V I S I ONS : I n  1973 a s i ng l e  c h i p  was removed ( , 1 )  and al l oc ated 
for Keil for petrography ( F i g .  1 ) .  
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657 58 D I L ITHOLOG I C  BRECCIA OR CRYSTALL I N E  POLYM I CT BRECCIA 5 . 95 g 

I NTRODUCT ION : 65758 i s  a coherent brecci a apparentl y composed of onl y two 
l i thologies : a g ray , cl ast-l aden brecci a (�25% of  the rock ) and a wh i te ,  
brecci ated a northo s i t e  (�75% of  the rock ) ( Fi g .  1 ) . The gray brecc i a  i s  
probabl y  a very fi ne-gra i ned i mpact  mel t .  The s urfaces o f  thi s  rake sampl e 
are heav i l y  a braded wi t h  a bundant pat i na and a few zap  pi ts . 
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F IGURE 1 .  Sma l l est scal e 
d i vi s i o n  i n  mm .  



65759 CATACLASTI C  ANORTHOS ITE ( ? )  3 . 1 1 g 

I NTRODUCTI ON : 65759 i s  a very l i g ht  g ray , coherent a northos i te col l ected as  
a rake sampl e ( Fi g .  1 ) . I t  i s  s ubangu l ar  and  has a brecci ated texture . 
Beads of spl ash  g l ass  a nd a s i zabl e rusty patch decorate the surfaces . Za p 
p i ts a re absent .  
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F IGURE 1 .  Sma l l est scal e d i v i s i o n  
i n  lllll . 



65765 D I L I THOLOG I C  BRECC IA OR MELT - COATE D  ANORTHOSI TE 1 . 1 2  g 

I NTRODUCTION : 65765 i s  a coherent brecc i a  a pparentl y  composed of onl y  two 
l i tholog i es : a whi te ,  brecc i ated anortho s i te (�75% o f  the roc k )  and a dark 
gray , c l ast- l aden brecc i a  whi c h  i s  probab ly  an i mpact mel t .  A th i n l ayer of 
so i l  and g l ass  coats one su rface of  the anorthos i te .  Zap pi ts are a bsent from 
thi s  subangu l a r ra ke sampl e .  
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F I GURE 1 .  Smal l es t  scal e d i v i s ion  
in  mm .  



65766 CIHACLAST I C  ANORTHOSITE ( ? ) 1 . 01 g 

INTRODUCT ION : 65766 i s  a whi te to l i ght gray , coherent anorthos i te col l ected 
as a rake sampl e ( Fi g .  1 ) .  I t  i s  s u bangul a r  a nd covered wi th a sma l l  amount  
of adheri n g  so i l . Some rust  i s  present .  Zap pi ts a re rare . 

PROCESSING AND SUBD I V I S IONS : Duri ng  i n i ti a l proces s i n g  th i s  rock fel l i n to 
two p1 eces . Both are grouped as , 0 .  

699 

F IGURE 1 .  Smal l est sca l e 
d i v i s i o n  i n  mm . 



65767 VES ICULAR GLASS W ITH ANORTHOS ITE CLASTS 1 7 . 5 1 g 

I NTRODUCT ION : 65767 i s  a dark gray ,  coheren t ,  ves i cu l ar g l as s  w i th several 
l arge white c l asts ( F i g .  1 ) ,  at l east one of wh i ch i s  a ferroan anorthos i te .  I t  
i s  a rake s amp l e  w i th rare zap  p i ts . 

P ETROLOG Y :  Warner et a l . ( 1 976b ) prov ide petrograph i c  descr i pt i on s  o f  the 
glas sy matr i x  and ananorthos i te c l as t .  Dowty et  a l . ( 1974a ) i n c l ude the s ame 
c l ast i n  a d i scuss i on of ferroan anortho s i te s .  -- --

The anorthos i te c l ast i s  a typ i cal  catac l as t i c  and ferroan anorthos i te ( F i g .  2 ) .  
Pyroxene i s  the on ly  maf i c  m i neral presen t .  M i neral compos i t i ons  are shown i n  
F i gure 3 and tab u l ated by Dowty e t  �- ( 1 976 ) . 

The matr i x  con s i sts of s pheru l i t i c  need l e s  of p l ag i oc l ase i n  abundant g l as s  ( F i g .  
z ) . Warner et a l . ( 19 76b )  men t i on several brecc i a  c l asts  i n  add i t i on to the 
l arge catac l ast1C anortho s i te descr i bed above . 

F IGURE 1 . Sma 1 1  e st  sea 1 e 
d i vi s i o n  i n  mm .  

CHEMI STRY : A defocu s sed e l ectron beam analys i s  ( DBA ) of the anorthos i te c l ast  i s  
presented by Dowty et al . ( 1974a )  and reproduced by Warner et �- ( 19 (6b ) and 
here as Tab l e  1 .  The CTas t  i s  v i rtual ly  pure p l ag ioc l ase . No analys 1 s  of the 
matr i x  i s  avai l ab l e .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1973  a s i n g l e  ch i p  of matr i x  w i th s ome wh i te 
clast was removed ( , 1 )  and a l l ocated to Ke i l  for petrography. 
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65767 

F IGURE  2 .  65767 , 3 . partl y xpl . wi dt hs 2mm .  a )  anortho s i te c l a st  b )  g l a s sy 
matri x .  

.-100 eo 

100 eo 

• 
� 

Pyro•ene composiHon (mole%) 

NO O LIVINE 

10 70 60 00 40 30 20 
F'olllerllo conlonl of olivine (mole%) 

� ro � � � � 20 

Anorlhile conlenl of plagioclase !mOle%! 

10 

10 

TABLE 1 .  Chemi stry of 65767 anorthosi te c l ast 
( DBA, normal i zed to 100% ) 

Sio2 44.5 
Ti02 0 .03 
Al2o3 35 .0  
cr2o3 0 .01 
FeO 0 .41 
MnO 0 .01 
MgO 0 .30 
CaO 19 .3  

0 Na2o 0 .44 
K20 0 .03 
P205 0 .03 

0 

F IGURE 3 .  M i neral  com posi t ions ; from R .  Warner et �- ( 1 976b ) . 
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65768 FRAGMENTAL POLYMICT BRECC IA ,  GLASS COATED  3 . 25  g 

I NTRODUCT I ON :  65768 i s  a brown i sh gray ,  fr i ab l e  brecc i a  that i s � 2/3  coated 
by a dark , ves i cu l ar g l a s s  ( F i g . 1 ) .  A s heared zone i s  present on one surface . 
Zap p i ts  are absen t .  Th i s  rock i s  a rake s amp l e  from the r i m  o f  a s ubdued 
crater on the l ower s l ope of Stone Mountai n .  

PETROLOGY : Warner et a l . ( 1 976b) provi de a br i ef petrograph i c  descr i pt ion  
of the glassy coat .--Ang u l ar mi neral and l i th i c  fragments are s u s pended i n  
abundant ,  g l as sy mesostas i s  ( F i g . 2 ) .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1973  a s p l i t  of the g l ass coat ( , 1 )  
was taken for th i n  sect i on s  ( F i g . 1 ) .  

F IGURE 1 .  Sma l l es t  sca l e d i vi s i o n  i n  mm . S-72-48 953 . 
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65768 

F IGURE 2 .  65768 , 3 .  
general v i ew ,  partl y 
xpl . width 3mm . 



65769 FRAGMENTAL POLYMI CT BRECC IA ,  GLASS COATED 2 . 74 g 

I NTRODUCT ION : 65769 i s  a l i gh t  brown i s h  gray, fr i ab l e  brecc i a  part i al l y  coated 
by thi n ,  ves i cu l ar g l ass  ( F i g .  1 ) .  The g l as s  i s  gray green , conta i n s  a var i ety 
of c l asts and many of i ts ves i c l es are fi l l ed w i th so i l .  The rock i s  subangu l ar 
and devoi d of zap p i ts . One face h as a sheared appearance . 
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F IGURE l .  Sma l l est sca l e  
d i v i s i on i n  mm . 



65775 FRAGMENTAL ( ? )  POLYf.II CT BRECC IA  3 . 50 g 

I NTRODUCT ION : 6 5775  i s  a l i ght browni s h  g ray brecc i a  of  vari abl e coherence 
a nd parti ally coated by ves i cu l a r  g l ass  ( Fi g . 1 ) .  I t  i s  a s ubangul ar  rake 
sampl e ,  devo i d  of zap p i ts .  
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F I GURE l .  smal l est scal e 
d i v i s i o n  i n  mm . 



6 5776 GLASSY IMPACT MELT 2 . 33 g 

I NTRODUCT ION : 65776 i s  a medi um gray , coherent , g l as sy impact mel t col l ected 
as a ra ke sampl e ( Fi g .  1 ) . It i s  bl ocky and  i rregul ar  i n  shape 11i th a very 
rough  surface .  t1 i neral and l i thi c c l asts are mi nor consti tuents . Ves i cl es 
a nd zap p i ts a re rare . 
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F IGURE 1 .  Sma l l est sca l e  
d i v i s i on · i n  mrn . 



65777 PO I KI L IT I C  I MPACT MELT 1 6 . 53 g 

I NTRODUCTI ON : 65777 i s  a l i ght gray , coheren t ,  po i k i l i t i c  i mpact mel t col l ected 
as a rake sampl e ( F i g .  1 ) . Some s pl ash  g l ass i s  present . Zap pi ts are rare . 

PETROLOGY : A bri ef petrographi c descri pt i on and m i n eral composi ti ons a re g i v en by 
Warner et a l . ( 1 976b ) . Textural l y  65777 i s  a typi cal Apol l o  1 6 ,  fi ne-gra i ned 
poi ki l itTc-rmpact mel t .  O i kocrysts of predomi nantly l ow-Ca pyroxene (�0 . 3  mm l on g )  
encl ose a bundant chadacrysts of  p l a g i oc l a se  a nd s u bordi nate ol i vi ne ( Fi g .  2 ) .  Cl asts 
are rel ati vely scarce .  Mi nera l  compos i t i ons are s hown i n  Fi gure 3 a nd tabul ated by 
Dowty et a l . ( 1 976 ) .  Acces sory phases i ncl ude i l meni te ,  arma l col i te ,  Fe-metal 
(4-7 . 7rNl, 0 . 4-0 . 7% Co) and a " K-ri ch phase" ( 1 1 . 4- 1 3 . 2% K2o )  (Warner et 2.!,. , 1 976b ) .  

F IGUR E 1 .  Smal l est scal e d i vi s ion  i n  mm .  S-7 2-4881 3 .  
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65777  
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F IGURE 2 .  65777 , 2 . 
v i ew ,  par tl y  xpl . 

g eneral 
wi dth 2mm . 

FIGURE 3 .  M i neral compos i t i o n s ; 
from R .  Warner et �· ( 1 97 6b )  . 



*Si02 
Ti02 
A1 2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 

*P205 

TABLE 1 .  Summary chemi stry of 65777 

(from Laul and Schm i tt ,  1973 ) 

47 .7  Sr 

1 .2 La 

18 . 5  Lu 

9 . 0  Rb 

0. 106 Sc 

'1.10 Ni 

1 1 . 3  Co 

0 . 660 Ir ppb 

0 . 37 Au ppb 

0 .43 c 
N 
s 

Oxides i n  wt%; others in ppm except Zn 
as noted . 

Cu (* from Warner et !l· • 1976b DBA) 

657 77 

53 
2 .1 

14 
1100 
59 
17 
22 

CHH1 I STRY : �ta jor and trace e l ement data are presented by Laul  and Schmi tt ( 1 973 ) .  
Warner et a l . ( 1 976b )  g i ve a defocussed el ectron beam ana lys i s  ( DBA ) .  Ca a nd K 
a bundances-are reported by Schaeffer and Schaeffer ( 1 97 7 )  i n  an Ar geochronol ogi cal 
study . 

These data s how 65777 to be compos i tiona l l y  s im i l ar to the wel l - s tudi ed poi ki l i ti c  
r·ocks such a s  6031 5 (Ta bl e 1 ) ;  al umi na i s  rel ati vel y l ow for a h i ghl a nds roc k . and 
i ncompati bl e el ements and s i derophi l es a re except i onal l y  h i g h  ( Tabl e 1 ) . 

RAD IOGEN I C  I SOTOPES/GEOCHRONOLOGY : Ar i sotop i c  data are provi ded by Schaeffer and 
�chae ffer (1977) . These  data yiel d an  � 0Ar- 3 9Ar pl ateau age of  3 . 72  ± 0 . 02 b .y .  
The l ow temperature fracti ons s how evi dence of  l arge � 0Ar l osses by di ffus i o n .  
Above 1 1 00°C the age drops off t o  3 . 57 b ,y .  

RARE GASES/EXPOSURE AGES : An 3 8Ar expo sure age o f  8 m .y .  i s  reported by Schaeffer 
and Scha effer  (1 977) . 

PROCESS ING  AND SUBD I V I S I ONS : I n  1 97 3 ,  three s pl i ts ( , 1 - , 3 )  were a l l ocated for 
petrology ,  chemi stry and g eochronol ogy . No further spl i ts have been made . 
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65778  PO I K I L IT I C  I MPACT MELT 1 2 . 22 g 

I NTRODUCT ION : 65778 i s  a coherent ,  l i g h t  g ray , poi ki l i t i c  i mpact mel t ( F i g .  
1 , 2) . I t  i s  a rake samp l e .  Zap p i ts are a bundan t .  

PETROLOGY : R .  11arner e t  a l . ( 1 976b )  prov i de a bri ef petrograp h i c  descri pti on 
and mi neral compos i ti ons Tfi g .  3 ) . Dowty et  �· ( 1 97 6 )  tabu l ate the m i neral 
analyses . 

65778 i s  a poi ki l i ti c  i mpact mel t wi th  o i kocrysts of predomi nately l ow-Ca py
roxene e nc l os i ng abundant c hadacrysts and c l asts of p l ag i oc l ase  ( Fi g .  2 ) . 
R .  Warner et a l . ( 1 97 6 b )  ment i on " several l i th i c  fragments " .  Acces sory p hases 
i nc l ude i l men i te ( 4 . 8-5 . 4% MgO ) , Fe-meta l ( 5-8 . 2% Ni , 0 . 4 -0 . 5% Co ) ,  and a 
'' K-ri c h  phase '' ( 1 0 . 1 - 1 4% K20 ) . 

F IGURE 1 . 
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F I GURE 2 .  65778 , 2 .  
v i ew, part ly  xpl . 

65778 

general 
width 2 mm . 

FIGURE 3 .  M i neral c om pos i t i on s ;  
from R .  Warner et �. ( 1 976 b ) . 



65778 

TABLE 1 .  Summary c hem i s try of 65778 (wt% ) 

S i 02 47 . 3  
T i 02 0 . 88 
Al 203 2 1 . 6 

Cr2o3 0 . 1 3  

FeD 6 . 8 

MnO 0 . 06 
MgO 9 . 7  
CaD 1 2 . 5  
Na2o 0 . 52 

K20 0 . 29 

P205 0 . 27 

CHEf� I STRY : A defocussed e l ectron beam ana lys i s  of 65778 i s  g i ven  by R .  Warner 
et �- ( 1 976b )  and reproduced here a s  Tab l e  1 .  

PROCESS I NG AND SUBD I V I S IONS :  A ch i p  ( , 1 )  wa s removed and a l l ocated to Ke i l  
for thi n sect i on i ng and petrography . 
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65779 BASALT IC I MPACT MELT 12 . 7 1  g 

I NTRODUCTION : 65779 i s  a l i ght gray, coherent ,  basa l t i c  i mpact mel t  col l ected 
as a rake s amp l e . One 4 mm , g l as s l i ned zap p i t  i s  present ( F i g .  1 ) , and there 
are abundant rusty spots . 

PETROLOGY : Dowty et a l . ( 19 74 b ) and Warner et al . ( 1976 b )  provide  petrograph i c  
descr1 pt 1 on s . ThTS rock i s  a very f i n e-gra i ned-rmpact me l t  wi th smal l p l agi o
c l ase need l es (� 0 . 05 mm l ong ) suboph i t i ca l l y  enc l osed by ol i v i ne and pyroxene 
( F i g . 2 ) .  Dark , g l assy mesostas i s  is  abundant .  P l ag i oc l ase c l asts account  for 
� 8% of the rock w i th a few sma l l  o l i v i n e  c l asts a l so present .  Mi neral compo
s i t i on s  are shown in F i gure 3 and tabu l ated by Dowty et a l . ( 1976 ) .  Accessory 
phases i nc l ude i lmen i te ,  arma l col i te ,  Fe-metal  ( 3 . 7  -5.9% N i , 0 . 4 1  - 0 . 49% Co ) ,  
tro i l i te and schre i bers i te .  

FIGURE 1 .  Smal l est  sca l e d i v i sion i n  mm . S-72-4881 9 .  
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657 7 9  
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FIGURE 2 .  6577 9 ,4 . genera 1 
ba sal t ic mel t ,  partl y  xpl . 
width 2mm . 

I 
0 

I 
0 

F IGURE 3 .  M i neral compo s i t i o n s ;  
from R .  Wa rner et  �· ( 1 97 6b ) . 
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6577 9 

TABLE 1 .  Summarl chemistrl of 65779 
(Wasson et a l . ,  1977 ) 

*Si 02 45.6  Sr 

Ti02 0.95 La 29 . 5  

Al2o3 23 . 6  Lu 1 . 24 

Cr2o3 0 . 17 Rb 

FeO 8 . 3  Sc 1 1 . 6  

MnO 0 .09 Ni  1080 

MgO 10 . 0  Co 69 

CaO 12 . 7  Ir ppb 26 

Na2o 0 . 50 Au ppb 24 

K2o 0 . 21 c 

*P205 0 . 19 N 
s 

Zn s9 .2 

Cu 

Oxides i n  wt%; others i n  ppm except as noted . 
*from DBA by Dowty et  �· ( 1974b) 

CHEMI STRY : Major and trace e l ement data are g i ven by Wasson et a l . ( 19 7 7 ) .  Major 
elements by D BA are presented by Dowty et a l . ( 19 74 b ) and reproauced by Warner 
et {!_. ( 1976 b ) .  

- -

The two ana lyses agree fa i r ly  wel l  and i nd i cate that 65779 i s  much l es s  a l umi nous 
than the l oca l  bu l k  soi l s  (Tab l e  1 ) .  Th i s  rock is  h i gh l y  enri ched in  both i n com
pat i b l e e l ements and i n  s i deroph i l es (Tab l e  1 ) .  

PROCESSING AND SUBDIV I S I ONS : I n  1973 four sma l l ch i ps ( , 1 )  were al l ocated to 
Kei l for petrography . In  1976 several undocumented b i ts ( , 3 )  were al l ocated to 
Wasson for chem i s try . 
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65785 BASALTI C  IMPACT MELT 5 . 1 6 g 

I NTRODUCT ION : 65785 i s  a l i ght gray,  coherent ,  b as a l t i c  i mpact me l t  that 
conta1 n s  a l arg� ( 5  mm ) coarse-grai ned , s p i ne l  trocto l i te c l ast ( F i g .  1 ) .  I t  
i s  a rake s amp l e  and l ac k s  zap p i ts . 

PETROLOGY : Bri ef petrograph i c . descr i pt i on s  of the bas a l t i c  matr i x  and the 
spinel trocto l i te c l ast are g i ven by Warner et a l . ( 19 76b ) .  Dowty et a l . ( 19 74b ) 
descr i be the s p i ne l  trocto l i te c l ast i n  more-aeta i l .  

-- --

S - 72 - 48821 
65785 

Spi nel troctol ite clast 

1 em 

F IGURE l . 
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a b 

F IGURE 2 .  a )  65785 , 4 . basal tic  mel t , xpl . 
wi dth 2mm . b) 6578 5 ,3 . s pi nel  trocto l i te 
c l a s t ,  part ly  xp l . wi dth 2mm . 

65785 

The sp i ne l  troctol i te c l ast con s i sts of '\,65% p l ag ioc l ase ( 0 . 1 -1 . 0  mm ) ,  '\,5% s p i ne l  
( most o f  wh i ch i s  accounted for by a s i n g l e  1 mm grai n ) ,  and the remai nder o l i v i n e  
( F i g .  2 and photomi crograph i n  Dowty et a l . , 1974b ) .  Except for a few t i ny gra i n s , 
a l l  of the o l i v i ne i n  the sect i on studTea-by Dowty et a l . ( 19 74b ) and Warner et a l . 
( 1976b ) occurs as a s i n g l e  l arge po i k i l i t i c  crysta l .  Th i s  c l ast i s  much more-- -
p l agi ocl ase-r ich  than the p i nk s p i n e l  troctol i te c l ast i n  67435 . Mi neral compo
s i t ions are shown in F i gure 3 and tabu 1 ated by Dowty et a l . ( 1974b ,  1976 ) .  
Acces sory phases i n c l ude l ow-Ca and h i gh-Ca  pyroxene ,-rlmen i te ,  arma l co l i te ,  Zr
rut i l e ,  Fe-metal ( 2 -25% N i , 0 . 5 - 1 . 5% Co ) ,  troi l i te ,  wh i t l oc k i te ,  farri n gton i te  
( Mg-phosph ate ) and K-fe l dspar . The  metal compos i t i on s  suggest that th i s  c l ast i s  
not chem i ca l ly  pri s t i n e .  Longh i  e t  al . ( 1976 ) d i scuss  the Fe-Mg par t i t i on i ng 
between o l i v i n e  and p l ag i oc l ase in-thTs c l as t . 

The matr i x  i s  a f i ne -grai n ed ,  bas a l t i c  i mpact me l t  ( F i g .  2 )  w i th equant to l athy 
p l agioclase ('\,Q . 1  mm l on g )  and oph i t i c  o l i v i n e  and pyroxene ( u p  to 0 . 3 mm ) .  
Xenocrysts are absent .  M i nera l  compos i ti on s  are s l i ght ly  l es s  magne s i an than i n  
the s p i ne l  troctol i te c l ast ( F i g .  3 ) .  Acces sory phases i nc l ude sp i ne l , armal 
co l i te ,  Fe-meta l , schre i bers i te ,  z i rke l i te ( ? ) ,  wh i t l oc k i te and apati te .  Mi neral  
an a lyses are tabu l ated by Dowty et  �· ( 1976 ) .  

CHEMISTRY : Major and trace e l ement ana lyses  of the b as a l t i c  matr i x  are g i ven by 
Mural i  e t  al . ( 1977 ) and Ehmann e t  a l . ( 1975 ) .  Jovanov i c  and Reed ( 1 976b)  present 
halogeniind other trace e l ement aoumfances for the matri x .  M i croprobe de
focus sed-beam analyses of the matri x and the s p i ne l  trocto l i te c l ast  are re
ported by Warner et �· ( l 976b)  and Dowty et  �· ( l 974b) . E l dri dge e t  �· 
( 1 97 5 )  g i ve who l e  rock abundances of natural  and cosmogen i c  rad i onuc l ides . 
Ca and K data are p re sented by Schaeffer and Schaeffer  ( 1 97 7 )  i n  an Ar geo
chrono l og i cal s tudy of the basa l t i c  matri x .  
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F IGURE 3a . M i neral compo s i t i on s  
for host bas a l t i c  mel t ;  from 
R .  Warner et �· ( l 976b ) .  

F IGURE 3 b .M i nera l compo s i t i ons  
for s p i ne l  troctol i te c l a st ;  
from R .  Warner et � . ( l 976b )  . 

0 

The g amma-ray data of E l dr i dge et a l . ( 19 75 ) show the who l e  rock to be r i ch i n  
i n compat i b l e  e l ements  ( K  1 850 ppm,-rh 3 . 03 ppm, U 0 . 97 ppm ) .  Th i s  i s  confi rmed 
by the an a l yses  of the matr i x ,  wh ich  a l so s how a h i gh Mg/Fe , cons i s tent w i th the 
m i neral  compo s i t i on s  ( Tab l e  1 ) .  The s p i ne l  troctol i te i s  compos i t i on a l l y  d i st i nct 
from the bu l k  matr i x ,  h av i n g  much more a l umi n a  and l es s  s i l i c a  and a l k a l i s  
( Tab l e  1 ) .  

RAD I OGE N I C  I SOTOPES/GEOCHRONOLOGY : An 4 0 Ar- 3 9Ar p l ateau age of 3 . 9 7±0 . 02 b . y .  
was determi ned for the basaltic  matr i x  by  Schaeffer and Schaeffer ( 19 7 7 ) ( F i g .  4 ) .  
Large amounts of l ow temperature gas  l os s  w i th ages i ncreas i ng from 1 . 38 b . y .  to 
3 . 47 b . y .  and a h i gh temperature drop-off to 3 . 70 b . y .  are n oted by Sch aeffer and 
Sch aeffer ( 1977 ) .  
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65785 

Si02 
Ti02 
Al2o3 
Cr2o3 
FeO 
MnO 
M90 
CaO 
Na2o 
K2o 
P205 
Sr 

TABLE 1 .  Surrmary chemi stry of 65785 1 i thologies 

1 )  Basal tic matrix 2 ) S�inel troctol i te c l ast 

46. 0 4 1 . 1  
0. 7 0 .07 

23 . 4 29.9  
0 . 165 0 . 18 
6-7 3 . 7  
0 .08 0 . 3  

10-12 9 . 6  
'1.14 14.8 

0 . 5 4  0 .29 
0 .26 0 .04 
0 . 1 2  0 .04 

( DBA) 

oooo• 

La 19.2 ; +0  150' 000" --a. 1 
1 _I � Lu 0 .91 2 

Rb 
" 
: "'' 

6�78� ,15 
Sc 9 . 9  � 0200 
Ni 302 5-6 
Co 22 

t 
Ir ppb 7 0 02 04 06 0 8  

CUMULATIVE FRACTION OF 00Ar 
Au ppb 14 
c 
N 
s FIGURE 4 .  Ar rel ea s e ;  from 
Zn 
Cu 

Oxides in wt%, others 
1) from Ehmann et al . 
2 )  from Warner et aT. 

i n  ppm except as noted 
( 1975 )  and Mural i et al . 
( 197Gb ) 

- -

Sc haeffer a nd Sc haeffer 
( 1 97 7 ) .  

( 1977 ) 

RARE GASES/EXPOSURE AGES : Who l e  rock 2 2 Na and 2 6Al data are prov ided wi thout 
comment by E l dridge et a l . ( 19 7 5 ) .  An 3 8Ar exposure age of 271  m .y .  is  c a l cu 
l ated by Sch aeffer ana �haeffer ( 19 7 7 ) .  

PROCESS ING AND SUBD I V I S I ONS : I n  1973  several sma l l ch i ps were a l l ocated as 
, 1  to Keil for petrography . I n  1975  the rock was exten s i ve l y  subd i v i ded  
produc i n g  , 8 - , 19 for a l l ocat i ons . , 8  ( 3 . 39 g )  i s  the  l argest s i n g l e  p i ece 
remai n i n g .  Most of the l arge s p i n e l  trocto l i te c l ast ( F i g . l )  res i des in , 8 . 

7 19  
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�65�7�8�6�G=LA�S�S�Y�M�A�TR�I�X�B�R�E�CC�I�A�-------------------------------�8�3 .� 

I NTRODUCT ION : 65786 i s  a coheren t ,  med i um gray ,  polym i ct brecc i a  wi th abundant 
glass i n  the matr i x .  S l i cken s i des and abundant fractures are present on four 
s urfaces ( F i g .  1 ) .  Green i sh ,  ves i cu l ar g l as s  th i n ly coats the other surfaces .  
The g l ass  coat has apparent ly  been smeared a l on g  the s l i cken s i des i nd i cat i n g  that 
shear i n g  occurred after the g l as s  coat was emp l aced . 

Th i s  rock  i s  a rake s amp l e  from the r i m  of a sma l l ,  subdued crater on Stone 
Moun tai n .  Zap p i ts are absen t .  

P ETROLOGY : Abundant c l asts  of heav i l y  shocked p l ag i oc l as e ,  maf i c  s i l i cates and 
catacl ast i c  anorthos i te rest i n  a chaot i c ,  g l assy matr i x  ( F i g .  2 ) . B l ebs o f  Fe
meta l  and angu l ar gra i n s  of i l men i te are accessory phases . 

PROCE SS I NG AND SUBD I V I S I ONS : I n  1979  a ch i p  ( , 1 )  was a l l oc ated for th i n  s ec t i on s . 

720 

F IGURE l .  Sma l l es t  sca i e  
d i v i s i on  i n  rnm . S -7 2 -4881 2 .  

F IGURE 2 .  6 57 8 6 , 2 .  general 
brecc i a  wi th  vesi cu l a r  g l a s s  
coat i n  u pper l eft ,  ppl . 
wi dth 2 .  5mm . 



65787 CRYSTALL I NE ( ? )  POL VM I CT BRECCIA 8 . 28 g 

I NTRODUCT ION : 65787 i s  a medi um gray , coherent brecci a col l ected as a rake 
sample ( Fi g .  1 ) .  A vari ety o f  c l a sts are scattered through  the roc k .  I t  i s  
subangul ar  wi th some spl a s h  g l ass  and a few zap p i t s . 

F IGURE 1 .  Smal l est sca l e d i v i s i on  i n  mm . S-72-48814 . 
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65788 GLASSY I MPACT MELT 9 , 32 g 

INTRODUCTION : 65788 i s  a dark g ray, coherent , g l assy i mpact mel t col l ected as 
a rake sampl e ( Fi g .  1 ) .  I t  i s  h i gh l y ves i cu l ar  wi th cons i derabl e adheri n 9 soi l . 
I so l ated whi te fragments ( u p  to 1 0  mm ) and gray crysta l l i ne cl a s ts (�l mm ) are 
common .  Za p p i ts a re rare .  
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FIGURE 1 . Sma 1 1  e st sea 1 e 
d i v i s i o n · i n  mm . 



65789 CATACLASTI C  ANORTHOS ITE 1 2 . 24 

/�' INTRODUCTI ON : 65789 i s  a whi te,moderatel y co herent , ca tacl as t i c  anorthosi te 
(Fi g .  1 ) .  One smal l patch of brown g lass  coating  i s  present . I t  i s  a rake 
sampl e wi t h  rare zap p i ts .  

F IGURE 1 .  

__ ,..--------
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FIGURE 2 .  6578 9 , 2 . 
general v i ew ,  pa rtl y 
xpl . wi dth  3mm . 



6578 9 
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TABLE 1 .  ----
Chem i s try of 6 5 789 (DBA, norma l i zed to 100% ) 

Si0
2 

44 . 9  
TiD

2 
0 .01 

A1
2

03 34 . 3  

FeO 0 . 96 

MgO 0 . 63 

cao 18.8  

Na
2
o 0 . 37 

K2
0 0 . 01 

Pzos 0 . 02 

F IGURE 3 .  M i n eral compo s i ti o n s ; from R .  Warner et �· ( l 97 6 b ) .  

PETROLOGY : Dowty et a l . ( 1974a )  and Warner et a l . ( 1976b) prov i de petrograph i c  
descr i pt i on s . 657s9·i s f i ner grai ned than mas tother catac l ast  i c anortho s i tes . 
P l ag i oc l ase c l asts are l i ght ly  s hocked and somewhat rounded ( F i g . 2 ) . O l i v i ne 
and pyroxene are both present an d have unequ i l i brated compos i t i on s .  ( F i g . 3 ) .  
Acces sory phases i nc l ude s p i n e l  and i l men i te .  M i neral  an alyses are tab u l ated 
by Dowty et �· ( 1976 ) . 

CHEM I STRY : A defocussed e l ectron beam ana l ys i s  ( DBA ) i s  presented by Dowty 
et al . (1974a ) and Warner et �· ( 19 76b)  and i s  reproduced here as Tab l e  1 .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973 several sma l l ch i ps ( , 1 )  were a l l ocated 
to Ke i l  for petrography (F i g . l ) .  
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65795 BASAL T IC  H1PACT MELT 6 . 84 g 
I NTRODUCT ION : 657.95 i s  a l i ght gray. fri ab l e ,  b as a l t i c  impact me l t  
collected as a rake s amp l e  ( F i g . l ) .  A few zap p i t s  and vugs are present . 
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F I GURE 1 .  Smal l est sca l e 
d i vi si on i n  mm .  

F I GURE 2 . 657 95 , 2 . 
genera l v i ew .  part ly  
xpl . wi dth 3mm . 



65795 

PETROLOGY : Dowty et a l . ( 1974b ) and Warner et a l . ( 1976b ) prov i de petro
graph i c  descr i pt i ons. --Th i s  rock i s  general ly-coarse-grai ned w i th p l ag i o
c l as e  ( 0 . 2-1 . 5  mm ) i n  a vari ety of crystal forms suboph i t i cal l y  to poi k i 
l i t i ca l l y  encl osed by pyroxene ( l ow C a  > h i gh C a )  and m i nor o l i v i ne (F i q .  2 ) .  
Some of the l arger p ·1 agi  oc l ases  may be  xenocryst s .  �� ; nera I compos i t  1 0n s  are 
shown i n  F i gure 3 and tabu l ated by Dowty et a l . ( 1976 ) .  Accessory phases i n 
c l ude i l men i te ,  Fe-metal ( 4 . 7 -30 . 9% N i ,  0:5-�2% Co ) ,  tro i l i te , a h i gh S i 02 
g l ass (� 75% S i 02 , 7 -10% K20 )  and a s i l i ca phase .  

X-ray preces s i on data o n  two pi geon i te gra i n s  are g i ven by  Dowty et  a l . ( 1974b ) 
and i n d i cate the presence of subm i croscop i c  exso l ut i on l ame l l ae or-augi te . 

• •  
,. • TABLE 1 .  Chemi stry of 65795 

• Si02 
Ti02 

•• Al2o3 

�\. • cr2o3 • FeO • • 
Pyro•ene composition (molt 'lo) 

MnO 
MgO 
CaO 

100 90 80 70 eo eo 40 30 20 10 0 
Na2o 

l Forsterite content of olivine (mole%) K20 
P205 

I I I I I I I I I I 
100 90 80 70 60 60 40 30 20 10 0 

Anorthite content of plagioclau Cmolt'lol 

FIGURE 3 .  M i n era l com po s i t i on s ;  from R .  Warner et �· ( l 97 6 b ) .  

45. 2 
0 . 19 

31 . 4  
0 . 05 
2 .25 
0 .02 
2 . 78 

1 7 . 3  
0 .44 
0.07 
0 .08 

(DBA j 

CHEM ISTR Y :  A defocu ssed e l ectron beam analys i s  ( DBA ) i s  presented by Dowty et 
al. ( 1 974b ) and reproduced by Warner et a l . ( 19 76b ) and here as Tab l e  1 .  The 
an a lys i s  shows 65795 to be very a l umi nous-and poor in i ncompat i b l e  e l ements . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1973  a s i n g l e  ch i p  ( , 1 )  was taken for th i n  
sect 1 on s  ( F l g . 1 ) .  
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65905 BASALTIC  IMPACT MELT (? ) 1 2 . 08 g 

I NTRODUCTION :  65905 i s  a medi um gray , angul a r ,  crysta l l i ne roc k  ( F i g .  1 ) .  I t  
has di sti nct l i g ht and dark crysta l s  500 � m  - 1 mm d i ameter , and al though l aths 
are not apparent ,  some el ongated p l a g i oc l ase p henocrysts (�1 mm ) suggest that 
the samp l e  i s  a basa l ti c impact mel t .  Smal l ves i c l e s  are presen t .  Cl asts are 
not apparent.  65905 was taken from a soi l samp l e  col l ected on the i ns i de south 
wa 1 1  of a 20 m crater.  It  has a few zap  pi ts _,n sever a 1 surfaces . 
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FIGURE 1 .  Sma l l est  sca l e 
d i vi s ions  are 0 . 5mm . 



65906 BASALTIC  IMPACT MELT ( ? )  6 . 58 _g_ 

I NTRODUCTI ON :  65906 i s  a medi um gray , homogeneous ,  crysta l l i ne sam p l e  ( Fi g .  1 ) .  
I t  i s  coherent but fractured . I t  has gray and wh i te m i neral s ,  rare , smd l l 
whi te c l asts , some s u l f i des , and rusty spot s .  I t  i s  probab ly  a basa l ti c  impact 
mel t wi t h  a gra i n  s i ze l ess  than 1 mm . A g l as s  coat i s  present in one area . 
65906 was taken from a soi l sampl e  col l ected on the i ns i de south wal l of a 20 m 
crater .  I t  has  a few zap p i ts on severa l s urfaces .  
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F IG URE  1 . Sma 1 1  est sea 1 e 
d i v i s ions  are 0 . 5mm . 



65907 FRAGMENTAL POLYMI CT BRECCIA 4 . 66 

I NTRODUCT I ON :  65907 i s  a pa l e  gray, fragmental brecc i a  ( F i g .  1 )  whi ch i s  
fairly coherent .  I t  i s  rounded and conta i ns  a bundant dark and l i ght  c l asts . 
I t  was taken from a soi l samp l e  col l ected on the i ns i de south wa l l  of a 20 m 
crater . I t  l acks zap p i ts .  
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FIGURE I .  Smal l est scal e 
d i v i s ions  are 0 . 5mm .  



65908 VES ICULAR GLASS 2 .  1 6  g 

I NTRODUCTI ON :  65908 i s  a coherent ,  b l ac k ,  ves i cu l a r  g l ass  ( F i g .  l )  wi th a 
few sma l l whi te c l asts . A crystal l i ne cl ast  may be a core to the gl ass . 
The samp l e  was taken from a soi l co l l ected on the i ns i de south wal l of a 
20 m crater .  It  l acks zap  pi ts .  
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F IGURE l . Sma l l  est sea l e  
d i vi s ions  are 0 . 5mm .  



65909 CATACLASTI C  ANORTHOSI TE 2 . 02 

I NTRODUCTI ON :  65909 i s  a coherent, whi te ,  rounded fragment (F i g .  l ) whi ch 
appears to l ack  mafic  m i nera l s and thus i s  probably a catacl asti c anorthosi te .  
I t  was ta ken from a soi l sampl e  col l ec ted on the i ns i de south wal l o f  a 20 m 
crater . I ts surface has s ome zap p i ts and pat i na . 
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F IGURE l .  Smal l est sca l e  
d i v i s ions  are 0 . 5mm . 



6591 5 GLASS OR F INE-GRAI NED I MPACT MELT 2 . 06 g 

I NTRODUCT I ON : 6591 5 i s  a clark gray , coherent,  ves i c u l ar samp l e  ( Fi g .  1 ) .  I t  
i s  homogeneous and probably g l ass . A few smal l whi te cl asts are presen t .  
There i s  no obv i ou s  ori g i na l  exterior surface of a mol ten mas s ,  rather a l l 
surfaces are fractures . 6E; 9 1 5 was taken from a so i l  sampl e  col l ected on the 
i ns i de south wal l of a 20 m crater .  I t  has rare zap p i ts .  
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F I GURE 1 . Sma 1 1  est sea 1 e 
d i v i s i ons  are 0 . 5mm . 



659 1 6  CATACLASTIC  ANORTHOS I TE WITH GLASS VE I NS 0 . 99 g 

I NTRODUCTION :  6591 6 i s  a coherent whi te , crystal l i ne fragment wi th several 
thi n g l ass  vei ns ( Fi g .  1 ) .  The whi te materi a l  l acks mafi cs and i s  probab ly  
a catac l astic  anorthosi te .  The  samp l e  i s  i rregul arly s haped and fractured . 
I t  was taken from a soi l samp l e  col l ected on the i ns i de south wal l of a 
20 m crater . I t  l acks zap p i ts . 
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F IGURE 1 .  U pper smal l scal e 
d i v i s ions  are mm .  



65925 FRAGME NTAL POLYMICT BRECCIA ( REGOL ITH BRE CC IA? ) 3 . 82 g 

I NTRODUCT I O N :  65925 i s  a suban gu l ar l i ght brown i s h  gray ,  fr i ab l e  brecci a ( F i g .  1 ) .  
Var 1 ous  wh 1 te and gray c l asts are scattered through a very f i ne-gra ined matr i x .  
I t  i s  a rake samp l e  w i th few , i f  any, zap p i t s  o n  i ts powdery surface . 

PROCESS I NG AND SUBD I V I S IONS : Dur i n g  i n i t i a l process i n g  65925 fe l l  i n to two 
p i eces , n umbered together as , 0 .  
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FIGURE 1 .  Smal l est 
sca l e d i v i s i o n  i n  mm . 



65926 FRAGMENTAL POLYM I CT BRECCIA ( REGOLITH BRECC IA? ) 3 .03  g 

I NTRODUCTION : 65926 i s  a l i ght brown i s h  gray, fr i ab l e  brecc i a  ( F i g .  1 ) .  Wh i te ,  
anorthos i t 1 c  c l asts and gray crystal l i ne c l asts occupy about 20% of the samp l e .  
I t  i s  a rake samp l e  wi th few, i f  any, zap p i ts o n  i ts powdery surface . 

PROCESS I NG AND SUBD I V I S I ONS : Dur i n g  i n i t i a l process i ng th i s  rock fe l l  i nto three 
p 1 eces , numbered together as , 0 .  
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F IGURE 1 . Sma 1 1  est sea 1 e 
d i v i s i o n  i n  mm . 



65927 FRAGMENTAL POLYMI CT BRECC IA 0 . 7 2 g 

I NTRODUCT I ON : 65927  i s  a subangul ar, l i gh t  brown i sh gray ,  fr i ab l e  brecc i a  ( F i g .  
1 ) .  Anorthos i t i c  c l asts. ,  gray crysta l l i ne c l asts , rare ye l l ow maf i c  s i l i cate 
fragments and a few g l as.sy or metal l i c  spheru l e s  occupy about 20% of the samp l e .  
I t  i s  a rake s amp l e  w i th few , i f  any , z ap p i ts on i ts powdery surface . 
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F I GURE l .  Smal l est sca l e d i v i s i on  
i n  mm . 



66035 FRAGMENTAL POLYMICT BRECC IA  2 1 1 .4  

I NTRODUCT I ON : 66035 i s  a moderatel y  coherent ,  l i ght  gray brecc i a  with  abundant 
dark and light cl asts . Two l arge , coarse-grai ned c l asts occur on the B and W 
surfaces respecti ve l y  ( F i g .  1 ) .  A very th in  f i l m  of g l ass part i al ly coats the N 
s urface . 
Th i s  rock was col l ected from the b ase of Stone Mountain  about 10 em from 66055 . 
Its  l un ar ori entati on i s  known . Zap p i ts are abundant on al l surfaces . 

Fi gure 1 .  

Scal e i n  em . 
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6603 5 

a 

c 

Fi gure  2 .  

b 

d 

a )  66035 , 2 ,  fra gmenta l ma tr i x ,  pp l . w idth  2mm . 
b )  66035 , 2 ,  po i k i l  i t i c  cl a s t ,  x p l . w i dt h  l mm .  
c )  6 6035 , 1 4 ,  nori t i c  a nort ho s i te c l a s t  a nd 

fragmenta l ma tr i x ,  part l y xpl . w i dth 2mm . 
d )  66035 , 1 4 ,  ex sol v ed pyroxene i n  nor i t ic 

anortho s i te c l a s t ,  xpl . w idth  0 . 5mm . 
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66035 

PETROLOGY : A general  petrograph ic  descr i p t i on i s  g i ven i n  the Apol l o  16 Lunar 
Sample Information Catal og ( 1972 ) ,  and Gri eve et a l . ( 1974 ) descri be a vari ety of 
impact mel t  c l asts . The brecc i a  i s  fragmental-andpolym i ct ,  conta in ing  l i ght  and 
dark cl asts , i nc l u d i n g  g l ass spheres , i n  a matri x  of comm i nu ted m i neral gra i n s  
( F i g .  2 ) .  
The 3 . 5  em wh i te c l ast ( F i g .  1 )  i s  a nor i t i c  anortho s i te w i th a coarse granob l ast ic  
texture ( F i g .  2 ) .  I t  i s  not chemi cal l y  p r i s t i ne . The gra i n  boundar i es are smooth , 
and smal l ,  anhedral pyroxenes res i de i n  tr i p l e  j uncti ons . P l ag i oc l ase i s  An 9 4 - 9 s ; 
pyroxene i s  heterogeneou s l y  d i str i buted and i s  pr i nc i pal ly Wo 3 _ 6En 6 6 _ 6 a ( F i g .  3 ) 
( Warren and Wasson , 1978 , 1979 ) .  We have al so observed a l im i ted amount of 
pyroxene exsol ut i on ( F i g .  2 ) .  The norm of Warren and Wasson ' s  ( 1978 ) analys i s  
shows 9% o l i v i ne,  4% orthopyroxene and 3% c l i nopyroxene . 
The coarse-grai ned poi k i l i t i c  nor i te c l ast  ( F i g .  1 )  i s  descr i bed i n  the Apo l l o  1 6  
Lunar Samp l e  Information Cata l og a s  h av i ng 55-60% p l ag i ocl ase w i th the rema i nder 
deep honey-col ored pyroxene enc l o s i n g  a trace of opaques . 
Other cl asts i ncl ude fragments of fi ner-grained po i k i l i t i c  ( F i g .  2 )  and b asal t i c  
impact mel ts , c l ast-rich v i tr ic  matri x  brecc i a ,  abundant m i neral gra i n s ,  rusty 
metal and a varied g l ass  popu l at i on .  Gri eve et al . ( 19 74 ) recogn i ze several com
pos i t i onal  groups of g l ass  cl asts , i nc l ud ing  hTgh-MgO " trocto l i ti c "  g l asses , 
h i gh - S i 02 '' gran i t i c '' g l asses , p l ag i oc l ase g l asses , g l asses w i th compos i t i ons  
approx imat i n g  Apo l l o  1 6  poi k i l i t i c  mel t  rocks ( ''Fra Mauro b asal t '' ) and g l asses 
w i th l ocal so i l compos i t i on s .  
Warren and Was son ( 1979 ) a l s o  note a 200x100 �m , porous ol i v i ne fragment w i th the 
compos i t i on F09 7 . s , Fa 1 . 3 and 1 . 2  mol e % Ca2S i 04 ( F i g .  3 ) .  They i nterpret th i s  
gra i n  to be of meteor i t i c  or i g i n . 

66035, 13 

1110 90 

0 • .t)n, 100 

.. 
. " . 

, '• • V.._fO analyses {clast) 
Pyro11.ene composition (mote %) 

o ., o o I 110 10 60 
FOI'sterote content of olovone (mole %) 

90 15 110 
Anorthite content of plagioclase (mole %) 

50 

7 39 

10 

Fi gure 3 .  Mi nera l compo s i t i ons , 
from Warren a nd Wasso n  ( 1 97 9 ) .  



66035 

CHEMISTRY : 
( 1 . 87 ppm )  
The l eve l s  

E l dr i d ge e t  a l . ( 1973 ) proved K ( K20 . 09% ) ,  U ( 0 . 49 ppm ) ,  and Th 
abundances-rn-rhe b u l k  rock as  determ i ned by gamma-ray spectroscopy. 
of these e l ements in 66035 are very s im i l ar to those of the l oc a l  so i l s .  

Warren and Wasson ( 1 978 , 1979 ) report major and trace e l ement abundances for the 
l arge wh i te c l ast (Tab l e  1 ) .  I t  i s  very a l um i nous  and h as l ow l eve l s  of l i th 
oph i l e  e l ements ( F i g .  4 )  but  h a s  been contam i n ated by meteor i t i c  s i deroph i l e 
e l ements and i s  therefore not chem i ca l l y  pr i s t i n e .  The tabu l ated val ues of Cr 
and Mn for th i s  c l ast are erroneous l y  l ow by a factor of ten i n  Warren and Wasson 
( 19 78 ) .  The correct va l ues are g i ven i n  Warren and Wasson ( 1979 ) .  
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TABLE 1 .  Summary chemistry of 
granoblast 1c  clast 1n 66035 

Si02 44 . 3  
Ti02 0 .076 
A1 2o3 30 .4  
Cr2o3 0 . 036 
FeO 3 . 0  
MnO 0 .037 
MgO 4 .2 

CaO 1 7 . 0  
Na2o 
K20 
P205 
Sr 

0 . 42 
0 . 013 

La 0 .56 
Lu 0 .031 
Rb 
Sc 2 . 7  
N i  20.4 
Co 7 . 5 
Ir ppb 0 . 60 
Au ppb 0 . 14 
c 
N 
s 
Zn 0 .9 
Cu 

Qxides i n  wt%; others i n  ppm 
except as noted . 

EXPOSURE AGE : 2 6Al and 2 2 Na  abundances in the who l e  rock are g i ven wi thout 
comment by El dri dge et �· ( 1973 ) .  

66035 

PROCESS ING AND SUBD IV IS I ONS : 66035 h�s never been sawn . A few ch ips of  matr i x  
have been taken for thin sect i ons . Wasson recei ved a l l ocat i ons  from both the 
l arge wh i te c l ast  and the poi k i l i t i c  nori te c l as t .  The l argest s i n g l e  p i ece 
remai n i n g i s  , 0  ( 197  g ) .  
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66036 FRAGME NTAL POLYMICT BRECC IA 4 .38 g 

I NTRODUCTION : 66036 i s  a fr i ab l e ,  l i ght  gray , c l as t i c  brecc i a  ( F i g .  1 ) .  It  
was collected on the r im of  a 10 m crater near the base of Stone Mountai n .  A 
few zap p i ts are present on a l l s i des . 

PETROLOGY : Fragments of p l ag i oc l ase dom i n ate a c l ast popu l at i on that a l so 
includes bas a l t i c  impact mel t ,  g l assy, c l ast- l aden brecc i a ,  beads and frag
ments of pa le  brown g l ass , and Fe-metal . The matr i x  i s  an unequ i l i brated 
m i xture of  f i nely commi nuted m i neral gra i n s  ( F i g .  2 ) .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972  two ch i ps ( , 1 and , 2 )  were removed and , 1  
allocated for thin sections .  

F i gure l .  S-72 -40389 , em scal e .  
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Fifu re 2 .  66036 , 5 ,  g eneral 
pp . width 2mm . 

v i ew ,  



66037 POLYM ICT GLASSY BRECC IA 3 . 72 

I NTRODUCT ION : 66037 i s  a moderatel y  coheren t ,  l i ght gray , g l assy brecc i a  ( F i g .  1 ) .  
It was collected from the rim of a 10 m crater near the base of Stone Mounta i n .  
Zap p i ts and pat i n a  are abundant on a l l surfaces . 
PETROLOGY : Mi neral fragments , dom i n ant ly  p l ag ioc l as e ,  and c l asts of fragment
·laden , glassy impact mel t  and rare poi k i l i t i c  impact me l t  rest i n  a cont i nuous  
g l assy matr i x  ( F i g .  2 ) .  
PROCESS I NG AND SUBD I V I S I ONS : I n  1973 a ch i p  ( , 1 }  was removed for th i n  sect ion s .  

Figure 1 .  S-7 2-40391 , em sca l e .  
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flg�re 2 .  66037 , 5 ,  general 
pp.,--:-w1 d t h 2mm . 

v i ew ,  



66055 POLYMICT ( B LACK AND WH ITE ) BRECC IA 1 306 g 

I NTRODUCT ION : 66055 has petro l og i cal character i st i cs i ntermed i ate between 
polymict fragmental brecc i as and d im i ct b l ack and wh i te rocks . L i ke d i m i c t  
rocks the vari ety o f  l i th i c  types w i th i n  the broad dark and l i ght d i v i s i ons 
i s  restr i cted ,  and the c l ast-matr i x  rel ati ons h i ps of dark and l i ght  are 
i ncon s i sten t .  L i ke the fragmen tal brecc i as the l i th o l og i es are we l l -mixed on a 
sma l l scale  ( F i g .  1 )  and i n c l ude g l ass . The l i ght  mater i al con s i sts of fragments 
of anorthos i te-nor i ti c-trocto l i t i c  mater i al and i ts degraded debr i s .  The dark 
materi a l  var i es from brown g l as s  through f i ne-grai ned c l ast-r i ch brecc i a  to 
mesostas i s-r ich  i mpact basal t .  Some wh i te fragments are r i mmed by dark mater i al 
( F i g .  1 ) .  
66055 was col l ected from the north r i m  of a 10 m crater near the base of Stone 
Mountai n .  The samp l e  i s  sub-angu l ar ,  coherent , and h as some penetrat i ve frac
tures . I t  was on ly s l i ght ly  buri ed and i ts or i entat i on i s  known . The bur i ed 
s i de had no  zap p i ts and most occur on one s i de rather than the top . 

Fi gure l .  
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66055 

PETROLOGY : Petro l og i ca l  descr i pt i ons , i n c l u d i n g  m i croprobe data , of the rock are 
presented by McKay et al . ( 1973a , b )  and Fruchter et al . ( 1974 ) . Reed and Tay l or 
( 1974 ) d i scuss and proVTde metal  compos i t i ons  ( l itnology not stated ) and 
MacDougal l et al . ( 1 973 )  report h i gh-vol tage e l ectron m i croscope observati ons  on 
dark materiaTs

-
. W i l sh i re and Moore ( 1974 ) dep i ct the rock as a typ ica l  " b l ack  

and wh i te '' brecci a .  
66055 con s i sts of fragments  of aphan i t i c  d ark mater i a l s  and coarse l i gh t  mater i a l s  
( F i gs .  1 and 2 ) .  The dark mater i a l s  vary from brown g l ass to mesostas i s -r ich 
basal t ,  wi th some fragments s howi ng  a gradati on from one to the other ( Fi g .  2 ) . 
The wh i te fragments mai n l y  h ave po i k i l obl asti c ( F i g .  2 )  or granob l asti c textures 
wh i l e others are apparently cumu l ate ( F i g .  2 ) .  W i l sh i re and Moore ( 1974 ) 
i n terpret the rock textures as i ndi c at i n g  that dark mater i al formed the ori g i na l  
matr i x  to  the rock and the wh i te mater i al was remob i l i zed l ater ; broken fragments 
of dark mater i al h ave th i n  g l assy sel vages . 
Fruchter et  a l . ( 1974 ) ,  expan d i n g  on the i r  previ ou s  work (McKay et  al . ,  1973 a )  
describe  66055 as con tai n i n g  c l asts of brown g l as s ,  non-recrystaTTi zed brecc i a ,  
part i al l y-mol ten m i crobrecc i a  ( = bas a l t i c  impact mel t ) ,  and anorthos i t i c-nor i t i c
trocto l i t i c  (ANT ) c l asts . A feldspath i c  matr i x  i s  d i ffi cu l t  to d i st i ngu i s h  from 
the ANT c l asts . ( They refer to the samp l e  as a rego l i th brecc i a  but rego l i th 
characteri st ics  such as a wide var i ety of c l asts i n c l u d i n g  agg l u t i n ates are i n  
fact absen t ) . The brown �l ass  conta ins  p l ag i oc l ase c l asts (An 9 3 - 9 s ) .  The  non
recrystal l i zed breccias ( equiva lent to 1 i ght  and d ark-matri x  brecc i as " ) conta1 n  
pyroxene (Fi g .  3) , oli v i n e ,  and p l ag i oc l ase . The part i a l l y  mol ten mi crobrecc i a  
i s  suboph i t i c-oph i t i c .  I t  conta i ns c l asts of p l agioc l ase , o l ivine,  and pyroxene 
i n  a med i um-grained to cryptocrystal l i ne matr i x  of p l agi oc l ase  (Ang 3 _ 9 s ) ,  o l i v i ne 
( Fo 7 s - a 2 ) ,  and mesostas i s .  Th i s  l i thol ogy i s  d i s t i nct ive for i ts metal b l ebs . 
The wh i te c l asts are anorthos i ti c-nor i t ic-trocto l i ti c  with  textures ran g i n g  from 
primary 1 gneous to catac l ast ic  to poi k i l ob l asti c .  Pyroxene compos i t i on s  are 
shown i n  F i gure 3 .  The matr i x  materi a l descri bed h as fragments from 10 or 20 �m 
to 1 mm i n  d i ameter ( the phrase "vast major i ty near 0 . 25 �m" i n  Fruchter et al . 
( 1974 ) must be i n  error and probab ly shou l d  read 0 . 25 mm ) .  P l ag i oc l as e ,  OTiVTne,  
two pyroxene s ,  i lmen i te ,  metal and troi l i te are presen t ,  w i th rare p ink  s p i ne l . 

McKay et  al . ( 1973b ) and to a l es ser extent Fruchter et al . ( 1974 ) report kamac i te
schre i berSTte compos i ti on s  and  re l at i onsh i ps .  Schre i berSTte i s  present most 
common ly in the suboph i ti c  me l t  but a l so  occurs in the brown g l as s .  Kamaci te 
typ i cal l y  h as � . 4% N i  and � . 4% Co . Exper iments on me l t  compos i t i on a l  anal ogs 
produced an immi sci b l e  Fe-N i -P l i qu i d  wh i c h  crystal l i zed to Fe- N i  metal and 
schrei bers i te .  In the rock , the d i str i bu t i on of Ni between kamac i te and 
schrei bers i te suggests that the part i c l e s  l ast  equi l i brated at �5500C .  Reed and 
Taylor ( 1974 ) report metal compos i ti ons w i th 4-8% N i , 0 . 2-0 . 5% Co, and up  to 0 . 4% 
P ,  and note the presence of taen i te .  
MacDougal l  et al . ( 1g7 3 )  report h i gh-vol tage e l ectron m i croscope ( HVEM ) observa
t i ons  on theorown " g l as sy" l i thol ogy . The HVEM revea l s  that these i n  fact con s i st 
of packed agg l omerati ons  of submi cron - s i zed crystal l i tes  wh i ch are severe ly de
formed . A l ack of so l ar f l are tracks  i n  the rock l ead MacDougal l et �· ( 1973 ) to 
conc l ude that 66055  i s  h i gh l y  metamorphosed . 
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a 

c 

Fi gu re 2 .  a ) 66055 , 63 ,  
b ) 66055 , 7 1 , 
c ) 66055 , 63 .  
d ) 66055 ,7 5 ,  

b 

d 

genera l v i ew ,  pp l . wi dth 2mm . 
genera l v i ew ,  ppl . wi dt h 2mm . 
po i k i 1 o b 1 a s t i c wh i t  e mater i a 1 , p p 1 . 
po s s i bl e  cumu l a te ,  x p l . w idth  2mm . 
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66055 

Fi gure 3 .  Mi neral compo s i t ions , 
from Fruc hter et �- ( 1 974 ) .  

Fs ( .. 1 

CHEMISTRY : Fruchter et a l . { 1974 ) report part i al analyses , i nc l ud i ng trace e l e 
ments , for matr i x ,  ana-for wh i te basal t i c  impact me l t ,  unrecryst al l i zed brecc i a , 
and unas s i gned c l asts . They a l s o  report defocu ssed beam mi croprobe analyses of 
brown g l ass , unrecrystal l i zed brecc i a ,  and basal t i c  impact me l t  fragments . S . R .  
Taylor et al . ( 1973 ) report a maj or and trace e l ement analys i s  of wh i te mater i al 
( apparenTly-wh i te c l asts and wh i te matr i x ) .  The sp l i t  n umber analyzed,  reported 
as , 32 , was i n  fact , 4 2 .  Moore et al . ( 1973 ) ,  Cr i pe and Moore ( 1974 ) and Moore 
and Lew i s  ( 1976 )  report C ,  S ( for-whTte and mi xed mater i a l s )  and N ( for wh i te 
mater i al ) abundances respect i ve ly .  
The data are summari zed i n  Tab les  1 and 2 and F i gure 4 . I n  genera l the d i st i nct ion  
of wh i te c l ast and matr i x  i s  d i ff i c u l t  phys i cal ly  and the  chemical  ran ges of these 
two are s im i l ar wi th an average of �30% Al z0 3 • The brown g l asses and unrecrys
tal l i zed brecc i as are l ess  a l umi nous than the bas a l t i c  impact me lts , wh ich appear 
to be s im i l ar to other al umi nous me l ts among  the Apol l o  16 rocks .  Nonethe less  
the  range of compos i ti on s  i s  not  great . None of the mater i a l s  are s im i l ar to 
l ocal  rego l i th a l though the average of the rock ( l i gh t  p l us d ark ) m i ght  be . The 
l ow C abundances are not compati b l e  w i th 66055 be i n g  a rego l i th brecci a .  

�rtlally MOlteR •r•"l• 
( = basaltic impact melt )  

Fi gure 4 .  Rare earths , 
from Fruc hter et �- ( 1  97 4 ) . 

Yb Lu 
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TABLE 1 .  Summary chemical 

l i ght, a)  L i ght, b )  
matrix matr i x  

Si02 43 .6  
Ti02 1 . 8* 
A1 2o3 3 1 . 4  29 . 4  
Cr2o3 0 . 10 
FeO 2 . 2  4 . 4  
MnO 
MgO 4 . 1  
CaO 16 .8  
Na2o 0 . 37 0 . 40 
K20 0 . 10 0 . 1 1  
P2os 
Sr 
La 3 . 2  9 . 3  
Lu 0 . 14 0 . 55 
Rb 0 . 98 
Sc 6 . 5  
N i  
Co 25 
Ir ppb 
Au ppb 
c 22 
N 49 
s 520 
Zn 
Cu 

TABLE 2 . 

brown 
wt .% glass 

S i 02 46 .9  
Ti02 1 . 2 
A1 2o3 1 9 . 1  
cr2o3 0 . 19 

FeO 7 . 8  
MgO 10.6  
CaO 11 . 9 
Na2o 0.65 
K2o 0 . 35 
P205 0 .36 

*probabl e  typograph i cal error; 

data for 660 55 l i thologies 

Suboph i t i c  c )  Unrex . c )  Wh i te c )  
mel t  brecc i a  c l asts 

2 3 . 7  25 . 9  27-36 
0 . 16 0 . 1 1  0 . 003-0 . 1 4  
8 . 5  5 . 4  0 . 1-4 . 3  

Oxides i n  wt%; others i n  
ppm except as noted . 

0 .51  0 . 46 0 . 27-0.41  
0 . 25 0 . 22 <0 . 08 

29 . 1  16.9  <3 . 7  
1 . 3  0 . 85 

1 1 . 9  8 . 7  0. 4-6 . 5  

62 32 1-22 

a) S . R .  Taylor et a l .  ( 1 9 7 3 )  
b )  Fruchter et aT. \1974 ) ,  and 

others 
c )  Fruchter et a 1 .  ( 1974 ) 
* Possib ly atypograph i c a l  

shoul d  be 0 . 18? 
error;  

l i th i c  types 

unrecrystal l i zed 
brecc i a  

45 .4  
1 . 1  

20 . 9  
0.16 
7 . 5  
9 . 1  

12 . 1 

0 . 69 
0.35 
0 .30 

shoul d  be 0 .4? 
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basa l ti c  
i mpact mel t  

45 . 1  
0 . 9  

23 . 2  
0 .  "1 6 
5 . 8  
9 . 1  

13 .0  

0 . 04* 
0 .27 
0 .20 
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STABLE I SOTOPES : C l ayton et a l . ( 1973 ) report 80 1 8 val ues for sp l i ts of 66055 
(Tabl e  3 ) .  These val ues are typi cal of l unar rocks .  

TABLE 3 .  80 1 8 for subd i v i s i ons  of 6605 5 , 13 

who l e  rock : +  5 . 58 0 / o o  
l i gh t  c l ast : +  5 . 75 0 / o o 
dark c l ast : +  5 . 48 0 I o o 

GEOCHRONOLOGY : Phi nney et �· ( 1 97 5 )  report 4 0Ar- 39Ar data for a mixed spl i t  of 
66055 .  I ts apparent age behavi or ( Fi g .  5 )  i s  l i ke that of Apol l o  1 4  brecc i as . 
Because there i s  no unambi guous pl ateau , Ph i nney et  �. ( 1 97 5 )  cal cul ate only a 
K-Ar age of 3 . 90±0 . 02 b . y .  The data al so  i mp l y  that K and Ca are wel l -mi xed i n  
the samp l e .  ( N ote that a n  exp l anati on o f  the rel ease pattern from recoi l i n  
fi ne-grai ned mater i a l  i s  based on  i nformati on from Fruchter et  a l . ( 1 974 ) that 
n1ost matr1 x gra ins  are �0 . 25 �m whi ch i s  probably erroneous )

-
.
-

--

f 
l 66055, 9001 j u  

• 

Cumulative fraction 39• Ar relea1ed 

Figure 5 .  Ar rel ea ses , 
from Phinney et �· ( 1 97 5 ) .  

EXPOSURE AGE : Phi nney et a l . ( 1975 ) report a 3 8Ar-Ca exposure age of 5 5±13  m . y . for a mixed sp l i t  of 66055--. MacDougal l et al . ( 1973 ) found no s o l ar fl are tracks in the rock . -- --

PHYS I CAL PROPERTIES : Col l i nson et al . ( 1973 ) report natural remanent magnet
'ization ( NRM) data for subsp l i tsofa mi xed samp l e .  A ch i p  had an NRM of 18 . 1  x 
10- 6  emu · g- 1 ,  and after be ing  sp l i t ,  the four subspl i ts had val ues of 30 . 0 ,  7 . 9 ,  

�- 7 . 3 ,  and 1 5 . 6  x 10- 6 emu · g- 1 i . e .  qu i te var i ab l e .  The var i ab i l i ty showed no  
obv i ous  corre l ati on wi th the proporti on of  dark to  l i ght mater i a l . F i gure 6 
shows that the d irecti on of NRM of the subsp l i t s  (A , B , F ,R )  are i n  reasonab l e  
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agreement .  A , F ,  and R had a dom i n ant ly  soft NRM componen t ;  A h ad no detectab le  
h ard component at al l .  The  changes in d i rec t i ons  duri ng demagnet izat i on of the 
subspl i ts were d i fferent . A pos s ibl e i nterpretati on i s  that the brecc i a  was not 
heated above the Curie po i n t  (�780°C ) dur i n g  formati on and thus o l d  h ard campo
nets are preserved . After format i o n ,  a soft , stronger remanence of homogeneous 
d i rect i on was acqu i red . The v ar i at i on i n  i n tens i ty cou l d  then be a res u l t  of 
vari ab l e  i ron contents of subspl i ts .  Brecher ( 1 975 ) i n terprets the i n homogene i ty 
of NRM as supporti ng the model  of ' 'textural remanence '' . 

F i g ure 6 .  AF-d emag net i za t i on , 
from Coll i n son �.!_ �. ( 1 97 3 ) .  

Nagata et al . ( 1973 ) tabu l ate bas i c  magnet i c  propert i es for a mi xed spl i t  and 
deri ve an average Ni content for k amac i te of 6 . 0±0 . 5% from magnet i c  methods . An 
extens i ve d i scuss i on of the i nten s i ty and stab i l i ty of NRM i s  presen ted . Schwerer 
and Nagata ( 1976 ) use the prev i ous ly  reported magnetic  data to obta i n  the s i ze of 
the Q superparamagnetic  i ron part i c l es (mean d i ameter of f i ne-gra i ned part i c l es = 

54 A ) . They al so summar i ze some of the magnet i c  properti es re le vant to the charac
ter i zat i on of the superparamagnet ic  and ferromagnet ic  components . Schwerer et al . 
( 1 973 ) and Huffman et al . ( 1974 ) repeat some of the data of Nagata et al . ( 1973) 
but a l so report MosSbauer ana lyses for the d i str i bu t i on of Fe between Phase s ,  and 
the Fe0/ Fe2 + rati o .  The l atter ( 0 . 045 ) i s  much l ower than the v a l ue deri ved by 
magnet i c  measuremen ts ( 0 . 205 ) ,  a d i screpancy typ i cal  of o l i v i ne-ri ch rocks and for 
wh i ch poss i b l e  exp l anati ons are presen ted .  5 7 . 4% of the total Fe of the samp l e  
analyzed i s  i n  ol i v i ne ,  37 . 8% i n  pyroxene , � . 5% i n  i l me n i t e ,  and 4 . 3% i n  metal l i c 
i ron . 
C i sews k i  et a l . ( 1974 ) p l ot Fe0 of 0 . 4% ( from the i r  magnet 1 c  measurements ) on an 
Fe0 v .  Feu-+fe 2+ d i agram .  The determi nati on i s  der i ved frorr. the val ue of 
saturat i on magnet i zat ion , and ass umes the metal to be ent i re ly  Fe0 , negl ect i ng 
other poss i b l e  ferromagnet ic  phases . 
Kats ube and Col l ett ( 1 97 3a )  report el ectrical  properti es ( Fi g .  7 )  for a mi xed ch i p 
whi ch i s  ma i n ly dark . The character i st i cs are unusua l : i n  part i cu l ar K� ( r�al  
re l at i ve perm i tt i v i ty )  var i es w i th frequency more than other l unar rocks  and 
s imi l ar ly  to terrestr i a l  pyroxenes and serpenti nes . 
Warren and Tr i ce ( 19 7 5 ) i l l ustrate the var i at i ons  of dynam i c  modu l u s  ( from 
acoust i c measurements ) ,  and stat i c  bu l k  mod u l us ( from stra i n  gauge meas urements ) 
wi th pressure . Apparently the samp l e  used was a mi xed dark and l i ght ch i p .  
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Fig ure 7 .  El ectri cal  parameter s .  
K ' =  rea l  rel at ive  perm i tt i v ity ,  
Pp= paral l el res i s ti v i ty ,  
D= d i s s i pa t i on factor . from 
Katsube and Col l et ( 1 97 3a ) 

PROCESS ING AND SUBD I V I S I ONS : 66055 was s awn i n  1 972 , produc i n g  two end p i eces 
( , 25 ; 231 g and , 2 6 ; 673 g)  and a s l ab p i ece ( F i g .  8 ) . The two end p i eces 
remai n  i ntact except for a few smal l c h i p s  removed from , 2 5 .  The s l ab h as been 
exten s i ve ly  d i s sected ( F i g .  9 ) .  A l arge sp l i t  , 24 ( 1 5 1  g )  h as broken i nto 
several p i eces .  More sp l i ts than are shown on F i gures 8 and 9 have been made . 

I I I I r t I t 
0 1 2 3 4 5 6 7 

CM 

Figure 9 .  S l a b  subd i v i s i o n s . 

Figure 8 .  C utt i n g  d i agram . 
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66075 FRAGMENTAL POLYMICT BRECC IA 347 g 

I NTRODUCT I ON : 6607 5 i s  a coheren t ,  l i ght  gray brecc i a  ( F i g .  1 )  w i th a 
s 1 gn 1 f 1 cant regol i th component . Dark and l i ght  c l asts are more or less  
equal i n  abundance . 66075  was col l ected from the r i m  of a smal l ,  unnamed 
crater . Zap p i ts saturate the " l un ar top" s urface but are absent from 
unexposed s urfaces . 

F i gure l .  em scal e .  

P ETROLOGY : A petrograph i c  descr i pt i on i s  g i ven by Qu i ck et a l . ( 19 78 ) .  Th i s  
rock 1 s  a c l ast i c  brecc i a  wi th a seri ate gra i n  s i ze d i str1outTon and a d i verse 
c l ast popu l at i on ( F i g .  2 ) .  10-20% of the rock i s  composed of c l asts >4 mm 
wi th the rema i nder smal l er c l asts and matr i x  ( Qu i ck et a l . ,  1978 ) . L i th i c  
fragments predom i n ate over mi neral and g l ass  fragmentS;Ini neral compos i t i ons  
are g i ven i n  F i gure 3 .  
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Fi gure 2 .  a )  66075 , 6 2 ,  general v iew ,  ppl . width 2mm . 
b )  66075 , 65 ,  dark c l a s t ,  ppl . w idth 0 . 5mm . 

66075 

Most of the l i th i c  fragments are var i et i es of i mpact mel t :  v i tri c to aphani ti c  
matr i x  brecci a ,  poi ki l i ti c  brecc i a ,  i ntergranular basal t i c  impact mel t ,  and 
p l agi ocl a se and o l i vi ne vi trop hyres ( Fi g .  2 ) .  Xenocrysts or xenol i ths are 
present i n  most ,  but not al l ,  of these cl asts . The poi ki l i ti c  fragments ( the 
" hornfel s "  c l asts of Qu ick  et  a l . ,  1 978)  genera l ly have a very fi ne-grai ned 
texture ,  wi t h  poorly deve l oped!Di kocrysts . Most of t he i mpact mel t  fragments 
are rounded and not deformed by shock . 
Coarser-grai ned granobl asti c l i thi c fragments tend to be more angul ar than the 
i mpact mel t cl asts di scussed above , and have textures i nd i cati ve of subsol i dus 
annea l i ng ( Fi g .  2 ) . Granobl ast ic  anorthos i te ,  �abbroi c  and nori t i c  anorthosi te ,  
and troctol i te were recogn i zed by Q u i c k  e t  al . ( 1 978 ) .  Mafi c mi neral s tend to 
occur as sma l l (<50 �m) , anhedral gra i ns-rntersti t i a l  to l arger ( <500 �m) , an
hedral p l ag i oc l ase , though l ocal ly pyroxenes encl ose equant p l a g i oc l ases poi ki 
l i ti cal l y .  Most o f  the coarser�grai ned granobl astic  fragments s how s hoc k-rel ated 
features , such as undul ose exti ncti on  and fracturi ng .  
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F i g ure 3 _  Mi neral com po s i t i on s , 
from Qu i c k � �- ( 1 978 ) _ 
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Beads and fragments of var i ou s  types of g l as s  are a l so present .  Three com
pos i t i ona l  groups were recogn i zed by Qu i ck et a l . ( 1978 ) : h i gh-Ti  g l ass  ( 1 -3% 
T i 02 ) ,  l ow-Ti g l as s  ( <0 . 6% T i 02 ) and rare hTgh-=1< " gran i t i c "  g l as s  ('\,fi% K20 and 
�75% S i 02 ) ( F i g .  4 ) .  The l ow-Ti g l as s  approx imates l oca l  s o i l compos i t i ons 
whereas the h i gh-Ti g l as s  approx imates the compo s i t i on of most Apo l l o  16 
poi k i  1 i t i c  impact mel ts ( " Fra Mauro bas a l t " ) (Tab l e  1 ) .  

Mi neral fragments are domi nated by p l ag i oc l ase w i th l esser amounts of o l i v i n e ,  
pyroxene , p i nk s p i ne l , troi l i te , and metal  ( F i g s .  3 and 5 ) .  

a 
a 

2 

a 
a 

' 

66075-GLASS AND MATRIX OF MELT-ROCKS 
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66075. 

Fi gure 4 .  Gl ass compos i t i ons , 
from Qu i ck �!_ �- ( 1 978 ) .  
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F i gure 5 .  Meta l s , from 
Qu i c k et a 1 . ( 1 97 8 ) . - -

66075 - METAL 
• MATRIX 
• APHANITE 

• 
. . 

. ·. 

• • 
• 

• 

WT% N i  

• 

CHEMISTRY : Major and trace e l emen t ana lyses of  the b u l k  rock are presented by 
Wanke et al . ( 1974 ,  1 97 ? ) ,  Boynton et al . ( 1975 ) and Garg and Ehman n ( 19 76 ) .  
Mi l l ereCal . ( 1974 ) g i ve major e l ementS and Was son et a l . ( 1975 ) report 
s i derophTles and vol ati l es of the bu l k  rock . Moore and-rewi s  ( 1976 ) prov i de 
bu l k  N and C data . 
Natural and cosmogen i c  rad i onuc l i de abundances i n  the whol e  rock were determi ned 
by E l dr i dge et al . ( 1973 ) and C l ark and Ke i th ( 1 973 ) .  Qu i ck et a l . ( 1978 ) 
report el ectronlni croprobe an a lyses of g l as s  fragments and defocussed beam 
mi croprobe an a lyses of some impact me l t  fragmen ts ( Tab l e  1 ) .  

The bu l k  rock has a major e l ement compos i t i on very s i m i l ar to the l ocal soi l s  
(Tab l e  1 ) .  REEs i n  the rock are s l i ght ly  l ower than most of the so i l s  ( F i g .  6 ) .  
Was son et  al . ( 1 975 ) note that 66075 i s  r i ch i n  vol at i l e s  and that Ge i s  
especi aTTyenri ched rel at i ve to other vol ati l e  e l ements . 

Figure 6 .  Ra re ea rths , 
from Boynton et a l . ( 1 97 5 ) .  - --
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Bulk rock 

Si02 45.4 
Ti02 0.45 
A1 2o3 27 . 3  
Cr2o3 0.08 
FeO 4 .8  
MnO 0 .06 
MgO 6 . 5  
CaO 15 .7  
Na2o 0.486 
K20 0.095 
P205 0 .11  
Sr 193 
La 10 
Lu 0 .48 
Rb 2. 1  
Sc 6 . 9  
N i  280 
Co 26 
Ir ppb '\8 
Au ppb '1.6 
c 54 
N 28 
s 
Zn 9 
Cu 4 . 3  

TABLE 1 .  Summary chemi stry of 66075 

Low-Ti gl ass H igh-Ti gl ass High-K glass 

45 .59 49 .06 75.38 
0 .34 1 . 58 1 . 10 

27 . 02 18 .30 10.87 
0 .07 0 . 21 0 .0  
4 .61 7 . 31 2 .80 
0.07 0 . 1 1  0 . 08 
5.80 10.96 0 .20 

15.80 11 .33 1 .80 
0.40 0 .62 0 . 57 
0 .07 0 .39 6 . 19 
0 .05 0 .28 0 . 10 

'1.240 '1.160 

Oxides i n  wt.% ; others i n  ppm except as noted . 
*Oefocussed beam analyses 

6607 5 

Ol i v ine* 
v i trophyre Aphan i te* 

46.9  45.9  
0.6  0 .4 

20 . 0  24 . 7  
0 .2 0 . 1  
5 . 7  4 . 6  
0 . 1  0 . 1  

12 . 4  6 . 5  
12 . 6  1 5 . 5  
0 . 5  0 . 5  
0 .2 0 . 1  
0.1  0 . 1  

<790 '\800 

RAD I OGE N I C  ISOTOPES AND GEOCHRONOLOGY : Rb-Sr , Sm-Nd and U-Pb data are g i ven by 
Oberli et al . (1978 , 1979)  (Table 2 ) .  The U-Pb who l e  rock data are h i gh l y  d i s 
cordantoutfal l a l ong a l i near 3 . 9-4 . 5  b .y .  "catac l ysm array" ( F i g .  7 ) .  An 
i n ternal i s ochron from whol e  rock , ac i d  s o l u b l e  Pb and l eached res i due  sp l i ts 
yi e l ds an age of 3 . 83 (+  0 . 10 ,  -0 . 05 )  b .y .  ( F i g .  8 ) . Oberl i et  a l . ( 1979 ) 
i nterpret these data to suggest a two stage U-Pb h i s tory w i th-an-rnheri ted Pb 
frac t i on wh ich  evo l ved from 4 . 47-3 . 83 b .y .  and a radi ogen i c  component produced 
by the � s i tu decay of U s i nce 3 . 83 b .y .  ago . 
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TABLE 2 .  Rb-Sr and Sm-Nd data for 66075 , 1 1  (Ober l i  g1 BUL·· 1979)  

..Q Q... 
� 
� 0.8 

..Q 

.g-N 

0 

Rb ( ppm) Sr ( ppm)*  

2 . 25 185 

Sm ( ppm) Nd (ppm)** 

5 . 50 19 . 5  

*Cal c .  from 6 6 Sr value 
**Cal c .  from ' " " Nd value 

(1899) 
73235 -

� 
73275 44 

11410) 

F i gure 7 .  U - P b  evol u t i on d i a gram , 
from Oberl i et a l . ( 1 978 ) .  

8 7Sr/6 6Sr 
measured 

0 . 70112±5 

1 " Nd/1 "Nd 

0 . 5 1 1073±23 

1.6 

TBABI 
(b .y . ) 

4 . 24±0 . 10 

T JUV TCHUR 
( b  .y . ) ( b  . y . ) 

4 . 53±0 .02 4 .81±0 . 19 

Fi gure 8 .  I nterna l  i s oc hro n ,  
from Oberl i et �- ( 1 97 9 ) . 

EXPOSURE AGE : E l dr i dge et a l . ( 1973 ) an d C l ark and Ke i th ( 1973 ) prov i de who l e  
rock , cosmogen i c  rad i onuCTid€ data as determi ned by gamma-ray spectroscopy . 
From these data , Yokoyama et a l . ( 1974 ) con c l ude that 66075 i s  s aturated i n  2 6Al  
act i v i ty .  

-- --
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M ICROCRATERS : Zap p i ts occur on ly  on the s urfaces exposed at the t i me of col l ec
tion  indicati n g  that 66075 has had a s i mpl e  exposure h i story . Morri son  e t  !l· 
( 1973 ) and Neukum et al . ( 1973 ) g i ve s i ze-freguency data ( F i g .  9 ) .  Both con s i der 
the exposed surfaces to represent an equ i l i br i um popu l at i on of p i ts .  Morr i s on 
et. !l· ( 1973 ) cal cul ate a "best guess "  exposure age of at least  7-10  m . y .  

"' . ... 
E " 

... 

10 

0 

0.111:-, --:,-!::-., --.=-=-=--� .. ... 
Crater diameter, " m  

FIGURE 9 .  Microcraters ; from 
Morri son�t_!_l . ( 1 97 3 ) .  

PROCESS I NG AND SUBD I V I S I ONS : 66075 was s l abbed i n  1973 and the s l ab subd i v i ded 
TF·1 g .  lo) . , 11  was allocated to Wasserburg and y ie l ded the age data . A porti on 
of the l arge dark cl ast i n  , 25 was extracted together w i th associ ated matr i x  as 
, 19 and made i n to th i n  sect i ons . ( , 25  i s  i ncorrectly n umbered as , 9  on the s l ab 
photo # S-73-28303 , pub l i shed i n  Qu i ck et a l . ,  1978 ) .  , 15 and a porti on of the 

�-- l arge dark cl ast on the exter i or surface-or-, 12 were a l s o  m�de i nto th i n  sect i ons . 
Al l of the chemi cal analyses were made on representat i ve i nter i or ch ips from the 
S area of butt end , 24 .  
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6608 5  FRAGMENTAL POLYMI CT BRECC IA 3 . 66 g 

I NTRODUCTION :  66085 i s  a p a l e  gray, very fri a b l e  brecc i a  ( Fi g .  1 )  wi th many 
sma l l dark and l i g ht c l asts . I t  was taken from a soi l samp l e  col l ected on 
the i ns i de wal l  of a 1 0 m crater , and i s  too fri abl e to have reta i ned zap p i ts . 

Figure 1 .  Smal l est scal e subd i v i s ion  0 . 5mm . 
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66086 FRAGMENTAL POLYMICT BRECCIA 2 . 03 g 

INTRODUCTION :  66086 i s  a l i ght medi um gray , polymict  brecci a  ( F i g .  1 )  with  
sma l l l i ght and dark ang u l ar c l a sts . I t  is  fai rly coherent but not toug h .  
66086 was ta ken from a soi l samp l e  col l ected on the rim of .a 1 0 m crater . 
It  lac ks zap p i ts .  

Fi gure 1 .  Smal l est scal e subd i v i s ion 0 . 5mm . 
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66095 BASALTI C  IMPACT MELT, VOLATI LE-RICH 1 1 85 g_ 

I NTRODUCTI ON :  66095 i s  a fi ne-gra i ned , suboph i t i c  i mpact mel t ,  conta i n i ng 
l i th i c  and mi neral cl asts . A d i st i ncti ve characteri sti c of 66095 i s  i ts 
a bundant rust ( s - FeOO H ,  akagane i te ) , a secondary consequence of i ts great 
a bundance of vol ati l es .  The ori g i n  of the vol ati l es i s  controvers i al . A 
smal l part of the surface of 66095 has a g l as s  coat . 
66095 cons i sts of two conti guous p i eces ( Fi g .  l )  broken from a bl ock  
( 50x25x l 5  em) on  the s outh  rim of a 10  m crater near the  base of Stone Moun 
ta i n .  The i r  ori entati on  i s  known . The parent bl ock was rec tangul ar; the 
two fragments are subrounded except for a fracture face . The l i ght gray sam
p l e has numerous fractures prod uc i ng a fri ab i l i ty ,  whereas i nd i v i dual  p i eces 
are tough .  Zap pi ts are present on the l unar-exposed s urfaces . 

Figure l .  
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PETROLOGY : General petrograph i c  descri pti ons  wi th  mi neral analyses are pro
vided by Garri son and Tay l or ( 1 979a , b, 1 980 ) ,  Meyer et al . ( 1 979) , and Van i -
man and Pap i ke ( 1 98 1 ) .  Emphasi s  on  studies  of opaque-and/or volati l e-ri ch  
mi nera l phases i s  made by El Goresy et al . ( 1 973a , b) ,  L .  Taylor  et al . ( 1 973a , b , 
1 974a , b )  and Mi sra and Tay l or ( 1 97 5 )--. Bel l  and Mao ( 1 973 )  reporr-

the abundances 
of mi nor el ements i n  p l ag i ocl ase . ( LSPET ( 1 973)  obl i quel y and erroneously  re
fers to 66095 as a h igh  grade brecc i a ) . 

Most of 66095 i s  a fi ne-gra i ned ,  subophi ti c to oph i ti c  impact mel t  ( F i g .  2 ) ; 
the remai nder i s  l i th i c  and mi neral cl asts . The mel t  conta i ns 50-60% p l ag io
cl ase l aths , up to  30% p i geon i te ,  and about 1 0% ol i vi ne wi th some i ntersti t ia l  
g l a ssy materi al ; and accessory amounts of FeNi meta.l , troi l i te , sphal eri te 
schre i bersi te ,  coheni te ,  and i lmen ite ( Garri son and Tayl or,  1 980 ) . Rare trans
parent spi nel s  are al so present.  Reported s i l i cate mi nera l  composi ti ons are 
summari zed i n  Table  1 and phase compos it ions i n  Fi gures 3a and 3b.  

Fi gure 2 .  a )  66095 , 8 5 ,  genera l v i ew ,  ppl . wi dth  l mm .  
b ) 66095 ,8 2 ,  l arge ru sty patc h ,  ppl . 1�i dth  lmm .  
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P l ag  (An ) 
89-94 
95±2 

TABLE 1 .  Compos i ti ons  of s i l i ca tes i n  66095 mel t .  
Px ( En/1-Jo) 

72/7 - 65/ 1 8  

pl a gi oc l ase 

Ol i v i ne ( Fo )  
77 
80. 5±1 

pyroxene 

Reference 
Garri son and Tayl or ( 1 979a , b , l 980) 
L .  Tay l or et  �· ( 1 973b )  

.: • • • � .  • Or �66095 '\ a� e•7'o�---....... v-----��o----=-=--...::l07�-- · - An 

Fi gure 3a . S i l i cate m i nera l compo s i t ions , ol i v i ne p lotted 
al ong base of pyroxene d i a gram , from Van imam and Pa pi ke { 1 98 1 ) . 

..... 
0 ..0 0 (.) 

...... 1.0 -c (1) 
(.) 
..... (1) a.. 

- O.H-.r:; .2' 
� 

... �.. 66095, I I  
� .. 

... ,.- - - - - - - - - - - - - - - - - - --: I 

..J M e t e o r i t ic 

L 

M e t a  I s  

' ' 
4 I !Z 

Weight Per Cent Nickel 

-

Fi gure 3 b .  Metal compos i t ions , from L .A .  Tayl or et a l_. (1 973 b ) .  
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El Goresy et a l . ( 1 973a , b) report the presence of, and ana lyze , spha l er i te ,  a 
Cl -beari ng-zn�i ch su l fate, a C l - beari ng Zn-rich  p hosp hate , and a Pb-rich  phase , 
i n  associati on wi th " geoth i te " ,  and i n  one gra i n  coheni te coexi sti ng  wi th FeNi 
metal and schrei bers i te .  They favor a cometary or Cl  meteor i te impact ori g i n  
for the vol ati les ,  wi th P b  d i sti l l ed from adj acent rocks , rather than a fuma 
rol i c  ori g i n .  

L .  Tay l or e t  �- ( 1 973b)  s tudi ed opaque mi nera l s ,  provi d i ng analyses . Noting  
the presence of Cl  in  the " goeth i te " ,  they s uggest tha t l awrenc i te ( FeCl 2 l was 
present i n  the rock whi ch has been oxi d i zed to create the rus t .  Whi l e  rust 
i s  bei ng created at  present, they s uggest i t  was a l so present on the Moon . 
L .  Tayl or � al . ( 1 973b, 1 974a , b )  defi ned the " goeth i te "  phase as a kaganei te 
( s-FeOOH ) froiTIX-ray d i ffracti on and crystal fiel d spectra . The water re
q u i red for the rap i d  oxi dati on of l awrenc i te i s  bel i eved to be terrestri al  
and  pos s i bl y  from in  the  spacecraft . 
M isra and Tay l or ( 1 975 ) studied  FeNi and schrei bersi te and thei r rel ati on
s h i p s . Geothermometry based on FeNi and schrei bers i te compos i ti ons suggests 
an equi l i brati on temperature of 600-650° C .  
The basa l ti c  i mpact mel t conta i n s  "'20% l i th ic  and mi neral c l asts ( F i g .  2 ) ,  
descri bed and analyzed by Garri son and Tayl or ( 1 979a , b ,  1 980)  and Meyer 
et a l . ( 1 979 ) .  The l i th i c  c l asts are s ummari zed i n  Tab l e  2 .  Mi neral cl as ts are domi nated by p l agi ocl ase but i ncl ude ol i v i ne and rare p l eonaste . 

TABLE 2 .  Summary character i s t ics of c l asts i n  66095 (fl'Om Meyer et a l . , 1979 ) 

CLAST TYPE TEXTURE !:'.Qlli. K I N  COHPS 

AH ORTH OS ITE Coarse-gra i ned Granul i t i c  P l ag 90-100% An 9 1-99 
(vari ous degrees of shock) 01 0-10% Fo 75-SO 
P l ag 10-500..,.; 0 1  1 - IOOpm 

AHORTHOS I TE - Coarse-grained Equlgranular P l ag 90-95% An 98 
TROCTOL ITE P, lag 450-1600 pm ;  0 1  20- 0 1  5-10% Fo 6 1 -69 

200 ..... 

Catacl astlc � Stringers PI ag S0-95% An 9 1 -98 
Plag 30-300 pm; O J  5-ZOO '"" 01 5-ZO% Fo 78-81 

PLAGI OCLASE Coarse-gra i ned (vari ous 
degrees o f  shock ·up ·to 
Kaske l yn l te) P l ag ,04-1cm 

P lag tOO:t An 9 1 -99 

BASALT Fi ne-gra i ned Porphy r l t l  c Katrlx <50% An 92-95 
P l ag 10-300 ��m, 01 + Px 
10-100 pm as Phenoc rysts 

(P i ag + Px) Fo 74-76 
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The ''b as a l t s '' , i nterpreted as cl asts by Meyer et al . ( 1979 ) and G arri son and 
Tayl or ( 1980 ) , are m i neral o g i cal l y  s im i l ar to tne!Dasa l t i c  impact mel t  host 
and may be textural vari ants ( common in impact mel ts ) of the mel t  rather than 
cl asts . The other ,non-me l t ,c l asts h ave ol i v i ne rather than pyroxene as the 
domi nant maf i c  phase . Metal analyses  for al l metal -bear i n g  c l asts l i e i n  the 
range 4-1 2% N i , 0 . 4- 1 . 2% Co ( Garri son and Tay l or ,  1 980) . 

66095 i s  shocked ,and penetrated by several "root l ess " ve ins  f i l l ed w i th shock
me l ted s i l i cate g l ass  ( E l  Goresy et al . ,  1973a ; G arri son and Tayl or 1 979a , 1 980 ) 
Compl ete major el ement analyses are gTven by Garr i son and Taylor ( 1980 ) .  The 
compo s i t i ons vary from ve i n  to ve i n  but are rough l y  equi val ent to the com
pos i t i ons of b u l k  rock . 

CHEMI STRY : Pub l i shed chemi cal  stud i es of 66095 are l i sted i n  Tab l e  3 .  A 
summary chemi stry of the b u l k  rock i s  g i ven i n  Tab l e  4 .  

TABLE 3.  Chemical work on 66095 

Reference 

Duncan et a l .  ( 1973 ) 
Nakamura et i!l_. ( 1 973)  
Brunfel t  et 2_l. ( 1973 ) 

Hubbard et 21· ( 1973 )  
Jovanovic  and Reed ( 1973)  

Krahenbuhl et al . ( 1 973)  

LSPET ( 1973 ) 
Nava ( 1974 ) 
Al l en � 21. ( 1974) 

Kerridge et 21· ( 1975b)  
Gibson and Moore ( 1973 ) 
Hubbard et 21· ( 1974 ) 

Jovanovic  and Reed ( 1976a ) 
Des Marais ( 1978 ) 
Hughes et 21· (1973)  
Friedmann et 2_l. ( 1974 ) 
Nunes and Tatsumoto ( 1973 ) ,] 

Nunes et !}_. ( 1 973)  
Nyqui st et ll· ( 1 973)  
Rancite l l i  et ll· ( 1 973b) 

Spl i t  Analyzed 

,47 
, 52 

,48 

,37  
, 17  ,23 

,55 

,5 

,50 

,23 
, 43 

,40 
, 36 
, 37 
,23 
, 198 
,56 
,20 ,31 ,62 
,41 

, 37 
, 1 3  
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E l ements Ana lyzed 

Majcors , sor.1e trace 
Majors , REEs 
Majors, REEs, other 
trace, i ncl . v ol s .  
�1ajcors 
F ,Cl ,other vols .  and 
refractories . 
Meteoriti c s i deroph i 1  es 
and vol ati l es .  
Majors , some trace . 
Majors 
z o.l'b, B i ,  T l  ,Zr 
C , S ,.C-compounds 
H20, Coz 
REE s ,  other traces 

Ru ,  Os 
C,  N,  S 
Os , l r ,  Au, Ag , Re 
c, ��.o 
U , Th , Pb 

Rb, Sr 
K, U, Th  



The chemi stry of 66095 i s  s im i l ar to that 
of other basal t ic  impact mel ts at the 
Apo l l o  16  s i te,  except for i ts vol ati l es .  
I t  i s  l es s  fel dspath i c  and more enr iched 
in i ncompat i b l e  el ements than l ocal so i l s .  
REE p l ots are g i ven i n  F i gure 4 .  The 
sp l i t  , 37 analyzed by Hubbard et al . 
( 1973 , 1974 ) and Nyqu i s t  et a l--. .  (1973 ) 
i s  atypi cal  i n  that much or Tf' i s  a s i ng l e  
wh i te c l ast ,  accordi n g  t o  data pack photo
graphs . 
Of s i gn i fi cance i s  the h i gh vol ati l e  con
tent,  eg, Cl , Pb, Zn , Ir, Cd , Tl , and 
water ( Brunfe l t  et al . 197 3 ;  Jovanov i c  
and Reed ,  1973 ; KrahenbUh l e t  al . 1973 ; 
Nunes and Tatsumoto , 1973 , and-others ) .  
Jovanov i c  and Reed ( 1973 ) and Al l en et al . 
( 1974 ) note that most  of the Cl  and other 
vol at i l es are l e aCheO by hot water . 
KrahenbUhl  et al . ( 1 973 ) s u ggest that 
a fumarol i c-ratKer than an impact or i g i n  
for the vol ati l es i s  most  l i ke ly  be
cause ( i )  the vo l at i l es are not in C1 
chondri te proporti on s  and ( i i )  Pb i s  
a l s o  enr i ched and i s  l unar ( from Nunes 
and Tatsumoto , 197 3 ) . Most of the 
chemi cal  d i scus s i ons  i n  the l i sted 
r·eferences concern vo 1 at i 1  e s ,  but  
Nakamura et al . ( 1973 ) note that  the i r  
analys i s  Kas-a 9% pos i t i ve Ce anomaly 
( normal i zed to the Leedy chondr i te REE 
abundances ) ( note however that the La/Ce 
rat i o  of 66095 by NaKamura et a.l . and 
other authors i s  not s i gn i ffCantl y  
d i fferent from a ny other l u nar roc k wi th  
a si g n i ficant KREEP content , nor i s  a s i g 
n i ficant Ce anoma l y  present when norma l i 
zat i on i s  to an avera ge c hondr i te compo 
s i ti on .  

Ganapathy et al . ( 1973 ) p l ace 66095 i n  
the i r  meteoritTc Group R ,  l ater updated 
to Group 1 H ( Hertogen et 2.1_. , 1977 ) .  

66095 

TABLE 4 
Summary chemtstrv of 66095 

S i o2 
T i 02 
A1 2o3 
cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu  
Rb 
Sc 
N i  
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

45 
0 . 72 

24 
0 . 14 
6 . 7  
0 . 08 
9 . 0  

13 . 5  
0 . 45 
0 . 15 
0 . 24 

159  
22 . 5  

1 . 00 
3 . 9  
6 . 8  

'\, 650 
'\, 45 
16-33 
'\, -18 
10-90 
< 0 . 1  
'\, 1000 
20-92 
'\, 3 

Ox i des  i n  wt% ; others i n  ppm 
except as note d .  

C i r l i n  a n d  Hous l ey ( 1 980) establ i s hed  therma l rel ease  profi l es for Pb ,  Z n ,  
a n d  C d  for gra i n s  d i saggregated from 6609 5 .  The p rofi l es demonstrate that 
the major fracti on of these vol at i l es i s  rel eased bel ow 1 000°C and were 
present on the s urfaces of the gra i n s .  
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(/) 
Cl) 

-
... 
'0 c 
0 .c 

(.) 
......... 
LLI 
LLI 
a: 

La Ce 

, 36 
,52 

,48 

,37 

Nd 

66095 

Hubbard et a/. (1974) 

Hubbard et a/. (1 974) 

• 

Sm Eu Gd Tb Dy Ho Er Yb Lu 

F igure 4 .  Rare eart hs . 
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STABLE  I SOTOPES : Cons i derab l e  work on stab l e  i sotopes has  been performed 
on 66095 ,  ma i n ly i n  attempts to e l u c i d ate the or i g i n  of the vo l at i l es . 
C l ayton et al . ( 1973 ) estab l i shed that the s i l i cates i n  66095 h ave normal 
l un ar oxygen-i sotopi c rat i o s : 8 1 8 0 of a p l ag i oc l a se was + 5 . 73 and of a 
l i ght c l ast was + 5 . 81 . 

Fri edmann et a l . ( 19 74 )  measured 0 and H i sotop i c  rat i os on water re
l eased by heat i n g  6609 5 ,  and the C and 0 i sotop i c  r at i o s  of s i m i l ar ly  
rel eased C0 2 ( Tab l es 5a , b ) . They a l so ana lyzed 8 1 8 0  of  water rel eased 
from heat i n g  an i ron ox i de samp l e  from 66095 (Tab l e  5c ) and 8 1 8 0  of 66095 
s i l i cates . 

Ta bl e 5 .  C ,  H ,  a nd 0 i sotopic data , 
from Fr i edman n  e t  a 1 . ( 1 97 4 ) .  

- -

CH,, CO co, 
Temperature Water 

ao 
('C) (ppm) c a''C 

c 
3''C 

(ppm) (ppm) 

Rock 66o95-<i2 (2.46 g) 
100'-270' 123 - 80 0.2 1.9 - 43 
270'�90' !58 - 75 0.1 6.3 - 12 
fi90'-935' 7.2 - 200 2.4 - 22  

a )  935'�1350' 1.8 - 170 0.2 
TOtal 390 11.1 
Weighted average - 8 1  � 20  

Rock 66095·31 (4.67 g) 
100'-270' 60 - 100 . 1 . 1  - 24 
270'�90' 156 - 140 0.02 21.7 - 26 
690'-970' 9.0 - ISO 14.9 - 38 
970'-1350' 4.5 - 160 4.5 - 19 1 6.7 - 33 

Total 230 59 
Weighted average - 130 - 30 

Rock 66095-31 (2.27 g) 
Combustion ( + 975') 137 - 1 10 . 15.0 - 21 

Tempera· Water CO, CH., CO 
--

ture 
('C) ppm ao a1eo 

c 
a"O a"C c 

(ppm) (ppm� 
Rock 66095-20 (6.19 g) 

25' 1,300 - 140 ·- I ±  I 3.6 + 44  - 1 8  

b )  
25'-1 10' 360 - 160 + 6 ±  2 7.1 + 31 - 17 

1 1 0'-200' 500 - 140 + S ±  2 2.9 + 48 - 12 
200'-350' 240 - 85 + S ±  2 20 + 28 - 17 - 2  
350'-490' - 1 5  Sample lost - I + 46 - I  
490'-670' 20 - 183 + 20 ± 10 2.6 + 24 - 18 
1 10'-350' 740° + S ±  2 

Wei8ht Tempera- Water 
ture (g) ('C) ppm a"' 

c )  
Rock 66095-20 

t.U 115'-280' ISO + s ± 2  
280'-400? 75 
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The i sotop i c  compos i ti on of C i s  not unusual by compari son wi th other l unar 
roc ks . T he water released has CD o;oo s i mi l ar to terrestr-i a l  water , but the 
a l s o (� + 5 o;oo) i s  di s s i mi l ar to terrestri al water and s i mi l ar to typi cal 
l unar s i l i cates . Simi l ar ly ,  the water rel eased by the i ron oxi de p hase had 
o l BO of + 5 o;oo and the s i l i cates had o 1 80 of + 6 . 3  Ofoo . They concl ude 
that the water i s  not a terrestri a l  contami nan t .  Contrari l y ,  Epstei n and Tay
l or ( 1 974)  found that the water rel eased from 66095 had both o D  and o 1 8 0 
( - 1 00 and - 1 5  o;oo respecti vely)  s imi l a r  to terrestri a l  water .  They f ind i t  
i nconcei vabl e that the l arge quant it ies  of water p roduced ( l oosely bound and 
most re lea sed by 200°C )  cou l d  have been present i n  a l unar oxi dati on and tem
perature envi ronment.  Fri edma n et a l . ( 1 974 ) s uggest that the water i n  the 
samp l e  analyzed by Epste i n  and Tayl or ( 1 974) (which  had been stored l onger 
pri or to analys i s ) had exchanged water wi th terrestr i a l  source s . 

Kerri dge et a l . ( 1 975b) report o 34S (+ 1 . 9 Ofoo ) and o 1 3C ( -2 4 . 2 ,  - 23 . 5  °/oo )  
val ues butdonot spec i f i ca l ly  di scuss them . The o 1 3C va 'l ues , l i ke those re 
ported by Fri edman et a l . ( 1 974) for rel eased C02 , are consi derably l es s  than 
those of l ocal soi l s  (61 3C � + 1 2  °/ oo ) ,  as are the o 34S val ues ( soi l s  � + 6 
to + 1 0  o; oo ) .  Des Mara i s  ( 1 978) reports o 1 3C val ues for di fferent temperature 
rel eases rangi ng from - 1 3 . 1  to -22 . 7  Ofoo . Al l en et �- ( 1 974) report the abun
dance of 2 0 4Pb  ( consi dered stabl e because of i ts excepti onal l y  l ong hal f- l i fe ) . 

GEOCHRONOLOGY AND RAD I OGEN I C  I SOTOPES : Nyq u i s t  et al . ( 1973 ) report Rb-Sr 
i sotopic data for , 37 (Table 6 ) .  Thi s  sp l i t  i s  awhTte-c l ast-r i ch fragment 
not typ i ca l  of the who l e  rock , and,  al though not s pec i f i ca l l y  di scus sed by 
N�qu i st et �- ( 1973 ) th i s  i s  ref l ected i n  the l ow Rb content and l ow 
8 Sr/ 8 6Sr as compared w i th typ i ca l  l unar basa l t i c  i mpact me l ts .  

TABLE 6 .  Rb-Sr data for 6609 5 , 37 (from Nyq u i s t � ll. , 1973 ; Nyq u i st 19 7 7 ) 

Rb ppm Sr ppm 
s 7 sr; s ssr TBAB I TLUN I Cal c . I at 3 . 9  b .y . 

l .  591  1 62 . 7  0 . 70068+7 3 . 9+ . 2 7  4 . 1 5 + . 27  0 . 68998 
b . y .  b .y� 

AdJusted for 1 nterl aboratory b 1 as to conform to Cal  Tech Data . 

Tu�ner et �- ( 1 973)  report Ar i sotop i c  data for 66095 . The release patterns 
( Fl g .  5 )  are comp l ex and do not y ie ld  a we l l -defi ned 4 0Ar - 3 9Ar age . How
ever Turner et �- ( 1 973 )  tabu l ate an age of 3 . 6-3 . 8  b . y .  The rel ease 
patterns may be compl i cated by the presence of o l d  re l i ct cl asts . 
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Fi gure 5 .  Ar rel ea ses , 
from Turner et �- ( 1  973 ) .  

Nunes and Tatsumoto ( 1 973 )  report u .  Th , and Pb i sotopic  abundances , al so 
s ummari zed in Nunes et �· ( 1 973) . The data are for who l e  rock and for sepa
rates ,  and i ncl ude acid l eaches . The rock i s  unusua l ly abundant in l ead , 
85% of whi c h  i s  excess , i . e .  uns upported by i n  s i tu U and Th . The l eachabl e 
l ead i s  i sotopi cal ly di sti nct from the res i dual l ead , whi ch i s  simi l ar to 
Apol l o  1 6  soi l s .  An i nternal U-Pb i sochron g i ves an age of 3 . 82 b . y .  ( Fi g .  6 ) . 
Nunes and Tatsumoto ( 1 973)  concl ude ( i ) the excess l ead i s  l unar and ( i i ) the 
exces s  l ead was i ntroduced i nto the rock i n  a di screte event 3 . 8-4 . 0  b . y .  years 
ago . The data a l s o  are consi stent wi th , and s uggest ,  major l unar crusta l  di f
ferenti ati on � 4 . 47 b .y .  ago . 

0.71 
w. r.-- w.r. 

T =  3.82 b.y. / 
o.76 206Pb) 

,.,.Pb 1 = 
0./884 . - m 

, •• .Pb l07pb 

· p  
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Fi gure 6 .  Internal i sochro n ,  
from Nunes and Tats umoto (1 973 ) .  
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H i nthorne and Andersen ( 1974 ) report i o n  m i croprobe ana l yses for 2 0 7 P b/ 2 0 6 Pb and 
2 0 8 Pb/ 2 0 6 Pb in four Cl - r i ch areas in 66095 , 8 1 . The rat ios  are s i mi l ar to those 
in the l eached mater 1 a l s  ana lyzed by Nunes and Tatsumoto ( 1973 ) .  Thus the l atter 
i s  assoc1 ated w i th oxi de and C l - r i c h  reg i on s  of tro i l i te a l terat i on .  H i nthorne 
and Andersen ( 1974 ) s u g gest  that the l each ab le  l ead has  the s ame ori g i n  as C "l ,  
S ,  and OH and that i t  i s  n ot l unar .  Th and Pb are l oca l i zed d i fferent l y :  Th 
w i th F e N i  grai n s  and Pb  wTih C l -r i c h  areas . 

RARE GASES AND EXPOSUR E AGES : Heymann  and Hubner ( 1974 ) ana lyzed a port i on of 
, 1 7 for i nert g ases . They suggest  that contam i n at i on of 66095 w i th as l i tt l e  
a s  0 . 2% Apol l o . 1 6 f i nes , pos s i b l y  i n  the form o f  the g l assy ve i n s ,  can pro
duce the observed i sotop i c  rat ios  and abundances of i nert gases . They ca l cu
l ate a 2 1 Ne spa l l at i on age of 1 . 1± 0 . 5  m . y . , a l though th i s  age i s  imprec i se 
because the sampl e i rrad i at ion  h i story i s  unknown . Turner et a l .  ( 1973 ) report 
Ar i sotop i c  data but the re l ease patterns are compl ex ( F i g .5J.-raken at face 
va l ue the var i at i ons  corres pond to exposure ages of 40-80 m . y . and pos s i b l y  
imp l y  a comp l ex h i story of near s u rface i rrad i at i on for the components pri or 
to the i r  i n corporati on i n to 66095 . 

Ran ci te l l i  et  a l . ( 1 97 3a ) prov i de 22Na and  2 6Al data wi thout di scus s i on .  
Bhandari et-al� l 976 ) report 2 6Al data , a track  dens i ty/depth profi l e ,  and 
res i denceti me/depth ana lyse s .  Sol a r  fl are tracks  s uggest a n  exposure age 
of 1 m . y . , and a crater count exposure age i s "' 0 . 2  m . y .  Bhandari  et  g_L 
( 1 976 ) report a 2 EA1 expos ure age of  ·e.? ± 0 . 1  m . y .  Fruchter et �· ( 1 978) 
report 2 6Al and 5 3Mn data prov i d i ng expos ure ages of  0 . 9  ± 0 . 2  and 1 . 4 ± 0 . 3  
m .y .  respect i ve l y .  The samp l e  i s  s ubstanti al l y  undersaturated w i th 2 6A l  and  
5 3Mn s u g gesti ng  that i ts excavati on postdates South Ray . The data a re i nd i c 
at i ve o f  a rel ati ve ly  s i mp l e  surface h i s tory . 

PHYS I CAL PROPERT I E S :  Nagata e t  a l . ( 1 973 ) tabul ate the bas i c  magnet i c  pro
pert i es of 66095 and a l so  measured the stabi l i ty of natural  remanent mag
net i zat i on ( NRH )  aga i n s t  a l ternat i n g f i e l d  (AF ) demagnet i zat i on : The mag

net i c  data a l s o prov i de a total Fe content of 1 . 21% and the n 1 cke l  con
tent of kamac i te :  5 . 5 -6 . 0% .  Pearce et  a l . ( 1973 ) a l so  provjde b as i c  mag
net i c  d ata and der i ve a total Fe0 of-r. 44% and a total Fe2 of 5 . 5 5- 5 . 57% . 
The change i n  i ntens i ty and d i rect i on of NRM w i th AF demag�e t i z a� i on i s  
shown i n  F i gure 7 ;  there i s  a very pronounced soft NRH . C 1 s ows k 1  et �· 
( 1 974 ) use the va l ue of s aturati on magnet i zat i on to ca l c u l ate a Feu
abundance of 1 . 2% and � 7% total i ron . Schwerer and N agata ( 1976 ) tabu l ate 
some magnet i c  propert i es rel evant to the character i zat i on of the s uper-
paramagne t i c-ferromagnet i c  components . Brecher ( 1 97 5 )  l i sts 66095 as an 
examp l e  of a rock hav i ng " textural remanence " .  

Weeks ( 1 973b ) prov i des e l ectromagneti c resonance spectra for s everal 
fragments  from the roc k .  Tsay and L i ve ( 1 976 )  and Ts ay and Baumann ( 1 97 7 )  
use e l ectron s p i n  resonance t o  d0tect the presence o f  mi nute amounts of 
paramagnet i c  Fe 3+ ( detected at 77 K )  wh i ch they i nfer is probab l y  from 
terrestr i a l ox i dat i on . They detected 82 ppm Fe 3+ and 6900 ppm ( 0 . 69% ) Fe0 
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From Pearce et �- ( 1 973 ) .  
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Change in intensity and direction upon AF demagnetization of sample 6()()9S)6. 
Arrow indicates directional trend. 

PROCESS ING AND SUBDIV ISIONS : 66095 has been extens i vely s ubdi vided . The 
fi rst di vi s i ons are s hown i n  Fi gure 1 .  , 1  ( 233 g ) and , 1 3  ( 495 g ) rema i n  as 
l arge p i eces , but , 1 4  ( 433 g ) has been tota l ly s ubdi vi ded and renumbered . 
I ts two l argest daughters were , 60 ( 60 g ) and , 6 1  ( 1 55 g ) , wi th most  other 
spl i ts much sma l l er .  In 1 980, , 60 was sawn i nto three p i eces and renumbered : 
, 294 ( 22 . 8  g ) and , 296 ( 1 6 . 9  g ) are the end pi eces and , 295 ( 1 7 . 7  g ) i s  the 
s 1 a b .  Sma 1 1  chi ps ,  a 1 1  but one being bas a 1 t, were taken from these three 
p i eces . 
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