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I NTRODUCT ION 

Th i s  c ata log characteri zes each of 543 i nd i v i du a l ly n umbered rock samp l es 
i n  the Apo l lo  16  col l ect ion , show ing  what each samp l e  i s  and what i s  known 
about i t .  Regol i th samp l es are not i n c l uded . The catalog i s  i ntended to 
be u sed by both researchers req u i r i ng samp l e  a l l ocat i ons and a broad 
audi ence i nterested i n  Apo l l o  16 rocks . The samp l e  descri pt i ons are 
arranged i n  numer i ca l  order ,  c l osely correspond i n g  to the samp l e  col l ect ion 
stat i ons . 

Informati on on samp l e  col l ect ion ,  petrography, chem i s try, stab l e  and rad i o
gen i c  i sotopes , s urface characteri st ics , phys i ca l  properti es ,  and curator i a l  
proces s i ng i s  s ummar i zed and referenced a s  far a s  i t  i s  k nown . I n  many 
cases we found i t  necessary to rei nspect samp le s  i n  the l aboratory and have 
new th i n  sect i ons of severa l  rocks  cut . Our i ntent i on has been to be 
comprehens ive--we have attempted to i n c l ude a l l pub l i shed stud ies of any 
k i nd  wh i ch prov i de i nformati on on a samp l e ,  as we l l  as some u npub l i shed 
i nformati on .  Except i ons are made where the same research group pub l i shed 
the same data and conc l us ions  i n  two journa l s ,  in wh i ch c ase one reference 
( usua l l y  the earl i er )  i s  chosen ; i f  one i s  the Proceedi ngs of the Lunar 
Sc ience Conference , th i s  reference i s  se l ected . We have rare ly i nc l uded 
references wh i ch are primar i l y  bu l k  i nterpretations  of ex i s t i ng data ( such 
as m i x i ng mode l s )  or mere l i sts of samp l e s .  The references are compl ete 
to early 1980 . Fore i gn l anguage journa l s  were not scrut i n i zed ,  but as far 
as we can tel l l i tt l e  data has been pub l i shed on ly  i n  such journal s .  

Much val uab l e  i nformat i on ex i sts i n  the or i g i na l  Apol l o  16  Samp l e  Informat i on 
Catal og ( 1972 ) .  However , that cata l og was comp i l ed and pub l i shed on ly  three 
months after the mi s s i on i tse l f ,  from rap i d  descr i pt i ons of usual ly dust
covered rocks , usua l ly  w i thout anyth i ng other than macroscopic  observat i ons , 
l ess  often th i n  secti ons , and rarel y  some chem ica l  data . S i nce that t ime ,  
the rocks h ave been exten s i ve l y  stud i ed ,  anal yzed , and sp l i t , w i th n umerous 
pub l i shed p apers . These make the ori g i n a l  catal og i n adequ ate , outmoded , and 
i n  some cases erroneous , prov i d i ng the mot i vat i on for th i s  rev i s i on .  However , 
The Apol l o  16 Samp l e  Informat i on Catal og  ( 1972 ) conta i ns more i nformat i on on 
macroscop i c  observat ions  for most s amp l es than does the present vol ume . 
Early catal ogs were produced spec i f i ca l ly  for those rocks col l ected by 
rak i ng the rego l i th :  LM area and Stat i on 5 ( Ke i l ,  Dowty , Pr i nz ) ;  Stat ions  
1 ,  4 ,  and  1 3  ( Ph i nney and  Lofgren ) ;  and  Stati ons 1 1  and  8 ( Sm i th and  Stee l e ) . 
These samp l es are i nc l uded i n  the present cata l o g .  
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ABBREV IAT IONS 

The fol l owi ng abbrevi at i ons  have been u sed i n  th i s  cata l og :  

ppl . p l ane pol ar i zed l i g h t  ( i . e .  transm i tted l i ght )  
xp l .  crossed pol ari zers 
rfl . refl ected l i ght 

JSC Johnson Spacecraft Center 
TSL Thi n Sect ion Laboratory 
TS Thi n Secti on 
PM Probe Mount 
P . I .  : Pr inc i pal I nvesti gator 

ANT : Anorthosi te-nori te-trocto l i te su i te of roc ks ;  a catch-a l l acronym for 
rocks usua l l y  wi th granoblast i c ,  poi k i l ob l asti c ,  or cumu l ate textures ,  
but somet imes brecci ated , and wi th l ow a bundances of i ncompati ble 
e l ements . 

KREEP : acronym for rocks  h i g h  i n  potas s i um ,  rare earth e l ements ,  and phos 
phoru s ,  and usua l l y  l ower i n  alumi na than other h i g hl ands rocks . The 
l i g ht rare earths are enr i c hed over heavy rare earths , and a conspi cuous 
negati ve Eu  anomaly  i s  present .  
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THE APOLLO 16  MISS I ON 

The Apo l l o  16  m i s s i on (Apri l  1972 ) to the Descartes l and ing  s i te i n  the 
central  l unar h i gh l ands was the on ly Apo l l o  mi s s ion restri cted to h i gh l ands 
terra in  ( F i gures  i , i i ) .  Hence , s amples  from the s i te are of fundamental 
importance in the understandi ng of l unar crustal  evo l ut ion . Approx imately  
9 5  k g  of  rocks , mai n ly.fel dspath i c  brecc i as , and so i l s  were col l ected dur i ng 
three periods of extravehicu l ar act i v i ty .  Us i ng the lunar Rov i ng  Veh i c le , 
astronauts John W .  Young and Charl e s  M .  Duke covered over 20 km of traverses , 
and s amp l es were co l l ected from 10 d i fferent stati ons ( F i gure i i i ) .  

The m i s s i on h ad two pr ime s amp l i n g  objecti ves : the Cay l ey Format ion , an 
examp l e  of h i gh l and p l a i ns ;  and the Descartes Format i on ,  a rugged , h i l ly ,  
and furrowed terrai n .  The consensus  of prem i s s i on photogeolog ica] i n terpre
tat i on was that both un i ts were of probab l e  vo lcanic or i g i n ;  however , i t  
became apparent even dur i n g  the m i s s ion that the s amp l es were not vo l can i c  
but predomi nantly impact-produced fel dspath i c  brecci as .  The l and i ng  s i te 
i ncl uded a porti on of the Cay ley P l ai n  and two areas of mountai nous terra i n :  
Stone Mounta in  to the south and Smokey Mounta in  to the north . Traverses 
were s e l ected to s amp l e  1 )  the Cay l ey P l a i n s  around the Lunar Modu l e ,  2 )  
Descartes mater i a l  on Stone Mountai n ,  3 )  b l ocky debr i s  around the r im  of 
North Ray Crater , a 1 km wide ,  230 m deep crater wh ich  l i es on the boundary 
between Smokey Mounta i n  and the P l a i n s ,  and 4 )  b locky mater i a l  from a ray 
of the younger South Ray Crater ,  an a lmost  1 km w i de crater i n  the Cay ley 
P l a i n s . The exp l orat i on strategy was to use impact craters of various 
d i ameters as strat i graph i c  probes . 

The great majori ty of s ampl es  col l ected are fe l ds path i c  brecc i as of var i ed 
characteri st i cs . They i nclude s pec imens ch i p ped from bou l ders up  to tens 
of meters in s i ze ,  i ndi v idual ly co l l ected h and s amp les , s ampl e s  raked from 
the rego l i th ,  and s amp l e s  p i cked from rego l i th samp l e s  i n  the l aboratory . 
I n  a l l ,  more than 500 rocks h ave been i nd i v i dual ly numbered i n  add i t i on to 
the many rego l i th s amp l es col l ected . The l argest rock col l ected ( 61016 ) i s  
1 1 , 729 g ;  the smal lest  i nc l ude many s ampl e s  l es s  than 1 g .  The s amp les  
i nc l ude fr i ab l e  brecc i as , coherent brecc i as , and  vari ed impact me l t s ; many 
of the l atter h ave c l ast-free or near c l ast-free oph i t i c  textures and were 
almost compl etely molten during the i r  formati o n .  G l as s ,  g l as sy brecc i as , 
and g l as s  coat i ngs on brecci as are common .  A s i gn if icant group are the 
catac l astic anorthos i tes , nearly pure p l ag i oc l ase  and certa i n ly  s hocked 
i gneous cumu l ates from the early l unar crust . 

The Apol l o  16  s amp l e s  confirm that the h i g h l ands crust  i s  fel d spath i c  and 
formed by a proce s s  i n vol v i n g  p l agiocl ase accumu l at i on . The deta i l s  of 
vari ati on between s amp l i n g  s i tes  have not yet been ful ly worked out ;  the 
most obv i ous disti nction i s  that s ampl e s ,  i nc l ud i ng soi l s ,  from the North 
Ray Crater area are more a l umi nous (�28-30 wt% Al 20 3 ) than those from other 
areas ( 26-28 wt% Al 20 3 ) ,  and i nc l ude more fri ab l e ,  fragmental , l i ght-col ored 
brecc i as . North Ray Crater and South Ray Crater are about 50 m .y .  and 2 m . y .  
o l d  respecti vely .  
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F i gure ( i ) .  Apo l l o  and Luna samp l i n g  l ocations  
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F i gure ( i i ) .  Apo l l o  16 l andi ng s i te area ( Apo l l o  1 6  metr ic camera 
frame 439 ) 
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F i gure ( i i i ) .  Apo l l o  16  traverses and s amp l i n g  stations (Apo l l o  16  pan 
camera frame 4618 ) 
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References to deta i l e d  stud i es on  the Apol l o  1 6  sampl es are c i ted i n  the 
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s e l ected b i b l i ography perta i n i n g  to the geo l og i cal  i nterpretat i on ,  and rock 
samp l es of the Apo l l o  16 l an d i n g  s i t e .  The Proceed i ng of tbe L unar Sci ence 
Conferences , i n  part i cu l ar the 4th , contai n many other re levant papers . 
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NUMBERING OF  APOLLO 1 6  SAMPLES 

Fi ve d i g i t  sampl e numbers were ass i gned each rock ( coherent mater ia l  greater 
than about 1 em ) , the uns i eved porti on and each s i eve fracti on of scooped 
<l em materi a l , the dri l l  bi t and each dri l l  stem and dr ive tube secti on and 
each samp l e  of spec i al characteri sti c .  Rocks i nc l ude samp l es ch ipped from 
bou l ders , i nd i vi dua l  hand samp l e s ,  rake samp l e s ,  and samp l e s  p i cked from rego
l i th duri ng l aboratory proce s s i n g .  

The fi rst d i g i t ( 6 ) i s  the m i s s i on des i gnati on for Apol l o  1 6  ( previ ous m i s s i on s  
used the fi rst two d i g i ts ) . The second di g i t  i nd i cates s amp l i ng s i te ,  as  fol 
l ows : 

Sam[!l i ng S i te I n i ti a l  Number 
LM , ALSEP 60000 
Stations 1 0  and 1 0  prime 60000 
Stati on 1 6 1 000 
Stat ion  2 62000 
Stati on 4 64000 
Stati on 5 65000 
Stati on 6 66000 
Stat ion 8 68000 
Stati on 9 69000 
Stati on 1 1  67000 
Stati on 1 3  63000 

The only excepti ons now known are 600 1 7 wh i c h  was col l ected at Stat ion 1 3 ,  
and 61 01 7  wh ich  cou l d  be from Stati on 2 ,  not Stati on 1 . 

The fi rst numbers for each area were used for dri l l  stems , dri ve tubes , and 
speci a l  samp l es ( surface samp l ers ) , wi th an omi tted number to separate dri ve 
tube or dri l l  stem s tri ngs . ( For examp l e ,  at Stat i on 9 ,  6900 1 i s  a s i n g l e  
core tube and 69003 and 69004 are the two s urface samp l ers . ) Dri l l  stem 
secti ons and doubl e dr ive tubes are n umbered from the l ower-most secti on up
ward . 

The l ast  d i g i t  denotes samp l e  type . 
ascri bed numbers accordi ng to : 

6wxy0 
6wxyl 
6wxy2 
6wxy3 
6wxy4 

Fi nes from a g i ven documented bag are 

uns i eved materi a l  ( usua l ly  <l em) 
< l  mm 
1 -2 mm 
2-4 mm 
4-1 0 mm 

Rocks  from a documented bag were n umbered 6wxy5 - 6wxy9,  usual ly i n  order of 
decreas i ng s i ze .  
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Samp l e  number decades were reserved for the contents of each documented bag . 
I n  the cases where the number of samp l e s  overfl owed a decade the next avai l 
ab l e  decade was used for the overfl ow . For examp l e  DB 1 1  conta i ned soi l , 
numbered 62280 - 62284 , and 6 smal l rocks , numbered 62285 - 62289 and 62305 . 

Documented bags wi th predomi nantly soil samp l es were a s s i gned even numbered 
decades and those wi th rock samp l es were ass i gned odd-numbered decades . The 
decades for rock samp l es u sua l ly only have an unsi eved fi nes number for soi l  (adher i ng to the rock or scooped up wi th i t ) mi xed i n  with any fragments that 
may have broken from the rock .  For examp l e ,  the 1 2  grams of  soi l and rock 
fragments i n  DB 362 are numbered 6 1 1 30 and the 245 gram rock i s  6 1 1 35 .  

Pai red soi l and rake samp.les for each s amp l i ng area were ass i gned by centuri e s  
start i ng wi th 6x500 . The soi l samp l e  documented bag has the fi rst decade or 
decades of the century ,  i n  conformity wi th the l ast d i g i t  cod i ng for rocks 
and fi nes (a s  exp l a i ned  above ) , and the rake samp l e  documented bag uses the 
fol l owi ng decades . For examp l e ,  67700 - 67708 were used for the s i eve frac
t i ons and four rocks from the so i l samp l e  in DB 388 . Then for the compan i on 
rake samp l e  i n  DB 423 ,  6771 0 - 677 1 4  were used for the fracti ons of soi l and 
the 32 >1 em rake fragments were numbered 677 1 5 - 677 1 9 ,  67725 - 67729 ,  . . .  , 
6777 5 ,  67776 . 

As much as poss i b l e  a l l s amp l es returned l oose i n  a s amp l e  col l ection bag or 
a s amp l e  return conta iner were numbered i n  a decade .  In the cases i n  wh ich 
rocks from several  stat i on s  were put i nto a s i n g l e  col l ection bag however , 
the soi l and rock fragments were ass i gned a decade  number that conforms to 
the s i te for the l argest or most  fri ab l e  rock . The other rocks  i n  the s ame 
bag have numbers for the i r  own s i te ,  genera l ly  i n  the second or th i rd decade 
of the thousand numbers for that s i te .  

i x  



APOLLO 1 6  ROCK SAMPLES : BAS I C  I NVENTORY 

The fol l owi ng pages are an i nventory of a l l n umbered Apol l o  1 6  rock samp l es 
and  are updated from the Apo l l o  1 6  Samp l e  I n formation Cata l og ( 1 972 ) ;  rego
l i th and core samp l es are not i nc l uded . Rock samp l e  col umns compri se the 
type of samp l e ,  i ts mas s ,  a bri ef descri ptive name , and the contai ner ( s )  i n  
whi c h  i t  was brought to earth . 

Under SAMPLE TYPE ,  a b l ank  i nd i cates that the samp l e  wa s an i nd i v i dua l ly  col 
l ected hand sampl e ,  i n  some cases chi pped from boul ders . An R i ndi cates that 
the samp l e  wa s col l ected wi th many others by raki ng the regol i th .  A P i nd i 
cates that the samp l e  was p i cked from a regol i th samp l e  duri ng l aboratory 
proces s i ng i n  Hou ston . Deta i l s  on samp l e  col l ecti on can be found i n  the 
I nteragency Report : Astrogeol ogy 5 1  ( 1 972 ) ,  the Apol l o  1 6  Pre l imi nary Sc i ence 
Report ( 1 972 ) , Ba i l ey and U l rich  ( 1 978 ) , and AFG IT ( i n  pres s ) . 

The DESCR IPT I ON i s  not meant to be a forma l c l a ss i fication nor to rep l ace 
exi sting class ifi cati ons . The descri ptive names are not ent i re ly  mutual ly 
excl u s i ve ,  because the categori es are not prec i se ly  defi ned nor are a l l de
fi ned on simi l ar bases , hence fai l the cri ter i a  for forma l c l ass if icat i on . 
For samp l es for whi ch thi n sections have not been made the nature and  genes i s  
of a rock i s  far l es s  wel l -known than for those for whi ch  thi n secti ons do 
exi s t .  Thus some of the rocks can be more speci fica l l y  characteri zed than 
others , and th is  i s  partly refl ected i n  the descri pti ve name . The descri p 
tions conta i n few q uestion marks , but actua l ly  i n  some cases are imprec i se 
and may be a l tered fol l owi n g  further study . The name g i ven i s  not preci se ly 
the descri pti on g i ven  as the t i t l e  l i ne i n  the comprehens ive descr i p ti ons  i n  
the mai n  part of thi s cata l og ;  the t i t l e  l i ne usua l l y  conta i ns  more i nforma
t i on . 

E ar ly  c l as s i f i cat ions  of Apo l l o  1 6  rocks were g i ven by W i l sh i re et a l . ( 1 973 , 
and i n  AFG IT ,  i n  press ) and Warner et a l . ( 1 973 ) ,  and a genera l  CTassi fi cation 
system for h i ghlands rocks i s  presentea-and d i scussed by Sttiffl er et a l . ( 1 979 , 
1 980 ) .  

--

The descriptive names used i n  the i nventory are :  

Basa l ti c  impact mel t: homogeneou s ,  mai n ly  s ubophi t ic  to ophi tic i g neous tex 
ture , wi th c l a sts present i n  some but not a l l cases . Chemi ca l data 
s how meteori ti c contami nati on . 

Vari ol i ti c  impact mel t: homogeneous ,  i gneous texture wi th rad i ating c l usters 
of p l ag i oc l ase ,  and i ntersti ti a l  g l as s  and mafi c mi nera l s .  C l asts are 
usual ly  present ,  and chemi cal data s how meteori te contami nati on . 

Poi ki l i ti c impact mel t : homogeneou s ,  genera l ly  igneous texture wi th n umerous 
ti ny p l a giocl ase grai ns  embedded i n  l arger oi kocrysts of pyroxene ( l es s  
corrmonly ol i v i ne ) .  I n teroi kocryst areas conta i n i l men i te and g l a ss . 
Cl asts are usua l l y  conspi cuous and more common than basal ti c  impact 
mel ts , a nd chemi cal data s how meteori te contaminat ion . (Some workers 
be l i eve thi s  texture to be metamorph i c  i n  orig i n ) . 

X 



The use of the above three terms usual ly requ i res that th i n  sect ion study 
has been made . I n  cases where there i s  evi dence that the s amp l e  i s  an 
i mpact mel t  and i s  not aphan i ti c ,  but the texture cannot be i denti fied , we 
h ave used the more general term crysta l l i ne impact mel t .  

F i ne-gra i ned impact mel t :  numerous c l asts i n  a seri ate s i ze d i s tri buti on 
embedded i n  a fi ne-gra i ned (<50 11m ) mel t  matri x - the di sti ncti on be
tween t i ny cl asts a nd the mel t  i s  usua l l y  d i ffi cul t ,  but the melt i n
c l udes l aths of p l ag i oc l ase and i l meni te .  

G l assy impact mel t :  s i mi lar  to the fi ne-grai ned i mpact me l ts but wi th more 
gl ass and l arger l aths of p l ag i oc l a se . 

The above two terms have been used for samp l es both w ith  and wi thout t h i n  
sect ion s .  

G l a s s ,  c i ndery g l a s s ,  g l a ssy brecc i a :  these terms are used i n  a l oose sense 
to spl i t  a gradati onal seri es, from near homogeneou s g l a sses wi th few 
c l asts through cl early polymict ,  cl ast-ri ch brecci as wi th abundant 
g l as s  i n  the matr ix . The g l assy impact mel ts are a l so gradati onal 
i nto thi s group ; the d i st i ncti on i s  that the g l assy brecci as may have 
several stages of g l ass producti on or d i sti nct g l a s s  ent i ti e s ,  whereas 
the g l assy impact mel ts have g l ass p roduced i n  a s i ng l e  event .  The 
g l a sses i nc l ude  both c l ear and dev i tri f ied g l asse s ,  and both spherica l  
and  i rreg u l ar bod i es . 

Fragmenta l polymict breccia : polymict brecc ias  characteri zed by angu l ar ,  
unequ i l i brated mi nera l a nd  l i th ic  c l asts . They a re ma i n ly fr i a bl e ,  
a l t hough some are coherent and probably l i ghtly s i ntered . They are a 
d i verse group wi th vari ab le  col ors and cl ast contents ; most of the 
" l i ght matri x brecc i a s "  i n  publ i shed stud i es are i n  th i s  group . 

Coherent pol ymi ct brecc i a :  A catch-a l l phrase for mai n ly  heterogeneous co
herent polymict brecc ias  wi th  vari ed matri ces from crystal l i ne impact 
me l t ,  to g l a ssy , to those of uni denti f ied characte r .  Most of these 
are medi um to dark gray i n  col or . 

Di l i tho l og i c  brecc i a s : Brecc ias  whi c h  consi st of two l i thol og i es ,  one l i ght
col ored (catac l ast ic  anorthos i te or  granobl ast ic  mater ia l ) ,  the  other 
dark-col ored ( usua l ly fi ne-grai ned crysta l l i ne impact me l t ) , genera l ly 
referred to i n  publ i s hed stud i es as  "B l ack-and-Whi te " brecc i a s . 

Regol i th brecci a :  coherent to fri abl e  rocks whi c h  are l i th i fi ed soi l s  or at 
l east conta i n abundant regol i th-deri ved components such as g l as s  beads , 
g l a ss shard s ,  and  agg l utunt i c  mater ia l ; usua l ly dark gray to brown . 

Fri ab l e  regol i th c l od :  ma i nly d i saggregated , often brown , c l ods whi ch  appear 
to have been  l oose ly bound regol i th .  

Catac l a st ic  anorthos i te :  near-monomi neral i c  ( p l ag ioc l a s e )  rocks whi c h  are 
brecciated but common ly  conta i n  rel i ct p l ag i oc l ase gra i ns a few mi l l i 
meters across .  I f  chemi cal or other data i nd i cates a l ack of meteori ti c 
contami nat i on the p hrase Pr i sti n e  catac l asti c anorthosi te i s  used . The 
mod i fi ers nori t ic  and trocto l 1 t1 c  are also u sed . 
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Other sparsely-used descri pti ve names , for whi ch  exp l anat i on see the 
i nd i v i dua l  samp l e s ,  are granobl asti c  anorthosi te (6061 9 ) , granobl astic  
troctol i ti c  anorthosi te ( 61 577 } , poi ki l ob l ast ic  i mpacti te (67955 , 67746 } , 
granobl asti c impacti te (67566 } , and polymict  granob last ic  brecci a  (60035 ) . 
They con s i s t  l arge ly of mater i al s wi th c l early metamorph i c  textures . Such 
l i th ic  types are fa i rl y  common as smal l er c l asts i n  other polymi ct brecc i as .  
One samp l e  ( 61 576 } i s  p robably a s i ng l e  p l ag i ocl ase crystal ,  and one samp l e (67667 ) i s  a pri sti ne fel dspath i c  l herzol i te .  

Fi nal ly ,  some of the descri ptive names are combi ned forms (e . g. g l assy impact 
mel t/brecci a ) where two l i thol ogies are consp i cuous , and the prefi x "meta- "  
i s  used i n  a few cases where a domi nantly i gneous texture has been mod i fi ed 
by su bsequent therma l effects . 

The SAMPLE CONTAINER acronyms are : 
DB Documented bag 
PDB Padded documented bag 
SCB Samp l e  col l ecti on bag 
S RC Samp l e  return contai ner 

Further deta i l s  of samp l e  conta i ners can be found i n  the I nteragency Report: 
Astrogeol ogy 51 ( 1 972 } , and the Apol l o  1 6  Samp l e  Informati on Cata l og ( 1 972 ) . 
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APOLLO 1 6  ROCK I NVENTORY 

SAMPLE SAMPLE 
NW�BER TYPE 

60015 
60016  
60017  
60018 
60019 

60025 

60035 

60055 
60056 
60057 
60058 
60059 

60075 

60095 

601 15  

60135 

60215 

60235 

60255 

60275 

60315  

60335 

60515 
60516  
60517  
60518  
60519  

R 
R 
R 
R 
R 

MASS g 

5574 . 0  
4307 . 0  
2102 . 0  
1501 . 0  
1887 . 0  

1836 . 0  

1052 . 0  

3 5 . 48 
1 6 . 07 
3 . 10 
2 . 12 
1 . 05 

183 . 8  

46 . 60 

132 . 5  

137 . 7  

385 . 8  

70 . 13 

871 . 0  

2 55 . 2  

787 . 7  

317 . 8  

16 . 74 
7 . 91 
1 . 23 
1 . 12 

. 50 

DESCR I PTION* 

Pr i s t i ne catac l ast i c  anorthos i te ( G )  
Fragmenta l polym i ct brecc i a  
V ar i o l i t i c  impact mel t/brecc i a  
Basal t i c  impact me l t  ( G )  
G l assy ( rego l i th? ) brecc i a  ( G )  

SRC/DB 
OR 

SCB/DB 

SCB5/ 
SCB7/ 
SCB7/ 
SCB7/ 
SCB4/ 

Pri st i ne catac l as t i c  anorthos i te ( G )  SCB3/ 

Po lym i ct granob l ast i c  brecc i a  ( G )  

Pr i st i ne catac l as t i c  anorthos i te 
Catacl ast i c  anorthos i te ( G )  
Catac l as t i c  anorthos i te 
Fragmental polymi ct  brecc i a  
Catac l as t i c  anorthos i te 

Fragmental  polymict  brecc i a  

G l as s  

G l assy brecc i a  

Catac l as t i c  anorthos i te ( G )  

SRC1/351 

SRCl /355 
SRCl/355 
SRCl/355 
SRCl/355 
SRCl /355 

SRC1/373 

SCBl/004 

SCBl/381 

SCB6/430 

Pr i st i ne catac l as t i c  anorthos i te ( G )  SCB6/13  

Basa l t i c  impact mel t  

Rego l i th brecc i a  ( G )  

G l assy brecc i a  ( regol i th? ) ( G )  

Poi k i l i t i c  impact me l t  

Basa l t i c  impact me l t  

Catac l as t i c  anorthos i te 
Catac l as t i c  anorthos i te 
Catacl ast i c  anorthos i te 
Catac l as t i c  anorthos i te 
Catac l ast i c  anorthos i te 

SCB6/15 

SCB6/1 7  

SCB7/18 

SCB7/20 

SCB6/331 

SCB4/349 
SCB4/349 
SCB4/349 
SCB4/349 
SCB4/349 

60525 R 1 2 . 84 Po i k i l i t i c  i mpact mel t  SCB4/349 
60526 R 8 . 42 Poi k i l i t i c  impact me l t  SCB4/349 
60527 R 7 . 36 Crysta l l i ne polymict  brecc i a/ g l as s(G ) SCB4/349 
60528 R 2 . 94 G l assy impact me l t  SCB4/349 
60529 R 1 . 24 Basa l t i c  impact me l t  SCB4/349 

* A  ( G )  fol l owi ng the descri pti ve name i nd i cates that the rock is a t  l east  
partly coated wi th g l ass. 
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SRC/DB 
SA�1PLE SM�PLE OR 
N U��BER  TYPE MASS g DESCR I PTION SCB/DB 

60535 R 7 . 23 Fragmental polymict  ( regoli th? ) SCB4/349 
brecc i a  ( G )  

60615  R 32 . 97 Basalti c  impact melt ( G )  SCB4/347 
60616  R 3 . 40 Poik i l i t i c  impact melt SCB4/347 
6061 7  R 2 .  77 Crystall i ne impact melt ( G )  SCB4/347 
60618 R 2 1 . 67 Bas alt i c  impact melt/anorthos i te SCB4/347 
60619 R 28 . 00 Granoblast i c  anorthos i te ( G )  SCB4/347 

60625 R 1 1 7 . 00 Poi k il i t i c  i mpact melt SCB4/347 
60626 R 1 5 . 87 Poi k i l i t i c  impact melt SCB4/347 
60627 R 12 . 09 Crystall i ne  impact melt (G ) SCB4/347 
60628 R 6 . 86 Cataclast i c  anorthos i te ( G )  SCB4/347 
60629 R 4 . 92 Cataclast i c  anorthos i te ( G )  SCB4/347 

60635 R 1 5 .  o�; Basalt ic  impact melt SCB4/347 
60636 R 35 . 6:> Basalti c/po i k i l i t i c  impact melt ( G )  SCB4/347 
60637 R 7 . 98 Fragmental polymict  ( regol i th ? )  SCB4/347 

brecc i a  
60638 R . 72 Fragmental polym ict brecc i a  SCB4/347 
60639 R 1 75 . 1  Fragmental polymi ct brec c i a  ( G )  SCB4/347 

60645 R 33 . 5  F i ne-grai ned i mpact melt SCB4/347 
60646 R 3 . 39 F i ne-grai ned impact melt SCB4/347 
60647 R 1 .  76 Glas sy impact melt SCB4/347 
60648 R 2 . 84 Glassy brecc i a  SCB4/347 
60649 R 1 . 03 Glassy brecc i a  SCB4/347 

60655 R 8 . 63 Glassy impact melt SCB4/347 
60656 R 1 1 . 23 Glassy impact melt SCB4/347 
60657 R 6 .  o�; Fragmental .polymict  brecc i a  ( G )  SCB4/347 
60658 R 5 . 47 Glas sy impact melt ( G )  SCB4/347 
60659 R 22 . 20 Fragmental polymict  brecc i a  SCB4/347 

60665 R 90 . 1  Glas s  SCB4/347 
60666 R 15 . 95 Glassy impact melt SCB4/347 
60667 R 7 . 66 Glassy/basalt i c  impact melt ( G )  SCB4/347 
60668 R 2 . 91 Glassy impact melt SCB4/347 
60669 R 2 . 54 Glass SCB4/347 

60675 R 1 . 30 F i ne-gra i ned impact melt SCB4/347 
60676 R 8 . 92 Glassy impact melt SCB4/347 
60677 R 5 . 23 Glassy brecci a SCB4/347 
60678 R 1 . 25 Glas sy impact melt SCB4/347 
60679 R 2 . 96 Glassy i mpact melt SCB4/347 

61015 1804 . 0  D il i tholog i c  brecc i a  ( G )  SRC1 
61016 1 1729 .o Basalt i c  impact melt/pr i st i ne BSLSS 

anorthos i te ( G )  
61017  2 . 62 Cataclast i c  anorthos i te SRC1/ 

61135  245 . 1  Fragmental polymict  brec c i a  SRCl/362 
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SRC/DB 
SAMPLE SAMPLE OR 
NU�1BER TYPE MASS g DESCR I PT ION SCB/DB 

61155  47 . 59 G l assy impact mel t  SRC1/371  
61156 58 . 46 Meta-po i k i l i t i c  impact me l t  SRC1/371  
61157  1 1 . 26 Fragmental pol ymi ct brecc i a  SRC1/371  
61158 14 . 79 Fragmental po l ym i ct brecc i a  SRC1/371 

61175  542 . 7  Fragmental  polym ict  brecc i a  SRC1/364 

61195 587 . 9  Rego l i th brec c i a  ( G )  SRC1/002 

61225 3 . 52 Crystal l i ne i .mpact me l t  SRC 1 /357  
61226 1 . 53 Catac l as t i c  anorthos i te ( G )  SRC1 /357  

61245 8 . 25 F i ne-gra i ned i mpact me l t  SRC1/352 

61246 6 . 05 F i ne-grained impact me l t  SRC1 /352 
61247 2 . 48 Poi k i l i t i c  impact me l t  SRC1/352 
61248 1 . 7 1  Fragmental  po lym i ct brecci a SRC1/352 
61249 1 . 17 Basa l t i c  impact me l t  SRC1/352 

61255 1 . 1 3 C i ndery g l ass  SRC1/352 

61295 187 . 00 Rego l i th brecc i a  SRC1/353 

61505 p 1 . 651  F i ne-grai ned impact mel t  SRC1/354 

61515 R 2 . 00 Fragmental po lymi ct brecc i a  SRC1/372 
61516 R 2 . 38 Fragmental  polymict  brecc i a  SRC1/372 
61517  R . 47 Fragmental  polym i ct brecc i a  SRC1/372 
61518 R . 1 6 Fragmental po lymi ct brecc i a  SRC1/372 
61519  R . 33 Fragmental  po lymict  brecc i a  SRC1 /S72 

61525 R 10 . 35 G l assy brecc i a  SRC1 /372 
61526 R 4 . 08 Fragmental  polymi ct brecc i a  SRC1/372 
61527 R . 52 Fragmental  polymi ct brecc i a  SRC1/372 
61528 R . 24 Fragmental  polymi ct brecc i a  ( G )  SRC1/372 
61529 R . 28 Fragmental polymict  brecc i a  SRC1 /372 

61535 R . 23 Fragmental  polymict  brecc i a  ( G )  SRC1/372 
61536 R 85 . 99 G l assy brecc i a  ( G )  SRC1/372 
61537 R 6.62 Fragmental  polymi ct brecc i a  ( G )  SRC1 /372 
61538 R 4 . 76 Fragmental  polym ict brecci a  ( G )  SRCl/372 
61539 R 5 . 78 G l assy brecc i a  SRC1 /372 

61545 R 3 . 61 Fragmental  polymict brecc i a  ( G )  SRC 1/372 
61546 R 1 10 . 7  G l assy impact me l t  SRCl/372 
61 547 R 17 . 93 Basal t i c  impact me l t  ( G? )  SRC 1/372 
61548 R 24 . 18 G l assy i mpact me l t  SRCl/372 
61 549 R 3 . 76 Bas a l t i c/poi k i l i t i c  impact mel t  SRC1/372 
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SRC/DB 
SAMPLE SAMPLE OR 

""� N UMBER TYPE MASS g DESCR I PTION  SCB/DB 

61555 R 3 . 46  G l assy impact me l t  SRC1/372 
61556 R 2 . 23 G l ass  SRCl/372 
61557 R . 93 G l assy impact me l t  SRC1 /372 
61 558 R 3 . 00 G l ass  SRC l/372 
61559 R . 62 G l assy breccia SRC1/372 

61565 R . 88 G l assy breccia SRC1/372 
61566 R . 66 G l assy impact me l t  SRC1/372 
61567 R . 19 G l assy impact me l t  SRC1/372 
61568 R 19 . 32 Basal tic/poikilitic impact me l t  SRC1/372 
61569 R 12 . 02 Poikilitic impact me l t  SRC1/372 

61575 R 5 . 26 Crystal l ine impact mel t  SRC1/372 
61576 R 5 . 87 P l agiocl ase crystal ( G )  SRC1/372 
61577 R . 21 Granob l as tic troctolitic SRC1/372 

anorthosite ( G )  

62235 319 . 6  Poikilitic impact me l t  SRC 1/005 
62236 5 7 . 27 Pristine noritic anorthosite SRC1/005 
62237 62 . 35 Pristine troctolitic anorthosite SRC1/005 
62238 1 . 565 Catac l astic anorthosite SRC1/005 

62245 p 6 . 03 Crysta l l ine  impact me l t  SRC1/006 
62246 p 4 . 59 Catacl astic anorthosite ( G )  SRC1/006 ------ 62247 p 2 . 11 Fragmenta l  po lymict breccia SRC1/006 
62248 p 1 . 6 1  Fragmental  polymict breccia ( G )  SRC1 /006 
62249 p 1 . 41  Fragmental  polymict breccia SRC 1/006 

62255 1239 . 0  Dil ithol ogic breccia ( G )  SRC1/007 

62275 443 . 0  C atacl astic anorthosite SRCl/009 

62285 p 3 . 524 Friab l e  rego l ith c l od SRCl/011 
62286 p 2 . 917  Friabl e  regolith c l od SRC1/01 1  
62287 p 2 . 474 Fine-grained impact me l t  SRC1/011  
62288 p 1 . 939 Fragmental  or crysta l line polymict SRCl/011 

breccia 
62289 p 1 . 135  Friabl e  regolith c l od SRC1/011 

62295 250 . 8  Basa l tic impact me l t  SRCl/010 

62305 p . 810  Fragmenta- l  polymict breccia SRC1/011 

6231 5  p . 77 Fragmental  polymict breccia SRCl/006 

63335 65 . 4  Fine-grained impact me l t/breccia SCB6/428 

63355 68 . 24 Poikilitic impact me l t  SCB6/429 
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SRC/DB 
SAMPLE SAMPLE OR 
NUMBER TYPE  MASS g DESCR I PTION SCB/DB 

63505 p 5 . 41  F i ne-grai ned impact melt SCB4/346 
63506 p 4 . 9  Basalti c  impact melt SCB4/346 
63507 p 2 . 78 Fragmental regoli th brecc i a  ( G )  SCB4/346 
63508 p 2 . 61 F i ne-gra i ned impact melt SCB4/346 
63509 p 2 . 05 F i ne-grai ned impact melt SCB4/346 

6351 5  p 1 . 32 F i ne-grai ned i mpact melt SCB4/346 

63525 R 6 . 68 F i ne-gra ined impact melt SCB4/345 
63526 R 2 . 9 1  F i ne-gra i ned impact melt SCB4/345 
63527 R 6 . 10 Basalt i c  impact melt (maf i c )  SCB4/345 
63528 R 4 . 12 F i ne-grai ned i mpact melt SCB4/345 
63529 R 2 3 . 48 F i ne-gra i ned impact melt SCB4/345 

63535 R 6 . 85 Basalti c  impact melt SCB4/345 
63536 R 1 . 02 Basalti c  impact melt SCB4/345 
63537 R 4 . 78 Basalti c impact melt SCB4/345 
63538 R 35 . 06 F i ne-grai ned impact melt/glass SCB4/345 
63539 R . 39 F i ne-grai ned impact melt SCB4/345 

63545 R 1 5 . 95 Bas alt i c  impact melt SCB4/345 
63546 R 9 . 23 F i ne-gra i ned impact melt SCB4/345 
63547 R 4 . 90 Poi k il i t i c  impact melt SCB4/345 
63548 R 1 . 13 F ine-grai ned i mpact melt SCB4/345 
63549 R 26 . 57 Basalti c  impact melt SCB4/345 

63555 R 3 . 38 F i ne-gr a i ned impact melt SCB4/345 
63556 R 18 . 10 Po i k il i t i c  impact melt SCB4/345 
63557 R 7 . 53 F i ne-grai ned impact melt SCB4/345 
63558 R 7 . 09 Poi k i l i t i c  impact melt SCB4/345 
63559 R 6 . 04 Glas s  SCB4/345 

63565 R . 94 Glass SCB4/345 
63566 R 19 . 61 Glas s  SCB4/345 
63567 R 3 . 2 1  Glass SCB4/345 
63568 R 4 . 06 Glass SCB4/345 
63569 R . 43 Glas s  SCB4/345 

63575 R 4 .  72 G 1  ass SCB4/345 
63576 R 1 . 23 Glass SCB4/345 
63577 R 1 2 . 41 Crystalli ne polymict  brecc i a  SCB4/345 
63578 R 19 . 60 Glassy/fi ne-gra i ned i mpact melt SCB4/345 

brecc i a  
63579 R 1 1 . 35 F i ne-gra i ned  impact melt SCB4/345 

63585 R 32 . 62 Basalti c/poi k il i t i c  impact melt SCB4/345 
63586 R 1 . 98 F i ne-grai ned impact melt SCB4/345 
63587 R 20 . 51 Po i k i l i t i c  impact melt SCB4/345 
63588 R 2 . 40 Fragmental polym i ct brecci a  SCB4/345 
63589 R 13 . 51 Fragmental polymict  brecc i a  SCB4/345 
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SAMPLE SAMPLE OR 
N U�1BER TYPE MASS g DESCR I PTION SCB/DB ,-� 

63595 R 2 . 10 Fragmental  pol ym i ct brecci a SCB4/345 
63596 R 6 . 40 Poi k i l i t i c  impact me l t  SCB4/345 
63597 R 5 . 67 Po i k i l i t i c  impact mel t  SCB4/345 
63598 R 12 . 66 Poi k i l i t i c  impact mel t  SCB4/345 

64425 14 . 62 D i l i thol o g i c  brecc i a  SCB3/399 

64435 1079 . 0  F i ne-grai ned impact mel t  ( G )  SCB1/394 

64455 5 6 . 68 Basal t i c  impact me l t  (G )  SCB3/397 

64475  1032 . 0  D i l i tho l og i c  brecc i a  SCB3/398 
64476 1 25 . 1  D i l i thol og ic  brecc i a  SCB3/398 
64477  19 . 32 G l assy brecc i a  SCB3/398 
64478 12 . 34 Po i k i l i t i c  impact me l t  ( G )  SCB3/398 

64505 p 5 . 392 Fragmental pol ymi ct brecc i a  SCB1/396 
64506 p 5 . 079 Basal ti c  impact mel t  ( G )  SCB1/396 
64507 p 4 . 474 D i l i tho log ic  brecci a  SCB1/396 
64508 p 4 . 1 68 Di l i tho l og i c  brecc i a  SCB1 /396 
64509 p 3 . 150 Fragmental polym ict  brecc i a  SCB1/396 

64515 p 3 . 761  Bas a l tic impact me l t  SCB1/396 
64516  p 2 . 929  Catac l as t i c  anorthos i te SCB1/396 

/-' 64517 p 1 . 546 Crysta l l i ne po lym ict  brecc i a  SCB1/396 
64518 p 1 . 490 F i ne-grai ned i mpact mel t  SCB1/396 
64519 p 1 . 124 Catac l as t i c  anorthos i te SCB1 /396 

64525 p 1 . 107  Catac l as t i c  anorthos i te SCB1/396 

64535 R 256 . 6  D i l i tho log i c  brecci a SCB1/395 
64536 R 1 77 . 5  D i l i tho log i c  brec c i a  SCB1/395 
64537 R 1 24 . 3  D i l i tho log i c  brecc i a  SCB1/395 
64538 R 30 . 03 Polyl i tho l og i c  brecc i a  SCB1 /395 
64539 R 1 7 . 76 D i l i tho l o g i c  brecci a  SCB1/395 

64545 R 14 . 09 Di l i tho l og i c  brecc i a  SCB1/395 
64546 R 1 2 . 80 D i l itho log ic  brecc i a  SCB1/395 
64547 R 1 0 . 90 Fragmental  polymi ct or d i l i thol og i c  

brecc i a  
SCB1/395 

64548 R 8 . 49 D i l i tho log i c  brecci a  SCB1/395 
64549 R 6 . 47 D i l i tho log i c  brecc i a  SCB1/395 

64555 R 5 . 29 Fragmental  d i l i tho l o g i c  brecc i a  SCB1/395 
64556 R 5 . 15 Di l i tho l og i c  or polymi ct brecc i a  SCB1/395 
64557 R 4 . 790 F i ne-grai ned impact me l t  SCB1/395 
64558 R 3 . 130 D i l i thol og ic  brecc i a  SCB1/395 
64559 R 2 1 . 82 Basa l t i c  impact me l t  SCB1/395 
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64565 R 14 . 73 G l assy impact mel t  SCB1/395 
64566 R 14 . 13 F i ne-grai ned impact me l t  SCB1/395 
64567 R 1 3 . 86 Poi k i l i t i c  impact me l t  SCB1/395 
64568 R 9 . 379 Poi k i l i t i c  impact mel t  SCB1 /395 
64569 R 14 . 32 Poi k i l i t i c  impact me l t  SCB1 /395 

64575 R 6 . 837  Poi k i l i t i c  impact mel t  SCB1 /395 
64576 R 6 . 91 6  Bas a l t i c  i mpact mel t  SCB1/395 
64577 R 5 . 692  G l assy brecc i a  SCBl/395 
64578 R 5 . 596  F i ne-grai ned impact mel t  ( G )  SCB1/395 
64579 R 4 . 802 F i ne-grai ned impact mel t  SCB1/395 

64585 R 4 . 696 Bas a l tic/poi k i l i t i c  impact mel t  SCB1/395 
64586 R 3 . 337 F i ne-gra i ned impact me l t  ( G )  SCB1/395 
64587 R 7 . 180 Fragmental  polym i ct brecc i a  ( G )  SCB1/395 
64588 R 2 . 546 Fragmental  polymict  brecci a SCB1/395 
64589 R 4 . 039 Catac l as t i c  anorthos i te SCB1 /395 

64815  R 20 . 90 Meta-po i k i l i t i c  impact mel t  SCB3/401 
64816  R 3 . 83 Po i k i l i t i c  impact mel t  SCB3/401 
64817 R 8 . 98 Basal t i c  impact mel t  SCB3/401 
64818 R 1 5 . 98 D i l i thol og i c  brecc i a  SCB3/401 
64819 R 1 1 . 76 Pri st i ne catac l asti c  anorthos i te ( G )  SCB3/401 

64825 R 2 1 . 50 Fragmental po lym i ct brecc i a  SCB3/401 
64826 R 1 1 . 33 Fragmental  polymict  brecc i a  SCB3/401 
64827 R 8 . 1 1  Fragmental  polymict  brecc i a  SCB3/401 
64828 R . 97 Fragmental po lym i ct brecc i a  SCB3/401 
64829 R 2 . 20 Fragmental polym i ct brecc i a  SCB3/401 

64835 R 2 . 32  Fragmental  po lym i ct brecc i a  SCB3/401 
64836 R 1 . 7 6  Fragmenta l polym i ct brecc i a  SCB3/401 
64837 R 2 . 18 Fragmental  po lym i ct brecc i a  ( G )  SCB3/401 

65015 1802 . 0  Po i k i l i t i c  impact me l t  SCB3/ 
65016 21 . 02 G l as s  SCB1/ 

65035 446 . 1  Catacl astic anorthos i te ( G )  SCB1 /404 

65055 500 . 8  Basal t i c  impact me l t  SCB3/337 
65056 64 . 78 Var i o l i t i c  impact me l t  SCB3/337 

65075 107 . 9  Bas a l t i c  impact me l t  ( G )  SCB1 /403 

65095 560 . 1  Fragmental po l ym i ct ( rego lith? ) SCB3/336 
brecc i a  ( G )  

65315 300 . 4  Pri st i ne c atac l as t i c  anorthos i te ( G )  SCB1 /405 
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65325 R 67 . 87 P r i s t i ne  catac l ast i c anorthos i te ( G )  SCB1/405 
65326 R 3 6 . 40 Catac l ast i c  anorthos i te SCB1 /405 
65327 R 6 . 97 Pri st i ne  catac l as t i c  anorthos i te ( G )  SCB1 /405 
65328 R 1 . 28 Catac l ast i c  anorthos i te { G )  SCB1/405 
65329 R 1 . 92 Catac l ast i c  anorthos i te SCB1/405 

65335 R 1 . 63 Catac l as t i c  anorthos i te SCB1/405 
65336 R . 60 Catac l ast i c  anorthos i te ( G )  SCB1/405 
65337 R 1 1 . 57 Fragmental po lym i ct brecc i a  SCB1/405 
65338 R 2 . 65 Fragmental polym ict  brecc i a  SCB1/405 
65339 R 1 . 62 Fragmental polym ict  brecc i a  SCB1 /405 

65345 R . 86 Fragmental polym ict  brecc i a  SCB1 /405 
65346 R . 80 Fragmental po lym i ct brecc i a  SCB1 /405 
65347 R . 43 Fragmental polym ict  brecc i a  SCB 1 /405 
65348 R 1 1 . 66 G l ass SCB1 /405 
65349 R 7 . 58 G l assy i mpact me l t  SCB1/405 

65355 R 4 . 94 G l assy i mpact me l t  SCB1/405 
65356 R 2 . 53 G l assy i mpact mel t  SCB1/405 
65357 R 18 . 76 Poi k i l i t i c  impact me l t  SCB1/405 
65358 R 7 . 02 Poi k i l i t i c  impact melt SCB1/405 
65359 R 2 . 53 Fragmental pol ym i ct brec c i a  ( G) SCB1/405 

/ 
65365 R 2 . 1 6 Poi k i l i t i c  impact me l t  SCB1/405 
65366 R 8 . 48 G l as s  SCB1/405 

6551 5  R 50 . 25 Fragmental po lym i ct brecc i a  SRC2/332 
( rego l i th c l od )  

65516 R 10 . 49 Fragmental  po lym ict  brecc i a  SRC2/332 
(regol ith c l od )  

655 1 7  R 1 1 . 8 5  Fragmental  polym i ct brecc i a  SRC2/332 
( rego l i th c l od )  

65518 R 9 . 477  Fragmenta l po lym i ct brecc i a  SRC2/332 
(rego l i th c l od )  

65519 R 1 0 . 58 Fragmental  polym ict  brecc i a  SRC2/332 
( rego l i th c l o d )  

65525 R 7 . 483 Fragmental pol ymi ct brecc i a  SRC2/332 
( rego l i th c l od )  

65526 R 3 . 545 Fragmental po l ym i ct brecc i a  SRC2/332 
( rego l i th c l o d )  

65527 R 2 . 890 Fragmental polym ict  brecc i a  SRC2/332 
( rego l i th c l od )  

65528 R 3 . 082 Fragmental  polymict  brec c i a  SRC2/332 
( rego l i th c l od )  

65529 R 2 . 555 Fragmental  pol ym i ct brec c i a  SRC2/332 
( rego l i th c l od )  

/�' 
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65535 R 2 . 658 Fragmental polym i ct brecc i a  SRC2/332 
(rego l ith  c l od )  

65536 R 1 . 575  Fragmental polym ict brecc i a  SRC2/332 
( rego l i th c l od )  

65537 R 2 . 426 Fragmental  po lym i ct brec c i a  SRC2/332 
( re go l i th c l od )  

65538 R 2 . 342 Fragmental  polymict brecc i a  SRC2/332 
( rego l i th c l od )  

65539 R 2 . 180 Fragmental  po lymi ct brecc i a  SRC2/332 
( rego l i th c l od )  

65545 R 1 .  797 Fragmental po l ym i ct brecc i a  SRC2/332 
( rego l i th c l od )  

65546 R 1 . 346 Fragmenta l po lymict  brecc i a  SRC2/332 
(rego l i th c l od )  

65547 R 1 . 587 Fragmental  polymi ct brecc i a  SRC2/332 
( rego l i th c l od )  

65548 R 3 . 023 Fragmental polym i ct brecci a  SRC2/332 
( regol i th c l od )  

65549 R 2 . 094 Fragmenta l polym ict  brecc i a  SRC2/332 
( rego l i th c l od )  

65555 R 2 . 202 Fragmental polymi ct brecc i a  SRC2/332 
( rego l i th c l od )  

65556 R 1 . 170 Fragmental po lym i ct brecci a SRC2/332 
( rego l i th c l od )  

65557 R 1 . 1 14 Fragmenta l po lym i ct brecc i a  SRC2/332 
( regal i th c l o d )  

65558 R 1 . 695 Fragmenta l po lymict  brecc i a  SRC2/332 
( rego l i th c l o d )  

65559 R 1 . 533 Fragmental polymict brecc i a  SRC2/332 
( rego l i th c l od )  

65565 R . 852 Fragmental polymi ct brecc i a  SRC2/332 
( rego l i th c l od )  

65566 R 1 . 998 Fragmental polym i ct brecc i a  SRC2/332 
(rego l i th c l od )  

65567 R 1 . 289 Fragmental  polym ict brecc i a  SRC2/332 
( rego l i th c l od )  

65568 R . 808 Fragmental  po lym i ct brecc i a  SRC2/332 
( rego l i th c l od )  

65569 R . 873 Fragmenta l polymict  brecc i a  SRC2/332 
( rego l i th c l od )  
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b5575 R . 907 Fragmental  polymict  brecc i a  SRC2/332 
(rego l i th c l o d )  

65576 R .906 Fragmenta l po lymi ct brecc i a  SRC2/332 
(rego l i th c l od ) 

65577 R . 706 Fragmental polymict brecc i a  SRC2/332 
(re go l i th c l od )  

65578 R . 320 Fragmenta l polymi ct brecc i a  SRC2/332 
(rego l i th c l o d )  

65579 R . 612  Fragmenta l po lymi ct brecc i a  SRC2/332 
( rego l i th c l od )  

65585 R 9 . 294 C i ndery g l ass  SRC2/332 
65586 R 6 . 763 Fragmental po lymict  brecc i a  SRC2/332 

(rego l i th c l od )  ( G )  
65587 R 2 . 14 1  Fragmental  polymi ct brecc i a  SRC2/332 

( rego l i th c l od )  ( G )  
65588 R 9 . 629 Fragmental  polym i ct brecc i a  SRC2/332 

65715 R 3 1 . 36 Fragmental polymi ct brecc i a  SCB1 /334 
657 1 6  R 14 . 28 Fragmenta l po lymict  brecc i a  SCB1/334 
65717 R 7 . 4 1 5  Fragmental polymict  brecc i a  SCB1 /334 
65718 R 10 . 6 1  Fragmental polym i ct brecc i a  SCB1 /334 
65719 R 7 . 04 Fragmenta l  polymi ct brecc i a  SCB1/334 

65725 R 6 . 67 Fragmental  po lym i ct brecc i a  SCBl/334 
65726 R 5 . 19 Fragmental  polyn1 i ct  brecc i a  SCB1/334 
65727 R 4 . 30 Fragmental  polymi ct brecc i a  SCB1/334 
65728 R 4 . 22 Fragmenta l po lym i ct brecc i a  SCB1/334 
65729 R 3 . 81 Fragmenta l polymict  brecc i a  SCB1/334 

65735 R 4 . 26 Fragmental polymi ct brecc i a  SCB1/334 
65736 R 2 . 74 Fragmental polymict  brecc i a  SCB1/334 
65737 R . 85 Fragmental  polym i ct brecc i a  SCB 1/334 
65738 R 1 . 1 7  Fragmental polym i ct brecc i a  SCB1/334 
65739 R . 95 Fragmental  polym i ct brecc i a  SCB1/334 

65745 R 7 . 76  Fragmental  polymict  ( rego l i th? ) SCB1 /334 
brecc i a  

65746 R 4 . 19 Rego l i th brecc i a  SCB1/334 
65747 R . 82 Fragmenta l po lymict  ( rego 1 i th ? )  SCB1 /334 

brecc i a  
65748 R . 97 Fragmenta l  po l ym i ct (regol i th ? ) SCB1 /334 

brecc i a  
65749 R . 95 Fragmental polymict  (regol i th ? )  SCBl/334 

brecc i a  

65755 R 1 . 42 G l assy impact me l t  or rego l i th SCB1 /334 
brecc i a  

65756 R . 77 Fragmental  polymict  brecc i a  SCB1/334 
65757 R 26 . 20 G l assy impact me l t  SCB1 /334 
65758 R 5 . 95 D i l i tho log ic  or crystal l i ne polymict  SCB1/334 

brec c i a  
65759 R 3 . 1 1  Catac l as t i c  anorthos i te ( G )  SCB1 /334 
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65765 R 1 . 12 Dil ithol ogic breccia or me l t-coated SCB1/334 
anorthosite ( G ? )  

65766 R 1 . 01 Catac l astic anorthosite SCB1/334 
65767 R 17 . 51 G l ass  SCB1/334 
65768 R 3 . 25 Fragmental  polymict breccia ( G )  SCB1/334 
65769 R 2 . 74 Fragmental  polymict breccia ( G )  SCB1/334 

65775 R 3 . 50 Fragmental po lymict breccia ( G )  SCB1/334 
65776 R 2 . 33 G l assy impact me l t  SCB1/334 
65777 R 1 6 . 53 Poikilitic impact me l t  ( G )  SCB1/334 
65778 R 1 2 . 22 Poiki litic impact mel t  SCB1/334 
65779 R 12 . 7 1  Basal tic impact mel t  SCB1/334 

65785 R 5 . 16 Basal tic impact me l t  SCB1/334 
65786 R 83 . 02 G l assy brecc i a ( G )  SCB1/334 
65787 R 8.28 Crystal line polymict breccia ( G )  SCB1 /334 
65788 R 9 . 32 G l assy impact me l t  SCB1/334 
65789 R 12 . 24 Catac l astic anorthosite ( G )  SCB 1/334 

65795 R 6 . 84 Bas a l tic impact me l t  SCB1/334 

65905 p 12 . 08 Basal tic impact me l t  SCB1/406 
65906 p 6 . 584 Basal tic impact me l t  ( G )  SCB1/406 
65907 p 4 . 658 Fragmental po lymict breccia SCB1/406 
65908 p 2 . 1 62 G l as s  SCB1/406 
65909 p 2 . 024 Catacl astic anorthosite SCB1/406 

6591 5  p 2 . 060 G l assy or fine-grained impact me l t  SCB1 /406 
65916  p 0 . 994 Catacl astic anorthosite SCB1/406 

65925 R 3 . 82 Fragmental pol ymict ( rego lith ? )  SCB1/335 
breccia 

65926 R 3 . 03 Fragmental polymict ( rego 1 ith? ) SCB1/335 
breccia 

65927 R . 7 2 Fragmenta l polymict ( rego l ith ? )  SCB1/335 
breccia 

66035 21 1 . 4  Fragmental  polymict breccia ( G )  SCBl/407 
66036 4 . 384 Fragmental polymict breccia SCB1 /407 
66037 3 .  718 G l assy breccia SCB1/407 

66055 1 306 . 0  Polymict or dil ithol ogic breccia SCB1/408 

66075 347 . 1  Fragmental po lymict breccia SRC2/409 

66085 3 . 66 Fragmental  polymict breccia SRC2/339 
66086 2 . 027  Fragmental polymict breccia SRC2/339 

66095 1 185 . 0  Basal tic impact me l t  ( G )  SCB1/410 
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67015 1 194 . 0  Fragmental polymict  brecc i a  SCB7i 
67016 4262 . 0  Fragmental polym i ct brecc i a  BSLSS 

67025 1 6 . 06 Basal t i c  impact me l t  ( G )  BSLSS 

67035 245 . 2  Fragmental polymict brecc i a  SCB7/382 

67055 221 . 9  Fragmental po l ym i ct brecc i a  SCB7/383 

67075 2 19 . 2  Catac l ast i c  anorthos i te SCB7/384 

67095 339 . 8  Bas a l t i c  impact me l t  ( G )  SCB7/385 

67115  240 . 0  Fragmental polymi ct brecc i a  ( G )  SCB7/386 

67215 276 . 2  Fragmenta l ( monomict  granob l asti c )  SCB6/PDB1 
brecc i a  

67235 937 . 2  Poi k i  l i t i c  impact me l t  SCB6/PDB2 

67415 1 74 . 9  Catac l as t i c  nor i t i c  anorthosite SCB6/387 

67435 353 . 5  Crysta l l i n e  polym i ct brecc i a  ( G )  SCB6/41 5  

/ 67455 942 . 2  Fragmental polym i ct brec c i a  SCB6/416  

67475 1 75 . 1  G l assy impact me l t/brecc i a  SCB6/418 

67485 p 6 . 55 F i ne-gra ined i mpact mel t  SCB6/419  
67486 p 5 . 80 G l as s  SCB6/419 
67487 p 2 . 65 F i ne-grai ned impact me l t  SCB6/419  
64788 p 2 . 25 F i n e-grai ned impact mel t  SCB6/419 
67489 p 2 . 06 B as a l t i c  impact me l t  SCB6/419 

67495 p 1 . 34 F i ne-grai ned impact me l t  SCB6/419 

67515 R 60 . 8  Fragmental polymi ct brecc i a  SCB6/420 
67516 R 14 . 38 Crysta l l i ne polymi ct brecc i a  SCB6/420 
67517 R 9 . 65 Fragmental polym i ct brec c i a  SCB6/420 
67518 R 3 . 74 Fragmenta l polymict  brecc i a  or SCB6/420 

catac l ast i c  anorthos i te 
67519 R 2 . 04 Fragmental polymi ct brecc i a  SCB6/420 

67525 R 2 . 52 Catacl ast i c  anorthos i te SCB6/420 
67526 R 2 . 44 Fragmental polym i ct brecc i a  SCB6/420 
67527 R 2 . 40 Fragmental polymi ct brecc i a  SCB6/420 
67528 R 1 . 24 Fragmental po lym i ct brecc i a  SCB6/420 
67529 R 1 . 13 Catac l ast i c  anorthos i te SCB6/420 
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67535 R . 99 Fragmental brecc i a  or catac l ast i c SCB6/420 
anorthos i te 

67536 R 1 . 20 Fragmental brecc i a  or catac l ast i c  SCB6/420 
anorthos i te 

67537 R 1 . 29 Catac l ast i c  anorthos i te SCB6/420 
67538 R 1 . 77 Fragmental  pol ymict  brecc i a  SCB6/420 
67539 R 2 . 12 Fragmental pol ymi ct brecc i a  SCB6/420 

67545 R 1 . 88 Fragmental po lym i ct brecc i a  SCB6/420 
67546 R 1 . 50 Fragmental pol ymict  brecc i a  SCB6/420 
67547 R . 83 Fragmental  polymi ct brecc i a  SCB6/420 
67548 R 1 . 36 Fragmental po lym i ct brecc i a  SCB6/420 
67549 R 43 . 1  Fragmental  polymi ct brecc i a  SCB6/420 

67555 R 3 . 54 G l assy brecc i a  SCB6/420 
67556 R 82 . 1  Basa l t i c  impact mel t  SCB6/420 
67557 R 3 . 30 Rego l i th brecc i a  SCB6/420 
67558 R 2 . 56 Fragmental pol ym i ct brecc i a  SCB6/420 
67559 R 32 . 9  Bas a l t i c  impact mel t  SCB6/420 

67565 R 1 0 . 43 Po i k i l i t i c  impact mel t  SCB6/420 
67566 R 4 . 31 Granob l as t i c  impacti te SCB6/420 
67567 R 1 1 . 51 G l ass SCB6/420 
67568 R 1 1 . 05 G l ass SCB6/420 
67569 R 7 . 27 G l ass  SCB6/420 

67575 R 4 . 47 G l assy brecc i a  SCB6/420 
67576 R 3 . 98 G l assy brecci a  ( re go l i th? ) SCB6/420 

67605 p 44 . 52 Fragmental  polym ict  brecc i a  SCB6/422 

67615 R 8 .  7 7  F i ne-grai ned i mpact me l t  SCB6/421 
67616 R 2 1 . 29 F i ne-grai ned impact mel t  SCB6/421 
67617 R 14 . 32 F i ne-grai ned impact mel t  SCB6/421 
67618 R 1 1 . 17 Crystal l i ne brecc i a  ( G )  SCB6/421 
67619 R 6 . 15 F i ne-grai ned impact me l t  SCB6/421 

67625 R 6 .  72 F i ne-grai ned i mpact me l t  SCB6/421 
67626 R 19 . 19 Crystal l i ne po lymi ct brecc i a  SCB6/421 
67627 R 79 . 64 G l as s  SCB6/421 
67628 : renumbered 67685-88 
67629 R 5 . 43 G l ass SCB6/421 

67635 R 9 . 12 Pri s ti ne c atac l as t i c  anorthos i te SCB6/42 1 
67636 R 3 . 23 Pri st i ne c atac l as t i c  anorthos i te SCB6/421 
67637 R 2 . 34 Pri st i ne c atacl ast i c  anorthos i te SCB6/42 1 
67638 R 7 . 23 Fragmental / g l assy  polymict  brecc i a  SCB6/421 
67639 R 7 . 34 Crysta l l i n e  polym i ct brecc i a  SCB6/42 1 
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SRC/DB 
SAMPLE SAMPLE OR 

"- � NUMBER TYPE MASS g DESCRI PTION SCB/DB 

67645 R .84 Fragmenta l po lymi ct brecc i a  SCB6/421 
67646 R 3 . 94 Fragmental polym i ct brecc i a  SCB6/421 
67647 R 47 . 7 2  Regol i th brecc i a  SCB6/421 
67648 R 7 . 88 Crysta l l i ne ( ? )  polymi ct brecc i a  SCB6/421 
67649 R 1 . 60 Fragmental po lymict  brecc i a  SCB6/421 

67655 R 4 . 1 1 Crys ta 1 1  ine po lymi ct  brecc i a SCB6/421 
67656 R 1 . 93 Fragmental  polymict  brecc i a  SCB6/42 1 
67657 R 1 .  70 Fragmental polym i ct brecc i a  SCB6/421 
67658 R 1 . 35 Fragmental polym i ct brecc i a  SCB6/421 
67659 R 1 . 62 Crystal l i ne or fragmental  po lymi ct SCB6/421 

brecc i a  

67665 R 5 . 88 Fragmental polym i ct brecc i a  SCB6/421 
67666 R 5 . 47  G l assy brecc i a  SCB6/421 
67667 R 7 . 89 Pr i s t i ne fe l ds path i c  l herzo l i te SCB6/421 
67668 R 3 . 58 Poi k i l i t i c  impact me l t  SCB6/421 
67669 R 12 . 54 Fragmental polym i ct brecc i a  SCB6/421 

67675 R 1 . 07 G l ass SCB6/42 1 
67676 R 2 . 33 Vari ol i t i c  impact me l t  SCB6/42 1 

67685 R 28 . 04 C i ndery g l as s  SCB6/421 
67686 R 1 1 . 75 C i ndery g l as s  SCB6/421 
67687 R 7 . 60 C i ndery g l as s  SCB6/421 
67688 R 2 . 32 C i n dery g l ass  SCB6/421 

67695  R 14 . 02 G l as s  SCB6/421 
67696 R 7 . 85 G l as s  SCB6/421 
67697 R 5 .  54 G l assy brecc i a  SCB6/421 

67705 p 5 . 82 G l ass SCB4/388 
67706 p 1 . 52 Fragmental polym i ct brecc i a  SCB4/388 
67707 p 1 . 42 Fragmental polymi ct  brecc i a  SCB4/388 
67708 p 1 . 33 Fragmental  polymi ct brecc i a  ( G )  SCB4/388 

67715  R 9 . 44" F i ne-grai ned impact mel t  SCB4/423 
67716  R 1 7 . 02: F i ne-gra i ned impact me l t  SCB4/423 
67717  R 5 . 56 G l assy brecc i a  SCB4/423 
67718 R 4 1 . 0Ei F i ne-grai ned impact me l t  and SCB4/423 

fragmental  brecc i a  
67719 R 2 . 13  F i ne-grai ned impact me l t  SCB4/423 

67725 R 5 . 85 Crys ta l l i ne polymict  brecc i a  ( G )  SCB4/423 
67726 R 4 . 53 Crystalli ne polymict  brecc i a  SCB4/423 
67727 R 1 . 80 F i ne-grai ned impact me l t  SCB4/423 
67728 R 9 . 2 !:i F i ne-grai ned impact me l t  SCB4/423 
67729 R 73 . 2  G l assy brecc i a  SCB4/423 

xxvi i 



SRC/OB 
SA�1PLE SAMPLE OR 
NUMBER TYPE MASS 9 DESCR I PTION SCB/OB 

67735 R 13 . 30 G l assy impact me l t/brecc i a  SCB4/423 
67736 R 14 . 92 Crystal l i ne impact mel t  SCB4/423 
67737 R 4 . 56 F i ne-gra i ned impact me l t  SCB4/423 
67738 R 5 . 84 F i ne-grai ned impact mel t  SCB4/423 
67739 R 2 . 03 F i ne-grai ned impact me l t  SCB4/423 

67745 R 3 . 53 F i ne-grai ned impact me l t  SCB4/423 
67746 R 3 . 47 Po i k i l ob l as t i c  i npact i te SCB4/423 
67747 R 6 . 30 Basa l t i c  impact me l t  SCB4/423 
67748 R 4 . 74 F i ne-grai ned impact me l t  SCB4/423 
67749 R 1 1 . 47 Fragmental polym i ct brecc i a  SCB4/423 

67755 R 3 . 53 F i n e-grai ned impact me l t  SCB4/423 
67756 R 4 . 82 Crysta l l i ne po lymi ct brecc i a  SCB4/423 
67757 R 4 . 83 Basal ti c/po i k i l i t i c  impact me l t  SCB4/423 
67758 R 4 . 06 Crysta l l i ne polymict  brecc i a  SCB4/423 
67759 R 4 . 56 Fragmental polymi ct brecc i a  SCB4/423 

67765 R 1 .  73 F i ne-grai ned impact mel t  SCB4/423 
67766 R 5 . 47  Crysta l l i ne polymi ct brecc i a  SCB4/423 
67767 R 1 .  67 Fragmental pol ym i ct brecc i a  SCB4/423 
67768 R . 99 Fragmental po l ym i ct brecc i a  SCB4/423 
67769 R 3 . 05 Poi k i l i t i c  impact me l t  SCB4/423 

67775 R 6 . 58 F i ne-gra i ned impact me l t  SCB4/423 
67776 R 3 . 10 Fragmental  po lymi ct brecc i a  SCB4/423 

67915 2559 . 0  Crysta l l i ne po lymict brecc i a  SCB4/ 

67935 108 . 9  Basa l t i c  impact me l t  SCB4/389 
67936 61 . 82 Bas a l t i c  impact me 1 t  SCB4/389 
67937 59 . 67 Bas a l t i c  impact mel t  SCB4/389 

67945 4 . 37 Basa l t i c  impact me l t  (G? ) SCB4/390 
67946 3 . 20 Var i ol i t i c  impact me l t  SCB4/390 
67947 2 . 43 Bas a l t i c  impact mel t  SCB4/390 
67948 1 . 59 Basa l t i c  impact me l t  SCB4/390 

67955 162 . 6  Poi k i l ob l asti c  impacti te SCB4/390 
67956 3 . 70 Bas a l t i c  i mpact me l t  SCB4/390 
67957 1 .  73 G l assy brecc i a  SCB4/390 

67975 446 . 6  Fragmenta l polymi ct brecc i a  ( G )  SCB4/392 

68035 20 . 96 Crysta l l i ne polymi ct brecc i a  ( G )  SCB3/413 

681 15  1191 . 0  G l assy brec c i a  SRC2/340 

68415 371 . 2  Basal t i c  impact me l t  SRC2/341-2 
68416  178 . 4  Basal t i c  impact me l t  SRC2/341 
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SAMPLE SAMPLE 
N UMBER TYPE 

68505 p 

6851 5  R 
68516  R 
6851 7  R 

68518 R 
6851 9  R 

68525 R 
68526 R 
68527 R 

68528 R 
68529 R 

68535 R 
68536 R 
68537 R 

68815  

68825 p 

68845 p 
68846 p 
68847 p 
68848 p 

69935 

69945 

69955 

69965 

MASS .9. 
1 . 30 

236 . 1  
34 . 04 
1 3 . 1 3  

29 . 82 
1 0 . 56 

38 . 96 
7 . 2 1  
3 . 03 

1 . 08 
7 . 03 

8 . 04 
1 . 85  
1 . 4 1  

1826 . 0  

8 . 658 

4 . 5 56 
2 . 284 
2 . 854 
1 . 7 70 

127 . 6  

6 . E:8 

7 5 . 94 

1 .12  

SRC/DB 
OR 

DESCR IPTION  SCB/DB 

Po i k i l i t i c  impact me l t  SCB3/412  

D i l i tholog i c  or polymict  brecc i a (G )  SCB3/4 1 1  
F i ne-gra i ned/ g l assy impact mel t  SCB3/4 1 1  
Crysta l l i n e  of  fragmenta l po lym ict  

brecc i a  ( G )  
SCB3/4 1 1  

G l ass  SCB3/4 1 1  
Bas a l t i c  i mpact me l t  ( G )  SCB3/4 1 1  

Poi k i l i t i c  impact me l t  ( G )  SCB3/41 1  
Poi k i l i t i c  impact me l t  SCB3/4 1 1  
Crysta l l i ne polym i ct brecc i a  SCB3/4 1 1  

( po i k i l i t i c  impact me l t? )  
Crysta l l i ne polym i ct brecc i a  SCB3/41 1 
G l as s  SCB3/41 1  

G l assy brecc i a  SCB3/411  
Basa l t i c  impact me l t  SCB3/411  
F i ne-grai ned impact me l t  ( G? )  SCB3/41 1  

Gl assy brecc i a  SRC2/343 

G l as sy impact mel t  SCB1/375 

F i ne-grai ned impact me l t  SCBl /344 
F i ne -grai ned impact me l t  SCBl/344 
F i ne-grai ned impact me l t  SCBl/344 
Basal t i c  impact me l t  ( G )  SCB1 /344 

G l assy brecc i a  SCB3/378 

Po i k i l i t i c  impact me l t  ( G )  SCB3/377 

C atac l as t i c  anorthos i te SCB3/380 

Fragmental pol ymi ct brecc i a  ( G )  SCB3/379 
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60015  PR ISTINE  CATACLASTI C  ANORTHOS ITE , GLASS-COATED 5574 g 

I NTRODUCT ION : 60015 i s  a coherent ,  very l i ght gray, shock -me l ted and cata
clast i c  anorthos i te wh i ch i s  probab l y  chemi ca lly pr i s t i ne . I t  i s  l arge ly  
coated w ith a ves i cu l ar g l ass  up to  1 em th i c k  ( F i g .  1 ) .  The g l ass  conta i n s a 
few wh i te i nclu s i ons and the g l ass-anorthos i te contact i s  macroscopi ca l ly  sharp . 

600 1 5  was probably collected about 30 m west-northwest of the Lunar Mod u l e  
b u t  details of i ts co llect ion , s i tuat i o n ,  and ori entat i on are not known . 
I t  i s  b l ocky w i th rare fractures .  Zap p i ts are common on two surfaces w i t h  
a few on  the others . 

F I GURE l .  

PETROLOGY : Petrograp h i c  descr i pt i ons are g i ven by Scl ar et al . ( 1 973 ) ,  Sc l ar 
and Bauer ( 1974 ) ,  D i xon and Pap i ke ( 1975 ) and Juan et al .-r1974 ) .  All note 
the brecc i at ion and i ntense shock damage to the anorthos i te ( F i g . 2 )  wh i ch 
took p l ace pr i or to the emplacement of the glass coat . The anorthos i te 
con s i s ts of more than 98% plag ioc l ase (An g s- g s )  w i th 1 -2% orthopyroxene 
( En 6 3 ) and aug i te 6F i g .  3 ) .  I sh i i  et �· ( 1976 ) calculate an equ il i brat i on 
temperature of 987 C from the aug i te-orthopyroxene data of D i xon and P api ke  
( 1975 ) .  O l i v i ne i s  absent ,  but  i l men i te ,  Cr-sp i ne l , tro i l i te and mi nor Fe-metal 
are present ( D i xon and Pap i ke ,  1975 ) .  

There i s  a b imodal gra i n  s i ze wi th gra i ns of plagi oc l ase l -3  mm i n  d i ameter set 
i n  a fi ner-grai ned matri x .  P l ag ioc l ases are strai ned w ith  undulose and patchy 
ext i nct ion and some well-devel oped sets of shock lamellae ex i s t .  Maskelyn i te 
i s  not present .  The i ntergranular areas i nclude colonnaded , feathery plagi o
c l ases ( F i g .  2 )  i n terpreted as result i ng from a rap i d l y  cooled i ntergranu l ar 
shock mel t .  No i ntergran u l ar movement took place duri n g  the shock event and 
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6001 5 

a b 

c 

2 

FI GURE 2 .  6001 5 , 1 20 
a )  a northos i te ,  xpl . width 2mm . 
b )  col onnades i n  anortho s i te ,  

x pl . width 0 . 5mm 
c )  gl a ss coat ,  ppl . wi dth 2mm . 
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6001 5 

temperatures are bel i eved to have r i sen to over 1500°C . The progeni tor was 
poss i b l y  porous ( Sc l ar and Bauer , 1974 ) .  Fe-metal i n  the anorthos i te conta i n s  
l i tt l e  Co  or  N i  ( F i g .  4 )  ( Hewi ns and Gol dste i n ,  1 975a ; Sc l ar and Bauer , 1974 ;  
Mao and Be l l ,  1976 ) .  The l owest va l ues , wh i ch occur i n  the feathery p l ag io
c l ase reg i ons  may be  the  resu l t  of shock reduction of  Fe2+ from p l ag i oc l ase 
( Sc l ar and Bauer , 1974 ) .  

The g l ass coat i s  brown , ves i cu l ar and part ly  crystal l i zed i nto s ke l eta l  
mi cro l i tes of  p l ag i oc l as e .  The  p l ag i oc l ase-r i c h  xeno l i ths and  xenocrysts i n  
the g l ass  show no ev i dence of react ion w i th the g l as s ,  wh i c h  i s  s imi l ar i n  
compos i t i on to  Apo l l o  16 soi l s  ( Tab l e  2 ) .  Meta l  i n  the g l ass  contains  up to 
30% N i , i n  the meteor i t i c  range ( F i g .  4 )  ( Hewi ns and Gol dste i n ,  1 975a ; Mao and 
Bel l ,  1976 ) .  Mao and Bel l ( 1976 ) show that metal s  are a l tered from the i r  
or i g i na l  meteor i t i c  compos i t i on by reacti on wi th the anorthos i te ,  and that the 
h i gher N i  contents occur i n  meta l s  assoc i ated w i th troi l i te and schre i bers i te .  

The contact rel ationsh ips of g l ass  coat and anorthos i te are descri bed i n  detai l 
by Sc l ar and Bauer ( 1974 ) . The peripheral 6 mm of anorthos i te l acks feathery 
p l ag ioc l ase ,  but a 200 �m boundary l ayer of pure , col onnaded p l ag ioc l ase exi sts , 
and i s  i nterpreted as q uenched l i q u i d  der i ved by me l ti n g  the surface of the 
anorthos i te .  Two d i st i nct l i q u i ds ,  one the anorthos i te surface ,  the other the 
g l ass  coat,  ex i sted momentari l y .  The heat to mel t  the anorthos i te s urface must  
h ave been mai n l y  from the  shock event wh i c h  produced the  g l ass coat , not from 
the g l ass  coat i tse l f  ( Sc l ar and Bauer, 1974 ) .  

CHEMI STRY : Chemi ca l  stud i es are l i sted i n  Tab l e  1 and summary chemi str i es 
of the anorthos i te and of the g l ass  coat i n  Tab l e  2 .  Representat i ve 
i n compat i b l e  e l ement patterns are shown as F i gure 5 .  

For the anorthos i te ,  Lau l  and Schm i tt ( 1973 ) note that the R E E s  are l ow 
and i denti cal  to 154 1 5  ( F i g .  5 ) .  Vo l at i l e  and l i gh t  e l ements are very l ow i n  
abundance ( Jovanov i c  and Reed , 1973 ;  Moore and Lewi s ,  1976 ; and others ) as are 
Zr and Hf , w i th the l owest  Zr/Hf of any samp l e  ( Garg and Ehmann , 1976 ) .  The l evel  
of meteor i t i c  contami nat ion , if any , is  uncerta i n  because Au , I r  ( etc . ) have not 
been measured . Co val ues are l ow ( 1  ppm or l ess ) except for the ana l ys i s  by 
Juan et a l . ( 1974 ) wh i c h  h as 44 ppm Co , and 30 ppm N i . The l ow Co contents 
and tne L0/N i  rat ios of the metal s uggest that most  of the anorthos i te i s  
un contam i nated . The g l ass  coat was ana lyzed by L au l  and Schmi tt ( 1973 ) w i th 
resu l ts i n  agreement  w i th mi croprobe data by Di xon and Pap i ke ( 1975 ) and Sc l ar 
and Bauer ( 1974 ) .  A l thou gh s i mi l ar to Apo l l o  16  soi l s ,  subt l e  chemi ca l  d i ffer
ences ex i st �· l ower T i02 ( Lau l and Scbm i tt , l973 ) .  The N i /Au/ Ir ratios  
suggest that-me g l ass  was created by the impact of an i ron meteori te .  

STABLE ISOTOPES : C l ayton et a l . ( 197 3 )  reported 80 1 8 va l ues of 5 . 67 for the 
anorthos 1 te p l ag i oc l ase and �68 for the g l ass coat,  typ ica l  l un ar va l ues . 
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TABLE 1 
Chemical studies of 60015 

Reference Sf1l i t  1/ Descri11tion 

S .R .  Taylor et 2.!_. ( 1973 ) ,64 anorthosite 

Janghorban i et 2.!_. ( 1973 ) ,65 00 

Laul and Schmitt ( 1973) ,6 00 

00 , 54 g lass coat 

Juan et al . (1974 ) ,67 anorthosite 

Nunes et 2l· ( 1973 ) ,50 00 

Ehmann and Chy) { 19i4 ) ,65B 
Garg and Ehmann ( 1976) ,65A • 

Mi l ler et 2.!_. ( 1974 ) , 65B 00 

Schaeffer and Husain ( 1974) ,22 ,69 00 

Jovanovi c  and Reed (1973) , 60 00 

Moore et 2l· ( 1973)  ,61 00 

00 ,53 glass coat 

Cripe and Moore ( 1974) ,61 anorthos i te 
• ,53 gl ass coat 

Moore and Lewi s ( 1976) ,61 anorthos i te 
00 ,53 glass coat 

Phinney" et 2.!_. ( 1975) 1 00 

Nyqui st et 2l· ( 1975) , 501 , SO i l  00 

Papanastassiou and 
Wasserburg ( 1976) • 36 • 95 00 

Nunes et ll· ( 1974) ,46 glass coat 

Elements anal�zed 
majors ,  REE s ,  other trace 

majors 
majors ,  REEs , other trace 

00 

majors ,  some trace 
U, Th, Pb 
Zr, Hf 
Eu, Zr, Fe, Cr, Sc , Co, Hf 

Fe, Cr, Sc , Co , Eu 

K, Ca 
F ,  C l ,  Br, I ,  Te , U, P205 
c 
c 
s 
s 
N 
N 

K, Ca 
Rb, Sr 

Rb,  Sr,K 

Rb, Sr, K, U ,  Th 

TABLE 2 

Summary chemistries of anorthosite and 

glass coat in 60015 

Anorthos i te Glas s  Coat 

Si02 44 44 

Ti02 0.02 0 .4  

Al 2o3 36 27 

cr2o3 <0 .01 0 . 1  

FeO 0 .35 5 

MnO <0.01 0 .05 

MgO '1.().3  6 - 9 

cao 19 15 

Na2o 0 . 4  '1.() .45 

K2o <0 .01 0.08 

P2o5 0 .01 

Sr 178 157 

La 0 .13 11 

Lu 0 .003 0 .49 

Rb 1 1 . 9  

Sc 0 . 6  5.8 

N i  900 

Co 1 42 

Ir ppb 23 

Au ppb 8 

c 20 59 

N 23 50 

s 27 890 

Zn 
Cu 2 

Oxides in wt%, others in ppm except as noted . 

"' 
0 
0 
� 
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RAD IOGEN IC  ISOTOPES AND GEOCHRONOLOGY : Rb-Sr data are summari zed i n  Tab l e  3 .  
The l ow meas ured B 7 Sr/B GSr give calcu l ated rat i os at 4 . 6  b . y .  c l ose to BAB I .  
Nyqu i s t  et a l . ( 197 5 )  ca l c u l ate an i s ochron age from two whol e  rock s amp l e s  
as 3 . 8  ±-r.�b .y.  b u t  because of  the l arge error do  not attr i bu te s i gn i f i cance 
to i t .  Two p l ag i oc l ase c l asts from the g l assy r i nd h ave 8 7 Sr/8 6Sr at 4 . 6  b . y .  
even l ower than the anorthos i te ( Nunes et �· · 1974 ) .  

TABI,.E 3 . SulliTlary of Rb-Sr data* for 60015 

Samp l e  Descri ption Rb/Sr 87Sr/86sr 87Sr/86sr Reference 
Measured Cal c .  at 4 . 6 

b . y .  

, SO I Anorthos ite 0 . 00165 0 . 69934+4 0 . 69902 Nyq u i s t�t 2..!_. 197! 

,SO I I  " 0 . 00044 0 . 6991 5+5 0 . 69907 " 

, SO " 0 . 00073 0 . 69904+6 0 . 69890 Nunes et a l . 1974 

,36 " 0 .00016 0 . 69903+3 , 0 . 69900 Papanastas s i ou and 
Wasserburg 1976 

,95 " 0 . 00067 0 . 69908+4 0 . 69895 " 

,46 P l a g .  i n  g l ass 0 . 00083 0 . 69900+7 0 . 69884 Nunes et a l . 1974 

,46 " 0 . 00044 0 . 69887+3 0 . 69878 " 

,46 G l ass coat 0 .01218 0 . 701 20+6 0 . 69888 " 

*Not corrected for interl aboratory b i as .  

Ar-Ar ages of 3 . 5  ± 0 . 05 b .y .  ( F i g . 6 )  ( Schaeffer and Husai n 1 974 ) and 3 . 54 ± 0 . 05 
b . y .  ( F i g . ? )  ( Ph i nney et a l . ,  1 9 7 5) demon strate that the shock me l t i n g  of the anor
thos i te was l ater thanthe'\4 . 0  b . y .  cataclysm . These ages may just  be l ower 
l im i ts but a good p l ateau was obtai ned by Schaeffer and H u sa i n  ( 1974 ) .  
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The U-Th - Pb data ( Nunes et a l . , 1973 ,  1974 ) i nd i cate an enri chment i n  Pb at 
3 . 57 b . y .  ( 2-stage model)or3 . 8  b . y .  ( 3 -stage mode l ) .  The Pb i ntroduct i on 
was presumabl y  contemporaneous w ith the shock-me l t i n g  event . These theoret i cal l y  
val i d  model -dependent ag�s may not be as prec i se as f i rst be l i eved because up 
to 3% of the Pb may be contami nat i on ( Nunes et �., 1974 ) .  

" 

RARE GAS/EXPOSURE AGES : Le i ch and N i emeyer ( 197 5 )  prov i de Xe , Ar and Kr i sotop i c  
data and report a n  81Kr-Kr exposure age of 1 . 96 ± 0 . 08 m .y . , or 1 . 93 � 0 . 08 m .y .  
i f  the trapped xenon i n  the rock i s  terrestr i a l . The l atter i nterpretation of 
the or i g i n  of the trapped xenon i s  preferred fol l ow i n g  experiments ( N i emeyer and 
Lei ch, 197 6 )  wh i ch showed much more Ar , Xe and Kr i n  crushed samp les , even thou gh 
temperatures greater than 1000° were requ i red to rel ease 75% of the trapped Kr 
and Xe . 

P h i n ney et a l . � 1975 ) and Schaeffer and Husa i n  ( 1974 ) report Ar i sotop i c  data 
and cal cUlate 3 Ar-Ca exposure ages of 3 ± 1 m .y . , and 4 . 6  ± 0 . 6  and 6 . 1  ± 0 . 5  m . y .  
respect ive ly .  These are s i gn i fi cantly h i gher than the 8 1 Kr-Kr age wh i c h  Le i ch and 
N i emeyer ( 1975 ) con s i der more rel i ab l e .  

M ICROCRATERS AND TRACKS : Sever·a l  studi es of m icrocraters on t he g l a s s  surface of 
6001 5 have been made . The s ur�ce i s  i n  produc ti on , not equi l i br i um .  Si ze -frequ
ency data i s  prov i ded by Neukum et !!..!_. ( 1 973 ) , Harz et !!..!_. ( 1 974 ) , Fec hti g et �
( 1 974 ) ,  Mandev i l l e  ( 1 97 6 ) ,  and Ha rtung et a l . ( l 97 7 )  Tfi g .8 ) .  Neu kum et a l .Tf973 ) ,  
Na gel et a l . ( 1 97 5 ) ,  a nd t4andl:v i l l e  ( 1 976fprov i de mea surements of p i t  c haracters . 
F l av i lr-e�al . ( 1978 ) d i scuss some of the craters as be i n g  of secondary or tert i ary 
or i g i n  rather than of d i rect mi crometeroi d  ori g i n ,  and Hartung et a l . ( 1977 ) note 
that the data do not spec i fy that there was a var i at i on of the meteoro i d  f l ux w i th 
t ime .  Carey and McDonne l l  ( 1976 ) f ind  n o  ev i dence for the b u i l d-up of sputtered 
we l d  mater i a l on the s urface . Storzer et a l . ( 1973 ) p l ot the so l ar f l are track 
den s i ty aga i n st  depth , as deduced from crater i ng stat i st-ics . 

� 10' • •  
.2. t t z t 

60015 

� 10' t m .. 
� 10' '\. � .. � 101 \ i • N"'kum tl Cll.(19731 O'lt 

• lhlswork ;. 
10' Io 

t 
1 10 100 1000 

MI�TER PIT DIAMETER. q. film) 

FIGURE 8 .  M icrocrater s ;  from 
F ec ht i g et !!..!_. ( 1 97 4 ) . 
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PHYS ICAL PROPERTIES : The remanent magnet i sm character i st i cs of the anorthos i te have been stud i ed by Runcorn ' s  group ( Col l i nson et a l . , l973 ; Stephen sen et a l . , 1974 , 197 5 )  u s i n g  the anhysteret ic  remanent magneti zation method (ARM ) .-rhe-rock does not appear to possess a meas urab l e  hard NRM, al though gra i ns capab l e  of ho l d i n g  such an NRM are present . Th i s  i s  probab ly  due to the extreme ly  l ow i ron content . The i n i t i a l suscept i b i l i ty and the saturat i on remanence are very l ow .  Weeks ( 1973 ) stud i ed e l ectron paramagnet ic  resonance character i st i cs and noted that Fe3+ and Ti 3+  are h i gher than i n  severa l  pther Apo l l o  16 rocks . 

P and S wave ve loc i t i es of the anorthos i te from 0 . 5  to 7 kb are reported i n  ( 19 78 )  ( Tab l e  4 ,  F i g . 9 ) .  Hermi nghaus and Berckhemer ( 1974 ) measured Q w i th son i c  absorpt i on measurements at 10 -4  torr and +20°C to -1sooc .  Q i s  q u i te i ndependent of T ,  and at 2ooc on l y  20% h i gher than at atmospher i c  press ure . 
measurements suggest that the anorthos i te h as a h i gh microcrack den s i ty .  

TABU 4 .  Elastic wave vel oc i t i es of anorthos i te i n  60015 

Conf i n i n g  pressure (Kb ) 

0 . 5  1 . 0 1 . 5  2 3 4 5 6 7 10* 

P Km/s 5 . 5  6 . 0  6 . 2 7  6 . 52 6 . 7 5  6 . 86 6 . 90 6 . 94 6 . 97 7 .02 

S Km/s 2 . 6  2 . 9  3 . 2 1  3 . 40 3 . 58 3 . 68 3 . 74 3 . 86 3 . 88 3 . 9 1  

*Estimated by l i near extr�po l a t i on . Reference : Chung ( 1973 ) 

FIGURE 9 .  from C hu ng ( 1 973 )  • 
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FI GURE l O . D i e l ec tr i c  properti e s ;  
from Chung and Westphal ( 1 97 3 ) .  

D i e l ectr i c  constants and l osses for the anorthos i te are presented i n  Chung and 
Westphal  ( 1973 ) ( F i g . 10 ) . 

Mandev i l l e  and Dol l fus  ( 1 977 ) determi ned pol arimetr i c  properties  of surface . 
portions of 60015 , one cratered and dust-free , others cratered and dust-covered . 
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PROCESS I NG AND SUBD I V I S I O!�S :  In  1972 , 60015  was s awn i nto 5 mai n p i eces ( F i g . l l ) .  
The l arge p i eces , 1  and , 2  are preserved i n tact and , 3  was subd i v i ded i nto 3 
p i eces for d i sp l ay purposes . Al l a l l ocations are from the two s l abs produced 
dur i n g  sawi n g .  The ma i n  subd i v i s i on of these s l abs and the l ocat i ons  of the 
sp l i ts are shown i n  F i gures 12  and 13 . Several subsequent sp l i ts and renumber i n g 
of returned/cons umed samp l es are not shown . 
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F IGURE 1 3 .  
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60016 FRAGMENTAL POLYMICT BRECCIA 4307 g 

I NTRODUCTION : 6001 6  i s  a fri ab l e ,  med i um gray brecc i a  w i th � porous c l ast i c  
matr i x  and abundant l i gh t  a nd  dark c l asts of various s i zes ( F i g . 1 ) .  

The samp l e  was col l ected 14- 15  m southwest of the Lunar Modu l e  where i t  had 
a poor ly  devel oped fi l l et . I ts or ientation i s  known . I t  i s  subrounded and 
zap p i ts are present on a l l surfaces . 

F IGURE l .  S-78 -3441 7 .  Scal e i n  mm .  

. .· ' '��'  · .�· . , .. . ' 1<. 
• t 

PETROLOGY : Johan and Chri stophe ( 1974 } ,  Hasel ton and Nash ( 19 7 5a , b ) ,  Takeda et a l . 
( 1979 ) ,  M i sra and Tay lor ( 1975 ) and LSPET ( 1973 ) prov i de l i m i ted petrograph i c-- -
i nformat i on .  The rock i s  po lym ict  w i th a vari ety of c l ast  types i n  a porous ,  
u nequi l i brated matr i x  that i s  essen t i a l l y  free of g l ass ( F i g . 2 ) .  Gra i n  s i ze 
i s  seri ate from several mm downwards . Some rust i s  present . 

Mi neral fragments of p l ag ioc l ase ,  pyroxene , o l i v i ne ,  spi nel  and metal  are 
present . L i th i c  c l asts i n c l ude catac l ast i c  and recrystal l i zed anorthos i te ,  
coarse-and fi ne-grained po i k ·i l i t i c  i mpact me l t ,  granob l ast i c  mater i a l , nor i t i c  

1 1  



a 

c 

6001 6 

FIGURE 2 .  

a ) 6001 6 , 8 3 .  genera l  matri x , ppl . 
wi dth 2mm . 

c ) 6001 6 , 8 6 .  fine-gra i ned po i k i l i ti c  
mel t c l a s t ,  ppl . width 2mm . 

12 
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d 

b ) 6001 6 ,83 . v i tric brecc ia  c l a st , 
ppl . wi d th o . 5mm . 

d ) 6001 6 , 98 .  fel d s pathic granobl astic 
impact i te , xpl . width  2mm . 
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anorthos i te w i th rel i ct cumul ate texture , dark-to- v i tr i c  matr i x  brecc i a  and 
c l ast-bear i ng basa l t i c  i mpact mel t .  A lso  present are several types of g l ass  
beads and fragments in  var i ous  stages of dev i tr ifi cat i on, and rare agg l ut i n ates . 
l'lost of the c l asts show m i n imal effects of shock or thermal metamorph i sm .  

P l agiocl ase i n  mi neral and anorthos i te c l asts i s  of typ ical h i ghl ands com
pos i t i on ( An g s - g a ,  l ow Fe,  Mg ; Johan and Chri stophe , 1974 ) . These authors a l so 
report systemati c  var i at i ons  of Fe ,  Mg and Na i n  p l ag ioc l ase wi th respect to 
twi n  l amel l ae and associ ated i ntergrowths of exsol ved pyroxene and s i l i ca ( F i g . 3 ) .  
Pyroxene c l ast compos i t i ons  are g i ven i n  F i gure 4 .  One d i screte grai n of 
orthopyroxene ( En 7 9 ) w i th i l men i te l amel l ae y ie l ded an equ i l i bration temper
ature of 900- 10oooc b ased on  the coex i st i ng  m i neral compos i t i on s  ( F i g . 5 )  
( Hasel ton and Nash , 1975a , b ) .  Metal gra i ns i n  the matr i x  that are l arge enough 
to analyze by mi croprobe are homogeneous w i th 4-6% Ni  ( F i g . 6 )  ( M i sra and Taylor ,  
1975 ) .  

Near ly  a l l of the dark c l asts ( F i g . 1 )  are aphan i t i c  me l t s .  I n  th i n  sect i on 
they are g l assy wi th an obvious me l t  texture . Most are packed w i th abundant 
p l agiocl ase c l asts and cou l d  a l so be ca l l ed v i tr i c  matr i x  brecc i as ( F i g . 2 ) .  
Po i k i l i t i c  c l asts occur as both coarse-aRd fi ne-grai ned var iet ies ( F i g . 2 ) .  
They are very s imi l ar to typ i cal Apo l l o  16  po i k i l i t i c  rocks  such as 60315  
and 650 1 5 . Hacroscop i ca l ly  they appear as pa le  gray crysta l l i ne  c l asts . 

B 
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Mgo .... "\·; 
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FIGURE 3 .  Pl ag ioc l as e ;  
from Johan and Chri st
o phe ( 1 974 ) 

FIGURE 4 .  Pyroxenes ; 
from Ta keda et Q. ( 1 979) . 
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Fe Si03 • MgTiO, = FeTiD, • MgSi03 

¥ ' 0 

I II DATA FRCJ;I CARMICHAEL 
05 COMPLEX ILMENITEcPYROXENE INTERGROWTHS 

F I GURE 5 .  Equ i l i bra tion temperature ;  
from Ha s el ton a nd Nash  ( l 97 5 b ) . 
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u 1.0 
.. 
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2 6 
WI. 'I. NiCkel 

F IGURE 6 .  Meta l s ;  from 
Mi sra a nd Tayl or ( 1 97 5 ) .  

CHEMI STRY : B u l k  rock major e l ement anal yses are g i ven by Jan ghorbani  et al . 
( 1973)  and S . R .  Taylor et �. ( 1974 ) . Bu l k  trace e l ement 'data are prov i dea oy 
these authors and Krahenbuh l  et �· ( 1973 ) , Ganapathy et �· ( 1973 ) ,  Garg 
and Ehmann ( 1976 ) ,  Jovanov i c  and Reed ( l 976a , b ) and Goel · et a l . ( 1 975 ) . Al l 
of these an a lyses are of sp l i ts of a s i n g l e  samp l e  of ch i P$ and f i nes  sub
d i v i ded at the LCL . Wanke et a l . ( 1975 ) g i ve major and trace e l ement chem i s try 
on an aphan i ti c  cl as t ,  a poTkiTft i c  c l ast and a granob l ast i c  i mpact i te c l ast . 
Goel et �· ( 1 975 ) report n i trogen data on separated l i ght and dark c l asts . 

The bu l k  rock i s  compos i t i ona l ly  very s imi l ar to the l ocal soi l s ,  but  w ith 
s l i ght ly l ower Ti02 and Cr20 3 (Tab l e  1 ) .  I ts REE pattern ( F i g .  7 )  and Zr/Hf 
rat i o  i s  typ i ca l  of a h i gh l and  brecc i a  w i th trace e l ement chem i stry dom inated 
by KREEP ( S . R .  Tay lor et a l . ,  1974 ; Garg and Ehman n ,  1976 ) .  KrahenbUhl  et a l . 
( 1973 ) detect an enri chment of vo l at i l e  rel at i ve to i n vo l at i l e  e l ements (e.� 
h i gh T l /Cs and Tl /U ) and conc l ude that the rock i s  probab ly  enr i ched in a 
fumaro l i c  componen t .  

C l ast ana lyses by Wanke e t  a l . ( 1975 ) are reproduced i n  Tab l e  1 .  Both the 
aphan i te and the poi k i l itTc-cl ast are r i ch i n  KREEP and i n  s i deroph i l es i n 
d i cat i n g  a probab l e  impact or i g i n . The granob l ast i c  i mpacti te has l ow l eve l s  
of i ncompat i b l es and may be l ow i n  s i deroph i l es based on Co (Tab l e  1 ) .  N o  other 
s i deroph i l e  data are avai l ab l e  on th i s  c l as t .  

STABLE ISOTOPES :  C l ayton et a l . ( 1973 ) report 5 Q l B  val ues , l i sted i n  Tab l e  2 .  
�niform values i n d i cate-a�omi n ant  p l ag ioc l ase component in a l l samp le s . 

RAD I OGEN I C  ISOTOPES AND GEOCHRONOLOGY : Weber and Schu l tz ( 1978 ) report K-Ar 
gas retention ages of 3 . 8  ± 0 . 1  b . y .  for both the po i k i l i t i c  and the dark aphan i te 
c l asts an alyzed by Wan ke  et �· ( 1975 ) .  
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TABLE 1 .  Summary chemi stry of 60016 bulk rock and cl asts 

,22 .4 ,48.4 
Bulk rock aehan ite �oik i l it ic  

Si02 45. 5  43.0 44. 7  
Ti02 0. 29 
Al2o3 27 .4 20.03 15 .88 
Cr2o3 0.07 0 . 15  0 .21 
FeO 4.8 7 .42 1 1 . 5  
MnO 0.057 0.09 0 . 12 
MgO 6 .2 7 .64 12 .45 
CaO 15 .2 11 .9  10.8 
Na2o 0 .48 0 .49 0.60 
K20 0 .10 0.29 0 .33 
P205 
Sr 160 
La 13.3 55.9 58 .5  
Lu 0.6 2 .27 2 .46 
Rb 2 . 3  
Sc 8 .2 13.6 15.6 
Ni 300 740 1940 
Co 27 42 . 3  105 
Ir ppb 5 . 7  1 5  36 
Au ppb 5 . 9  1 5  36 
c 
N 28 
s 
Zn 7 . 6  
Cu 

Al l cl ast analyses by �anke et !!· ( 1975 ) .  
Oxides i n  wt%; others i n  ppm except as noted . 

,51.4 
granobl astic 

44. 3  
0 .27 

29 .48 
0 .09 
4 .0 
0 .63 
3 .82 

17 .2 . 
0 .31 
0 .01 

190 
0 .99 
0 .'1.0 

7 .43 

6 . 19 

TABLE 2 

6 0 1 8  of various �ortions 
of 60016 

matrix 5 . 73 

pl agioclase 5 . 78 

l i ght clasts 5 . 62 

dark clasts 5 .67 

RARE GAS/EXPOSURE AGES : Bogard et �- ( 1973 ) and �eber and Sch u l tz ( 1978 ) 
provide noble gas data for the bUTk roc k . The matr i x  of 60016 conta i n s  a 
l arge amount of trapped so l ar gas , probab ly  i nd i cat i n g  a s i gn i f i cant rego l i th 
component . 

Nob l e  gas  data and 2 1 Ne and 3 8Ar exposure ages for c l asts ( Tab l e  3 )  are a l s o  
g i ven by Weber and Sch u l tz ( 1978 ) .  
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TABLE 3 .  2 1 Ne and 3 8Ar ex2osure ages 

from 60016 

�.:rL 
aphanite 1. 2 t 0 . 2  

poiki l itic 3 . 5  t 0 . 7  

granob lastic 0.3 ± 0 . 1  

(m.�. ) of three cl asts 

3 8Ar 

3 . 0  ± 4 . 0  

4 . 0  t 1 . 5  

1 .2 t 0 . 4  

6001 6 
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FI GURE 8 . f1 i c roc rater s ;  
from Morri son et a l . 
( 1 973 ) .  

- -

MICROCRATERS : 60016  i s  s ubrounded i n  shape w i th mi crocraters on a l l s i des . 
Th i s  suggests a comp l ex exposure h i s tory that i n c l udes tumbl i ng .  The surface 
i s  probably i n  crater i n g  equ i l i br i um ( F i g .  8 )  (Morri son et 2.1.· 1973 ; Neukum 
et 2..!.· · 1973 ) .  Total exposure of the rock after l i th i f i cati on may have been 
on the order of 15-20 mi l l i on years , assum i n g  a con stant mi crometeoro i d  f l ux 
rate ( Morr i son et 2..!.· •  1973 } .  

PHYS I CAL PROPERTIES : I ntri n s i c  and structure sen s i t i ve magnet ic  parameters 
and some character1 st i cs of the n atural remanent magnet i zat i on of 60016 were 
measured by Nagata et a l . ( 1974 , 1975 } and C i sowsk i  et a l . ( 1975 } . No 
s i gn i fi cant NRM resTCfuererna i n s  i n  the rock after 250 Oe•rms demagnet i zat ion . 
Therefore there i s  no magnetic  component present wh i ch can be attri buted to 
ord i n ary thermoremanent magnetizat i on a l though the re l at i ve ly stab l e  component 
up to 250 Oe •rms may have some s i gn i fi cance for l un ar magneti sm ( Nagata et a l . ,  
1974 ) . 

- -

The proporti ons  of Fe-bear i n g  phases , the Fe0/Fe2+ rat i o  and the average 
compos i ti on of the ferromagneti c metal component have a l so been determ i ned by 
magnet i c  and Mossbauer techn i ques ( Huffman et a l . ,  1974 ;  Nagata et a l . ,  1974 ) .  
Iron meta 1 makes up '\.{) .  33 v1t% of the rock . About 7 1% of th i s  ferromagnet i c  
metal can b e  attr i buted t o  a k amaci te component averag i n g  �5 wt% N i  ( erroneous ly  
reported as  15 wt% N i  i n  Nagata et a l . ,  1974 ) .  The remai nder of the metal i s  
apparent ly  pure i ron . Th i s  contrasts w i th the mi croprobe data of M i sra and 
Taylor ( F i g .  6 )  wh i ch show no metal w i th <4 wt% Ni . Nagata et al . ( 1975 ) 
concl ude that th i s  d i screpancy can be resol ved if  the pure i roncomponent ex i sts 
as mi cron-s i ze part i c l es too sma l l to analyze by mi croprobe and poss i b l y  form i n g  
by subso l i dus  reduct i on of  ox ide and s i l i cate phases . FMR stud ies  show that the 
metal was annea l ed at 700-9QQOC ( F i g .  9 )  ( Tsay and Bauman , 1975 ) . 

The refl ectance ( a l bedo ) of the 60016 matr i x  h as been measured by Adams and 
McCord ( 1973 } and Charette and Adams ( 1977 ) ( F i g .  10 ) .  Dol l fus  and Geake ( 1975 ) 
report pol arimetr i c  propert i es of both the poi k i l i t i c  and the aphan i te c l ast  
analyzed by Wank e  et 2.1.· ( 1975 ) .  
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F IGURE 9 .  Correl a tion  
between ferromagnet i c  
resonance and annea l i ng 
temperature for meta l 
phases ; from Tsay and 
Baumann  ( 1 97 5 )  

F I GURE 1 0 .  Spectral ref
l ectance compared to mat 
ure so i l ;  from Adams and 
1kCord { 1 97 3 ) . 

PROCESS I NG AND SUBD I V I S IONS : I n  1972 , 60016 was sawn i nto three main  p i eces and 
the s l ab extens i vely subd i v i ded and a l l ocated ( F i g .  1 1 ) .  A l l of the various 
"who l e  rock " propert ies  pub l i s hed so far were measured on sp l i ts of the s l ab .  
Bu l k  chem i stry, the oxygen i sotopes and rare gases were measured on sp l i ts of 
one undocumented samp l e  of ch i ps and f i nes (or i g i n a l l y  , 49-not shown on F i g .  1 1 ) .  
The aphan i te c l ast an a lyzed for chem i stry, rare gase s ,  exposure age and pol ar
imetr i c  propert ies .was an i nter ior  c l ast ( , 48 ) .  The po i k i l i t i c  c l ast a l so 
ana lyzed for the same propert i es was a pa l e  gray exter i or c l ast ( , 22 and , 23 ) .  
The granob l ast i c  c l ast  was a l arge wh i te exter i or c l ast  ( , 5 1  and , 53 ) .  Not a l l 
sp l i ts of the rock are shown i n  F i gure 1 1 . 
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60017  VAR IOLIT I C  I MPACT MELT BRECCIA  5574g 

I NTRODUCT ION : 60017  i s  a crysta l l i ne, med i um to dark gray, ves i c u l ar mel t  rock , 
conta1 n 1 ng c l asts wh i ch are mai n l y  dark mel t  brecc i a  and macroscop i cal l y  
i ndi stinct ( F i g .  1 ) .  The mel t ,  wh i ch has a vari ol i t i c  texture , contains � 30% 
A l zO a . 

Des p i te i ts number , 60017  was col l ected from Shadow Rock at Stati on 13  but 
i ts prec i s e  l ocation on the bou l der is  unknown . Because it  was broken from 
the bou l der , one surface ( B )  i s  fresh wh i l e the others are subrounded .  Few 
zap p i ts occur even on the surfaces that were exposed on the l unar surface . 

F IGURE  1 .  Saw cut  face .  S-75-337 56 . Sca l e  i n  mm . 

PETROLOGY : The rock contai ns two dom i nant l i tho log i es : �70% var i o l i t i c  me l t  and 
�30% dark aphan i tic  c l as ts ( F i g .  2 ) .  The rock i s  heterogeneous at the th i n  
sect ion sca l e  such that some th i n  sect i on s  conta i n  on ly  var i o l i t i c  mel t  whereas 
others conta in  very l i tt l e  of i t .  Petrograph i c  i nformat i on of var i ou s  th i n  
sect ions  i s  prov i ded by Kr i de l b au gh et a l . ( 1973 ) ,  Nord e t  a l . ( 1975 ) , M i sra and 
Tay l or ( 1975 ) ,  Gan apathy et �· ( 1974},-and Eng l ehardt (1979). Cadenhead and 
Brown ( 1976 ) prov ide some�etai l s  of a s urface ch i p .  

20 



a b 

F I GURE 2 .  a ) 6001 7 , 1 1 6 .  var i ol i ti c  mel t ,  x pl . wi dth  2mm . 
b )  6001 7 , 1 1 9 .  a p hani tic mel ts , ppl . wi dth 2mm . 

6001 7 

The vari o l i t i c  mel t  cons i s ts of  pl ag ioclase  l aths wi th i ntersti tial  mafi c 
mi nera l s ,  m1 nor 1 lmen ite and Fe-metal , and very rare troi l i te and cryptocrystal 
l i ne materi a l . Al though referred to as '' devi tri fi ed gl ass '' by Kri del baugh et al . 
( 1 97 3 )  and Mi sra and Tayl or ( 1 97 5 )  the evi dence l ead ing  to thi s  concl us ion  TS not 
stated . The typi cal textures are shown in Fi gure 2 . The pl ag i ocl ase l aths whi c h 
are up to rv2mm l ong have composi tions of An 9 3_ 9 5 ( Kri del baugh et al . ,  1 97 3 ) . 
They are frequentl y s kel etal  and ma i n l y  untwi nned . Spherul i tesare often cored 
by p l ag iocl ase xenocrysts . Ana lyses of mafi c mi neral s by Kri del baugh et al . ( 1 973 )  
show onl y ol i vi ne ( Fo 6 8 ) ,  a l though Nord et  a l . ( 1 975 )  and En gel hardt ('1979} refer 
to the mafi c mi neral as pyroxene . Ana lysesof meta l by t1 i s ra and Tayl or ( 1 97 5 )  
have a n  average o f  5 , 7% Ni , 1 . 3% Co , 0 , 05% P and 0 . 01 %  S ,  Co shows a wi de scatter 
and i s  ma i nly  out of the meteori t ic  range ( Fi g .  3 ) .  Nord et a l . ( 1 975 ) , i n  a h i gh  
vol tage el ectron microscopy study ,  found no  gl ass or  evi denceof deformati o n .  

The vari o l i t i c  mel t  i s  general ly  fi ner-grai ned towards the dark brecc i a  c l asts , 
and conta ins  rare xenocrysts of p i n k  sp i ne l  and a few sma l l l i th i c  c l asts , 
i ncl ud i ng  dun i t i c  mater i a l . 

F I GURE 3 .  Metal s ;  from M i sra and Tayl or 
( 1 97 5 )  . 
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6001 7 

The dark brecc i a  c l asts are brown , aphan i t i c  and i nhomogeneous me l t  brecc i as .  
I n  pl aces they are flow banded and deformed ( F i g .  2 ) .  They are p l ag ioc l ase-r ich 
( >85% ) and contai n numerous p l ag i oc l ase-r ich xenocrysts and xeno l i th s  wh i ch have 
various react ion r ims . Petrograph i c  descr i pt i on s  are g i ven by Kridel baugh et a l . 
( 1973 ) and Nord et �· ( 19 7 5 ) .  The former i n  part i cu l ar note the bu l k  compos iTion 
of '' gabb�o i c  anorthos � te '' and the vari ety of xeno l i ths , i n c l ud i n g  shocked , re
crystal l l zed anorthos 1 te ( An 9 4 _ 9 & )  and sma l l ' ' anorthos i t i c  gabbro '' ( actual ly  
basal t-textured ) c l asts ( ? )  wh i ch h ave p l agioc l ase l aths (An 9 5 ) ,  i ntersti t i a l  
o l i v i ne ( Fo&z - 7 4 ) and th i n  dark r ims . Nord e t  a l . ( 1975 ) note the presence of 
some i sotrop i c  mater i a l  and deformat i on w i th-raw-d i s l ocat i on den s i t ies w i th i n  
the dark brecc i a  mater i a l . 

The boundary between the var i o l i t i c  me l t  and the dark brecc i a  c l asts i s  
gene:a l l y  d i s t� nct ,

_
but i n  pl aces i t  i s  d i ffuse and i rregu l a r ,  s uggesti ng  

con s 1 derab l e  d 1 gest 1on of the c l asts . Cadenhead and Brown ( 1976 ) descr ibe the 
character i st i cs of a surface ch i p  ( , 4 3 )  u s i ng var i ous methods . The petro
graphy of the ch i p  is not known but they f i nd it to be heterogeneous ,  not 
porous at s ub-mi cron scal es , and of l ow den s i ty ( 2 . 78 g jcc ) .  The surface i s  
enri ched i n  vol at i l es and surface i ron i s  reduced more than the i n ter i or . 

CHEM I STRY : Major and trace e l ement analyses of bul k rock (Tab le  l )  are pre 
sented by Janghorban i et a l . ( 1 973 ) , Rose et �. ( 1 973 ) , Laul and  Schmi tt 
( 1 973 ) , Laul  et �· ( 1 974}, Morri son et _tl. ( 1 97 3 )  and S . R . Tay l or et _tl. 
( 1 973 ) . Krahenbuhl et a l . ( 1 97 3 )  and Ganapathy et a l . ( 1 974 ) report s i dero
ph i l e  and other trace-e l ements , Garg and E hmann  \T97 6 )  report trace el ements , 
Tera et �· ( 1 974)  report U, T h ,  and Pb abundances ,  and F l ory et �· ( 1 97 3 )  
report hydrocarbon and  l i ght el ement abundances . The l atter s uggest the 
presence of i nd i genous l unar methane . MacDouga l l  et a l . ( 1 973 )  gi ve a U  
a bundance (�0 . 2  ppm )  from fi s s i on track mapp i ng . These are proba bly ma i n ly  
ana lyses of vari o l i ti c  mel t .  

Al thou gh Morr i son et al . ( 1973 ) state that they rece i ved and ana lyzed a wh i te 
ch i p ,  photodocumentatTOn demonstrates that they rece i ved a dark ves i cu l ar c� i p .  
Nonethel ess the i r  ana lys i s  i s  s i gn i fi cant ly  di fferent from other analyses , 1 n  
part i cu l ar be i n g  l ower i n  alUmina  and h i gher i n  magnes i a . Krahenbuh l  et a l . 
( 197 3 )  and Ganapathy et a l . ( 1974 ) g i ve i ncorrect sp l i t  numbers ; they actuaTly 
anal yzed , 80 .  

- -

60017 i s  s i gn i f i cantly more a l um i nous than l ocal  s o i l  compo s i t i on s  and has a 
pos i t i ve Eu anomaly ( F i g .  4 ) .  It i s  s i m i l ar to sampl e  63335 taken from the 
s ame bou l der . The trace s i deroph i l es  are l ow ( a l though not at i nd i genous l evel s )  
as are many North Ray Crater s amp l es . The s i deroph i l e  e l ement rat i os p l ace the 
s amp l e  i n  meteor i t i c  Group 6 of Ganapathy et �· ( 19 74 ) .  Rose et �· ( 1973 ) 
obta i ned h i gher N i  and N i /Co than other anaTysts . 

Defocussed beam mi croprobe analy?es of the dark brecci a and the i r  i ncl uded 
" anorthos i t i c  gabbro" c l asts are reported by Kride l baugh et �· ( 1973 ) .

. 
The 

dark brecc i a  i s  s i mi l ar i n  compos i t i on to the bu l k  brecc i a  ana lyses , wh 1 l e the 
" anortho s i t i c  gabbro " c l asts are much l e s s  al uminous ( Tab l e  1 ) .  
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TABLE 1 . Summar�: chemistr�: of 6001 7 

Bulk rock or variol i tic dark breccia* "anorthosit ic  gabbro"* melt  

Sio2 44 46 46 
Ti02 0.3 0.2 1 .1 
A1203 31.0 31 .2 22.9 
cr2o3 0 .06 
FeO 3 3 . 3  9 .2 
HnO 0.04 
MgO 3 2 .4 6.4 
CaD 17 .o 17.4 14.0 
Na2o 0.53 0 .03 0 . 76 
K2o 0.07 0 .43 o.os 
P205 0.02 0.02 0 .06 
Sr 140 1 Ill 

Ql 50 
La 3 .0 -·;: 
Lu 0.16 , c 
Rb 0 

0.8 .&: :20 () 
Sc 6 c 
Ni 50 w 
Co 7 w 10 

a: 
Ir ppb 1 . 4 --... 

Au ppb 0 .4  7 Q) 5 Q. 
c 30-105 E 1111 
N 7-24 C/) 
s 120 c 2 

Zn 5 w 
w 

Cu 2 a: 1.0 
Ba La Ce Nd Sm Gd TbDy Yb lu Hf Ta 

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

*from DBA, Kridelbaugh et !!. ( 1973) F I GURE 4 .  Rare earths ; from 
and Sc hmitt ( 1 973 ) .  

RAD IOGEN IC  I SOTOPES AND GEOCHRONOLOGY : Murthy and Casc i o  ( 1977 ) and Murthy 
( 1 978 ) report 8 7Sr/ 8 6Sr -for two h-and-p icked pl agi ocl nse cl asts , whi ch ex
trapo1 ate to val ues cl ose  to BAB I  at 4 . 6  b . y .  ( Tabl e 2 )  

a e T b l  2 . 'Jr/ r 1 or p ag1 oc ase c asts 1 l tl 600 7 , 56 
S 7 Sr/s 6sr s 7sr;s 6 sr at 4 . 6  b . y* 

I 0 . 69933+5 0 . 69900+5 

I I  0 . 69928+5 0 . 69899+5 

6001 7 

Th 

Laul 

* adj usted for b i as by subtract ing  0 . 00006 to be equ i va l ent to Cal tech data 
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6001 7 

Tera et a l . ( 1974 ) report U ,  Th and Pb i sotopi c data for 6001 7 , 7 2 ,  a bul k rock 
s amp l e .  -rhe s amp l e  contai n s  predominant ly i n i ti a l rad i ogen i c  l ead rather 
than in s i tu -produced l ead .  The samp l e  fal l s  off a reference i sochron 
wh i ch encompasses most other h i gh l ands s ampl e s  on a 2 0 7 Pb/2 0 6Pb v .  2 3 8 U/ 2 0 6 Pb evo l ut i on d i agram ( F i g .  5) .  The departure can be accounted for 
by assumi ng  that the s amp l e  formed at � . 0  b .y. from a source � . 4  b . y. o l d  
or formed a t  �3 . 9  b .y. from a source 4 . 5  b .y .  o l d . 

l·��.::' 60017 (35 ) 

- �  . , .""' . t.IC;t«.ANO SOILS 
�� 

LC 

-�\.,. 
'�·. 

4.01<. "'-. 
0.2 0.6 o.a 1.0 1.2 

FIGURE  5 .  U -Pb evo l u t i on d i a gram . 
Reference i sochron passes through 
total rock a nd pl a g i oc l ase for 
roc k 6841 5 .  Number i n  parentheses 
i s � val ue ; from Tera et �. (1 974 ) .  

TRACKS AND RELATED STUDIES  : MacDouga l l et al . ( 1973 ) measured the U content 
from fi s s i on tracks , but found no so l ar fTare-tracks i n  o l i v i ne  or fel dspar . 
F i reman et al . ( 1 97 3 )  report count rates for 3 H ,  wh i ch i s  l e s s  abundant  i n  the 
i n teri or�han the surface . 

PHYS ICAL PROPERTIES : Hou s l ey et a l  ( 1976 )  found that 60017 ,84 ( bu l k rock )  
ha s  a very weak ferromagnet i c  resonance and i s  thus u n l ike e i ther soi l s  or 
soi l brecc i as .  Gol d  et a l . ( 19 74 ,  1975 , 1 976a ) u sed 6001 7  for cal i bration 
in Auger el ectron s pectroscopy of s amp l es . They found that the a l bedo ( 0 . 5 )  
of 60017  does not decrease to h i gh l and soi l a l bedo l e ve l s  mere l y  by crush i n g .  

PROCES S I NG AND SUBD I V I S I ONS : A few sma l l fragments were chi pped off the 
s amples pr1 or to its s aw 1 n g  i n  l ate 1 9 7 2 .  Duri n g  s awi ng several fragments 
were produced ( F i g .  6 ) .  The two l argest p i eces , 18 and , 52 and several smal l 
p i eces are preserved i ntact . S l ab A was di s sected as shown i n  F i gure 7 ,  and 
, 1 7  was d i s sected to g i ve s p l i ts , 53 through , 88 ( F i g .  6) .  Most a l l ocations 
h ave been made from the subdi v i s i on s  of , 1 7 .  
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F IGURE 6 .  Cutt i ng  d i a gram 
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6001 7 

7 Su bd i vi s ion  of s l a b .  F I GURE 
. S-73-21 544 . 

600 1 7  
,20 
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60018 SHOCKED BASAL T I C  IMIJACT MELT , G LASS COATED 

INTRODUCTION : 6001 8 i s  a coherent ,  medi um gray, bas a l t i c  
s uffered a vari ety o f  shock effects after l i thi fi cati o n .  
and  a network of  g l ass  vei ns penetrate the rock ( Fi g .  1 ) . 
g l ass  coats the exterior surfaces . 

1 501 g 

impact me l t  that 
Extensi ve fractures 
A dark , ves i cul ar 

6001 8 was chi pped from a 50 em boul der 1 00 m southwest of the Lunar Modul e .  
Thi s boul der wa s perched and subrounded . The l ocati on and ori entati on of  
6001 8 are known . Many zap  p its  are present o n  the l unar-exposed surface . 

F IGURE  1 .  Saw cut face . S-78-3 1 788 . Scal e  i n  mm . 

PETROLOGY : 8l though i nten se ly  shocked , a re l i ct mel t  texture i s  c l ear ly  
discernab l e  over much of the rock . An i ntergran u l ar basa l t i c  texture i s  
most common with p l agi ocl ase l aths often form i n g  rad i al c l usters ( F i g .  2 ) .  
Areas of fi ne-grai ned brecci a  and patches w i th a po i k i l i t i c  to suboph i t i c  
texture are a l so  presen t .  Gra i n  s i ze of the mel t  matr i x  var i es dramat i ca l l y  
over short d i stances ; max imum crystal l ength i s  �1 mm . 
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6001 8 

a b 

d 

F IGURE 2 .  a )  6001 8 , 53 .  general v i ew ,  ba sal tic , xpl . wi dth 2mm . 
b )  6001 8 , 57 .  general vi ew ,  poi ki l i ti c  a nd gl assy , xpl . wi dth 2mm . 
c )  6001 8 , 51 . s pherul i tic , g l a s sy ,  xpl . width 2mm . 
d )  6001 8 , 5 1 . g l a s s  vei ns , ppl . wi dth 2mm . 
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600 1 8  

P l agiocl ase xenocrysts are abundant . C l asts o f  anorthos i te and nor i t i c _  
anorthos i te ( up to �1 em ) are somewhat l es s  common . Metal fragments have N i  
and Co  contents wh i ch p l ot w i th i n  the "meteor it ic  f i e l d "  ( Reed and Tayl or , 
1974 ) .  Tro i l i te and schre ibers ite are occas i onal ly  associ ated w i th the metal . 
F i gure 3 shows that many of the kamac i te part i c l e s  not associ ated wi th schre i ber
s i te are neverthe less  enr i ched in P rel at i ve to meteor i t i c  meta l . Some rust i s  
a l s o  present.  Late stage s i l i cate- l i qu i d  immi sc i b i l i ty i s  apparent i n  some 
i ntersti t i al areas . 

Both the c l asts and the h ost bas a l t  show extreme s hock effects . Many of the 
pl agi oc l ase l aths and c l asts have been converted to maskelyn i te or recrys
tal l i zed . I n  the most severely  a l tered zones i ntersti t i a l  mafics  have been 
converted to smal l rounded gra ins  ( F i g .  2 ) .  

A compl ex network of g l as s  ve i n s  penetrates the rock and i s  probab ly  rel ated 
to the g l as s  coat . I n  th i n  sect i on these ve i n s  are green to brown , often con
ta i n  schl i eren and debri s ,  and seem espec i al ly  common a l ong  c l ast-matri x  
boundar i es .  The i ntrus i on o f  these g l as s  ve i n s  appears to postdate the l i th i f i 
cati on of the rock and i s  probab ly  re l ated to the event wh i ch caused the in
tense shock metamorph i sm . 

• 

• • • 

0·3 
• 

(}2 

0·1 

0 �4�--�--•s_.�----6�--.---�7�.���N�I 

F I GURE 3 .  P v .  Ni for metal ; 
from Reed and Taylor ( 1 974 ) . 

CHEMISTRY : S . R .  Taylor  et al . ( 1 973 ) and Has ki n ( unpubl i s hed) have anal yzed bul k 
rock sampl es for major and trace el ements . Has ki n ( unpubl i s hed ) has al so a nal 
yzed c lasts and g l a s s  sampl es . Cri pe and Moore ( 1 974 ) , Moore and Lewi s ( 1 976 ) ,  
Moore et al . ( 1 97 3 )  and Goel et al . ( 1 97 5 )  provide carbon , ni trogen and sul fur 
data . Nunes et �· ( 1 974) provide U ,  Th , and Pb abundances . 

REEs i n  the basa l t  are h i gh ( F i g .  4 ) .  Thi s , a long  w ith the h i gh bu.l k  N i  val ues . 
and metal compos i t i ons, i ndi cates that the rock wa s a cl ast- l aden 1 mpact mel t w1 th 
s i gn if i cant KREEP and meteori t i c  components . A l so notabl e  i s  the extreme en
ri chment i n  s u l fur rel ati ve to the other l i ght e l ements (Tabl e 1 ) .  

The g l as s  vei n s  are s i gn if i cantly more a l uminous than the bas a l t  and have l ower 
l evel s of i n compat ibl e e l ements ( Tab l e  1 ) . Thus the g l as s  i s  not a who l e  rock 
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6001 8 

me l t  of the basa l t .  

Wh i te c l asts analyzed by Has k i n  are v i rtual l y  pure p l agiocl ase or anorthos i te 
based on the i r  l ow contents of FeO and REEs (Tab l e  1 ) .  One b l ack c l as t ,  a l so 
ana lyzed by Has k i n ,  i s  u l tramafi c  wi th h i gh FeO and very l ow l eve l s  of REEs 
(Tab l e  1 ) .  

TABLE 1 .  Summary chemistry of 

the mel t matrix (basa lt),  cl asts and gl ass veins of  6001 8 

Basal t Gl ass * White clasts * Bl ack cl asts * 

Si02 45.7 44.9 
T102 0.65 0 .359 
Al 203 24.0 28. 5  

Cr2o3 0 . 1 1  0 .086 0.006 0 .04 
FeO 5.6 4 .60 0 . 3  34 .8 
MnO 0.07 0 .048 0.01 5 1 .07 
MgO 8.9 4 .83 
CaO 1 3 .8 1 6 .6 
Na2o 0.54 0 .492 0 .424 0 .02 

K20 0.23 0 . 1 03 

P2o5 
Sr 
La 25 1 0 . 7  0 .38 (Sm=0.042) 

Lu 1 . 1  0 .46 0.003 

Rb 7 .7  3 . 1  

Sc 9 . 1  6 . 0  0.44 7 . 1  

Ni 400 520 

Co 29 43 0 . 54 71 

Ir ppb 
Au ppb 
c 32 

N 29 TABLE 2. Ox:z:gen i sotoee data 
s 2250 
Zn 2.2 2 . 6  

Cu 
�� o1"  o O" 

Whole  rock 5.69 
Oxides in  wt%; others i n  ppm except as noted. 

Light cl ast 
*from llas kin (unpubl i shed) 

30 

5 . 60 

"Catacl astic 
anorthosite"* 5 . 60 2.75 [*Li sted in  Cl ayton and Mayeda ( 1975 ) as  60018 ,43 . 
�hotodocumentation shows that thi s  spl it  i s  mostly 
basal t but also contains  a l arge white c last . 
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6001 8 

STABLE I SOTOPES : C l ayton et a l . ( 1973 ) and C l ayton and Mayeda ( 19 7 5 )  report 
ool s and 801 1 data for c l asts-and the bu l k  rock ( Tab l e  2 ) . 

RAD IOGEN IC  I SOTOPES AND GEOCHRONOLOGY : Nunes et a l . ( 1974,  1977 ) prov i de 
U-Th-Pb data for several spl its of the rock . Many of the i r  s ampl e s  h ad s awn 
surfaces and were s i gn i f icant ly  ( u p  to 77% ) contami nated w ith terrestr i al l ead 
( F i g .  5 ) .  On ly the i r  "who l e  rock " and hand-pi cked g l as s  s amp l es do not appear 
to be contaminated . The "whol e  rock " analys i s  i s  near ly  concordant at 4 . 2  b .y .  
but the g l as s  contai ns exces s  Pb re l at i ve to U suggest i ng  that the g l as s  may 
be fused so i l  ( Nunes et .9.!_. , 1974 , 1977 ) .  

PHYS I CAL PROPERT IES : Sugi ut·a et a l . ( 1978 ) report the resu l ts of pal eontens i ty 
expenments performed wh i l e heaTingthe s amp l e  under contro l l ed fOz ( Thel l i er ' s  
method ) ( F i g .  6 ) .  The natural remanent magneti zation ( NRM )  of the rock i s  
fai r ly  strong and stab l e  aga i n st AF- demagneti zat i on al though an anc i ent remanent 
magnet i zation probab l y  i s  not presen t .  As most of the NRM i s  thermal ly  de
magnet i zed by 400° C ,  l ow temperature shock events may have been respon s i b l e  for 
the remanent magneti zation that i s  present . Some of the magnet i c  propert ies can 
al so be accounted for by the chemica l  changes produced by heati ng . 
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6 •  111011 
I • Wholt roct 
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6 • Handpicked light grl)' 
1 • Handpicked white 

M. T. • Modern terrestrill 
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F IGURE 6 .  Demagnet i zation ; 
from Su g i ura et !L_ ( 1 978 ) .  

E 
Q 

...... 

:J 
e 
0 "' 

I 
0 

> 
.... 

U) 
z 
w 
.... 

z 

1 . 5  

8 

0 100 200 
AlTER N AT I N G  F I E L D  ( O e )  

AF demap1Ctizatioo of NRM for two pieces (A aod B) of 60018,19 and of IRM 
for piece A. 

-
e. 
a 

....... 

:) 

E 
G) 

"' 
I 0 
..... 
-

� 
� 
z 

32 

FIGURE 5 .  U -Pb data ; from 
Nunes et !L_ ( 1 977 ) .  
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6001 8 

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 th i s  rock was cut i nto three main p i eces ,  
one bei ng a sl ab (Fi g .  7 ) . - The s l ab was ent i re ly  subd i v i ded w ith most of the 
a l l ocat i on s  bei n g  taken from i t .  Not a l l s p l its are shown in the d i agram . 

?4 
° CM 

F I GURE 7 .  to p :  cutt i ng  d i a gram . bottom : s l a b  d i ssecti on . S-73 -21 540 . 
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60019 DARK GLASSY MATR I X  BRECCIA (REGOLITH BREC C IA? ) 

I NTRODUCTION : 60019 i s  a coherent,  med i um-gray g l assy brecc i a  contai n i ng 

1887 g 

several l arge , l i ght  col ored c l asts ( F i g .  1 )  wh i ch are mai n l y  po i k i l i t i c  and (more 
rare ly )  bas a l t i c  impact mel ts . Part of i ts surface h as a rough g l ass coat i n g .  

The s amp l e  l ocat i on i s  not known prec i se ly  but was approx imate ly  1 1 5  m west south
west  of the Lunar Modu l e .  I t  was partly  bur i ed ( poorly devel oped f i l l et ) . The 
s amp l e  i s  subrounded . The or i entat i on i s  known and zap p i ts are present on some 
surfaces . 

F I GURE 1 . 
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/-� PETROLOGY : Macroscop ica l ly  the rock cons i sts of a dark aphan i t i c  matri x  w i th 
abundant c l asts up to 5 em ( F i g .  1 ) .  C l asts vary from f i ne-grai ned , crystal l i ne 
l i th i c  fragments to g l as s  and m i neral fragments . The matri x  has g l as s - l i ned 
cracks and g l assy ve i n s . Rust patches occur i n  both the matr i x  and the l arger 
c l asts . 

/ 

a 

F I GURE 2 .  a )  6001 9 , 1 4 .  
b )  6001 9 , 77 . 

b 

genera l v i ew ,  ppl . width 2mm . 
Cl ast l ,  po i ki l i ti c ,  xpl . wi dth 2mm . 

·Th i n  sect i ons s how that the matri x  i s  brown , g l assy, partly ves i c u l ar and conta ins  
g l as s  fragments ( F i g .  2 ) .  These character i st i cs and its chem i stry ( be l ow )  suggest 
that 60019 i s  l i th i fi ed regol i th or i s  l arge ly  der i ved from rego l i th i c  mater i al . 
Most of the l arge c l asts ( e . g .  c l asts 1 and 2 ,  F i g .  1 )  are po i k i l i t i c  impact mel ts . 
C l ast 1 i s  poi k i l i t i c  w i th abundant fragments ( F i g .  2 )  i n c l ud i n g  granob l ast i c  
impact i tes , catac l as t i c  anorthos i te ,  and a l umi nous basal t .  I n  p l aces the po i k i l i t i c  
texture , character i zed by pyroxene o i k ocrysts up to 1 mm , grades i nto basal t i c  
texture . Other smal l er c l asts i n  the matri x  i n c l ude coarse ,  a l umi nous , impact 
basal ts , a l umi nous brecc i as ,  and p l ag i oc l ase and maf ic  mi neral grai n s . One sma l l 
( 2x3 mm ) coarse bas a l t  may be of mare aff i n i ty ;  i t  i s  maf i c  and h as con sp i cuous 
i l men i te .  

Hans en et al . ( 1 979b and unpubl i s hed ) i nvesti gated a granobl a sti c impacti te c l ast i n  
6001 9 .  �agiocl ase compo s i ti ons show l i ttl e di s pers i o n  of major (An 9 4- 9 s ) or mi nor 
( K20 0 . 053% ; FeO 0 . 098% ;  MgO 0 . 1 3 5% )  el ements . Ol i v i ne i s  Fo7 9 • 
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CHEM I STRY : Rose et a l . ( 1 97 5 )  report 
major ancf trace element analyses of 
both the matrix  and c l a st  1 .  Cri pe 
and Moore ( 1 97 5 )  and Moore and Lewi s 
( 1 976 ) report l i ght el ements for these 
same two l i thol ogi es . The matri x i s  
chemi ca l l y  i nd i stingui shabl e from 
Apol l o  1 6  soi l s  i n  a l l res pects with 
the excepti on of rare-earths whi c h  are 
enriched in  6001 9 .  The poi ki l i ti c  
cl ast i s  more a l umi nous and l es s  
enri ched i n  i ncompat ibl e el ements than 
most other Apol l o  1 6  poi kf l i ti c  roc ks ;  
thi s i s  at l east  i n  part a consequence 
of i ts a bundant cl a sts . 

RARE  GASES : Bernatowicz et al . ( 1 978) 
report xenon and krypton iSotopi c 
abundances from heat ing  stud ies of  a 
matri x sampl e .  The sampl e conta i n s  
substant ia l  excess fi ss ion  xenon and 
1 2 9X e ,  suggesti ng that excess fi s s ion  
xenon i s  a g l obal character i s tic . The 
sampl e i s  rich  in sol ar wi nd components , 
a ga i n  suggesti ve of a s i g n i ficant rego l ith 
component . 

PROCESS ING AND SUBD IV IS IONS : I n  October, 
1974 , two end pfeces (,4 and , 5 )  and a 
s l a b were cut from 6001 9 (Fig s . 1 ,  3 ) . 
The sl ab i tsel f was subd i v i ded l eavi ng 
two l arge pi eces ( , 1 8  and , 23 ) . Most  
subd i v i s i ons �1ere made from a col umn 
down the center of the s l ab and from 
the regi on of cl ast 1 • 
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TABLE 1 .  Chemistry of  6001 9 

Cl ast 1 
�1a tri x ( Po i  ki l i t i  c )  

S i 0 2 45 , 3  45 , 3  
T i0 2 0 , 35 0 ,46 
A1 20 3 26 . 3  23 , 2  
Cr20 3 0 , 1 0 0 , 1 4  
FeO 5 . 3  6 , 9  
�1n0 0 , 06 0 , 08 
MgO 6 , 7  9 , 5  
CaO 1 4 . 9  1 3 , 6  
Na 20 0 , 46 0 , 48 
K20 0 , 1 4  0 , 1 8 
P20 s 0 , 1 9 0 . 27 
S r  1 31 1 36 
La 20 26 
Lu 
Rb 3 , 1  4 . 2  
Sc 1 1  1 1  
Ni 795  81 0 
Co 49 45 

I r  ppb 
Au ppb 
c 1 62 1 1 0  
N 56 28 
s 920 91 0 
Zn 1 3  <4 
Cu 7 ,8 7 , 5  

Oxi des i n  wt % ;  others i. n ppm 
except as noted . 
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Vesicu lar glass coat 

F IGURE  3 .  Saw cut subd i v i s i ons . 
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60025 CATACLAST IC  ANORTHOS ITE,  PRISTi tJ E  1 836g 

I NTRODUCT ION : 60025 i s  a coarse-gra i ned , moderately s hocked and catacl asti c 
ferroan anorthosi te whi ch i s  monomi ct and i s  free of meteori ti c s i derophi l es 
( i . e .  chemi cal l y  pri s t i ne ) . A smal l patch of  dark ves i cul ar  g l ass i s  present 
on one surface ( Fi g .  1 ) . 60025 was col l ected 1 5 m southwest of the Lunar 
Modul e where i t  was perched . I t  i s  moderatel y coherent wi th some penetrati ve 
fractures . I ts ori entati on i s  known and zap pi ts occur on  a l l surfaces , though 
not equal l y  d i stri buted . 

F I GURE 1 .  Saw cut s l a b .  S-7 2 -49095 . Scal e i n  mm .  

60025 
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P ETROLOGY : Walker et a l . ( 1973 ) ,  Hodges and Kus h i ro ( 1973 ) ,  Di xon and Papike  
( 19 75 ) ,  Warren and Wasson ( 1978 ) and LS�ET ( 1973 ) pro� i de ge�eral petrog�aph i c  
i nformat i on . Takeda e t  a l  . .  ( 1976 ) stud 1 ed pyroxenes 1 n  deta 1 l  and Longh 1  et _2.!_. 
( 1976 ) ,  Hansen et 2.!_.\i 979a)  and �1eyer ( 1979 ) report data on m i nor el ements 1 0  
p l ag i oc l ase . 

The rock i s  a true anorthos i te wi th > 90% p l ag i oc l ase ( An g 4 _ 9 a ) .  Shoc k-twi nned 
and fractured c l asts up  to 4 mm l ong  rest i n  a f i ne-grained and often recrysta l 
l i zed matr i x  of granu l ated p l ag i oc l ase ( F i g .  2 ) .  Maf ics  are ferroan and i rreg
u l ar ly  d i stri buted . Wal ker et a l . ( 1973 ) ,  Hodges and Kus h i ro ( 1973 ) and D i xon 
and Papi ke ( 1975 ) report < 2�pyroxene and no o l i v i ne whereas LSPET ( 1 973 ) i n 
d i cates -v 10% o l i v i ne ,and a "mafi c-r i c h "  port i on descri bed by Warren and Wasson 
( 1978 ) conta i n s  20% o l i v i ne ( Fos 1 - 6 5 )  and 10% pyroxene . A 2x2 mm opt i ca l l y  con
t i nuous zone of pyroxene and a 4x4 mm zone of o l i v�ne  attest to the coarse
grai ned n ature of the rock pr ior to catac l as i s  ( Warren and Wasson , 1978 ) . Traces 
of si l i ca ,  i lmen i te ,  Cr- s p i ne ·l and g l assy i nc l u s i on s  i n  p l ag i oc l ase are scattered 
throughout the rock . 

Anhedral pyroxenes (most < 0 . 5  mm ) are concentrated as d i screte gra i n s  i n  the 
matr i x  but a l s o  occur as rods . stri n gers and i rregu l ar b l otches a l ong p l ag i oc l ase 
twi n  p l anes and gra i n  boundar ie s . The dom i n ant pyroxene i s  orthopyroxene . Some 
gra i n s  show we l l  deve l oped exsol ut ion l ame l l ae of h i gh-Ca  pyroxene and were prob
ab l y  pr imary p i geon i te .  Aug i te i s  a l so present as d i s crete gra i n s .  Apparently 
three primary pyroxenes-orthopyroxene , pi geon i te and  aug i te - were present at  the 
t ime of crysta l l i zat ion (Hodges and Ku s h i ro ,  1973 ) .  Pyroxene compos i t i on s  are 
s hown i n  F i gure 3 .  
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FIGURE 2 .  60025 , 1 3 0 .  general v i ew ,  
xp l . w idth  2mm . 
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F IGURE 3 .  Pyroxene s .  

a )  from Hodges and Ku sh i ro { 1 973 ) .  
b )  from �la 1 ker et !!._. ( 1 973 ) .  

F IGURE 4 .  from Wal ker et �· ( 1 97 3 )  
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EXPER IMENTAL PETROLOGY : Ford et a l . ( 1974 ) determi ned that p l agioc l as e  i s  the 
l i quidus  phase  of  a rock w iththecompos i t i on of 60025 . The  anhydrous l i qu i dus  
occurs at  temperatures > 1370°C . Moderate water vapor press ure l owers the 
l i qu i dus temperature to be l ow 1 2oooc .  The anhydrous so l i d u s  i s � 1 2oooc .  

CHEt1 I STRV : Chemical  studi es of  60025 are l i s ted i n  Tabl e 1 and a s ummary 
c"fiemi stry i n  Tabl e 2 .  The sp l i ts a nal yzed were a lmost pure p l agi ocl ase  ( Tabl e 2 ,  
Fi g .  4 ) ;  apparently none of  the mafi c r ich  portions were sampl ed for chemi stry . 

Rare earths are l ow w ith the l arge pos i ti ve Eu  anomaly typ i ca l  of l un ar anortho
s i te s  ( F i g .  5 ) .  The REE pattern of 60025 paral l e l s  that of 15415  and 600 1 5  
but with abso l ute concentrat i on s  near ly  twi ce a s  h i gh .  Z r  and H f  and the Zr/Hf 
rat i o  are typ ical  of l unar anorthos i te s  and are among  the l owest meas ured i n  any 
l un ar mater i a l  ( Ehmann et ��. , l 975 ;Garg and Ehmann ,  1976 ) .  

60025 i s  a l so l ow i n  s i deroph i l e s  i nd i cat i ng  a l ack of meteor it i c  contami nation . 
Its very h i gh vol ati l e  to i nvo l at i l e  ratios ( e . g .  T l /Cs and T l / U ) however suggest 
that a fumarol i c  component is  present ( Krahenbuh l  et a l . ,  1973 ) .  S u l fur is  a l so 
enri ched i n  60025 re l at i ve to the other l i ght gases(Tab l e  2) ,  i ts Fe  content 
( F i g .  3 of Kerr idge et a l . ,  1 9 75a ) and other pri st i ne  anorthos i tes ( e . g .  1 54 1 5 ,  
600 1 5 ,  67075 ) .  

-- --

F l ory et a l . ( 1973 ) determi ned total amounts of hydrocarbons and other l i ght 
gases andtheir  re l ease patterns upon heat ing . 60025 was the on l y  rock ana lyzed 
by these authors to yi e l d  detectabl e  methan e ,  apparently produced by the hydrol 
ys i s  of react ive ,  so l ar w i nd-depos i ted carbon . 

Sato ( 1976 ) determined the oxygen fugac i ty of 60025 by the so l i d-el ectro l yte 
oxygen ce l l  method and found i t  to have among the l owest fo2 ever measured i n  
l un ar mater i a l . A s e l f-reduction at h i gh temperatures occurred d uri ng  the fi rst 
heat i ng  cyc l e .  Reported val ues are g i ven i n  Tab l e  3 .  

10 
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F IGURE 5 .  Rare  ea rt hs ; from 
Ha ski n et i!.l_. ( l 97 3 ) .  



TABLE 1 .  Chemi cal studies of 60025 anorthos ite 

Reference Spl i t  # El ements analyzed 

Janghorbani et !!_. ( 1 973) ,72 majors 
Rose et !!_. ( 1 973) ,95 majors , trace 
Haskin  et !!_. { 1 973 ) ,45 majors , REEs , other trace 

Lau1 and Schmi tt ( 1 973 ) ,73 majors , REEs , other trace 
Nakamura n !!_. ( 1 973)  ,76 majors , REEs , Ba 
l/a1 ker n !!_. (1 973) ,90 majors* 
Krahenbuhl n !!_. ( 1 973) ,84 meteori tic s ids .  and vol s .  
Ehmann and Chyi (1 974) ,72 Zr, Hf 
Ehmann n !!_. (1 975) ,72 Zr,  Hf,  Sc,  Co , Fe , Eu 

""" Mil l er n !!_. (1 974 ) ,72 Fe , Sc,  Co , Eu 
N Cri pe and f1oore ( 1 974) ,82 s 

Moore et !!_. ( 1 973) ,82 c 
Moore and Lewi s (1 976) ,82 N 
Schaeffer and. llusain (1 974) ,86 K, Ca 
Nyqui st  n !!_. ( 1 975)  ,268 Rb,  Sr 
Papanastassiou and 

Uasserburg ( 1972b ) ,65 Rb,  Sr 
Tera and Wasserburg ( 1 972)} 
Tera n !!_. ( 1 973) ,65 U ,  Th , Pb 
Nunes et !!_. ( 1 974) ? , 9003 ( from U ,  Th , Pb , Rb,  Sr, K 

,26) 
Nunes et !!_. ( 1 97 7 )  ,9003 (from U ,  Th , Pb 

,26 )  

*Mi croprobe , fused powder 

TABLE 2 .  Summary chemistry of anorthosite 60025 

Si02 44 .2 
T102 0 . 1  
Al2o3 35 . 3  
Cr2o3 0.02 
FeO 0.6 
MnO 0 .014 
MgO 0 .2 
CaO 19.0 
Na2o 0.44 
K20 0 .03 
P205 0.003 
Sr 218 
La 0 .3 
Lu 0.005 
Rb 0.02 
Sc 0 .05 
Ni "' 1 
Co 0.07 
Ir  ppb 0.006 
Au ppb 0.007 
c 35 
N 56 
s 240 
Zn <2 ( ? )  
Cu 8 .4 ( ? )  

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

en 
0 
0 
N 
01 
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TABLE 3 .  Oxygen fugaci ty of 60025 (Sato, 1 976) 

T (OC) -log fo2 (atm) 

1000 16.9 
1050 16 . 1  
1100 15 .4  
1150 14 .7 
1200 14 . 1 

STABLE I SOTOPES : Tayl or and Epste i n  ( 1973 ) report 80 1 8 and oSi 3 0  val ues of 
+5 . 9 5  and -0 . 0 1  respect i ve ly  for who l e  rock sp l i ts of 60025 .  

RAD IOGEN IC  ISOTOPES AND GEOCHRONOLOGY : Rb-Sr data are s ummar i zed i n  Tab l e  4 .  
The very low measured 8 �/8 6Sr extrapol ates to very c l ose to BAB I at 4 . 0  and 
4 . 6  b .y .  On l y  who l e  rock data from the anorthos i te are currently avai l ab l e  
a l though a mi neral i sochron cou l d  conce i vab l y  b e  obtai ned from the maf i c-ri ch 
port i ons of the rock . Schonfel d  ( 1976 ) constructed a Rb-Sr who l e  rock i sochron 
from data on l un ar anortho s i tes wh i ch gave an apparent age of 4 . 6  b . y .  and an 
i n i ti a l  8 7 Sr/ 8 6 Sr of 0 . 69905 . 60025 l i es on th i s  i sochron . 

An Ar-Ar determ i nat ion y ie l ded a we l l  defi ned p l ateau age of 4 . 19 ± 0 . 06 b .y .  
( F i g .  6 )  ( Schaeffer and Husai n ,  1974 ) .  There was n o  i ncrease i n  apparent age 
at h i gh temperatures ( F i g .  6 )  i n d i cat i n g  no rel i ct Ar i n  anci ent p l ag i oc l ase 
c l asts ( Schaeffer and Husa i n ,  1974 ) .  

U-Th-Pb  data show very l ow concentrat i on s  of al l of these e l ements and es sen
t i al l y  no  i n i t i a l  radi ogen i c  Pb  ( Tera and Wasserburg , 1972 ; Tera et al . , 1 973 ; 
Nunes et �. , 1974 , 197 7 ) .  The ana lyses are h i gh l y  d i scordant ( F i9: IJ· Lead 
i sotopes are not eas i l y  l eachab l e  and are h i gh ly  evol ved yi e l d i ng  a 2 7 Pb/ 
2 0 6 Pb s i n g l e  stage mode l age of 4 . 64 b .y .  ( Tera and Wasserburg , 1972 ) .  Nunes 
et al . ( 1974, 1977 ) report seri ous terrestri a l  contami nat i on in thei r  s amp l es 
wit�sawn surfaces . In teri or ch ips  wi thout s awn surfaces do not show s uch con
tam i n at i on (Tera and Wasserburg , 1972 ) . 

TABLE 4 .  Summary of  Rb-Sr data for anorthos ite  60025 

nsr;••sr 8 7Sr/8 6Sr 
Rb/Sr measured at 4 .6  b .x Reference 

1 . 16x10-4 0 . 69896 ± 3 0 .69894 Papanastass iou and 
Wasserburg ( 1972b ) 

9 . 44x10-!> 0. 69908 ± 6 0 . 69906 Nunes et al . ( 1974 ) 

1 . 34x10-'l 0 . 69905 .± 6 0 . 69902 Nyquist et al . { 1975 ) 

1 . 22xlo-" 0 . 69913 ± 3 0 . 69910 Nyqu ist  et �- ( 1979 )  

Not corrected for i nterl aboratory b ias  
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F IGURE 6 .  Ar rel ea se ;  from 
Sc haeffer a nd Hu sa i n  ( 1  97 4 ) . 

FIGURE 7 .  U- Pb evo l ut ion  di agram; 
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RARE GASES/EXPOSURE AGES : Li ghtner and Mart i ( 1974 a )  and Le ich and N i emeyer 
(1975)  provide Xe , Kr and Ar i sotope data . S i g� i f i c ant amgunts gf trapped Xe 
not of sol ar or cosm i c  ori g i n  were found ; I t  1 s  however 1 sotop1 ca l l y  
i n d i st i ngu i shab l e  from terrestr i al Xe and i s  bel i eved to represent terrestr i a l  
contaminat i on because exper iments by N i emeyer and Le i ch ( 1976 ) showed that 
unexpected l y  h i gh temperatures (> 10QODC )  were req u i red to remove known terres
tri a l  contami nat i on . 

Marti ( pers . comm . , 197 5 ,  referenced i n  Drozd et a l . , 1977 ) cal cul ated a s i ng l e  
stage 8 1 Kr-Kr exposure age of 1 . 9 m . y . , con s i sten�with an excavati on by the 
Sou th Ray cratering  event .  Fruchter et  a l . ( 1977 ) a nd  Koh l  et  al . ( 1977 ) re� 
port Mn and Al i sotope data that confTrm-rh i s  2 m . y .  exposure-age . 

Schaeffer and Husai n  ( 1974 ) report Ar i sotopi c  data and ca l cu l ate 3 8Ar- 3 9Ar 
exposure ages wh i ch average 8 . 6  m .y . ,  con s i derab l y  h i gher than the 8 1 Kr-Kr 
age wh ich  Le ich and N i emeyer ( 1975 ) con s i der more re l i ab l e .  

PHYS ICAL PROPERT I E S :  L im ited magnet i c  i nformati on �s pr:ov i ded by C i sowsk i  et {!_. 
( 1976)  who found that 60025 possesses h i gh saturat 1 on 1 sothermal remanent · 

magneti zati on ( I RM�) comparabl e to soi l brecc ias and wel l above that of other 
catacl ast ic  anorthos i tes ( s ee thei r Fi g .  6 ) . 

Katsube and Col l et ( 1973 a , b )  and Gol d  et a l . ( 1 976b) report e l ectri cal  charac
ter i st i cs of the anorthos i te ( F i g .  8) . - --

SAMPLE NO 60025,55 
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F IGURE 8 .  El ec tr i cal properti es ; 
from Katsube a nd Col l ett ( 1 97 3 b ) . 



60025 

Sondergel d  et a l . ( 1979 ) measured compre s s i ona l  wave ve l oc i t i e s  on three per
pend i cu l ar surfaces of a s l ab of the anorthos i te . Measured ve l oc i t i es were 
a l l < 1 km/sec and devi ated up to 29% from the mean val ue of the three d i rec
t i ons  ( 0 . 66 km/sec ) .  Nei ther var i at i on i n  temperature ( u p  to goo C )  nor vacuum 
( down to 1 0- 6 �m Hg ) h ad any detectabl e  effect on the vel oci t i es . These data 
agree we l l  w ith se i sm i c  wave data from the l unar surface at the Apol l o  16 s i te .  

Jean l o z  and Ahrens ( 1978 ) determ ined s hock wave , equat i on of state data for 
the anorthos i te over the pressure range 400- 1000 kbar ( F i g .  9 ) .  Poros i ty i n  
the rock ( average � 18% ) induces sma l l er peak pressures and greater temper
atures than experi enced by non-porou s rocks  s ubjected to s i mi l ar shock con
d i t i on s . Jean l oz and Ahrens ( 1979 ) extended the s hock wave exper iments to 
h i gher and l ower pressures  ( 1 160 and 270 kbar ) .  

� 
� 60 
"' 
� 

Q_ 
40 

FIGURE 9 .  Hugon iot  equation  of 
state data ; from Jeanl oz and  
Ahrens ( 1 978 ) .  

M i crocracks were stud ied by S immons et al . ( 1975 ) who found two sets of shock 
i n duced cracks , pos s i b l y  i n d i cati ng separate s hock events . 

Hapke et {!_. ( 1978 ) prov i de u l trav i o l et refl ectance data . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 , 60025 was s awn i nto three ma in  p i eces 
(F i g .  1 0 ) , The s l ab and the E butt end were exten s i ve ly  subd i v i ded and 
a l l ocated . The mafi c-rich th i n  sect i ons  descr i bed by LSPET ( 1973 ) and Warren 
and Wasson ( 1978 ) are from an undocumented ch i p  ( 60025 , 9 )  wh ich i s  now a potted 
butt . Proces s i n g  notes i n  the data pack i nd i cates that maf i c-rich cl umps may be 
present on the N s urface . 
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60035 POLYM I CT nRECCIA, PARTLY GLASS-COATED l 052g 

INTRODUCTION : 60035 i s  a coherent ,  whi ti s h  brecci a ( Fi g .  1 )  con s i s t i n g  mai n ly  of 
a var1 ety of fel dspathi c i mpact i tes wi th granobl ast ic  and po i k i l o bl asti c textures 
( Fi g .  2 ) . Macroscop i cal l y  the brecci a  i s  homogeneous and cut by a few vei ns of 
dark gl a s s . I t  i s  partly coated wi th bl ack gl a s s  whi c h  apparently once enti rel y 
coated the rock .  

The sampl e was col l ected about 1 90 m south-southwest of the Lu nar Modul e where i t  
was partl y buri ed , I ts ori entati on i s  known and zap pi ts are common on the " l unar 
up"  s urface , rare to absent on others . 60035 was ori g i nal l y  s et as i de as a posteri ty 
sampl e and only recentl y made ava i l abl e for s tudy .  

F IGURE l .  Cube i s  l em . S-7 2-38300 .  

PETROLOGY : R .  Warner et al . ( 1 980) provi de petrographi c
_
i nformati on : Th i n  

sect i on s  from widely separat�d port i on s  of the . r?ck �ons 1 st . of a var1 ety of 
crystal l i ne anorthos i t i c ,  �rocto l i �ic. and �or1 t 1 c  l 1 tho log 1es that grade 
i n  s i ze from cl asts to a f 1 ner-gra1 ned matr 1 x .  
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60035 

a b 

F I GURE 2 .  60035 , 1 8 .  a ) granobl astic , xpl . width 2mm . b ) po i ki l obl a stic ,xpl . 
widt h lmm . 

The most common l i th ic  type recogni zed by R .  \Jarner et al . ( 1 980) i s  po i ki l obl asti c 
anorthosi ti c nori te ( Fi g .  2 ) . Low-Ca pyroxene oi kocrystS encl ose S8al l rounded to 
s ubequant gra i n s  of pl agi ocl ase .  At l east two di sti nct popu l ations of pyroxene 
composi tions �ere found :  one more Fe-ri ch than the other ( Fi g .  3 ) . More ca l c i c  
pl ag iocl ases (An 9 7- 9 a ) are associ ated wi th the Fe-r ich  gro u p .  Minor a8ounts of 
ol i vi n e  are present .  

Granobl asti c anorthosi ti c troctol i te cl asts ( 70-80% pl ag iocl ase ) are al so common 
( Fi g .  2 ) .  The grai n s i ze wi thi n these cl asts i s  vari abl e ( 0 . 05- 0 . 25 mm ) . Larger 
pl agi ocl ase g ra i ns typi cal l y  show shock effects such as catacl a s i s  or undul ose 
exti ncti o n .  Ol i v i ne is  Fo 7 s- a 2 . 

One l arge ( 4x8 mm ) c last  grades from fi ne-grai ned ( 0 . 05-0 . 25 mm ) granu l a r  
trocto l i te (�50% o l i v i ne ,  50% pl agi ocl ase ) through a coarser ( up to 0 , 8  mm ) zone 
wi th >60% pl agi ocl ase to another fi ne-grai ned ( 0 . 05 mm ) area �li th l ow-Ca pyroxene 
more abundant than o l i v i n e .  The mafics i n  thi s  c l ast  are con s i derab ly more 
magnes i an (o l i v i ne  �Fos s ; l ow-Ca pyroxene Wo 3 En s 6 ) than other maf ics in th i s  
rock . 

Other l i thic types i ncl ude catacl asti c a northos i te ,  basal ti c i mpact mel t wi th 
l athy pl agi ocl ase , and mi neral cl asts of  pl agi ocl ase ,  rare ol i vine , spi nel and 
a vari ety of  opaque pha ses ·i ncl udi ng chromite , i l meni te , tro i l i te and metal . Most  
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metal gra i ns analyzed by R. 1</a rner et a l . ( 1 980 ) have <v6% tl i a nd 0 . 8% Co ( Fi g .  4 ) . 
Metal i n  the magnes i an granu lar  troctolTte i s  excepti onal : 36- 51 % Ni  a nd 1 . 2- 1 . 9% 
Co . 
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F IGURE 3 .  Pyroxenes ; 
from R .  Warner et a l . 
( 1 980) . - -

Fs 

F IGUR E  4 .  Meta l s ;  
from R . Warner et a l . 
( 1 980 ) . - -



60035 

CHEI1 I STRY : The onl y  chemi cal anal ys i s  of 60035 i s  an average defocused el ectron 
beam analys i s  ( DBA ) o f  the gl ass  coat presented i n  R .  Warner et �- ( 1 980 ) , 
reproduced i n  Tabl e 1 .  

TABlE 1 

Average DBA of 60035 glass coat 

s1o2 44. 3  

T102 0. 29 

Al 2o3 29.4 

cr2o3 0 . 1 2 

FeO 5 . 1  

11n0 0.04 

MgO 5 .7  

CaO 1 5 .8 

Na2o 0.25 

K20 0.06 

P2os 0.01 

Oxides i n  wt% 

PROCESS I NG AND SUBD I V I S I ONS : 60035 was i n i ti a l l y  set a s i de as a p osteri ty sam
p l e ,  and  has only recently been made ava i l abl e for study . Three sma l l un l ocated 
chi p s  were used to make the fi rst thi n sect i on s  ( , 4 , 5  , 6 )  and then three chi ps  
( , 8  , 1 0  , 1 3 )  from d i fferent areas of  the rock were taken to  make thi n secti ons 
, 1 6  and , 1 7 ;  , 1 8  and , 1 9; and , 20 a nd ,2 1  respect ive ly .  S ubsequently a s l ab was 
cut ( Fi g .  5 ) . The s l ab broke i n to severa l p i eces , and the sawi ng produced many 
smal l ch i ps . Some of  these have been al l ocated to Schmi tt for chemi ca l analyses . 
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F I GURE 5 .  Po st sawi ng . Scal e i n  em . S-80 -351 8 3 . 
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60055 CATACLASTIC ANORTHOS ITE , PR IST I NE 35 . 5  g 

I NTRODUCTION :  60055 i s  a homogeneous , fri ab l e ,  catac l ast i c  anorthos i te wh i ch 
i s  chemica l ly pr i s t i n e .  Or i g i na l  s urface features have been obscured due to 
i ts fri abl e ,  dusty nature ( F i g .  1 ) .  Th i s  rock was co l l ecte� about 1 70 m sou�h
southwest of the Lunar Modu l e .  The sampl e wa s d i s turbed pr1 or to. photographl n g ,  
hence buri a l  and ori entation  data were l os t .  

FIGURE  1 .  Sca l e  i n  em . S-72 -41 41 6 .  

PETROLOGY :  Warren and Wasson ( 1978 ) prov i de petrograph i c  i n formation . They 
descr1 be a granul ar , unan neal ed anorthos i te wi th 98% p l a g i oc l ase (An 9 5 _ 9 6 ) 
and 2% h i gh-Ca  pyroxene ( Wo4 2 .. 4 4 En4 z ) .  A s i n g l e  grai n of exs o l ved l ow-Ca 
pyroxene ( Wo2En 6 1 ) i s  a l so ment i oned . Ori g i n a l  gra in  s i ze was >2 mm . 

Our own th i n  sect i on observations conf irm that the rock i s  a porou s ,  catac l ast ic  
anorthos i te ( F i g .  2 )  w ith traces of  a s i l i c a  minera l , rare gra i n s  of  i l men i te 
w ith exsol ved ruti l e  l amel l ae ,  and at l east one other , more-poorly�refl ecti n g  
opaque phase . Rare re l i ct gra i n  boundar ie s  between maf i cs and p l ag i oc l ase are 
present . 

CHEMISTRY : Warren and Wasson ( 1978 ) report major and trace e l ement data . The i r  
analys i s  conf irms the h i gh l y  anorthos i te nature of the rock and demonstrates that 
the rock i s  free of meteor i t i c  s i deroph i l es and l ow i n  i ncompati b l e  el ements 
(Tab l e  1 ) .  
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TABLE 1 .  

Oxi des 

Sunmary chemistry of  anorthos ite 60055 

Si02 44 . 3  
Ti02 
Al2o3 34 . 0  
Cr2o3 0 .005 
FeO 0 . 34 
MnO 0 .096 
MgO 0.33 
CaO 19.04 
Na2o 0 .335 
K20 0 .010 
Pz05 
Sr 
La 0 . 13  
Lu 0.0038 
Rb 
Sc 0 . 55 
Ni 1 . 9  
Co 0 .84 
Ir ppb 0 .013 
Au ppb 0 .014 
c 
N 
s 
Zn 0 . 60 
Cu 

i n  wt% i others i n  ppm except as noted . 
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F I GURE 2 .  60055 ,4 . 
genera l v i ew ,  partl y  
xpl . width 2 . 3mm .  



60056 CATACLAST I C  ANORTHOS ITE { ? )  1 6 . 07 g 

I NTRODUCTION : 60056 i s  a fri abl e ,  whi te rock ( Fi g .  1 )  that i s  p robabl y  a cata
cl asti c anorthos i te but may be a fragmenta l , pol ymict brecc i a .  A th i n  coat of 
dark gl ass i s  present on some pi eces . Apparently i t  was removed from i ts docu
mented bag as a s i ng l e  pi ece but b roke i nto many sma l l fragments and fi nes dur
i ng i ni ti a l  proces s i n g .  60056 was col l ected about 1 70 m southwest of the Lunar 
Modu l e .  Zap p i ts are a bsent .  

F I GURE l .  Scal e i n  em . S-72-41 420 . 
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60057 CATACLASTI C  ANORTHOS ITE ( ? )  3 . 1 0  g 

I NT RODUCT ION : 60057 i s  a fri abl e ,  whi te rock ( Fi g .  1 )  that i s  p robably  a cata
c l asti c anorthos i te .  S ome pat i na i s  present but zap p i ts are absen t .  It was 
col l ected �1 70 m southwest of the L unar Modul e .  
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F I GURE 1 .  Sampl e i s  a bout 
2 em . l ong . S-7 2:_41 309 . 



60058 FRAGMENTAL B RECCIA ( ?) 2 . 1 2  g 

I NTRODUCTION :  60058 i s  a fri abl e ,  l i ght gray rock ( Fi g .  1 )  that i s  probably 
e i ther a polymi ct or di l i thol og ic  cl asti c brecc i a .  Most of  the rock i s  a 
whi te ,  fri abl e  matr ix  that s upports a few (�1 0% of the rock ? )  dark cl asts . I t  
was col l ected �1 70 m southwest of  the Lunar Modu l e .  Zap p i ts are absen t .  
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F I GURE l .  Sampl e i s  a bout 1 . 5 
em . l ong . S-72-4 1 3 09 .  



60059 CATACLAST IC  ANORTHOS ITE  ( ? )  1 . 05  9 

I NTRODUCT ION : 60059 i s  a fri ab l e ,  wh i te rock ( Fi g .  1 )  that i s  p robabl y  a cata
cl asti c anorthos i te .  I t  was col l ected �1 70 m southwest of  the Lunar Modu l e .  
Zap p i ts are absent . 

F I GURP 1 .  Sampl e i s  about 1 em . 
l on g . S-72-41 309 . 



60075 FRAGMENTAL POLYM I CT BRECC IA  183 .8  g 

I NTRODUCT ION : 6007 5 i s  a very fri abl e c l as t i c  brecc i a ;  i t  was removed from i ts 
documented bag as 13 smal l p i eces . These p i eces h ave been subsequent ly  broken 
and powdered even more dur i ng proces s i n g  and h and l i n g  ( F i g .  1 ) .  A few zap p i ts 
on the l argest fragment wer·e reported i n  the or i g i na l  catal og descr i pt i on but the 
extreme ly  du sty and fr i ab l e  n ature of the rock has now obscured a l l or i g i n a l  
surfaces . The rock was col l ected about 170 m south-southwest  of the Lunar 
Modu l e .  I t  was d i s turbed pr ior to photograph i ng ,  hence bur i al and ori entation 
jata were l ost .  

F I GURE l .  Part of 60075 . Sma l l sca l e  u n i ts are mm . S-75-33 67 5 

PETROLOGY : L i brary th i n  sections are of a h i gh l y  porous and fragmental  brecc i a  
composed of abundant sma l l ( <2 mm ) c l asts i n  a f i ne-grai ned c l ast i c  matrix  ( F i g .  
2 ) .  L i th i c  c l asts i nc l ude granob l asti c anorthos i tes , trocto l i tes , and nor i tes , 
catac l ast i c  anorthos i te ,  sp i ne l -bear i n g . bas a l t i c  i mpact me l t  and v i tr i c  matr i x  
brecc i a . P l ag i ocl ase , pyroxene and o l i v i ne c l asts are a l so present as we l l  as 
meta l , troi l i te ,  oxide and dev i tr i fi ed brown g l ass  fragments . Pyroxene and 
p l ag i oc l ase c l asts occas i on a l ly  contain  paral l e l  rods and stri ngers of exsol ved 
opaques . 

59  



60075 

TABLE 1 

Summary Chemistry of 60075 

Sl02 45.47 
no2 0 .20 
Al2o3 32 . 55 
cr2o3 0 .03 
FeO 1 . 73 
MnO 0 .02 
MgO 1 .87 
CaO 17 .63 
Na2o 0.67 
K20 0 .05 
p2o5 0.02 
Sr 174 
La <10 
Lu 
Rb 1 .0 
Sc 5 .1  
Ni 50 
Co 7 .5 
Ir ppb 
Au ppb 
c 4 
N 66 
s 630 
Zn <4 
Cu 3 .4  

Oxides io  wt % ;  others in  ppm 
except as noted . 

F IGURE 2 .  60075 ,34 . genera l v i ew ,  
xpl . wi dth 2mm . 

CHEt1 I STRY : Rose et a l . ( 1 97 5 ) , Cri pe and Moore ( 1 975 ) and �1oore and LeHi s ( 1 976 )  
provi de major and-rrace el ement data for the bul k rock (Tabl e 1 ) .  I ts reported 
composi t ion i s  very a l umi nous and qui te unl i ke that of the l ocal soi l . Despi te 
the abundant metal seen i n  th i n  secti on , the spl i t  analyzed by Rose  et al . ( 1 97 5 )  
was l ow i n  N i  and Co . I ncompati bl e el ements are a l so l ow i ndi cati nga very smal l 
KREEP component .  

PROCES S I NG AND SUBD I V I S IONS : Al l of the a l l ocated sp l i ts came from a s i ng l e  21 g 
fragment (60075 , 4 )  wh i ch was one of  the or i g i nal  13  p i eces of  the rock . Dur ing 
proces s i ng 60075 , 4  broke i nto a 2 em fragment , two 1 em fragments and many 
sma l l er ch i ps and fines . Proces s i ng  notes i ndi cate that the port i on s  ana lyzed for 
chem i stry were typ ica l  fragments and f i nes  that i nc l uded both dark and l i ght 
c l asts . 
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60095 GLASS SPHERO I D  46 . 6  

I NTRODUCT ION : 60095 i s  a fractured sphero i d  of ye l l ow-green to l i ght  brown 
g l ass ( Fi g .  1 ) .  I nternal ves i c l es are numerous .  Cool i ng cracks  and zap 
p i ts are present but rare on a l l surfaces . The samp l e  was co l l ected about 1 7 5 m 
southwest of the Lunar Modu l e  a t  the heat fl ow hol e s i t e .  

0 I 2 3 4 
-� I - _ I 

F I GURE  1 .  Sca l e  i n  em . S-7?-39424 

PETROLOGY :  Schaal e t  a l . ( 1979 ) and Mehta and Go l dste i n  ( 1979 ) prov i de 
petrograph i c  i nformaTion:- The samp l e  i s  near l y  hol ohyal i ne .  A few part i a l l y  
d i gested and recrysta l l i zed c l asts of p l ag i oc l ase act as nuc l eat i on s i tes  for 
areas of dev i tr if i cat i on and quench-crystal  growth ( F i g .  2 ) .  Rounded b l ebs 
of metal  w i th associ ated tro i l i t� and schre i bers i te are abundant ,  ran g i n g  i n  
s i ze from "' 50  ]lm down to  a few A ngstroms . Submi cron metal  part i c l es are 
peppered through the g l ass , somet imes a l i gned i n  f l ow p l anes . Mehta and 
Gol dste i n  ( 1979 ) prov ide deta i l ed i nformat i on on the metal  in t h i s  rock . 
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F I GURE 2 .  60095 ,30 . genera 1 
v i ew , ppl . width 2mm . 

TABLE 1 
Summary chem i s try of 60095 

Si02 44.87 
Ti02 0 . 51 
AJ2o3 25.48 
Cr2o3 0 . 14 
FeO 5 .75 
MnO 0 .07 
MgO 8 . 1 1  
CaO 14 . 52 
Na2o 0 . 28 
K20 0 .09 
P205 
Sr 
La 
Lu 
Rb 1 .67 
Sc 
Ni 560 
Co 
Ir ppb 25. 4  
Au ppb 7 . 1 1  
c 
N 
s 
Zn 1 . 55 
Cu 

Oxides 1n wt%; others i n  
ppm except as note d .  

CHEMISTRY : Schaal ( unpubl i s hed ) an a lyzed for major e l ements by defocus sed electron beam ( DBA) and Ganapathy et a l . ( 1974 ) report s i deroph i l e  and vo l at i l e  abundances . I n  terms of major e l ementS 60095 i s  equ i v a l ent  to l oca l  Apo l l o  1 6  so i l  ( Tab l e  1 ) .  S i deroph i l es are very h i g h .  Hertogen e t  a l . ( 1977 ) as s i gned th i s  meteor i t i c  component to group 5H , probab ly  der i ved-rrom the South Ray Crater project i l e .  Ganapathy et a l . ( 1974 ) d i scuss other poss i b i l i t i es for the presence of th i s  meteor i t i c  group--. 

M I CROCRATERS AND SURFACES :  Neukum et a l . ( 1973 ) ,  and Brown l ee et �- ( 1975 ) 
stud 1 ed the mi crocraters on th i s  samp le-( F i gs . 3 ,  4 and 5 ) .  The surface h as 
had a comp l ex exposure h i story and i s  i n  product i on . B l anford et �- ( 1974 )  
briefly men t i on g l ass drop l ets on the surface . 
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F I GURE 5 .  Mic rocraters ; from 
Brownl ee et �· ( 1 97 5 ) .  

PHYS I CAL PROPERT I ES : Hopper et a l . ( 1974 ) ,  Uh l mann et a l . ( 1974 ) and K l e i n  and 
Uhlmann ( 1976)  prov i de data relati n g  t o  the g l ass form1ng process  and d i scuss  
the k i net ic s  of the tran sformati on ( F i g s .  6 , 7 , s ,and 9 ) . Theoret ica l  con
s i derat i on s  assum i n g  a n uc l eat i on barr i er of 50 kT pred i ct that a sphere the 
s i ze of 60095 shou l d  not be g l assy . A somewhat h i gher nuc leat ion barrier ( 60-
65 kT ) and very few heterogeneous nuc l e i i  are req u i red to br i ng  pred i ct i on i n  
l i ne w i th observat i on . The cr it i ca l  coo l i n g  rate of an object with  the com
pos i t i on of 60095 i s  70 •c;s.ec ;  anhydrous l i qu i dus  temperature i s  1 270° C .  

PROCESS I NG AND SUBD I V I S IONS : I n  1 973 , 60095 was cut i nto two p i eces , the smal l er 
be i n g  subd i v i ded for a l l ocations . The l arger p i ece (� 2/3 of the sampl e )  pre
served the ent ire hemi sphere w i th an i ntact exter ior s urface . 
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F I GURE 6 .  V i scos ity v .  temperature ; 
from U hl mann let �. ( 1 974 ) ·  

60095 

T i me ( minutes) 

F I GURE 8 .  Crystal t h i c kness v .  
t ime ,  from Kl e i n  and Uhl mann 
( 1 97 5 ) .  
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F I GURE 7 .  Time-temperature -transformation  
curve;  from U hl mann 'et �· ( 1 974 ) .  

Temperature ( C )  

F I GURE 9 .  Crystal growth rate v .  
temperature , from Kl ei n and U hl mann 
( 1 975 ) .  
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601 1 5  GLASS-BONDED POLYMICT BRECC IA  132 . 5  g 

I NTRODUCTION : 601 1 5  i s  a tough ,  angul ar  sampl e wi th many fractures ( Fi g .  1 ) .  I t  
is  dominantly gl assy but compl ex . The gl assy matri x i s  vari abl e  i n  col or and 
v es i cul ari ty ,  and gl ass vei n s  cut i t . Pl agi ocl ase and l i ght gray po:phyri t i c  
cl asts a re promi nent as  wel l a s  dark , g l assy cl asts . Cl asts boundar1 es are 
c ommon ly  i ndi sti nct . 

601 1 5  was col l ected approximatel y 60 m southwest of the Lunar Modul e where i t  wa s 
s l i ghtly buri ed , I ts ori entati on i s  known . Very few zap p i ts are present.  

S - 72 - 40396 

FIGURE 1 .  

PETROLOGY : Thi n secti ons domi nantly s how angul ar fragments of  dark aphani t i c  
1 mpact mel t engul fed i n  a col orl ess shock-mel ted anorthosi te ( Fi g .  2 ) . Rel i cs 
o f  shocked anorthos i te , gradi ng i n to the swi rl y gl ass , are abundant . The g l ass 
penetrates the dark cl asts ( Fi g .  2) . In a few pl aces the dark cl asts are s trung 
out and mel ted , caus i ng the host anortho s i t i c  gl ass to have a brown col or .  The 
d ark aphani ti c  impact mel ts conta i n  few cl asts , but have metal grai ns . 

The porphyr iti c cl asts conta i n  smal l ( <500 vm ) el ongate mafi c mi nera l  phenocrysts 
a nd some p l agi ocl ases set i n  a groundmass of s pherul i ti c  pl agi ocl ase  l ath s ,  mafi c 
mi neral s ,  and gl ass ( Fi g .  2) . Metal i s  present . 

CHEM ISTRY : C l ark and Ke i th ( 1973 ) show that the b u l k  rock i s  l ow i n  K ( 0 . 054% ) ,  
Th ( 1 . 4 6  ppm )  and U ( 0 . 35 ppm ) from y-ray count i n g .  Data on rad i on uc l i des ( 2 6Al , 
etc . � are al so g i ven , but it  cannot be deci ded whether the surface i s  saturated 
i n  2 Al or not ( Yokoyama �� �· , 1974 ) .  
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601 1 5  
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F I GURE  2 .  

a )  601 1 5 , 8 . shock -mel ted 
anortho s i te a nd a phan i t i c  
c l a s ts , ppl . width 2mm . 
b )  601 1 5 , 8 .  rel i ct s hocked 
a northo s i te ,  x p l . wi dth 2mm . 
c )  601 1 5 , 1 4 .  p l a g i oc l ase 
por phyri t i c  c l ast , pp l . 
width 2mm . 

PROCESSI NG AND SUBDI V I S I ON S : 601 1 5  has been spl i t  al ong a natural fracture i nto 
two ma i n  pi eces , ,1 and ,2 , and a few smal l pi eces , but has not been extens i ve ly  
s ubdi v i ded . 
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60135 SHOCKED ANORTHOS ITE_ ,  PARTLY  GLASS-COATED 1 37 . 7.Jl 

I NTRODUCTION :  601 35 i s  an obl ate e l l i psoi dal rock w i th a core of shocked 
anorthos i te partly coated w i th a smooth g l ass ( F i g . 1 ) .  The samp l e  was 
col l ected from a l evel area 100 m southwest of the Lunar Modu l e .  I t  may have 
been perched and i ts ori entati o n  i s  not defi n i tel y known . Zap pi ts are present 
but areas on both the anorthosi te and the g l ass are free of zap p i ts . 

P I GURE 1 . 

PETROLOGY : A th i n  sect i on of the anorthos i te at the g l ass  contact con s i sts 
of three 3x3 mm patches of fi ne-grai ned shock mosa ics  of p l ag ioc l ase ( F i g . 2 ) 
wh i ch probab ly represent or i g i n a l  gra i n s . A 500 �m deformed mafic gra i n  
( o l i v i ne? ) occurs a t  the i r  mutua l  junct ion . Brown ves i cu l ar ,  col onnaded de
v i tr i fi ed g l asses i nvade the anorthos i te and surround the maf i c  gra i n .  Macro
scop i ca l l y  the p l ag ioc l ase is vari ab ly wh i te ,  mi l ky ,  c l oudy and v i treous . 

The ves i cu l ar coat vari es  from g l ass at the exter i or ,  through spherul i ti c  and 
bow-t i e  structures of p l ag ioc l ase and maf i c  mi neral s  to i ntergrown ragged 
p l ag ioc l ase l aths w i th i nters t i t i a l  g l ass i n  the i nteri or ( F i g . 2) .  These 
l aths can be seen macroscop i ca l l y .  The bu l k  i s  90% or more of p l ag i oc l ase . 
The g l ass  coat makes smal l apophyses i nto the anorthos i te but wi thout ex
tens i ve vei n i n g .  

67 



601 35 

a 

c 

6S 

b 

F I GURE 2 .  
a )  601 35 , 6 .  anortho s i te ,  shoc ked , 
w i th  ma fi c gra i n  at junct i o n , x pl . 
w idth  2mm . 
b )  601 35 , 5 .  s pherul i ti c  coa t ,  x pl . 
wi dt h l'mm . 
c )  601 35 ,6 . ves icul ar , basal ti c 
sp heru l i t ic  coa t ,  x pl . width 2mm . 



601 35 

CHEM ISTR Y :  E l dri dge et a l . ( 1 973 ) measured K, U ,  Th , and cosmogen ic  rad i onuc l i des 
in the rock . The abundances of the i ncompat i b l e  e l ements are extreme ly  l ow ( K20 
0 . 017%,  Th 0 . 2 7 ppm , U 0 . 068 ppm ) . 

EXPOSURE AGE : The 2 6Al and 2 2 Na abundances ( E l dr i dge et a l . ,  1 973 ) i n d i cate 
saturati on va l ues ,  hence an exposure l on g  w i th respect�o�he h a l f- l ife of 2 6Al . 

M I CROCRATERS : S i ze ch aracter i st i c s  and cumu l at i ve s i ze d i str i but ions _�f the crater 
popu l at i on (F i g . 3 )  on the g l a�;s surface of 60 135  are presented _ by Neu� um et �· 
( 1973 ) .  Th i s  surface i s  a product i on s urface and rock h as a s 1 mp l e  ( 1 . e . , un
tumbl ed ) surface h i story .  

1 '.000 \ 
t 1 � A :  .12 

� 100 ' \ I \ \ ; 10 \ 0 

a 60135.0 o \ 
AVERAGE N+S+W \ -� 1 Ds.fDp = 3.4 

: TOTAL COUNTS: 351 \ 
B �•o•-1 

.I L--'--------''-------" 
10 100 1,000 10,000 

CRATER DIAMmR, p.m 

F I GURE 3 .  Mi c rocrater s ;  from 
Neu kum et �- ( 1 973 ) .  

PROCESS I NG AND SUBDIV I S I ONS : The rock i s  und i v i ded except for ch i ps taken for 
th i n  sect 1 ons of the anorthos i te and the coat . 
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602 15  CATACLAST IC ANORTHOS ITE , PARTLY GLASS-COATED 386 g 

I NTRODUCTION : 6021 5 i s  a co herent ,  catacl a s ti c anorthos i te wi th very l ow poros i ty .  
A dark , vesicu l ar g l a s s  coats �1 5% of the roc k ' s  s urface ( Fi g .  1 ) .  The bu l k  o f  
the roc k  i s  probably a monom ict  brecc i a  al though the presence o f  basa l t i c  i mpact 
mel t cl a s ts i nd i cates at l eas t some m i x i n g .  On the bas i s  of  very l ow Ni  and Co 
concentrati ons  the anorthos i te has not been co ntami nated by meteori ti c s i derophi l es .  

Za p pi ts and  pat i na are abundant on the l unar-u p  s i de .  
devo i d  o f  pi ts , i nd i cati ng  a s i mpl e exposure h i s tory .  
about 1 1 5 m southwest  o f  the Lunar r1odu l e .  

The oppos i te surface i s  
The sampl e wa s col l ected 

F IGURE 1 .  Sca l e  i n  em . S-7 4-3205 9 .  

PETROLOGY : Meyer and McCa l l i s ter ( 197 3 ) ,  D i xon and Pap i ke ( 1975 ) ,  I s h i i et a l . 
( 1976)  and the  Apo l l o  16 Lunar Samp l e  I nformat ion Cata l o g  ( 1 972 ) prov i de petro
graph i c  i n format ion . Seri ate p l ag i oc l ase mi neral c l asts (An 9 6 ) up to 4 mm l on g  
make up  97% of the rock ( F i g .  2 ) .  Sma l l amounts o f  mas ke lyn i te are present and 
some gra i n s  have been recrysta l l i zed to a fi brou s or mi crogran u l ar texture . 
Acces sory mi neral s i nclude orthopyroxene ( En 6 2 - 6 sWo 1 - 2 ; F i g .  3 ) ,  au g i te 
( En 4 4W04 4 ) ,  rare o l i v i ne  ( Fo ? s ) ,  meta l , tro i l i te and i lmen i t e .  Pyroxenes occur 
as d i screte gra i ns wi thout exso l ut i on l ame l l ae ( Meyer and McCa l l i ster , 1973 ; 
D i xon and Pap i k e ,  1975 ) .  
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602 1 5 

F IGURE 2 .  a ) 6021 5 a northos i te ,  xpl . 
width about 3mm . S-7 2 -43 966 . 
b ) 602 1 5 , 1 4 .  basa l t i c  cl asts , pa rt l y  
x p 1 . wi dt h 1 mm . 

F IGURE  3 .  Pyroxenes ; from 
D i xon a nd Pap i ke ( 1 97 5 ) . 

... 
' ' ' 
' 



6021 5 

Lithi c cl asts a re predomi nantly anortho s i t i c ,  compos i ti onal l y  i denti cal to the 
m ineral cl asts . One l a rge anortho s i te cl ast conta i ns a nest of di saggre9ated 
orthopyroxene s i gni ficantl y more cal ci c than the mi nera l cl asts ( En 6 3Uo s )  and a 
s i ngl e grai n of  Cr- s pi nel (Meyer and HcCal l i s ter , 1 97 3 ) . Fragments of basal t ic  
impact mel t ( troctol i t i c  basa l t ;  f,leyer and McCa l l i s ter , 1 97 3 )  account for up  to 
3% of one thi n secti on ( , 1 3 ) .  These cl a sts are smal l ( <0 , 8  mm ) and angul ar , and 
have su boph i t i c  to i nterserta l textures ( Fi g .  2 ) .  Pl agi ocl ase  i n  these fragments 
i s  An 9 4 and ol i v i ne i s  Fo 8 0 _ 9 0 • Mi nor phases i ncl ude i nterst it ia l  gl ass and 
sul fi des . 

CHEM ISTRY : Rose et al . ( 1 97 5 )  ( s pl i t  , 30 erroneous ly publ i s hed as , 33 ) , Cri pe and 
f,1oore (197 5 )  and Moore and Lewi s ( 1 97 6 )  report chemi cal data for the anorthosi te .  
M eyer and t1cCal l i ster ( 1 97 3 )  prov i de defocussed el ectron beam a nalyses ( DBA ) of  
two '' troctol i t i c  basa l t '' c l as ts . The anortho s i te i s  nearly pure pl ag i ocl ase wi th 
Al 20 3 >35% (Tabl e 1 ) . The l ow N i  and Co contents i nd icate a l ack of meteori ti c 
contami nati on . Total s ul fur i s  among the l owest ever measured i n  a l unar rock . 
The composi t ions  of the two troctol i t i c  basa l t cl as ts are di fferent (Tabl e 1 ) . 

TABLE 1 .  Summary chemistry of 6021 5 l i thic  types 

Si02 
Ti02 
Al 203 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 

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

Bulk  anorthosi te 

44.50 
0 .0  

35 .53 
0 .05 
0 . 15  
0 .01 
0 . 14 

19 .34 
0 .40 
0.02 

o.o  
121 
<10 

<1 
<2 
1 . 8  
<2 

17 
105 
<6 
<4 
1 . 8  

Troctol itic  basalt cl asts(DBA) 

47 .8  44 . 7  
0.15  0 .83 

24.3 2 1 . 2  
0 . 16 <0 . 16 
5 . 1  8 .32 
0 . 18 0 . 13 
5 . 62 14 . 1  

1 5 . 5  10 . 6  
0 .45 0 . 63 
0.01 0 . 22 

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

PROCESS I NG AND SUBDI V IS IONS : I n  1 972 , 6021 5 was cut i nto two mai n pi eces ( Fi g .  1 ) .  
All ocati ons were made from chi ps taken from both of  these pi eces . Several 
i n terior and exteri or chi ps of both the anorthos i te and the g lass  coat exi s t .  
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60235 BASALT IC IMPACT MELT 70 . 1  

I NTRODUCTION : 60235 i s  a ves i cu l ar ,  med i um gray basa l t i c  i mpact me l t  ( F i g .  1 ) .  
The coherent rock has a soft , wh i te ,  earthy coat i n g ,  d i sti nct from soi l ,  i n  
p l aces . I t  was col l ected about 30 m south or southwest of the Lunar Modu l e  and 
i t  was photographed pr i or to col l ect i on . A few zap p i ts are present on a l l 
surface s .  

! F IGURE 1 .  Scal e i n  mm . 
------

PETROLOGY : A th i n  sect i on cut for th i s  study shows that 60235 i s  a p l ag i oc l ase
r l ch 1 mpact me l t .  I t  con s i sts of p l ag i oc l ase l aths 200 -300 �m l ong  ( F i g .  2 )  
wh i ch are frequent ly  hol l ow and have square cross-sect i ons . Interst i t i a l 
m i neral s are mai n l y  pyroxene ,  w i th some mesostas i s  g l as s  w i th opaque m i nera l s  and 
cr i stoba l i te .  C l as t i c  mater i al con s i sts of p l ag i oc l ases and p l ag i oc l ase-r i ch 
brecci as .  
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6023 5 

FI GURE 2 .  60235 , 2 .  genera l 
v i ew ,  ppl . width  2mm . 

PROCESS I NG AND SUBDIV I S I ONS : A s i ng l e  representat i ve ch i p  ( , 1 )  was used to make 
th i n  sect i on , 5 .  
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60255 REGOL ITH BRECCIA 871  

I NTRODUCTION : 602 55 i s  a tough , dark , g l assy matr i x  brecci a  w i th abundant and 
varied c1asts . A l i neat ion  of the c l asts i s  apparent on sawn surfaces ( F i g . 1 ) .  
I n  many respects 60255 i s  very s im i l ar to l ocal  soi l s  but w ith a fai r l y  l arge 
and stab l e  magnet i c  component . Spl ash g l as s  coats part of the N and E surfaces . 

Thi s rock  was probab ly  col l ected 30-40 m south�1es t  of the Lunar �1odu l e  a nd was 
p arti a l l y  buri ed at the t ime of col l ecti on . The l unar ori entation  i s  known . Zap 
p i ts are rare to absent  on a l l s urfaces . 

60255, 45 S-79 - 34528 

F I GURE 1 .  Saw cut  fac e .  Smal l scal e d i v i s i o n  i s  mm . 

PETROLOGY : Petrograph i c  descr i pt i ons  are g i ven by Schaeffer and Hol l i ster ( 1975 ) ,  
James et al . ( 1975 ) ,  Schaeffer ( 1974 ) and the Apo l l o  16 Lunar Samp l e  Informat i on 
C ata l og-(1972 ) .  Many d i fferent l i th i c ,  mi neral and g l as s  c l asts are wel ded together 
by a cryptocrysta l l i ne to g l assy matr i x . Al l of the c l asts show m i nute fractures 
and i nternal  deformat i on i nd i cat i ve of m i l d  shock . 
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60255  

a 

F I GURE 2 .  a )  602 5 5 ,8 1 . general v i ew , ppl . 
width 2mm . 

c )  602 5 5 ,8 1 . ba sal ti c mel t c l a st , 
xpl . width 2mm . 
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b 

b )  602 5 5 ,31 . c l a s ts , ppl . wi dth 
2mm . 

c )  6025 5 , 7 5 .  v i trophyre (center )
·
, 

ppl . width 0 . 5mm . 



60255  

Granob l as t i c  and basal t i c  textured fragments are the mos t  abundant of the l i th i c  
c l asts ( F i g . 2 ) .  One o f  the bas a l t i c  textured i mpact mel t  c l asts h as homogeneous 
o l i v i ne ( Fo 7 � ) ,  two zoned pyroxenes ( au g i te and pi geon i te )  and p l ag i oc l ase wh i ch 
i s  l arge l y  homogeneous ( An 9 7 )  but  w i th marked zon i ng  ( down to An 6 9 ) near contacts 
w i th mesostas i s  ( Schaeffer and Hol l i s ter , 197 5 ;  Schaeffer , 1974 ) .  

A coarse-grai ned " gabbroi c  textured " cl ast ( Fi g .  2 )  11i th <V90% pl ag ioc l ase and  1 0% 
poi ki l i t i c  and  exso l ved pyroxene and o l i v i ne i s  sampl ed by s evera l seri a l  thi n 
sect ions  ( , 7 1 - , 76  and , 77- ,82 ) . The pyroxenes i n  thi s c l ast  are <VWo 3 - a En 7 0_ 6s and 
Wo a o - 3 s En s o - � s . o l i v i ne i s  Fo 7 4  and p l ag i o c l ase  i s  An 9 2 - 9 5 ( Schaeffer and Hol l i s ter , 
1975 ; Schaeffer , 1974 ; Stee l e ,  unpub l i shed ) . Fe-meta l , tro i l i te and i l men i te are 
accessory phases ; mesostas i s  i s  absen t .  

Rare ol i v i ne v i trophyres are pr·es ent i n  some secti o ns ( Fi g .  2 ) . No a na lyses are 
y et avai l a bl e .  Cl ear ,  orange , yel l ow and brown g l a s s  beads and fragments a re 
scattered throughout  the rock . Some are parti a l ly  crys ta l l i ne .  The presence of 
c l ean g l ass  prec l udes any s i gni fi cant thermal event a fter the formati on of th i s  
r ock . 

CHEMISTRY : Scoon ( 1974 ) reports major e l ement data , Boynton et  a l . ( l 9 7 5 )  determi ned 
major and l i thophi l e  e l ements , Wasson et a l . ( 197 5 )  prov i de s i deroph i l e  and vol at i l e  
e l ement ana lyses  and C l ark and Ke i th (1973) g i ve K , U ,Th and cosm ic-ray i nduced 
nuc l i des determ i ned by gamma-ray spectroscopy. 

Al l of these data i nd i cate that 60255 i s  compos i ti ona l ly  i n d i s t i ngu i sh ab l e  from the 
"l ocal mature so i l s .  Major e l ements i nd i cate an anortho s i t i c  nor i te compos i t i on 
(Tab l e  1 )  and REEs i n  the rock fal l w i th i n  the range of the REEs  i n  the l oca l  mature 
so i l s  ( F i g . 3 ) . 60255 i s  a l so enri ched i n  s i deroph i l e s  and vol at i l es w i th abso l ute 
abundances and i n tere l ement rat i o s  equ i val ent to those of the l ocal  so i l s .  

TABLE 1 .  Summar� chemistr� of 60255 

45 .2  
Sr 

Si02 La 12 . 6  Ti02 0 . 69 
Lu 0 . 70 A12o3 26 .1  
Rb 

Cr2o3 0 . 1 1  
Sc 10 .7  FeO 6.0  

0 .07 
Ni 391 MnO 

6 .4  
Co 35 MgO Ir ppb 1 2 . 2  

cao 16 .3  
0 .49 

Au ppb 5 . 6  
Na2o 

c 
K20 0 . 13  

N 
P205 0 . 12 

s 
Zn 21 .0 

oxi des i n  wt . % ;  others i n  ppm Cu except a s  noted . 
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6025 5  
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F I GURE 3 .  Rare ear ths ; from Boynton et �· ( 1 97 5 ) .  

60255 

Yb Lu 

RARE GAS/EXPOSURE AGE : C l ark  and Ke i th ( 1 973 ) prov i de data on cosmic-ray i n 
duced nuclides as determi ned by gamma-ray spectroscopy . Yokoyama et a l . ( 1974 ) 
d i scuss 2 2 Na- 2 6Al chronol ogy and conc l ude that 60255 i s  saturated Tn 70Al . 
Bernatow i cz et a l . ( 1978 ) report Xe and Kr  i sotop i c  data . 6025 5  i s  r i ch i n  
trapped so l ar-wTnd and a cosmogen i c  component but may or may not conta i n  excess 
f i s s i on Xe . 

M I CROCRATERS AND TRACKS : MacDougal l et a l . ( 1973 ) observe sol ar fl are tracks 
only in pl agiocl ase grai ns  and i nfer-that the rock exper i enced a thermal  event 
wh i ch erased the tracks from some but not a l l  components . Est imated anneal i n g  
temperature was 700-800°C . Uran i um i s  concentrated i n  fi ne-grai ned areas but i s  
heterogeneous ly  d i s tr i buted throughout the rock ( MacDouga l l et �· · 1973 ) .  

PHYSI CAL PROPERT IES : Magnet i c  characte r i st i cs of 6025 5  were stud i ed by Nagata 
et al . ( 1973 )  and Pearce et a l . ( 1973 ) u s i ng standard a l ternat i ng  f i e l d  ( Af l and 
thermal demagnet i zation technTques . A fa i r l y  l arge component of NRM ( 1 lxl0- emu/g ) 
i s  present that i s  qu i te stab l e  w i th respect to i ntens i ty and d i rection  of AF
demagneti z at i on between 100-400 Oe.rms ( F i g . 4 ) .  Th i s  component i s  con s i dered by 
Nagata et a l . ( l973 ) to be a gen u i ne natural  remanent magneti zat i on acqu i red on the 
l un ar surface . 
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602 55 

Ferromagneti c metal accounts for 0 . 47 wt% of the rock and occurs as  about equal  amo�nts of pure i ron and kamac i te w i th � 6 wt% Ni  ( Nagata et a l . , l973 ) .  F i negra l ned metal ( 30-150  �) in 60255 averages 41 � as determ i nedoy magnet i c  granu l ometry ( Schwerer and Na9ata, 1976 ) .  Mossbauer-determ i ned d i str i b ut i ons  of i ron among the var i ous  mi nera·l phases are reported by Schwerer et a l . ( 1973 ) and Huffman et {!_. ( 1974 ) . - -

AF-DEMAGNETIZATION OF NRM AND IRM 

t SAMPLE 60255 z 0 60 x 10-Gemu/gm so• F IGURE 4 .  AF�demagnet i zati on ; � \ IRM (Hex = 2 8 0e) 

' 
from Na gata et a l . ( 1 97 3 )  . � .... - -

w z (!) < � 
.... 40 z w z < � w a: 
IJ.. 0 0 so• so• 
> .... 
Vi N R M  z w .... 
� 

200 300 400 Ce. rms 
DEMAGNETIZING AF-FIELD 

PROCESS I NG AND SUBDIV I S I ONS : In  1972 , 60255 was s l abbed and the s l ab subd i v i ded 
( F i g . 5) .  A l locati ons were made from the s l ab and from . other ch i p s  . . Th i n  �ec� i on� 

11 from 23 and 30 ( adjacent p i eces from the s l ab ) conta1 n the ba sal t1 c and gaobro1 c 
c l ast� descr i bed i n  PETROLOGY .  The l argest s i n g l e  p i ece of 60255 rema i n i ng i s  , 4 5  
{ 672 . 9  g ) . 
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,26 � .,, p,21 ,25� 'l' ·. _ ,  , 34 . . ·  �� . , 33 �- -• .., ' I 20 ,27. �,32 �� / 1ill� , 36�,31 ' :.'22 
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FI GURE 5 .  Cutt i n g  d i a gram . 
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60275 G LASSY MATR I X  BRECCIA ( REGOL ITH BRECC IA? ) ,  GLASS COATED 255 g 

I NTRODUCT ION : 60275 i s  a po lym i ct , dark -col ored brecc i a  coated w i th a ves i cu l ar 
glass ( F 1 g .  1 ) .  The brecc i a  matri x i s  g l assy and m i nera l , l i th i c ,  g l ass , and 
devi tr i f i ed g l as s  fragments are common . 

60275 was col l ected adj acent to the Lunar Modu l e ,  where i t  was perched .  I ts 
or i entation  i s  known . I t  has a few zap p i ts on one surface . 

a 

60275 

b 
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F IGURE 1 . 

b )  i s  S-7 5-20527 , cu be 
i s  2cm . 



a 

c 

6027 5 

PETROLOGY : 60275 con s i sts of a vari ety of c l asts apparent l y  bonded w i th 
brown i sh g l ass ( F i g .  2 ) .  The l i th i c  c l ast popu l at ion i n c l udes poi k i l i t i c  
and basal t i c-textured i mpact me l ts ,  catac l ast i c  anorthos i tes , and fel ds path i c  
gran u l i tes . G l ass  and brown dev i tr i fi ed g l ass fragments are a l so common . The 
samp l e  may be a regol i th brecc i a  but i t  l acks  g l ass beads and agg l uti nates . 
Hansen et a l . ( 1979b and unpub l i shed ) report m i croprobe data for p l ag i oc l ases 
and mafTC mTnera l s  in granob l asti c c l asts in th i n  sect i on , 4 7 . One c l ast has 
p l ag i oc l ase An 9 s - 9 6 , pyroxene averag i n g  �En 7 1 Wo4 , and o l i v i ne Fo5 7 .  Two other 
an a lyzed c l asts h ave s i m i l ar p l ag ioc l ases . 

b 
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F I GURE 2 .  
a )  60275 ,5 1 . genera l v i ew ,  
ppl . width 2mm . 
b )  60275 , 1 3 .  mel t c l a sts , 
ppl . width 2mm . 
c )  6027 5 . 51 . g l a s s , ppl . 
wi dth 2mm . 



60275 

CHEMI STRY : Chri sti an et  a l . ( 1976 ) report major and some trace e l ement ana lyses 
for a ch 1 p  , 34 ,  summarTZe�i n Tab l e  1 .  C l ark  and Ke i th ( 1 973 ) analyzed K, U ,  and 
Th in the bu l k  rock u s i n g  gamma-ray spectroscopy ; the i r  K abundance i s  s i gn i fi 
cant ly  l ower than that of Chr i s t i an et  a l . ( 1976 ) .  The analys i s  of Chr i s t i an et 
a l . ( 1 976 ) i s  s i mi l ar to l ocal  soi l analYses . 

TABLE 1 .  Summar� chemistry of 60275 

(from Christian � � .  1976) 

Si02 44.9 Sr 1 50 
Ti02 0 . 62 La 14 
A1203 25.4 Lu 
Cr2o3 0 . 10 Rb 3 . 2  
FeO 5 .8 Sc 9 .8  
MnO 0 .06 Ni 250 
MgO 7 . 6  Co 18 
cao 14 . 6  Ir ppb 
Na2o 0 . 46 Au ppb 
K20 0 .22 c 
P205 0 . 26 N 

s 
Oxi des  in wt%; others in  Zn 10 

Cu 5 .4 ppm except as noted 

RARE GASES AND EXPOSURE AGE : Bernatow i cz et al . ( 1978 ) prov i de Xe and Kr i sotop i c  
data and conclude that 60275 conta i n s  s i gnlfi cant amounts of sol ar w i nd components . 
I t  a l so has excess f i ss i on xenon . C l ark and Ke i th ( 1973 ) report cosmi c  ray i nduced 
rad i onuc l i de data and the samp l e  i s  saturated i n  2 6Al ( Yokoyama et �· · 1974 ) .  

PROCESS I NG AND SUBD IV I S I ONS : 60275 has been sawn and s ubstant i a l ly sp l i t .  The 
ma i n  post-sawing spl i ts are shown i n  F i gures 1 and 3 .  E ar l i er c h i ps of the rock 
( , 1  and , 2 )  were made i nto th i n  sections an d c l ear g l ass  fragments ( , 3 )  were made 
i n to gra i n  mounts . , 12 ( F i g .  3 )  was a l so made i nto a potted butt for th i n  secti ons . 
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60315 POIK I L IT IC  I MPACT MELT 787 

I NTRODUCTION : 60315 i s  a green i sh-gray ,  very coherent poi k i l i t i c  impact me l t  
( F i g .  1 )  that i s  enri ched i n  i ncompat i b l e  e l ements compared w i th most other 
Apo l l o  16 rock s .  Its  texture and major e l ement chem i s try i s  typ i ca l  of Apo l l o  
1 6  po ik i l i t i c  rocks . Macroscop i ca l l y  the s i l i cate phases are homogeneou s l y  
d i s tr i buted but the gra i n  s i ze i s  somewhat var i ab l e .  The samp l e  was co l l ected 
5 m north of the Lunar Modu l e ,  where i t  was on ly s l i ght ly  buri ed . I ts 
orientat i on i s  known , and the exposed l unar surface has many z ap p i t s ,  w i th 
few on other surfaces . 

F I GURE 1 .  Sca l e  i n  em . S-72-41 57 2B  
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6831 5 

PETROLOGY : Bence et a l . ( 1973 ) ,  S i monds et a l . ( 1973 ) ,  Ho� ges and
.
Ku�h i ro 

(1973 ) and Wal ker e�a� ( 1973 ) prov i de detailed petrograph 1 c  descr 1 pt 1 ons  of 
60315 . Al l note the anhedral orthopyroxene (Wo4 En a o )  o i kocrysts up

.
t? 3 mm 

l ong  wh i ch enc l ose abundant l aths and c l asts of p l ag ioc l ase , rare o l 1 v 1 n�s 
( Fo 7 4 - 7 7 ) and opaques ( F i g .  2 ) .  P l ag ioc l ase c l asts often have v�ry cal � 1 � 
cores (An 9 5 - 9 7 )  and narrow , more sod i c  r ims ( down to An a g ) .  Au g � te ,  o l 1 v 1 ne ,  
i l men i te and armal col i te d i sconti nuou s l y  r im  some o i k ocrysts . S 1 monds et �· 
( 1973 ) g i ve a mode of 55% p l ag i oc l ase + mesostas i s � �4% orthopyroxe�e ,  � 
aug i te 1% o l i v i ne and 1% opaques . M i neral compos 1 t 1 ons  are shown 1 n  F 1 gure 3 .  
Simi l a; data are presented by Van iman and  Pa p i ke ( 1 981 ) . 

a 

Areas i n terst i t i al to the o i kocrysts have textures ran g i n g  from granu l ar to 
suboph i t i c  and account for � 10% of the rock . Most of the i nterst i ces are en 
ri ched i n K ,  N a ,  S i , S ,  P and opaque mi neral s .  Rounded ves i c l es are common . 
Bence et al . ( 1973 ) report one i nterst i t i a l reg i o n  w i th euhedral p l ag i oc l ase 
crystalS Tn a troi l i te matr i x .  I n  many p l aces the o i k ocrysts grade i nto a 
fi ne-grai ned c l ast i c  matr i x  of p l ag ioc l ase (An 7 1 - a o ) ,  o l i v i n e  ( Fo 7 1 - a o ) ,  pyroxene , 
opaques and l i th i c  fragments . P l ag ioc l ase gra i ns often show textural s i gns  of 
reequ i l i brat i on w i th the matr i x .  The sma l l (� 0 . 5  mm ) suboph i t i c  patches con s i s t  
of i nterl ock i ng p l agi ocl ase l aths ( An g o -g s )  w i th i nterst i t i a l o l i v i ne ( Fo1 1 -7 3 ) ,  
zoned aug i te ( W0 3 s - 4 1 En s 3 - 4 a ) ,  orthopyroxene ( Wo 3 En a z ) and m i nor K-fe l dspar ,  
i l men i te ,  armal col i te ,  phosphates , s i l i ca ,  metal  and tro i l i te .  

Hew i n s  and Gol dste i n  ( 1 975b ) , R i d l ey and Adams ( 1976 ) and Hodges and Kush i ro ( 1973 ) 
c a l c u l ated equ i l i brat i on temperatures based on pyroxene , o l i v i ne and metal  phase 
geothermometers . The s i l i cate phases equ i l i brated at � 1000-1200°C whereas the 
metal l i c  phases record a temperature of � 600°C . Metal  compos i t i on s  ( F i q .  4 )  are 

b 

FIGURE 2 .  6031 5 , 1 5 .  Same v i ew ,  wi dth 2mm . a )x pl . b ) ppl . 
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6031 5 

g i ven by L .  Tayl or et a l . ( 1 973a ) ,Reed and Tayl or ( 1974 ) and M i sra and Tay l or 
( 1975 ) . Meyer ( 1 979) determ i ned trace e l ements i n  p l ag i oc l ase i n  603 15 u s i ng 
the i on m i croprobe . 

EXPER IMENTAL PETROLOGY : Ford et a l . ( 1974 ) exper i menta l l y  determi ned the phase 
rel at i ons  of  60315 . Sp ine l  i s-theequ i l i br i um l i qu i du s  phase ( 1300°C ) fol l owed 
by o l i v i n e  ( 1 2760 ) and p l ag i oc l ase ( 1 2560 ) .  Pyroxene was not produced even at 
the i r  l owest temperature ( 1 200° ) .  Th i s  i s  con s i stent w i th textura l  ev i dence 
wh i ch i nd i cates that o l i v i ne and p l ag ioc l ase preceeded pyroxene . 

a )  
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En .J - "'"  
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c )  

E N  

60315 

60315,63 

.,. 
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F IGURE 3 .  Compos i t i ons of pyroxenes , 
ol i v i n es ,  a nd p lagj oc 1 a ses i n  6031 5 .  
a ) and b )  Bence et a 1 . ( 1 97 3 )  . 
c )  \�a 1 ker et a 1 .TI973 ) .  
d )  a nd e )  Hod ges and Ku shiro ( 1 97 3 )  
f )  Wa 1 ker et �· ( 1 973 } .  

f )  

87 

z 
<( .. 

� 
� 00 
� 

95 

100 0 

-1! ·li-- -- ·-�'.*!! 
.v .. 

-.)'/ 
·• .. 
.I, .o_p 

., ·H-� 
10 20 "" 40 "' 60 70 

MOLE % FEO/ FEO+MGO 



6031 5 
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CHE�1 I STRY : 
i n  Tabl e 2 .  

Meteo r i t i c  

M e t a l s  

I I I 
8 12  IS  

Weight Per Cent  N i c k e l  

-

I 
20 

FIGURE 4 .  
Meta l compos i t ions ; a )  from 
L . Tayl or et a l . ( l 97 3a ) .  b )  from 
�1i sra and-Tayl or ( 1 97 5 ) . 

Chemi cal studi es of 6031 5 are l i s ted i n  Tabl e l and a summary chemi s try 
Rare earth el ement abundances and patterns are s hown i n  Fi gure 5 .  

The major el ement c hemi stry o f  6031 5 i s  very s imi l a r to Apol l o  1 5  " Fra 11auro basal t "  
g l asses , and  it  l i es very near the ol i v i ne-pl agi ocl ase cotectic  of  the  OL-AN-S I  
system ( Fi g .  6 ) . Rare earth el ement abundances are among the h i ghest measured i n  
any Apol l o  1 6  sampl e ( s ee al so 62235 and 6501 5 )  and have a KRE EP pattern (Tabl e 3 
and Fi g .  5 ) . 6031 5 i s  not s i mp ly  remel ted l ocal so i l : i t  i s  much l ower i n  Al 20 3 and hi g her i n  rare earth elements . S i derophi l e  abundances vary from s pl i t  to spl i t  
( e . g . reported N i  val ues range from 1 91 - 1 400 ppm ) but a l l  i n di cate substant i al 
amounts of meteoriti c materi al . Hertogen et a l . ( 1 97 7 )  consi dered the anoma l ous ly  
l ow I r/Au rati o i ndi cat i ve  o f  a di sti nct meteori tic  component and  assi gned 6031 5 to 
a new meteori t ic  s i gnature , Group l LL .  Vol ati l es al so vary by two orders of  
magni tude beb1een di fferent spl i ts ( e . g .  reported Zn  ranges from 0 . 3- 1 2 ppm ) . 
Sato ( 1 976 ) meas ured the oxygen fugaci ty of 6031 5 di rectl y  u s i n g  the sol i d-el ectro
lyte oxygen cel l method . Fu� aci ty val ues at a seri es of temperatures are g i ven i n  
Tabl e 3 .  Nash and Ha sel ton ( 1 975 ) cal cu l ated the equi l i bri um s i l i ca acti v i ty of a 
mel t with  the compos i tion  of  6031 5 .  They concl ude that Apol l o  1 6  crystal l i ne rocks 
6031 5 and 6841 6 have hi g her i n i ti a l  s i l i ca acti v i ti es than Apol l o  1 7  h i g h-Ti mare 
ba sa l ts .  
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TABLE 1 .  Chemi cal studi es of 6031 5 

Reference 

Rose � �· (1 973) 

Hubbard et �· (1  973) 

Hubbard et �· ( 1  973) 

Morrison � �· ( 1  973} 

LSPET (1  973) 

S.R. Tayl or � �· ( 1 973) 

Laul et al . ( 1 974) 

Wanke et �- (1  976) 

W anke et �· ( 1  977 ) 

Nyqui s t  et  !!_. ( 1  973) 

Kirsten � !!_. (1  973) 

Nunes et al . ( 1 97 3 )  

Nunes ( 1 975) 

El dridge � �· ( 1 973)  

Moore � !!_. ( 1 973) 

Ganapathy � !!_. ( 1 974) 

Fl ory et !!_. ( 1 973) 

Spl i t # 

,88 

, 3  

,57 

, 53 

, 3  

,58 

• 1 57 

,87 ; , 1 03 

,87 

, 3  

,1 9 

,81 

,81 ? 
,0 

,4 
,79 

, 52 

El e�ents ana lyzed 

majors , trace , i ncl . some REEs 
majors , REEs , other trace 
majors 
majors , REEs , other trace 
majors , trace 
majors , REEs , other trace 
majors , REE s ,  other trace 
majors , REEs , other trace 
v 
Rb, Sr 
K ,  Ca 
U, Th,  Pb 
U, Th , Pb 
U ,  Th, K 
c 
meteoritic  s i ds . and vol s .  
vol ati l e  organogen ic  compounds 

TABLE 3. Oxyqen Fugaci ty of 6031 5 

T t•cJ -log fo2 (atm) 

1 000 1 6 . 2  

1 050 1 5 , 4  

1 1 00 1 4 . 6  

1 1 50 1 3 . 9  

1 200 1 3 .2 

TABLE 2 .  

Si02 
Tf0

2 
A1 2o3 
Cr

2
o3 

FeO 
HnO 
MgO 
CaO 
lla2o 

K20 

P2o5 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

Oxides in wt%; 

Su�mary chemis try of 6031 5 

46. 5  
1 . 31 

1 7 . 2 

• 0.21 
9 . 3  

0 . 1 1  

1 3 . 2  

1 0 . 2  

0.61 
0 .40 

0.48 

1 55 

49 
2 . 1  

9 . 7  
1 5  

'UIIOO 
-u50 

-ul O 
-u1 7 

-u20 (? )  
-u20 

1 300 

-us ( ? )  
1 1  

others i n  ppm except as noted .  

en 
0 
w 
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6031 5 
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FI GURE 5 .  from Wa l ker et �
( 1 97  3 )  . 

6031 5 

----- ,88 • Rose et at., 1973 
----------- ,87 ,103 • Wanke et a/.,1 973 

------ ,58 • S.R. Taylor et a/., 1973 

- - ,157• Laul et a/., 1973 

-- ,3 • Hubbard et al., 1973 

-- - ,53 • Morrison et a/., 1973 
10Yr-.--.--.--.-.--.--.--.-.--.--.--.-.-�� 

La Lu 

F I GURE  6 .  Rare earths . 
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603 1 5  

GEOCHRONOLOGY AND RADIOGEN IC ISOTOPES : Whol e rock Rb-Sr data are presented by 
Nyqu i s t  et al . (1 973 ) .  Model ages of TnAEli = 4 . 41 ± 0 . 06 b .y .  and TLuN I .;: 4 . 44 ± 
0 . 06 b .y .  were cal cul ated . KREEP-ri ch rocks 6031 5 ,  62235 , and 6501 5 defi ne a who l e  
rock Rb- Sr i sochron o f  4 . 42 ± 0 . 38 b .y .  wi th i n i ti a l 8 7Sr/ 8 6Sr = 0 . 6992 ± 9 .  
Assumi ng a 3 . 9  b .y .  age  for these rocks yi el ds a n  i ni ti al 8 7Sr/ 8 6Sr = 0 . 70040 ± 1 5  
( Nyqui st  et �- · 1 973 ) . 

Wel l defi n ed 3 9Ar- 4 0Ar pl ateau ages of  4 . 03 ± 0 . 0 3 ,  3 . 94 ± 0 . 05 and 3 . 9 1 ± 0 . 02 b .y .  
were obta i ned by Ki rsten et a l . ( 1 973 ) , Husa i n  and Schaeffer ( 1 973 ) a nd Schaeffer 
et al . ( 1 976 )  respecti vely(ITg . 7 ) .  Schaeffer et al . ( 1 976 ) al so report a K-Ar age 
of 3.69 ± 0 . 01 b .y .  
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F IGURE ?a . Ar rel ea s e ;  
from Hu sa i n  and S haeffer 

( 1 973 ) .  

F IGURE 7 b .  Ar rel 
ea se ;  from Ki rsten 
et �· ( 1 97 3 ) .  



6031 5 

N unes et al . ( 1 973 )  and N unes ( 1 97 5 )  report U-Th- Pb data . 6031 5 i s  very enri ched 
i n  i n  Sfturadi ogen i c  l ead ( 2 ° 6Pb/ 2 0 4Pb , > 1 0 , 000 ) . Nearly a l l of  the ori g i nal  l ead 
wa s-probably expel l ed duri ng a per iod  of  i ntense heati ng . A Pb-Pb i nternal i sochron 
yi el ds an age of  3 . 99 + 0 . 01 b .y .  ( Fi g .  8 ) .  The bul k rock  i s  concordant at 3 . 93 b .y .  
( Nunes , 1 975 )  rather than s l i ghtly d i scordant at 3 . 99 b .y .  a s  ori gi nal ly  reported 
by N unes et 2.1_. ( 1 973 ) .  

CICI 0.. 
� 
� 

1000 

-....... soo 
CICI 0.. 
.... 
0 N 

T : 3 . 99 b.y. FIGURE 8 .  Pb-Pb i sochron ; 
from Nunes et �. ( 1 973 ) . 

RARE GAS/EXPOSURE AGE : Ki rs ten et al . ( 1 97 3 )  report a 3 8Ar age of  4 . 5  ± 1 m .y .  
Schaeffer et al . (1 976 ) determi ned a-maximum 3 8Ar a ge of  1 1  m .y .  wi th  a more 
probabl e  age o f  5 ± 3 m .y .  Kei th and  Cl ark ( 1 974 ) ca l c ul ate a 2 6Al maximum 
exposure age of · 2 . 3  m .y .  E l dri dge et al . ( 1 97 3 )  provi de a bundance data on 
cosmogen i c  radi onucl i des determi nedlby-y-ray s pectroscopy and Kei th et al . ( 1 97 5 )  
d i scuss the s aturated acti v i t i es of  spec i fi c  short- l i ved , cosmogen i c-radTonucl i des . 

MI CROCRATERS AND TRACKS : Neuk um et al . ( 1973 ) ,  Fecht i g  et al . ( 1974 ) and Nagel 
et al . ( 1975)  provide data on mi crocraters on 603 1 5 .  The rock has had a s imp l e  
exposure h i story and the surfaces are i n  product ion . Nagel e t  al . ( 1 975 ) report 
smal l metal l i c spheru l e s  enri ched i n  Fe ,  N i  and S s u spended WTthTn some of the 
crater g l as s  l i n i n gs . 

PHYS I CAL PROPERT I ES : Brecher et al . ( 1973 ) ,  Nagata et al . ( 1973 ) and Schwerer 
and Nagata ( 1976)  prov i de magnetTC data and d i scussTOn-rF i gs . 9 and  10 ) .  Coarse 
mu l t i domai n  gra i n s  predomi nate over a su perparamagnet i c  fract i on . About 40% of 
the metal l i c i ron component i n  th i s  rock i s  k amac i te w i th � 5% N i . A very smal l 
component of NRM and IRM i s  stab l e  aga inst AF-demagnet i zation ( F i g .  10 ) .  Measured 
magneti c  parameters of 603 1 5  vary from ch i p  to ch i p  by over an order of magni tude 
( see e . g .  Brecher et al . ,  1973 ) pos s i b l y  rel at i ng  to the i nhomogeneous d i str i bu 
t i on of  metal l i c phases. 
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6031 5 

Mossbauer analyses are g i ven by Brecher et al . ( 1973 ) ,  Huffman et a l . ( 1974 ) and 
Huffman and Dunmyre ( 1975 ) ( F i g .  1 1 ) .  Tsay-and Bauman ( 19 7 7 ) studTed para
magnet i c  i ron u s i ng the e l ectron sp i n  reasonance ( ESR ) method . These spectra and 
the magnet i c  data referenced above i nd i cate up to � 4 . 5  wt% metal l i c  i ron i n  
60315 . 

10 

9 

8 

� 7  
� .§ s  

N 
0 5 
>< 

..., 4 2 
3 

0. 1 

MAGNETIZATION CURVES 

1 00 

s0315.t5 {·n-175°K 
(22.85mol +T-300°K 

9 10 1 1 12 

/),. 603 1 5, 5 1  , NRM 

FIGURE 9 .  Ma gneti zati on ; 
from Brec her et �. ( 1 973 ) .  

v 6 0 3 1 5 ,  5 1  , NRM after low -T cycl ing  
• 6 03 1 5, 5 1  , I R M ( 6 ko e )  
• 6 0 3 1 5 , 5 1 , I R M  ( IO koe )  

·---------------------· 

200 300 

HAF ( oe )  
400 

Norma lized AF D e m a g ne t i z at i on 

FIGURE 1 0 . AF-demagnet i zation ; from 
Brec her et a l . ( 1 97 3 ) .  
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z 
0 
� 
� en z 
< a: 
.... 
.... z w u a: w 11. 

60315 
As Received 4.57 K 

60315 Annealed 21 hrs at 967 C 4.6 K 

60315 Annealed 22 hrs at 1063 C 5.1 K 

FIGURE  1 1 . Li quid - hel i um 
spectra ; from Huffman and 
Dunmyre { 1 97 5 ) .  
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E l ast i c  wave ve l oc i ti es at pre ss ures u p  to 10 kb  were measured by Mi zutani and 
Newb i gg i ng ( 1 973 ) ( F i g .  1 2 ) .  These data c l ose l y  match the s e i sm i c  vel o c i ty profi l es 
from 5-25 km depth i n  the moon . 

Chung and Westphal ( 1973 ) note the unusua l  e l ectr i ca l  propert ie s  of 603 1 5 .  The 
d i e l ectr i c  constant ,  d i e l ectr i c  l osses and conduct i v i ty are al l h i gh ( F i gs . 13 and 
14 ) pos s i b l y  owi n g  to the h i gh concentrat i on of metal l i c i ron i n  the rock . 

4 

60315, 33 
( p = 3.05 g/cm3) 

Pressure, k b  
10 

F IGUR E  1 2 .  El ast ic  wave  vel oc i ti es ;  
from M i z utan i  and Newbi g g i ng ( 1 97 3 ) . 

a )  

10° 

I0,.----,1,------,1---,--1 -...--1 -r-1 --,1,.----, 
LUNAR SAMPLE 60315 

-

Frequency ( Hz )  

F IGURE 1 3 . from Chung and Westphal 
( 1 97 3 ) . a )  d i el ectr i c  constant 

94 b) d i el ectri c  l o s ses . 
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FIGURE 1 4 . E l ectrica l cond 
uct i vi ty ;  from Chung and 
Westphal ( 1 973 ) . 

Charette and Adams ( 1977 ) pro vi de v i s  i b 1 e and near- i nfrared refl ectance data • 

PROCESS I NG AND SUBD I V I SIONS : Th i s  rock has been exten s i ve ly  subd i v i ded and wide ly  
allocated . In 1972 ,  i t  was cut into four p i eces , i n c l u d i n g  a s l ab (F i gs .  1 5 , 1 6 ) . Al l o
cat i on s  were primar i ly  from the s l ab ,  from , 18 ( ent ire ly subd i v i ded as , 47- , 59 
and , 79- , 9 7 ) and from ch i p s  of , 0 . The l argest s i n g l e  p i ece rema i n i n g  ( , 0 i n  F i g .  
1 6 )  we i ghs  594 . 3  g and has been renumbered , 46 .  Ser i al th i n  secti ons were made 
from s l ab p i eces , 20 and , 2 6 .  Th in  s ect i on s  al so s amp l e  other port ions  of the 
rock . Many i nter i or and exter i or sp l i ts exi s t .  
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F IGURE 1 5 .  

Cutt i ng d i agram . 

, 4o 

6031 5 
s - 12 - 51842 

Main slab dissections 

F IGURE 1 6 .  
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60335 BASALTIC  IMPACT MELT 318 g 

I NTRODUCT ION : 60335 i s  a toug h ,  medi um gray , ba sa l t i c  impact mel t wi th a pro
nounced vug popu l ati on  ( Fi g .  1 ) .  The rock  as a whol e i s  homogeneous a l though the 
gra i n  s i ze c hanges abruptl y and col or vari es irregu l arly from dark to l i g ht areas . 
Meta l spherul es ( u p  to 5 mm ) are abundant . 

60335 wa s col l ected about 70  m east-northeast of the Lunar Modu l e ,  where i t  was 
l /3- 1 /2 buri ed wi th a moderatel y  wel l -devel oped fi l l et .  Its  ori entation  i s  known ; 
zap p i ts are present on al l surfaces but one , a l though the dens i ti es vary 
consi derabl y  from surface to su rface . 

FIGURE 1 .  S-7 2-3828 9 

PETROLOGY :  Wa l ker et a l . { 1 973 ) , Brown et a l . { 1 97 3 ) ,  Nord e t  a l . ( 1 97 3 )  a nd 
Va n iman and Pap i k e  fl98T) pr·ov i de petrographic  i nformation . Nord et �- ( 1 97 3 )  
stud i ed pyroxene exsol u tion  u s i ng hi gh-vol tage  tran sm i s s i o n  el ectron m icro
scopy . M i s ra and Tayl or { 1 97 5 )  report meta l a nd schre i ber s i te compo s i t i ons . 

60335 i s  a basal t i c  impact me l t  rock that exh i b i ts a vari ety of mel t  textures 
( F i g .  2 ) .  Most common ly ,  normal ly  zoned, subhedral p l ag i ocl ase phenocrysts 
(An 9 5 - 8 6 ) and shocked , anhedral p l agi ocl ase xenocrysts (An s 7 - 9 S •  u p  to 4 mm ) 
grade i nto a fi ner grai ned matr i x  of equant to l athy p l ag ioc l ase part i a l ly 
encl osed by ol i vi n e  (Fo8 5 _ 7 9 ,  s i n g l e  crystal s up to 10 mm ) .  I n  other areas a 
S i -K-rich g l assy mesostas i s  fi l ls the i nterst i ce s . Overgrowths of ortho-
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60335 

a b 

F I GURE 2 .  a )  60335 , 61 . g eneral  ba sal t i c , xpl . width 2mm . b )  po i k i l i t i c  area (top l eft ) and ves i c l e (top r i ght ) i n  general ba sal t ic  area , xpl . wi dth l mm .  

pyroxene (Wos En 7 6 ) ,  p i geon i te (Wo 9  En 6 a )  and aug i te occas i ona l l y  r im  the o l i v i nes  
and many of  the p l ag i oc l ase phenocrysts d i s p l ay a c l ear r i m  over a shocked core . 
P i geon i te occas i onal l y  shows aug i te exso l ut i on l ame l l ae .  A mode of the matri x  
g i ven by Wal ker e t  a l . ( 1973 ) i s  reproduced a s  Tab l e  1 .  Mi nor phases i n c l ude 
s i l i ca ,  phos phates,-zr-armal co l i te ,  i l men i te ,  u l vosp i ne l , metal and schre i ber
s i te .  Mi neral compos i t i ons are g i ven in F i gures 3 and 4 .  

Less common me l t  textures i n  th i s  rock i nc l ude rad i at i n g  c l usters of p l ag i oc l ase ,  
often cored by an  i ncomp l ete l y  d i gested c l ast and po i k i l i t i c  patches i n  wh i ch 
0 . 5  mm o l i v i ne encl oses many smal l cl asts and crystal l i tes of p l a g i ocl ase ( F i g . 2 ) .  
A l though Wal ker et �· ( 1973 ) and the Apo l l o  1 6  Lunar Samp l e  Infor�at i on Cata l og 
( 1972 ) i nterpret certain  po i k i l i t i c  areas as l i th i c  c l asts , an extens i ve survey 
of l i brary th i n  sections convi nces us  that these patches crystal l i zed from the 
s ame me l t  that produced the bu l k  of the rock . Ev idence for th i s  i nterpretat i on 
i n c l udes the arcuate boundari e s  of the patches aga inst  ves i c l es ( F i g .  2 ) ,  the 
tendency of the po i k i l i t i c  patches to comp l ete ly  f i l l  i rregu l ar ly  shaped areas 
and the fact that some of the po i k i l i t i c  o l i v i nes  are s i n g l e  crystal s wi th 
o l i v i nes that are defi n i te ly  a part of the oph i t i c  matr i x .  

L i th i c  c l asts i nc l ude granob l as t i c  anorthos i te ( 2  mm ) and granob l as t i c  trocto l i te 
( 5  mm ) wi th acces sory i l men i te and metal . Most of the l i th i c  c l asts are s hocked 
wi th a wel l defi ned react i on r i m  of f i ne-grai ned , uns hocked p l ag i oc l ase . 
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FIGURE 3 .  M ineral compo s i tion s ;  
a )  pl a g i oc l ases , from Wal ke1· et 
a l . ( l 973 ) 

-

tiT pyroxenes , from \�a 1 ker ei:_ �· 
( 1 973 ) .  
c )  pyroxenes , from Vaniman  <�nd 
Pap i  ke ( 1 98 1 ) .  

TABLE 1 

Mode of 60335 from Walker et aL ( 1973 ). 

P l agiocl ase 64% 

Ol ivine 16% 

C l inopyroxene 10% 

Opaques 2% 

Gl assy mesostas i s  8% 

Orthopyroxene tr 

F IGURE 4 .  
Metal s ;  from 
Mi sra a nd 
Tayl or ( 1 97 5 ) . 

• 
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EXPER IMENTAL PETROLOGY : Muan et al . ( 1974 ) and Ford et a l . ( 1974 ) report exper
'imental ly  determi ned equi l i brlUm-phase re l at i ons . Ay-l ow pressure pl ag i oc l as e  i s  
the l i qu i du s  phase of 60335 , fol l owed by s p i ne l , then o l i v i n e .  L i qu i du s  temper
ature is >1370° C.  Sp i nel  becomes unstab l e  between 1200-12 160 C .  At 1 kb  pressure 
wi th 10% water ,  sp i ne l  i s  the l i qu i dus  phase at temperatures >1250°C ( Ford et a l . ,  
1974 ) .  

- -

L . A .  Tayl or et al . ( l 976 ) performed s ubsol i dus heat ing  experiments to observe changes 
i n  metal graln' morphol ogy and chemi stry . The most  conspi cuous textural change 
observed was the devel opment of euhedral metal crysta l s at the edges of the 
annealed fragments . Observed changes in metal compos i t i ons  are summari zed i n  
Fi gure 5 .  
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CHEMISTRY : Major and trace e l ement data are g i ven by H as k i n  et a l . ( 1973 ) ,  Rose 
et al. ( 1973 ) ,  M i l l er et a l . ( 1974 ) ,  Fruc hter et a 1 . ( 1974 ) ( of-, 34erroneous ly  
reported a s  , 4 )  W�nke  et aT. ( 1976 ) and LSPET (I973 ) .  H ubbard et  a1 . ( 1974 ) and 
Ehmann and Chyi ( 1974 )-report trace e l ements , C l ark and Kei th (1973} prov i de data 
on n atural and cosmogen i c  rad i onuc l i des and Barnes et al . ( 1973 ) present trace 
e l ement and i sotop i c  abundances ( see a l so STABLE I SOTOPES and GEOCHRONOLOGY be low ) .  
Wal ker � �  ( 1973 ) report major e l ements determi ned by e l ectron mi croprobe ana
lyses of natural rock powder fused to a g l as s . 

PLAGIOCLASE 

60335 
• 

SPINEL 

OLIVINE 

F IGURE 6 .  from Wa 1 ker et �· ( 1 97 3 ) .  

ANORTHITE 
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TABLE 2 
Summary chemistry of 60335 

Sio2 46.0 
Ti02 0 .61 

A1 2o3 24.9 
cr2o3 0 . 13 
FeO 4 .7 
MnO 0 .07 
MgO 8 . 1  
CaO 14. 3 
Na2o 0.57 
K20 0.25 

P2o5 0.21  
Sr 150 
La 21 

Lu 0 .84 
Rb 6 .8  
Sc 8 . 1  
N i  340 
Co 20 
Ir ppb 17 
Au ppb 
c 
N 
s 
Zn 
Cu 

16.8 

2 
8 

Oxides i n  wt%; others i n  
ppm except as noted. 
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F IGURE 7 .  Rare earths ; 
from Ha s k i n  et � . ( 1 973 ) . 
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TABLE 3 

Average oxygen fugacity of 60335 

T !oC) -log fo2( atm) 

1000 16 . 7  

1060 15 .6  

1100 14 .6  

1 150 13 .7  

1200 12 .8  

Chemi cal ly  60335 is a very homogeneous rock . Its  major e l ement compos i t ion i s  
that of anorthos i t i c  nor i te (Tab l e  2 and F i g .  6 ) , very s i m i l ar to the l oca l  mature 
soi l s .  Rare earth el ements ( F i g .  7 )  are s l i ght ly  h i gher in the rock ( La � 65  x 
chondr i tes ) than i n  the l ocal soi l ?  ( La � 45 x chondr i tes ) .  The Zr/Hf i s  h i gh ,  
dom i nated by a KREEP component ( Ehmann and Chyi , 1974 ) .  S i deroph i l es  i nd i cate a 
substan t i a l  meteor i t i c  contr i bu t i on (Tab l e  2 ) .  

Sato ( 1976 ) measured the oxygen fugac i ty of 60335 d i rectly u s i n g  the so l i d-el ectro
l yte oxygen cel l  method . The l ow va l ues ( Tab l e  3 )  are con s i stent w ith the equ i l 
i brati on of metal l i c i ron w i th the s i l i cate and ox i de phases . A s l i gh t  sel f-re
duct i on was noted duri n g  the f i rst heat i n g  cyc l e .  

STABLE  I SOTOPE S :  Barnes e t  �· ( 1973 ) prov ide  data o n  i sotopes o f  C r ,  N i  a n d  K .  
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60335 

RAD IOGEN I C  I SOTOPES AND GEOCHRONOLOGY : Who l e  rock Rb-Sr data are prov i ded by 
Barnes et al . ( 1973)  and  Nyquist  et  a l . ( 1974 ) .  A mode l  age  of 4 . 055 b .y .  was 
c a l c u l atedoy Barnes et al . ( 1973)a5sumi ng  I = 0 . 6994 ( s i c . ) .  Model ages of 
TBAB I = 4 . 19 ± 0 . 06 b:Y.-and TLUN I  = 4 . 23 ± 0 . 06 b .y .  were ca l c u l ated by Nyqu i st 

et �- ( 1974 ) .  

Who l e  rock U-Th-Pb i sotop i c  data are reported by Barnes et al . ( 1973 ) .  Four model  
ages rang i ng from 4 . 059 - 4 . 08 1  b .y .  and averag i ng 4 . 07010.� were ca l cu l ated . 
60335 i s  concordant at 4 . 075  b .y .  

Re l at i ve i sotop i c  compos i t ions of  3 9 K , 4 ° K  and 4 1 K  are g i ven by Barnes et �. ( 1973 ) .  

RARE GAS/EXPOSURE AGE : Sol ar fl are track d ata i n d i cate that 60335 had a compl ex 
exposure history ( F 1 g .  8 )  but a l l ow an approx imate bur i a l ( subdec imeter ) age of 
50 m . y .  and a surface exposure age of � 0 . 5  m . y .  to be ca l cu l ated ( Bh andar i  et a l . ,  
1976 ) .  Bhandari ( 1977 ) reports a 2 6A1  surface expos ure age of < 0 . 2  m . y .  2 6Al and 
other cosm i c-ray i nduced rad i onuc l i de abundance data are prov i ded by C l ark and 
Ke i th ( 1973 ) .  

a )  b )  
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F IGURE 8 .  from Bhandari  et a l . ( 1 976 ) .  
a)  Trac k den s i ty profi l e- --
b) Res idence t ime curve 
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60335 

M ICROCRATERS AND TRACKS : Morri son et a l . ( 1973 ) and Neukum et a l . ( 1 973 ) prov i de 
size-frequency data on mi croc1·aterS: Morr i son et a l . ( 1973 )note the except iona l l y  
l ow frequency of craters on 60335 and cal cu l ate, -"best est imate " exposure age of 
0 . 6-0 . 8  m .y .  

PHYS ICAL PROPERTIES : 60335 i s  the ' 'LPM' '  rock , chosen to measure the i n  s i tu 
remanent magnetizati on of a l unar samp l e  u s i ng the Lunar Portab l e  Magnetometer . 
Measurements made w i th the LPM on the l unar surface and i n  the l aboratory d i d  not 
detect any rock magneti zati on ( Dyal et a l . ,  1972 ) .  Pearce et a l . ( 1973 ) report 
the total remanence of 60335 as 5 . 4  x-1o-� emu/g , confi rmi ng-that i ts i nten s i ty 
i s  we l l  be low the reso l ut i on of the LPM . Thus the amount of l un ar- i nduced soft 
remanence i n  th i s  samp l e  cou l d  not be determ ined . 

Intr i n s i c  and remanent magnet i c  propert ies  were measured on two ch i ps of 60335 
by Pearce et a l . ( 1973 ) u s i n g  room temperature hysteres i s  l oops and AF-demag
net i zat i on-rechn i ques . Tota l  metal content i s  0 . 36 wt % ,  pri nc i pal ly  as mu l t i 
doma i n  part i c l e s .  The Cur ie  temperature ( 6=760°C ) i s  character i s t i c  of i ron w i th 
a few percent N i . A l ow C uri e temperature ( 6 '  = 3500C ) phase , poss i b ly  h i gh-Ni  
metal , was a l so detected . E l ectron mi croprobe stud i es d i d  not detect such a h i gh 
N i  metal phase (Mi sra and Taylor ,  1975) . Chou and Pearce ( 1 976 ) note that 60335 
has N i /metal s l i ghtl y hi gher than the l ocal soi l s  and i nterpret t h i s  as i nd i cati ng  
that very l i ttl e metal i n  the roc k was produced by subsol i dus reducti o n .  

AF-demagnet i zat ion of the two ch i ps reveal ed s i gn i fi cant d i fferences between the 
ch i p  that was stored in f i e l d-free space ( , 30 ) and the ch i p  that was not ( , 18 )  
( F i g .  9 ) . Apparent ly  the rock acq u i red a non - l unar v i scous remanence that i s  
stab l e  against  AF-demagnet i zat ion but not agai nst .f i e l d -free storage ( Pearce 
!?t �- ' 1973 ) . 
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F IGUR E  9 .  AF-demagnet i zat ion ; 
from Pearce � �- ( 1 97 3 ) .  



60335 

Ve loc i ty and l i near stra i n  data are prov i ded by Warren et a l . ( 1973 ) for hydro
stat i c  and u n i ax i a l l oad i n g  cond i t i ons ( F i g .  10 ) .  B u l k-el ast i c  propert ies  ca l 
cu l ated from the dens i ty ,  bu l k  modu l u s and s hear modu l us of the s i l i cate phases 
of the rock agree we l l  w i th the measured val ues . These authors con c l ude that 
pore and crack effects exert an extreme control over bu l k  e l ast i c  propert ies . 

S immons et a l . ( 1975 ) note the presence of hea l ed cracks that d i sp l ace tw i n  
l ame l l ae-rnipl ag ioc l ase xenocrysts . 

TERREST!AL BASALT, Vp 
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4 
PRESSURE IKb) 

VELOCITY VS 
HVCROST A TIC PRESS 
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O OOWN 

60335,20 v. 

5 6 

PROCESS I NG AND SUBD I V I S IONS : I n  197 2 ,  60335 was 
e l ud i n g  a s l ab .  Al l three of these p i eces have 
shown i n  F i gure 1 1 .  Not a l l sp l i ts are shown . 
many portions  of the rock . 

104 

F IGURE 1 0 .  Vel oc i ty profi l es ;  
from Warren et �- ( 1 97 3 ) . 

cut  i n to three ma i n  p i eces ,  i n 
been exten s i ve ly  subd i v i ded as 
Al l ocations have been made from 
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6051 5  CATACLASTIC ANORTHOS ITE 16 . 74 g 

I NTRODUCT ION : 605 1 5  i s  a wh i te ,  moderate ly  coherent anorthos i te w ith on ly mi nor 
maf 1 c  phases ( F i g .  1 ) .  I t  i s  rounded w ith a gran u l ar ,  f i ne l y  commi nuted appear
ance . I t  i s  a rake samp l e  col l ected 50 m southwest  of the Lunar Modu l e ,  an d has 
abundant zap p i ts ( F i g .  1 ) .  

F I GURE 1 .  
S- 7 2-46333 
Sca l e  i n  mm . 
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60516 CATACLAST IC  ANORTHOS ITE 7 . 9 1  g 

I NTRODUCT ION : 60516  i s  a wh i te ,  moderate ly  coherent ,  catac l ast ic  anorthos i te 
(F i g .  1 ) .  I t  i s  a rake samp l e  col l ected about 50 m southwest of the Lunar 
Modu l e .  Zap p i ts vary i n  abundance from few i n  some areas to many i n  others . 

F I GURE 1 . 

PETROLOGY : A br i ef petrograph i c  descr i pt i on i s  g i ven by Warner et a l . ( 1976b ) .  
60516 1 s  a l so i nc l uded i n  a d i scuss i on of ferroan anorthos i tes by Dowty et �· 
( 1974 a ) . 

The rock appears to be monom ict . An gu l ar ,  moderate ly  shocked c l asts of p l ag io
c l ase ( up to  1 . 5  mm ) rest i n  a granu l ated matr i x ,  wh i ch i s  a l so domi nant ly  
p l agioc l ase ( F i g .  2 ) . Pyroxene is  the  on ly  maf i c  mi neral present an d is  very 
rare . f� i neral  compos i t i ons  are shown i n  F i gure 3 and tab u l ated by Dowty et a l . 
( 1976 ) .  The compos i t i on and equ i l i brated nature of the pyroxenes and thevery 
ca l c i c  p l ag ioc l ases are typ i ca l  of l u n ar ferroan anorthos i tes . 
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6051 6 

F IGURE 2 .  6051 6 , 3 .  partly 
xpl . width 3mm . 

CHHHSTR Y :  A defocussed beam analys i s  ( DBA ) i s  g i ven by Dowty et  a l . ( 1974a ) 
and reproduced by Warner et a l . ( 1 976b ) and here as Tab l e  1 .  TliTsanalys i s  
shows 60516 t o  bE! nearly purep l ag i oc l ase . 

. TABLE 1 .  Summary chemistry of 60516 

( DBA, normal i zed to 100%) 

Sio2 44 .8  
A12o3 35. 2 
FeD 0 .28 
MgO 0 .05 
CaO 19 .2 
Na2o 0 .44 
K20 0 .01 
P205 0 . 02 

PROCESS I NG AND SlJBD I V I S IONS : I n  1973 , 1  was removed for th i n  sections ( F i g . l ) .  
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60517  CATACLASl"I C  ANORTHOS ITE 1 . 23 9 

I NTRODUCT ION : 605 1 7  i s  a wh i te ,  moderate ly  coherent anorthos i te wi th mi nor 
maf 1 c  phases ( F i g .  1 ) . I t  i s  suban gu l ar w i th a gran u l ar ,  f i ne l y  commm inuted 
appearance . The t i ny ( <0 . 05 mm ) b l ac k  mafi c specks are scattered throu gh the 
roc k . I t  i s  a rake samp l e  col l ected 50 m southwest  of the Lunar Modu l e .  Zap 
p i ts are heterogeneous l y  d i str i buted . 

F I GURE 1 .  Sca l e  i n  mm . S-7 2 -46326 
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60518  CATACLASTI C  ANORTHOS IT  . .::.E-----------------=-1..:..;. 1::..:2:......>�.. 

I NTRODUCTION : 60518 i s  a wh i te ,  moderate ly  coherent anorthos i te wi th on l y  mi nor 
maf 1 c  phases ( F i g .  1 ) .  I t  is suban gu l ar wi th a granu l ar ,  f i ne ly  comminuted 
appearance .  The t i ny ( <0 . 05 mm ) b l ack maf i c  specks are scattered throu ghout the 
rock . I t  i s  a rake samp l e  col l ected 50 m southwest of the Lunar Modu l e ,  and h as 
a few zap p i ts .  

F IGUR E 1 .  Sca l e  i n  mm . S-72-46330 
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60519 CATACLASTI C ANORTHOS ITE 0 . 50 

I NTRODUCTION : 50519  i s  a wh i te ,  moderate ly  coherent anorthos i te wi th on l y  
m 1 nor maf i c  phases ( F i g .  1 ) .  I t  i s  suban gu l ar wi th a granu l ar ,  f i ne ly  
commi nuted appearance . The t i ny ( <0 . 05 mm ) b l ack maf i c  specks are s cattered 
throughout the rock . I t  i s  a rake samp l e  co l l ected 50 m s outhwest of the 
Lunar Modu l e .  Zap p i ts and pat i n a  are rare . 

1 12  

F IGURE 1 .  Sea l e i n  mm . 
S -72-46324 . 



60525 PO I K I L IT IC  IMPACT MELT 1 2 . 84 

I NTRODUCTION : 60525 i s  a med i um gray, coherent , i mpact me l t  with  a var i ab l e  
texture wh 1 ch i s  domi nantly  po i k i l i t i c  o r  m i cropoi k i l i t i c  ( F i g .  1 ) .  I t  i s  a 
rake samp l e  col l ected about 50 m southwest of the L unar Modu l e  and has a few 
zap p i ts .  

FIGURE l . 

S - 73 - 20481 

PETROLOGY ; Warner et a l . { 1976b )  prov i de a br ief petrograph i c  descr i pt i on 
and m 1 neral compositTons. 60525 i s  textural ly  heterogeneous ,  grad i n g  from 
poi k i l i t i c  ( o i kocrysts � 0 . 1  mm ) to suboph i t i c  over a s i n g l e  th i n  sect ion 
( F i g . 2 ) . C l asts of p l ag i oc l ase , mi nor o l i v i ne and several l i th i c  fragments 
are present .  r� i neral  compos i t ions  are s hown i n  F i gure 3 an d tab u l ated by 
Dowty et a l . ( 1976 ) .  t� i nor phases i n c l ude sp i ne l , i l men i te ,  Fe-metal  ( 5 . 7-9 . 1% 
N i ,  0 .4-0-:6% Co ) ,  z i rcon and a "K-r ich  phase " ( 8 - 14 . 8% ,  K20 ) . 

CHEMI STRY : A defocus sed e l ectron beam ana lys i s  ( DBA ) i s  g i ven by Warner et �· 
( 1976b )  and reproduced here as Tab l e  1 .  

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 removed for th i n  
sections (F i g . 1 ) .  
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F IGURE 3 .  M i neral compos it ions ; from R . Warner 
et �. (l 976b ) . 
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F I GURE 2 .  6052 5 , 2 . general 
v i ew ,  ppl . wi dth 3mm . 

TABLE 1 .  Chemistry of 60525 � 

Si02 46 . 1 
no2 1 . 05 

Al203 21 . 2  

Cr2o3 0 . 14 

FeO 7 . 2  

MnO 0 .08 

MgO 9 .3 

CaO 12 .9  

Na2o 0 . 64 

K20 0 . 27 

P205 0 . 26 



60526 POIK I L I T I C  I MPACT MELT 8 .42 

I NTRODUCT ION : 60526 i s  a med i um gray, coherent ,  po i k i l i t i c  impact me l t  ( F i g .  1 ) .  
I t  i s  a rake sampl e  col l ected about 50 m southwest of the Lunar Modu l e ,  and l acks 
zap p i t s .  ( The photograph l abe l l ed 60526 i n  Ke i l  e t  a l . ,  1972 , p .  5 0  i s  actua l ly 
of 60527 ; the correct photograph i s  on p .  62 ) .  - -

PETROLOGY : Warner et  a l . ( 1976b ) prov i de a br i ef petrograph i c  descr i pt i on and 
mineral compos i t i onS':" Iextura l l y  60526 i s  a typ i ca l  f ine-grained po i k i 1  i t i c  
rock w i th oi kocrysts (� . 3  x 0 . 15 mm ) of domi nantly l ow-Ca pyroxene enc l os i n g  
abundant euhedral to subhedral p l a g ioc l ase ( F i g .  2 ) .  M i neral compos i t ions  are 
shown i n  F i gure 3 and tabu l ated by Dowty et a l . ( 1976 ) .  Acces sory phases i nc l ude 
i lmen i te ,  arma l co l  i te and Fe-metal ( 4 . 4-6-:T%Ni , 0 . 3% Co ) .  

CHEM I STRY : A defocussed e l ectron beam anal ys i s  ( DBA ) presented by Warner et a l . 
(l976b)  is  reproduced here as  Tab l e  1 .  60526 i s  compos i t i ona l ly  very s i miTar-ro 
the we l l -studi ed po i k i l i t i c  rock s such as 603 1 5 .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1973 , 1  was removed for th i n  sect i ons . I n  1978 
, 4  was al l ocated for chemistry ( F i g .  1 ) .  

FI GURE 1 .  Large sca l e  d i v i s ion i n  em . S-78-27394 . 

1 1 5  
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F IGURE 3 .  Hi nera l compos i ti ons ; from R .  Warner 
et d.l . {1 976b ) . 
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F IGURE 2 .  6052 6 , 3 . genera l 
v i ew,  x pl . width 3mm . 

TABLE 1 .  Chemistry of 60526 ( DBA) 

Sio2 47.5  
Tio2 1 .40 
A12o3 1 7 . 4  
Cr2o3 0 . 17 
FeO 8 . 9  
MnO 0.09 
MgO 13 .5  
CaO 10.8 
Na2o 0 .7 1  
K2o 0 .45 
Pzos 0 .44 



60527 CRYSTALL I NE BRECC IA  AND VES ICULAR GLASS 7 . 36 g 

I NTRODUCTI ON : 60527 con s i sts of a rectangu l ar c l ast of coherent,  crystal l i ne  
rock thickly coated by h i gh ly  ves i cu l ar ,  g l assy impact mel t  and a separate 
p i ece of ves i cu l ar g l ass  ( F i g .  1 ) .  The rectangu l ar c l ast has �50% wh i te 
materi al ( i n gra i n s  <0 . 05 mm l on g )  embedded i n  dark materi a l  and i s  pos s i b ly 
a po i k i l i t i c  impact me l t .  The g l assy coat conta i n s  rare wh i te c l asts ( � . 7  mm 
l on g ) .  I t  i s  a rake samp l e  col l ected 50 m southwest of the Lunar Mod u l e  and 
h as rare zap p i ts .  ( The photograph l abe l l ed 60527 i n  Ke i l  et a l . ,  197 2 ,  p .  40 , 
i s  actua l ly  60528 ; the corre!ct photograph i s  on p .  50 ) .  

- -

PROCESS I NG AND SUBD I V I S IONS : Th i s  rock was removed from i ts documented bag as 
two pieces which were n umbered together as 60527 . 

1 17  

F IGURE. 1 . 

Sca l e i n  mm. 



60528 GLASSY IMPA :T MELT 2 . 94 

I NTRODUCT ION : 60528 i s  a medi um gray , coherent ,  gl assy i mpact mel t wi th s everal 
sma l l  (<1 . 5  mm ) wh i te cl asts ( Fi g .  1 ) . Th is  rake sampl e i s  very i rregul ar i n  
shape wi th a bundan t ves i cl es and rare zap p i ts and was col l ected about 50 m 
southwest of the Lunar Modu l e .  ( The photograph l abe l l ed 60528 i n  Ke i l  et a l . ,  
1972 , p .  6 1  i s  act J a l l y  of 60529 ; the correct photograph i s  on p .  40 ) .  -- --
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Scal e i n  mm . 



60529 BASALTIC  I MPACT ME�r 1 . 24 

I NTRODUCTION : 60529 i s  a med i um gray, coherent basal t i c  i mpact me l t  ( F i g .  1 ) .  
I t  i s  an gul ar w ith "-10% ves i scl es .  It i s  a rake s amp l e  col l ected about 50 m 
southwest of the Lunar Modu l e  and has rare zap p i ts . ( The photograph l abel l ed ?0529 i n  Ke i l  et �· , 1972 ,. p .  62 i s  actua l ly  of 60526 ; the correct photograph 
1 s on p .  6 1 ) • 

S - 73- 20477 

F IGURE l . 

60529 
Post split 

F IGURE 2 .  6052 9 , 2 . genera l 
v i ew ,  ppl . wi dth  2mm . 

PETROLOGY : Warner et a l . ( 1976 b )  prov ide  a br ief petrograph ic descr i pt i o n .  
The matrix of 6052g-is-a very f i ne -gra i ned impact mel t  wi th spheru l i t i c  
need l es o f  p l agiocl ase separated by a cryptocrysta l l i ne t o  g l assy mesostas i s  
( F i g . 2 ) .  L i th i c  cl asts i ncl ude brecc i a  fragments and a few anorthos i tes , a l l 
of wh i ch show evi dence of ass im i l at i on i n to the mel t .  Mi neral cl asts are re
l at i ve ly  rare and a l so show evi dence of ass imi l at ion . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1973 two smal l ch i p s  were removed from th i s  
rock . One of these chips was a l l ocated for th i n  secti ons as , 1  ( F i g . 1 ) .  
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60535 POLYMI CT BRECC IA ( REGOL ITH BRECC IA? ) 7 . 23 g 

I NTRODUCT ION : 60535 i s  a medi um gray ,  coherent ,  pos s i b l y  rego l i th brecci a ( F i g .  1 ) .  
One surface i s  coated w ith g l as s  and another has a sheared appearance . I t  i s  a 
rake s ampl e  col l ected 50 m southwest of the Lunar Modu l e .  Zap p i ts are hetero
geneou s ly  di stri buted from abundant on one s i de to very few of the others . 

F IGUR E l . 

F IGURE 2 .  6053 5 , 2 . general 
v i ew ,  ppl . wi dth 2mm . 

PETROLOGY : Warner et a l . ( 1976b ) prov i de a bri ef petrograph i c  descr i pt ion . 
The matrix of 6053 5-rs-very porous and i s  composed of a heterogeneous m i xture 
of mi neral , l i th i c  and g l as s  fragments we l ded together by a sma l l amount of 
g l as s .  L i th i c  c l asts i nc l ude a vari ety of brecci as ,  several po i k i l i t i c  rocks 
and severa l  anorthos i ti c  fragments . Numerous c l asts of g l as s  are a l so present 
i nc l ud ing  one 1 . 5  mm l ong shard noted by Warner et �· ( 1976b ) . 

PROCESS I NG AND SUBDI V I S IONS : , I n  1973 ,  three sma l l ch i ps were pr i ed from one 
end of the rock . Two of these ch ips  were al l ocated for th i n  secti ons as , 1  
( F i g . 1 ) .  
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60615 BASALTIC IMPACT MELT 32 . 9  g 

I NTRODUCT ION : 60615  i s  a l i ght gray, coherent , b as a l t i c  impact me l t .  Irregu l ar ly  
shaped vugs ( u p  to  13  mm across ) are common ( F i g .  1 ) .  Smal l ,  very th i n  areas of 
g l as s  part i a l ly coat one surface . It  i s  a rake samp l e  col l ected about 70 m west 
southwest of the Lunar Modu l e .  Zap p i ts are heterogeneou s l y  d i stri buted . 

606 1 5  
S - 73 - 20458 

F I GURE 1 .  

PETROLOGY : Dowty et a l . ( 1974b ) and Warner et a l . ( 1976b ) provi de petrograph i c  
descriptions .  Mi nerar-analyses are tabu l ate�b�Dowty et  a l . ( 1976 ) .  The texture 
of 60615 i s  predomi nantly intergranu l ar wi th o l i v i ne  an�pyroxene confined to 
i nterstices between f i ne  ( '�D . 1  mm ) p l agiocl ase l aths ( F i g .  2 ) .  �1af i c  mi nera l s  are 
unusua l l y  magnes i an ( F i g .  3 ) . P l ag i oc l ase l aths and xenocrysts are of the same 
compos i t i on .  Accessory phases i nc l ude i lmen i te ,  arma l co l i te ,  ruti l e ,  Fe-metal 
( 4 . 3- 13 . 6% N i ,  0 . 6- 1 . 03% Co ) ,  schre i bers i te and tro i l i te .  An gul ar xenocrysts of 
p l ag i oc l ase account for "'4% of the rock . One "brecc i a" c l ast i s  noted by �Jarner 
et �· ( 1976b ) .  
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6061 5 

• 

PyroKtiMI composition (mole%) 

I "" lp I I 
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L I I I I I 
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Anorthite con· ant of plagioclose (mole%) 

F I GURE 3 .  M i nera l compos i tions ; from 
R . Wa rner et �· ( 1 97 6b ) .  
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10 0 

10 0 

F I GURE  2 .  6061 5 ,8 .  xpl . 
width 2mm . 

TABlE 1 .  Summary chemistry of 606 1 5  

Si02 
Ti02 
Al203 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P2o5 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

44 . 9  
0 .52 

21 , 8  
0 . 144 
5 . 3  
0 .071 

14.2 
12 . 5  
0 . 386 
0 . 13 
0 .09 

16 .9 
0 . 77 

9 .0 
490 
32 
9 
8 

Oxides in �t%; others in  ppm except as noted . 



6061 5 

r , CHEMI STRY : Major and trace e l ement abundances are reported by Lau l and Schm itt (1973 ) .  A defocu ssed e l ectron beam ana lys i s  ( DBA ) of a th in  sect i on i s  presented 
by Dowty et �- ( 1974b ) and reproduced by Warner et �- ( 1976b ) .  

6061 5  i s  somewhat l ess al um i nous than most other basa l t i c  impact mel ts from 
Apo l l o  1 6  ( Tab l e  1 ) .  The bu l k  Mg/Fe i s  q u i te h i gh as refl ected i n  the mi neral 
compos i ti on s .  R are earth e l ements are s l i ght ly  enri ched compared to l ocal soi l s .  
S i deroph i l es i n d i cate a s i gn i f icant meteor it i c  componen t .  

PROCESS I NG AND SUBD IV I S IONS : I n  1973 representati ve c h i ps were removed and 
a l l ocated for th1 n  sect1 ons and petrography ( , 1 ) ,  chemi stry ( , 2 )  and for isotop i c  
ana lyses ( , 3 ) .  
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6061 6  PO IK ILITIC IMPACT MELT 

I NTRODUCTION : 60616  i s  a med i um gray ,  coherent , poi k i l i t i c  impact mel t  
(F i g . 1 ) .  I t  i s  a rake sampl e col l ected about 70 m west southwest of the 
Lunar Modul e and l ac ks zap p i ts . 

3 . 40 g 

6061 6 

FIGURE 1 . 

PETROLOGY : Warner et a l . ( 1976b )  prov i de a brief petrograph i c  descr i ption 
and m 1 neral composTfi ons . O i kocrysts are l ess abundant in  6061 6  than in  
most other poi k i l i t i c  rocks ,  enc l os i ng on ly � 60-70% of the area of the 
secti on ( F i g . 2 ) . Inter-oi kocryst areas have a suboph i ti c  texture . C l asts 
are predom inantly p l ag ioc l ase and are abundant .  M i neral compos i ti ons are 
shown in F i gure 3 and tabu l ated by Dowty et a l . ( 1976 ) .  Mi nor phases i n 
c l ude i l men i te and Fe-metal ( 6 . 1 -8% N i ,  0-:3-G:"4% Co ) .  
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FIGURE 3 .  M i nera l compos i t ions ; from R . Wa rner et 
al . (1 9?6b ) .  

6061 6 

FIGURE 2 .  6061 6 ,2 .  pp l . 
width 3mm . 

TABLE 1 .  Chemistr� of 60616 (DBA) 

Si02 45 . 5  
Ti02 0 . 6B 
Al2o3 24 . 5  
Cr2o3 0 .11  
FeO 5 . 9  
MnO 0.06 
MgO 8 . 3 
CaO 14. 3 
Na2o 0 . 56 
K2o 0 . 20 
P205 0 .22 

CHEM ISTRY : A defocussed e l ectron beam ana lys j s  ( DBA ) i s  g i ven by \<Jarner et al . 
(l976b )  and reproduced here as Tab l e  1 .  60616 i s  more a l um i nous than most-
other Apo l l o  16 poi k i l i t i c  rock s .  

PROCESS I NG AND SUBDI V I S I ONS : I n  1 973 , two ch i ps  ( , 1 )  were a l l ocated for th i n  
secti ons ( F i g . 1 ) .  
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60617  CRYSTALL I NE I MPACT MELT 2 . 77 g 

I NTRODUCTION :  6061 7  i s  a med i um gray, coherent , impact mel t  ( F i g .  1 ) .  I t  i s  
subangul ar wi th a few sma l l areas of dark sp l ash g l as s .  I t  i s  a rake s amp l e  
co l l ected about 70 m west southwest of the Lunar Modu l e .  Zap p i ts are rare . 
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606 1 8  BASALTI C  IMPACT MELT/ANORTHOS ITE 2 1 . 7  g 

I NTRODUCTION :  606 1 8  is  a tough , l i ght gray rake sampl e  cons i sti ng of basa l ti c  
impact mel t  and catac l ast i c  anorthos i te ( Fi g .  1 ) .  The anorthosi te i s  not 
ferroan . Pos s i b l e  c l ast-matri x rel ati ons have not been determi ned but the 
anorthos i tes  are probably c l a sts i n  the basa l t .  A few 2-3 mm vesi c l e s  are 
present, s ome of wh ich  appear to be l i ned wi th meta l . 

6061 8  i s  a rake s amp l e  col l ected about 70 m west  southwest of the Lunar Modu l e .  
Zap p i ts are rare . 

F IGURE 1 . 

PETROLOGY :  Two di sti nct l i thol og i e s ,  a coarse-gra i ned , catac l ast i c  sp i ne l 
beari ng anorthos i te and a fi ner-gra i ned basa lt ic  me l t  have been recogni zed i n  
th i s  rock . Petrographi c descri pti ons are gi ven by Dowty et a l . ( 1 974a , b )  and 
Warner et �- ( 1  976b ) . - -

The anortho s i te descri bed by Dowty et a l . ( 1 974a ) and Warner et al . ( 1 976b ) 
consi sts of a s i n g l e  l arge ( 2x3 mm)IJl ag i oc l ase c rystal i n  a granu l ated matri x 
of fel dspar,  m inor o l i v i ne ,  spi ne l , pyroxene , i lmen i te ,  meta l ( 6 : 1 %  N i , 1 . 3% 
Co ) , and schrei bers i te ( Fi g .  2 ) .  PyroxeRe occurs ma i n ly i n  fi ne ve i ns that cut  
both the  l arge crystal and  the  matri x .  Mi neral compos i ti on s  are  shown i n  
F i gure 3 and tabul ated by Dowty et a l . ( 1 976 ) ,  and show that the anorthosi te 
has much more magne s i a n  mafi c mi nerals than typi ca l  ferroa n  anorthosi tes . 
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606 1 8  

a 

F IGURE 2 .  

a )  6061 8 , 4 .  catacl a stic 
anorthos 1 te ,  x pl . wi dth 
3mm . 
b )  606 1 8 , 3 .  ba sa l t ic  
mel t , xpl . w idth  3mm . 

b 

The basal t ic  impact mel t  porti on cons i sts of many equant ,  but somewhat i rregu
l ar ,  rel i ct  p l ag i oc l a se gra i n s  (�0 . 5  mm) in  a subophi t i c  mel t matr ix  of p l ag i o
cl ase l aths ( up to 0 . 5  mm l ong ) ,  o l i v i ne ,  and pyroxene ( F i g .  2 ) . Mi neral 
comp os i t i ons are shown i n  Fi gure 4 and tabulated by Dowty et a l . ( 1 976 ) .  Acces
sory mi nera l s  i nc l ude  i lmen i te ,  arma l co l i te ,  Fe-metal ( 2 . 5-=-6". 9% Ni , 0 . 6- 1 . 2% 
Co ) ,  schre i bers i te, and troi l i te .  

Meyer ( 1 979 )  reports i on probe analyses o f  mi nor e l ements i n  p l ag i oc l ase from 
an unspec i fi ed secti on of the rock (Tab l e 1 ) .  

TABLE 1 

Mi nor e l ements i n  606 1 8  p lag i oc l ase (ppm )  (Meyer ,  1 979) 

Li 
4 

_l1g_ 
800 
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606 18  

F IGURE 3 .  Anorthosi te mi nera l 
compos i tions ; from R .  Warner 
et '!._1_ . ( 1 97 6b ) . 

FIGURE 4 .  Ba sa l ti c  mel t 
m i neral compos i t i on s ; from 
R .  Warner et i!l_. ( 1 976b ) . 

CHEM I STRY :  Major and trace e l ement analyses of the anorthosi ti c  and the basal 
t i c  me l t  porti ons are gi vE!n by Mura l i et a l . ( 1 97 7 )  and Ehmann et a l . ( 1 975 ) . 
E l dri dge et a l . ( 1 975 ) report who l e roCk abundances of natura l and!Cosmogen i c  
rad i onucl i deS: Jovanovic and Reed ( 1 976b) prov i de hal ogen and other trace e l e 
ment abundances for a sp l i t  probably r i c h  i n  anorthos i te .  Mi croprobe defocussed 
beam analyses ( DBA ) of each l i thol ogy are reported by Dowty et al . ( 1 974a , b ) and 
Warner et a 1 .  ( 1 976b ) .  Ca and K abundances of an anorthos i te -ri ch sp 1 i t  are 
g i ven bySchaeffer and Schaeffer ( 1 97 7 )  i n  an Ar i sotopi c  study . 
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6061 8 

Who l e  rock abundances of K ,  U ,  and Th s how that the rock i s  very l ow i n  i ncom
pat i b l e  el ements ( K  670 ppm ,  U 0 . 28 ppm, Th 0 . 63 ppm) . E l dri dge et �· ( 1 97 5 )  
note the unusua l l y  l ow Th/U rat i o  ( 2 . 3 )  o f  thi s roc k .  

The anorthos i ti c  mater ia l  i s  nearly pure p l agi ocl ase ,  wi th l ow abundances of 
i ncompati bl e e l ements (Tabl e 2 ) . S i derophi l e  e l ement abundances i nd i cate 
meteori t i c  contami nati on . 

The bas a l t i c  mel t porti ons are l ess a l umi nous and have hi gher l eve l s  of i n
compati b l e  e l ements than the anorthos i t i c  mater i a l  (Tabl e 2 ) . 

TABLE 2 Summary chemi stry of 60618 l ithologies 

Anorthos i te Basaltic impact mel t  

Si02 44 .3  
Ti02 0.03 
Al2o3 33. 2 
Cr2o3 0 .01 
FeO 1 . 1  
MnO 0.02 
MgO 3 .4  
CaO 16.9 
Na2o 0.40 
K20 0.047 
Pzos 0.009 
Sr 
La 3 . 2 
Lu 0 . 13 
Rb 
Sc 1 . 5  
N i  228 
Co 12 
Ir ppb 5 
Au ppb 3 
c 
N 
s 
Zn 
Cu 

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

130 

45.8 
0 .27 

28.8 
0.061 
2 .0 
0 .03 
4 . 9  

15 .9  
0 .49 
0 . 15 

6,.0 
0 . 29 

3 .2 
50 
4 . 1 
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606 1 8  

RADI OGENIC  I SOTOPES/GEOCHRONOLOGY : Schaeffer and  Schaeffer  ( 1 97 7 )  report an 
4 0Ar- j�Ar p l ateau age of 4 . 00±0 . 02 b . y .  over the 900- l l 00°C temperature i nter
val  ( Fi g .  5 ) . Large l os ses of l ow temperature Ar wi th an age of �2 . 1 7  b .y .  
are a l so noted . 

4-1 

-
.. 

• 3·9 g 
� 

0 ()-2 ()-4 0·6 0·8 1·0 
CUMULATIVE FRACTION Of. 10Ar 

F IGURE 5 .  Ar rel ea se ;  from Shaeffer 
a nd Shaeffer ( 1  977 ) .  

RARE GASES/EXPOSURE AGES :  Whol e  rock 22Na and  26Al data i nd i cate tha t  606 1 8  
i s  p robably saturated i n  2 6Al act i vi ty ( E l dri dge et al . ,  1 975 ) . Exces s  38Ar 
at a l l temperatures prec l ude the cal cul ati on  of  an-Ar-exposure age ( Schaeffer 
and Schaeffer,  1 977 ) . 

P ROCESS I NG AND SUBD I V I S I ONS : I n  1 97 3 ,  the p i eces of 6061 8 were n umbered 
, 8 - , 1 1  (Fi g .  1 ) .  The mel t rock s p l i ts came from , 9 .  The anorthos i te sp l i ts 
were taken from , 1 0 . 
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60619 GRANOBLASTIC ANORTHOS ITE 28 . 0  g 

I NTRODUCT ION : 6061 9  i s  a coherent , l i ght gray anorthos i te that has been 
extensi vely recrysta l l i zed to a granob l asti c texture . A sma l l amount of dark 
sp l ash g l ass i s  present on some s urfaces ( F i g .  1 ) .  60619 i s  a rake samp l e  
col l ected about 70 m west southwest of the Lunar Modu l e .  Zap p i ts are hetero
geneous ly d i stri buted . 

F IGURE l .  

S-7 2 -43473 . Sca l e 
i n  em . 

PETROLOGY : Petrograph i c  descri pti on s  are g i ven by Dowty et a l . ( 1974 a )  and 
Warner et a l . ( 1976b ) .  Accurate e l e ctron mi croprobe analyses-of Na, Fe , Mg 
and K in-60619  p l ag i oc l ases are g i ven by Hansen et �· ( 1979a ) . 

The granob l asti c  texture ( F i g .  2 )  of 6061 9  i s  i nd i cative of extens i ve recrystal � 
l i zat ion . Sma l l ( <0 . 2  mm ) ,  anhedral  gra i n s  of p l ag i oc l ase h ave smooth boundar i es 
and meet i n  tri p l e  j unct i on s .  Anhedra l mafi c mi neral s  occur ( i )  i n  these tri p l e  
j uncti on s ,  ( i i )  as i nc l u s i ons i n  p l ag i oc l ase , and ( i i i )  as somewhat l arger grai n s  
parti a l ly  enc l os i n g  some p l ag i oc l ase . Mi neral compos i t i ons are shown i n  F i gure 
3 and tabu l ated in Dowty et �· ( 1976 ) . 
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Figure 3. Mi nera l  compos i ti ons , 
from R. Warner et .�· ( l 976b ) . 

TABLE 1 .  

10 0 

6061 9 

F IGURE 2 .  6061 9 ,2 . 
granobl a stic a north
os i te ,  partl y  xpl . 
wi dth  3mm . 

Chemistry of 60619 ( DBA) 

Si02 44 . 6  
Ti02 0 .06 
A1203 32 . 9  
Cr2o3 0 . 01 
FeO 1 . 20 
MnO 0.01 
MgO 1 . 68 
CaO 17 .8  
Na20 0 .63" 
K20 0.04 
P205 0.03 

CHEMISTRY : A defocussed e l ectron beam ana lys i s  ( DBA ) i s  presented by Dowty et 
al . ( 1974a ) and reproduced i n  Warner et �· ( 1 976b ) and here as Tab l e  1 .  

--

PROCESS I NG AND SUBDIV I S IONS : I n  1 973 two sma l l ch i ps ( , 1 )  were taken for th in  
sections (Fig .  1 ) .  
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60625 POI KIL ITIC  IMPACT MELT 1 1 7 . 0  g 

INTRODUCTION : 60625 i s  a l i ght gray poi ki l i ti c  rake sampl e wi th rusty patches . 
It i s  fai rly fri abl e ,  rounded and covered wi th zap p its  ( Fi g .  1 ) .  Because i t  i s  
a rake sampl e ,  i ts ori entati on i s  un known . I t  was coll ected about 70 m west
southwest of the Lunar Modu l e .  

60625, 0 

FIGURE 1 . 

PETROLOGY : Mi neral analyses and a br i ef petrograph i c  descr i ption are prov i ded by 
Warner et a l . ( 1976b ) .  60625 was l i sted as a rusty rock by L . A .  Taylor et �· 
( 1 973b)-. -

60625 has a poi ki l i ti c  texture ( Fi g .  2) wi th most oi kocrysts (mafi c mi neral s )  a bout 
500 � l ong and s l i ghtl y  el ongated .  The o i kocrysts encl ose l athy pl agi ocl ase  
chadacrysts ( Fi g .  2) . The overal l texture i s  d i ffuse because  the oi kocrysts al so  
conta i n  abundant g l as sy or cryptocrysta l { i ne areas , unl i ke the  better-studied  
p o i ki l i ti c  rocks such a s  603 1 5 .  The i nteroi kocryst areas are extremely narrow and 
conta i n opaque mi nera l s ,  pl agi oc lase  and gl ass . Analyses of pyroxenes , ol i v i nes , 
and pl ag i oc l ases are s ummari zed i n  Fi gure 3 .  Warner et �· ( 1976b ) a l so present 
compo s i t i onal  data for i lmeni te (�9% MgO) , armal col i te (�9% MgO , �2% Zr02 ) ,  Fe
m etal (�0 . 45% Co , 3- 1 0% N i ) and K-rich  pha ses ( 8- 1 4% K20 ) .  A few l i th i c  and 
pl agiocl ase c l a sts are present ,  mos t  of whi ch are shocked ; mafi c mi neral c l asts are 
rare . 
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60625 

F IGURE 2 .  60625 , 1 1 .  
general v i ew ,  ppl . 
wi dth 3mm . 

l 
Pyro•ene composition (mole %) 

I I I I I I I I I I I 
100 80 ·10 70 80 so 40 30 20 10 0 

Forsterlte content of olivine (mole %) 

l I I 
100 80 110 70 eo eo 40 30 20 10 0 

Anorthite content of plagioclase (mole%) 

F I GURE 3 .  Mi neral composi ti on s ;  from R .  Warner 
et !!__. ( 1 97 6 b )  . 
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60625 

CHEM ISTRY : Fruchter et a l . ( 1 974 )  present a parti a l  major and trace el ement anal ys i s  
wi thout comment ,  and �rner e t  �· ( 1976b ) present a defocussed beam analysi s .  
These are summari zed i n  Tab l e  1 .  

TABLE. 1 .  Summary chemistry of 60625 poi ki l i ti c  mel t 

( i )  (i  i )  

Si02 44.7 
Ti02 0.67 

A1203 25.9 22.6 

crzo3 0.12  0 . 1 1  

FeO 5.4  7 . 8  
MnO 0.06 

MgO 9.8 
CaO 1 3. 2  

Na2o 0.49 0.54 

K:10 0.21 

P2o5 0 .25 

Sr 
La 20.7 

lu 1 .0 

Rb 
Sc 9.7 
Ni 
Co 27.0 
Ir ppb 
Au ppb 

Oxides in  wt%: others in ppm except as noted. 
( 1 )  from Fruchter � !!_. ( 1 974 ) .  ( i i )  DBA from Warner et !1_. ( 1976b ) . 

PROCESSING AND SUBDIV I S IONS : On ly a few smal l p i eces have fal l en from or been 
separated from the parent , 0 .  
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60626 POIK IL ITIC  IMPACT MELT 1 5 . 87 

I NTRODUCTION : 60626 i s  a l i ght gray ,  coherent ,  po i k i l i t i c  rock that has been 
extensively fractured . Vei ns of dark g l ass cut the rock ( F i g .  1 ) .  I t  i s  a 
rake samp l e  co l l ected about 70 m west southwest of the Lunar Modu l e .  I t  has 
zap p i ts wh i ch are heterogeneous l y  di stri buted . 

PETROLOGY : Warner et a l . ( 1976b ) provide a brief petrograph i c  descr i pt i on and 
m1 neral compos it i onS. 606?6 i s  poi k i l i t i c  w ith i rregu l ar ly  s haped o i k ocrysts 
of domi nantly l ow-Ca pyroxene . Un l i ke most Apo l l o  1 6  poi k i l i ti c  impact me l ts 
the p l ag i oc l ase chadacrysts are anhedra l  and equant .  C l asts o f  p l agiocl ase 
are abundant ( F i g .  2 ) .  Mi neral compo s i t i on s  are shown i n  F i gure 3 and tabul ated 
by Dowty et al . ( 1976 ) .  Accessory phases i ncl ude t i tani ferous sp i nel  (�2 1 %  
T i 02 ) ,  i l menlfe ,and meta l  ( 1 . 0 - 1 . 7% N i , 0 . 8% Co ) .  

CHEMI STRY : Major and trace e l ement data are provi ded by Lau l  and Schmi tt ( 1973 ) .  
A defocussed e l ectron beam ana lys i s  ( DBA ) i s  g i ven by Warner et �· { 1976b ) .  

These data show that 60626 i s  much more a l umi nous than most Apol l o  1 6  po i k i l i t i c  
i mpact mel ts ,  at l east i n  part owi ng to i ts abundant c l asts , and contains  l ow 
l evel s of i ncompat i b l e  e l ements and s i deroph i l es (Tab l e  1 ) .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973 representat i ve ch i ps were a l l ocated for 
petrography ( , 1 ) ,  chem 1 stry ( , 3 )  and Ar geochrono l og i ca l  studi es ( , 2 ) .  

S - 73 - 20493 

F IGURE 1 .  
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60626 

Pyroxene composltlon (mole%) 

I I I I .L I I I I I 
100 80 80 70 eo 50 40 30 20 10 

FOfllerlto content of olivine (mole%) 

l I I I I I I I I I I 100 80 80 70 80 80 40 30 20 10 

Anorthile content of ploQioclose (mole%) 

F IGURE 3 .  Mi nera l compos i t i ons ; from R .  Warner 
et a 1 . ( l 97 6 b )  . 

I 
0 

I 
0 

F I GURE 2 .  6062 6 , 5 . 
general v i ew ,  ppl . 
wi dth 3mm . 

TABLE 1 .  Summary chemistry of 60626 
(mainly Lau l and Schmitt, 1973) 

Si02 45.3 
Ti02 0 . 35 
A12o3 29.4 
Cr2o3 0 .096 
FeO 4.4 
MnO 0 .061 
MgO 3 . 3  
CaO 16.7 
Na2o 0 .444 
K20 0 . 10 
P205 0 .04 
Sr 
La 2 . 1  
Lu 0 .14 
Rb 
Sc 10 
Ni 30 
Co 14 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

Oxides i n  wt%, others i n  ppm except as noted.  
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60627 CRYSTAL L I NE I MPACT MELT 12 . 09 

I NTRODUCT I ON : 60627 i s  a ·1 i ght gray ,  coherent , impact me l t  w ith a very fine  
gra i n  size (Fi g .  1 ) .  A few patches of dark s p l ash g l ass are present on the 
surface of the smooth ,  sub ··rounded samp l e .  I t  i s  a rake s amp l e  col l ected about 
70 m west southwest of the Lunar Modu l e .  Zap p i ts are abundan t .  
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F IGURE 1 • Sma 1 1  sea 1 e 
d iv i s i ons i n  mm .  



60628 CATACLAST IC  ANORTHOS ITE 6 . 86 g 

I NTRODUCTION : 60628 i s  a wh ite anorthos i te of var i ab l e  coherence ( F i g .  1 ) .  It 
is  subangu lar wi th a crushed appearance . P l ag i oc l ase i s  of var i ab l e  grai n  s i ze 
and ranges from c l ear to mi l ky wh ite .  A sma l l  amount of l i ght col ored s p l ash  
g l as s  occurs on one surface ; many zap p i ts al so occur on  th i s  surface . I t  i s  a 
rake samp l e  co l l ected about 70 m west southwest of the Lunar Modu l e .  

F IGURE l .  Sma l l scal e 
d i v i s i on  i n  mm . 
S-7 2-46822 
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60629 CATACLASTI C  ANORTHOS ITE , PARTIAL GLASS COAT 4 . 92 g 

I NTRODUCTION : 60629 i s  a 1�h i te ,  coherent ,  catac l ast i c  anorthosi te w i th a 
partial coat i n g  of dark g l as s  ( F i g .  1 ) .  I t  i s  a rake s amp l e  col l ected about 
70 m west  southwest  of the Lunar Modu l e .  Many zap p i ts are present on a l l 
s urfaces . 

F IGUR E  1 . 

PETROLOGY : Petrograph i c  descr i pt i ons are prov i ded by Dowty et al . ( 1974 a )  
and Warner e t  a l . ( 197 6b ) . Angu l ar c l asts of p l agiocl ase (up to 3 mm l on g ,  
most ly <0 . 3mm}rest in  a granu l ated matr i x  wh i ch i s  a l so domi nantly p l ag i o
cl ase ( F i g . 2 ) .  Maf i c  mi neral s tend to occur as di screte gra i ns i n  the 
matr i x .  Mi neral compo s i t i ons  are shown in F i gure 3 and tabu l ated by Dowty 
et a l . ( 1976 ) .  Fe-metal i s  an accessory phas e ;  the s i n g l e  analyzed gra in  
has�. l7% N i  and 0 . 43% Co  (Warner et  �· · 1976 b ) .  

CHEMI STRY : A  defocus sed e l ectron beam ana lys i s  ( DBA )  i s  g i ven by Dowty et al . 
( 1974 a) and reproduced by Warner et �· ( 1976 b )  and here as Tab l e 1 .-- --
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60629 

. J. 
Pyroxene composition (mole %) 

100 90 eo 10 eo eo 40 30 20 10 0 

Forsterlte content of olivine (mole "to) 

70 eo eo co 30 20 10 0 

Anorthite content of plaQioclaoe (mole%) 

F IGURE 3 .  Mi nera l compo s i tions ; from R .  Warner 
et a l . (1 97 6 b ) . 

F IGURE 2 .  6062 9 , 2 . 
general v i ew ,  part ly  
xpl . wi dth 3mm . 

TABLE 1 .  Chemi stry of 60629 
( DBA, norma 1 i zed .to 100%) 

Sio2 44 .6 
Ti02 0.01 
A1 2o3 35 . 1  
FeO 0 . 36 
MgO 0 . 26 
CaO 19 . 2 
Na2o 0.41 
K20 0 .02 
P205 0 .03 

PROCESS I NG AND SUBD I Vl�I QNS : I n  1973  a c h i p  of the anorthos i te ( , 1 )  was taken for th i n  sect ions . Dur i n g  th i s  process i n g  a port i on of the g l ass coat fe l l  
off but  has been kept w i th , 0  ( F i g . l ) . 
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60635 BASALT IC IMPACT MELT 1 5 . 05 

I NTRODUCTION : 60635 i s  a medi um gray , coherent , coarse-gra i ned ,  bas a l t i c  impact 
mel t  fFig .  1 ) .  Vugs and ves i c l es are abundant . I t  i s  a rake s amp l e  co l l ected 
about 70 m west  southwest of the Lunar Modu l e .  Zap p i ts are rare . 

s - 73 - 20489 

FIGURE l . 

143 

60635 

FI GURE 2 .  6063 5 , 2 . 
general v i ew ,  part l y  
ppl . wi dth 3mm . 



60635 
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F IGURE 3 .  Ni nera l compo s i ti on s ;  meta l s  from 
Dowty et a l . ( 1 974b ) , s i l icates from R .  Warner 
et a l .tJ 97 6b ) .  

TABLE 1 . Chemi str� of 60635 ( DBA ) 

Sf02 45.8 
Tf02 0.34 
A1 2o3 27 .6  
Cr2o3 0 .07 
FeO 4.7  
MnO 0.04 
MgO 4 . 1  
CaO 1 5 .8 
Na2o 0.54 
K20 0.09 
P205 0.09 

PETROLOGY : Dowty et al . ( 1 974b }  and Warner et al . ( 1 97 6b }  provi de petrographi c 
aescri ptions . T his-is-a coarse-gra i ned rock!Witn abundant phenocryst ic  l aths and 
pri sms of pl a g i ocl ase ( 0 . 6-2 . 5  mm l ong } and smal l er grai ns of  pl agi ocl ase and 
pyroxene confi ned to i ntersti ces ( Fi g .  2 } .  O l i vi ne i s  absent and cl asts are very 
rare . M i neral compos it i ons are s hown i n  Fi gure 3 and tabul ated by Dowty et al . 
( 1 976 } .  r.li nor phases i ncl ude nearly pure ul vospi nel , Fe-metal , troi l i te and
K-fel dspar .  

C HEMI STRY : A defocus sed el ectron beam ana lys i s ( DBA } is  presented by Dowty et al . 
(l 974b) and reproduced by Warner et �· ( 1 976b ) and here as Tabl e 1 .  

-- --

Thi s anal ys i s  s hows 60635 to be composi ti onal l y  s imi l ar to l ocal mature soi l s  but 
wi th a h i g her Fe/Mg and l ower Ti02 • 

PROCESS ING  AND SUBD I V I S I ONS : Duri ng i n i ti a l  proces s i n g  at JSC 60635  fel l i nto 
two pieces . In 1 973 a singl e chi p ( , 1 )  was removed and al l ocated to Kei l for 
petrograp hy .  
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60636 SUBOPHITIC  TO POIK I L ITIC IMPACT MELT 35 . 7 g 

I NTRODUCTION : 60636 i s  a med i um gray , coherent impact me l t  wi th many crysta l 
l ined vugs (Fi g .  1 ) .  Some sp l ash g l ass i s  presen t .  I t  i s  a rake samp l e  col l ected 
about 70 m west southwest of the Lunar Modu l e .  Zap p i ts are rare . 

60636 

1 em 

S - 73 - 20486 

F I GURE l .  
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60636 

TABLE 1. Chemistry of 60636 { DBA) 

F IGURE 2 .  60636 , 6 .  g enera l v i ew ,  
partl y ppl . width 2mm . 

Si02 
Ti02 
A12o3 
cr2o3 
FeO 
MnO 
MgO 
CaD 
Na2o 
K2o 
P205 

48 .0 
0 .93 

24 . 2 
0 . 1 1  
6 . 2 
0 .07 
6 . 1  

13 . 9  
0 . 79 
0 . 73 
0 .40 

PETROLOGY : A bri ef petrograph i c  descr i pt ion i s  g i ven by Warner et a l . ( 1976b ) .  
60636 1 s  a c l ast-l aden i mpact mel t  w i th tab l et-shaped p l ag i oc l ase gra i ns 
( 0 . 0 1  - 0 . 02 mm l on g ) enc l osed by suboph i t i c  to poi k i l i t i c  pyroxene ( F i g . 2 ) .  
C l asts of p l ag i oc l ase and subord i n ate ol i v i ne  are abundant . One fragment  of 
p l ag i oc l ase-r i ch ,  poi k i l i t i c  brecc i a  i s  noted by Warner et al . ( 1976b ) .  �1atr ix 
and c l ast p l agi oc l ase gra i n s  are s l i ght ly  rounded s uggestTng-mi nor recrystal 
l i zat ion  or resorpt ion . 

CHEf1 I STRY : A defocussed e l ectron beam ana lys i s  ( DBA ) i s  presented by Warner 
et a 1. ( 1976 b )  and reproduced here as Tab l e  1 .  U ,  Th , and Pb data . are pro
VTdect by Tera et al . ( 19 74 )  i n  a geochron o l og i ca l  study . 60636 has very h i gh 
l eve l s  of i n compatlb l e  e l ements ( Tab l e  1 ) .  

GEOCHRONOLOGY : U ,  Th and Pb i sotop i c  data are presented by Tera et al . ( 1974 ) .  
These data are w ith i n  error of concord i a  at � 3 . 94 b . y .  V i rtualTY aTl of 
the rad i ogen i c  l ead i n  60636 has been produced by in s i tu decay ,  yi e l d i ng mode l  
ages of  3 . 9 1  - 3 . 95 b . y .  

- --

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 representat i ve ch i ps were al l ocated for 
petrography ( , 1 ) ,  chem i s try ( , 3 )  and rad i ogen ic  i sotope stud i es ( , 2 ) .  
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60637 FRAGMENTAL POLYM I CT BRECCIA (REGOL ITH BRECC IA? ) 7 . 98 g 

I NTRODUCTION : 60637 i s  a brown i s h  gray ,  polym i ct brecc i a  of var i ab l e  coherence 
(Fi g .  1 ) .  I t  i s  a rake sampl e  col l ected about 70  m west  southwest of the Lunar 
Modu l e .  Zap pi ts are rare . 

F IGURE 1 . s.na 1 1  sea 1 e 
d i v i s i on s  i n mm . 

F IGURE 2 .  60637 , 2 . 
general v i ew ,  partl y 
ppl . wi d th 3mm . 

PETROLOGY : Warner et al . ( 1976 b )  prov i de a br i ef petrograph i c  descr i pt i on . 
Var i ous  c l asts ,  i nCTuOTng a fragment  of bas a l t i c  impact me l t ,  n umberous brecci as 
and rare 11 chondru l es , 11 rest i n  a heterogeneous matr i x  of mi neral and g l ass  frag
ments wel ded together by a sma l l amount of i n terst i t i a l g l ass ( F i g . 2 ) .  Poros i ty 
of the matr i x  i s  h i gh .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973 60637 was sp l i t  i n to several fragments 
and one chip ( , 1 )  a l l ocated for th i n  sect i ons  ( F i g . 1 ) .  
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60638 FRAGMENTAL ( ? )  POLYMI CT BRECC IA  0 . 72 g 

I NTRODUCTION : 60638 i s  a brown i sh gray brecc i a  of var i ab l e  coherence ( F i g .  1 ) .  
Sma l l  wh1 te c l asts are scattered through the angu l ar samp l e .  I t  i s  a rake 
samp l e  co l l ected about 70 m west southwest  of the Lunar Modu l e .  
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F IGURE 1 • Sma 1 1 s ca 1 e d i vi  s i on s 
i n  mm . 



60639 FRAGMENTAL POLYM I CT BRECC IA ,  GLASS COATED 1 75. 1  g 

I NTRODUCT ION : 60639 i s  a fragmental  polym i ct brecc i a  wi th a l ow poros i ty .  A 
wide var1 ety of c l asts i s  present ,  a mare basa l t  and a pri st i ne anorthos i te 
( F i g .  l a )  be i ng of part i cu l ar s i gn i fi cance . One s i de of the subangu l ar rock 
is covered w i th a smooth dark g l as s ( F i g .  lb ) .  

The sampl e was a rake sampl e from an area 70 m west-southwest  of the Lunar Modu l e ,  
hence i t s  ori entation i s  unknown . Zap pi ts occur i n  a few areas . 

F I GURE l a .  

PETROLOGY :  The matri x i s  bri efly descri bed by Warner et  �·  ( l 976b ) . The 
mare basa l t  c l a s t  i s  descri bed , w ith  mi nera l analyse s ,  by Dowty et a l . ( l 974b ) , 
Delano ( 1 975 ) and Warner et �· ( 1 976b ) . The pri st i ne anorthos i te TS briefly 
descri bed , wi th m i neral analyses , by Warren and Wasson ( 1 978 ) .  

The matri x i s  fragmental ( Fi g .  2 )  wi th a l ow porosi ty .  Apart from the mare 
basa l t and pr ist i ne anorthos i te ,  l i th i c  c l a sts i nc l ude poi ki l i ti c ,  aphan i ti c ,  
and g l assy brecc i as .  
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60639 

F I GURE l b . 

The mare basa l t  i s  s uboph i t i c ,wi th p l ag i oc l ase need l es 300-500 �m l on g  en
c l osed i n  c l i nopyroxene grai ns ( F i g .  2 ) . I t  conta i ns �5% o l i v i ne ,  �35% pl ag io
c l ase , �50% pyroxene ,  �5- 1 0% i l me n i te ,and  accessory sp i ne l s  ( De l ano ,  1 975 ) . 
M i neral data are shown i n  F i gu re 3 .  Moda l mi neral ogy ,  zon i ng trends , and chem
i stry ( be l ow )  are very s imi l ar to the i ntermed i ate-Ti 02 Luna 1 6  basa l ts .  

The anorthos i te i s  i ntense ly �atac l as i zed ( F i g .  2 ) , and cons i sts a lmost e n 
t i re ly  of  p l agi oc l ase wi th a few t i ny pyroxene g ra i n s .  Mi neral compos i ti on s  
have very narrow ranges ( Warren and Wasson , 1 978 ) :  p l ag i oc l ases An 96 • 0 - 9 6 • 8 ;  
pyroxenes En64_6 6  Wo 1 _2 and �En42 Wo4 3 . Some other pyroxenes are i ncomp l ete l y  
exsol ved p i geon i te s .  These mi neral compos i ti ons are typ i ca l  o f  ferroan a nor
thos i te s .  

150 



a 

60639 

b 

F IGURE 2 .  6063 9 , 2 . a )  ge nera l v i ew , partl y  ppl . wi dth  2mm . b )  mare ba sal t c l ast , 
partly ppl . width 2mm . 
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/.---...._, CHEMISTRY : No matr i x  ana lyses are avai l ab l e .  
et al . ,  1976 ; DBA i n  Warner et a l . ,  1976b ) and 
1978} are summar i zed i n  Tab le-I-.-

60639  

Data for the  mare basa l t  ( Mura l i 
the anorthos i te (Warren and Wasson , 

The mare basal t i s  an i n termed i ate-T i 02 , h i gh-a l um i n a  bas a l t  very s im i l ar to the 
Luna 16 mare basa l ts .  The anorthos i te is chemi ca l l y  pr i st i ne as shown by i ts l ow 
s i deroph i l es , and i s  extreme ly  l ow i n  maf i c  components and i ncompat i b l e  e l ements . 

TABLE 1 

. Summary chemistry of 60639 mare basalt and anorthos ite c l asts 

Sio2 
Ti02 
Al2o3 
cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

mare basa l t  

(42 ) 
7 .4 

12 .4 
0 .30 

20.0 
0 .25 
6 .5  

10 .6 
0 . 58 
0 . 13 

15.5 
1.8 

73 

20 

'\.16 

anorthos ite 

44 .5  

35 .1  
0.006 
0.34 
0 .91 
0.35 

19.4 
0.379 

0.11 

0 .59 
0 . 72 
1 .0  

'\.0.02 
0 .019 

2 

mare basa lt :  Mural i et al . ( 1976) . anorthosite:  Warren and 
Wasson ( 1978 ) .  Oxides 1n wt.%; others in ppm except as noted. 

PROCESS I NG AND SUBD I V I S I ONS : No saw cuts h ave been made i n  60639 . Al l sp l i ts 
have been made by ch i pping  �nd pryi n g .  Most of the ori g i n a l  b� l k  of the rock 
( 17 5  g )  remains  as ,0 ( 1 63 g ) .  
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60645 F I NE -GRAI NED HETEROGENEOUS IMPACT MELT 33 . 5  g 

I NTRODUCTION : 60645 i s  a med i um gray ,  coherent impact me l t  w i th a var i ab l e  
texture . Ves i c l es are very abundant ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected 
about 70 m west southwest  of the Lunar Modu l e  and has rare zap p i ts .  

PETROLOGY : Warner et a l . ( 1976b ) prov i de a brief petrograph i c  descr ipt ion . 
The matr 1 x  texture varTes throu gh very f i ne -grai ned po i k i l i t i c ,  suboph i t i c ,  and 
granu l ar ( F i g .  2 ) .  M i nor amounts of a dark , cryptrocrystal l i ne mesostas i s  are 
present .  One l arge catac l as t i c  anorthos i te c l ast i s  noted by Warner et a l . 
( 1976b ) .  

- -

PROCESS I NG AND SUBD I V I S IONS : I n  1973 ,  three sma l l ch i ps were removed and 
al l ocated for thin sect i ons  as , 1  ( F i g .  1 ) .  

F I GURE 1 .  

1 54 

FI GURE 2 .  60645 , 3 
general v i ew ,  ppl . 
w idth  3mm . 



60646 F I NE-GRAI NED OR GLASSY VES I CULAR IMPACT MELT 3 . 39 g 

I NTRODUCTION : 60646 i s  a med i um gray, coherent , g l assy impact me l t  ( F i g .  1 ) .  
I t  i s  angular and h i gh l y  ves i cu l ar .  A few smal l ( <1 mm ) wh i te c l asts are 
presen t .  I t  i s  a rake samp l e  col l ected about 7 0  m west  southwest of the Lunar 
Modu l e  and has  on ly  rare zap p i t s .  
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FIGURE l .  Smal l scal e 
d i vi s i o ns i n  rnm . 



60647 CLAST-LADEN ,  GLASSY I MPACT MELT 1 . 76  g 

I NTRODUCTION : 60647 i s  a med i um gray ,  coherent ,  g l assy i mpact me l t  ( F i g .  1 ) .  
C l asts i ncl ude several  wh i te fragments ( up to � mm ) and a fragment of coherent ,  
crysta l l i ne rock , probab ly  basal t i c  i mpact me l t .  I t  i s  angu l ar and h i gh ly 
ves i cu l ar .  I t  i s  a rake samp l e  co l l ected about 70 m west southwest of the Lunar 
Modu l e  and has  on ly  rare zap p i ts .  
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F I GURE 1 .  Sma l l  s ca l e 
d i v i s ions  i n  mm . 



60648 CLAST-LADEN , GLASSY BRECCIA  2 .84 g 

I NTRODUCT ION :  60648 i s  a med i um gray ,  coherent, g l assy impact mel t  w i th abundant 
small (<3 mm ) whi te c l asts ( F i g .  1 ) .  I t  i s  angu l ar and h i gh ly ves i cu l ar and one 
surface h as a sheared appearance . I t  i s  a rake sampl e  col l ected about 70 m west 
southwest of the Lunar Modu l e  and l acks  zap p i ts .  

157 

F I GURE 1 .  Sma 1 1  sea 1 e 
d i vi s i ons i n  mm . 



60649 CLAST-LADEN ,  GLASSY BRECC IA  1 .03  9 

I NTRODUCTION : 60649 i s  a med i um gray ,  coherent , g l assy brecc i a  ( F i g .  1 ) .  Sma l l 
(<1 mm) white c l asts are abundan t .  I t  i s  angu l ar and s l i ght ly  ves i cu l ar .  I t  i s  
a rake samp l e  col l ected about 7 0  m west southwest  of the Lunar Modu l e  and l acks  
zap p i ts .  
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F I GURE l .  Sma l l sca l e 
d i vi s ions  i n  mm . 



60655 GLASSY IMPACT MELT 8 . 63 

I NTRODUCT ION : 60655 i s  a med i um gray ,  coherent ,  g l assy impact me l t  ( F i g .  1 ) .  
Ves i cles  account for �15% of the rock  ( Ke i l  et al . ,  1972 ) . I t  i s  a rake samp l e  
col l ected about 70 m west southwest  of the Lunar-Modu l e .  Zap p i ts are rare . 

PETROLOGY : Warner et  a l . ( 1976b ) prov i de a br ief petrograph i c  descr i pt i on .  The 
matrix of 60655 conSTstS of abundant g l ass  conta i n i n g  angu l ar mi neral fragments 
( F i g .  2 ) .  Var i ous brecc i a  c l asts and a sma l l number of g l assy fragments are 
present . M i nor g l assy ve i ns i n trude the matr i x .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973 th i s  rock was subd i v i ded i nto s i x  p i eces . 
One of these pi eces was allocated for th i n  sections as , 1  and the other f i ve 
grouped as ,0  { F i g .  1 ) .  

60655 
Post spl i t  

F I GURE  l .  

15g 

S - 73 - 20463 



60655 
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FIGURE 2 .  6065 5 , 2 .  genera l 
v i ew ,  ppl . wi dth 2mm . 



60656 GLASSY I MPACT �1E 1=-=-T-------------�1 1:..:.·=23=--...__ 

I NTRODUCTION : 60656 i s  a med i um gray ,  coherent ,  g 1 assy i mpact me l t  w ith 
several white c l asts ( F i g . l ) . It i s  a ra ke sampl e col l ected a bout 70 m west 
southwest of the Lunar Modu l e �  Zap pi ts are rare . 

PETROLOGY : Warner et a l . ( 1976b )  prov i de a brief petrograph i c  descr i pt i on .  
Abundant m i neral and Tfth i c  c l asts res i de i n  a g l ass-r ich  matr i x  ( Fi g . 2 ) .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973 four ch ips  were removed from one end 
of the rock . One of these ch i p s  was a l l ocated for th i n  secti ons as , 1  ( F i g . l ) .  

F I GURE 1 . 
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60656 
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FIGURE  2 .  60656 , 2 .  general 
v i ew ,  ppl . width 2mm . 



60657 FRAGMENTAL ( ? ) POLYMICT BRECC IA ,  GLASS COATED 6 . 05 g 

I NTRODUCTION :  60657 i s  a l i gh t  gray ,  coherent brecc i a  w i th dark , ves i cu l ar 
glass  attached to two ends of the rock ( F i g .  1 ) .  Wh i te anorthos i ti c  c l asts 
are abundant in both the brecc i a  and the g l ass coat . I t  i s  a rake samp l e  
co l l ected about 7 0  m west  southwest of the Lunar Modu l e .  Zap p i ts  are rare . 
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F IGURE 1 .  Smal l sea l e 
d i vi s ions  i n  mm . 



60658 GLASSY I MPACT MELT , GLASS-COATED 5 . 47  g 

I NTRODUCT ION : 60658 i s  a l i ght  gray ,  coherent ,  g l assy impact me l t  that was 
coated and intruded by dark , ves i cu l ar g l as s  ( F i g .  1 ) .  I t  i s  a rake samp l e  
co l l ected about  70 m west  southwest of the Lunar Modu l e .  

PETROLOGY : Warner et al . ( 1976b } prov i de a br ief petrograph i c  descr i pt i on . 
Abundant mi neral ana-lTth i c  cl asts are we l ded together by g l ass  ( F i g .  2 ) .  
H i gh ly  ves i cu l ar ,  f l ow-banded g l as s  cuts the rock . 

PROCESS I NG AND SUBDI V I S I ONS : I n  1973 a s i ng l e  ch i p  was removed and al l ocated 
for th i n  sect ions  as , 1  ( Fi g .  1 ) .  

60658 

1 em 

F IGURE 1 . 
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60658 

FIGURE 2 .  60658 ,2 . genera l 
v i ew ,  ppl . width 2mm . 



60659 FRAGMENTAL POLYM I CT BRECCIA 22 . 2 JL  

I NTRODUCTION : 60659 i s  a l i gh t  gray, coherent brecc i a. with  many wh i te c l asts 
surrounded by a gray, fragmental  matr i x  ( F i g .  1 ) .  I t  i s  a rake sampl e  col l ected 
about 70 m west southwest of the Lunar Modu l e .  

60659 

F IGURE 1 . 

PETROLOGY : Petrographi c . descr i pt i ons  of the matri x  and a l arge catac l ast i c  
anorthos 1 te c l ast  are g i ven by Warner et  al . ( 1976b ) .  The anorthos i te i s  
i ncl uded i n  a d i scus s i on of ferroan anorthosi tes by Dowty et �· ( 1974a) . 

The anorthos i t i c  c l ast  has been severely  granu l ated ( F i g . 2 ) . Pyroxene i s  the 
on ly  mafic mineral observed and occurs as smal l i sol ated gra ins  i n  the matr ix . 
Mi neral composi t ion s  are shown i n  F i g ure 3 and tabu l ated by Dowty et al . ( l 976 ) .  
Accessory phases i nc l ude spi nel  and i lmen i te .  

-- --

The matri x  i s  a fragmental brecc i a  wi th l ow poros i ty ( F i g .2 ) .  
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FIGURE 2 .  60659 , 2 .  a )  anorthos i te c l a s t ,  partl y ppl . wi dth 2mm . 
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b )  genera l matrix ( to p )  and anorthos i te c l ast  ( bottom ) ,  
part-l y xpl . width 2mm . 
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FIGURE 3 .  M ineral  compo s i t ions ; 
from R .  Warner et a l . ( l 97 6 b )  . 



60659 

TABLE 1 .  Chemistry of 60659 anorthosi te c l ast 
( DBA, normal i zed to 100%) 

Si02 44. 3  
Ti02 0 .02 
Al2o3 35.4 
FeO 0 . 30 
MgO 0 .21 
CaO 19 .3  
Na2o 0 .43 
P205 0.03 

CHE�1 I STRY :  A defocussed el ectron beam ana lys i s  of the anorthos i te c l ast i s  
presentea by Dowty et a l . ( l974a ) and reproduced . by Warner et a l . ( l9 76b ) and 
here as Tab l e  1 .  No-analys i s  of the matr i x  i s  ava i l ab l e .  -- --

PROCESS I NG AND SUBD I V I S IONS : I n  1973  two ch i ps were removed from one end of 
the rock . One of these ch i ps was a l l ocated for th i n  secti ons  as , 1  ( F i g . 1 ) .  
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60665 VES ICULAR GLASS , WH ITE CLASTS 90 . 1 

I NTRODUCTION :  60665 i s  a ves i c u l ar g l ass conta i n i ng sma l l whi te c l asts  ( F i g .  
1 ) , at  l east  one of wh i ch i s  a catac l ast i c  anorthos i te .  60665 i s  a rake sam
p l e  col l ected about 70 m west southwest  of the Lunar Modul e .  It  has a few 
sma 1 1  zap p i ts .  

F IGURE .1 . S-73 -20497 . Larger p iec es are a bout 6 em across . 

169 



60665 

a b 

F IGURE 2 .  a )  60665 , 7 . dev i tr i fi ed gl ass , ppl . width  2mm . 
b )  60665 ,3 . a northosi te c l a s t ,  partl y xpl . wi dth  2mm . 

PETROLOGY : 60665 i s  a g l ass  wi th many smal l c l asts , and i s  l arge ly dev i tri 
fi ed ( F i g .  2 ) . Two whi te cl asts are promi nent macroscopi ca l ly and one was 
samp l ed  for thi n  secti ons  ( F i g .  1 ) .  Petrograph i c  i nformation  on thi s c l ast 
is  provi ded by Dowty et �· ( l 974a ) and R .  Warner et �· ( l 976b ) ; Hansen 
et  al . ( l 979a ) report the abundances of mi nor e l ements i n  p l ag iocl ases and 
therng of orthopyroxene (Tabl e 1 ) .  The c l ast  i s  an anorthos i te ( F i g .  2 )  
wh i c h  i s  ferroan ( F i g .  l) . 

TABLE l .  M i nor el ements i n  p l ag i oc l ase i n  anortho s i te c l ast. ( Hansen et �· 
l 979a 

Ab mol e% MgO wt% FeO wt% K20 wt% Opx mg 

3 . 6  0 . 060 0 . 1 32 0 . 1 6  0 . 60  
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60665 

F IGURE 3 .  Mi neral compo s i t ions  
for anorthos i te c l a s t ;  from 
R .  Warner et �· ( 1 976b )  . 

P ROCESS I NG AND SUBD IV I S I ONS; The samp l e  has fal l en  i nto 2 p i eces ( F i g .  1 ) .  
Part of one of the whi te c l asts ( , 1 )  was removed for petrography ( Fi g .  1 )  
and thi n secti on , 3  cut from i t .  Two smal l whi te ch i ps { , 4 )  a l so exi s t .  I n  
1 97 9 ,  two g l ass ch ips  ( , 5 )  were made i nto a potted butt and th i n  secti on , 7  
cut  from i t .  
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60666 GLASSY IMPACT MELT , C LAST OF BASALT I C  IMPACT MELT 1 5 . 9 5  9 

I NTRODUCT ION : 60666 i s  a dark gray, coherent , g l assy to f i ne-grai ned impact 
me l t  w 1 th many c l asts and ves i c l es and adher i ng  dus t .  A l arge fragment of 
l i ghter col ored basa l t i c  i mpact me l t  dom i nates the i nter i or of the rock ( F i g .  1 ) .  
I t  i s  a rake samp l e  col l ected about 70 m west southwest of the Lunar Modu l e .  
Zap p i ts are rare .  

I I 
I 
I 
' 

' 

f. + 

' 
..... .... _ _  _ 

s - 73 - 20468 

F IGURE 1 • 

PETROLOGY : Dowty et a l . ( 1974b )  and Warner et �- ( 1976b ) prov i de petro
graph l c  descri pt ions or-the l arge basal t i c  c l as t .  �enocrysts of shocked p l ag io
c l ase and o l i v i ne rest i n  a matr i x  of  ske l etal  to  feathery o l i v i ne and g l assy 
to f i ne ly  crystal l i ne mesostas i s  ( F i g . 2 ) .  Rare , very sma l l need l es of p l ag io
c l ase occur i n terst i t i a l to the matr ix  o l i v i nes . A few gra i n s  of s p i ne l  appear 
to h ave grown from the me l t .  The ske l etal  o l i v i nes are zoned ( rang i ng fpom 
Foa 7 -9 s )  suggesting  rap i d  growth from the mel t .  P l ag i oc l ase need l es and 
xenocrysts are the s ame compos i ti on ( F i g . 3 ) . I ntergrowths  of Fe-meta l  ( 4-21% Ni , 
0 . 4 - 1 . 3% Co ) ,  schre i bers i te and troi l i te and a few d i screte grains of chrom i te 
are a l so present . M i neral ana lyses are tabu l ated by Dowty et �- ( 19 76 ) .  
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F IGURE 2 .  60666 . 2 .  g eneral 
v i ew .  partl y xp l . wi dth anm .  
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F IGURE 3 .  Mi neral  composi ti ons ; 
from R .  Warner et �· ( 1 97 6b ) . 



60666 

TABLE 1. Summary chemistry of 60666 l i thologies 

Dar� ,g lassy mel t  Basaltic c last,bu lk  Basaltic c last, excluding c lasts ) 
(Wasson � !}_. , 1977 ) (OBA, Dowty � !l_. , 1974b ) ( DBA, Dowty � !l_. , 1974b ) .  

Si02 42 . 7  45 . 1  
Ti02 0 .50 0 .21 0 .27 
A12o3 29 . 7  20.B 18 .9 
Cr2o3 0 . 12 0 . 11 0 . 14 
FeO 5 .57 4 .2 5 . 0  
MnO 0.07 0 .05 0 .05 
MgO 6 . 5  18 .6  19.0 
CaO 15.4 1 1 . 7  1 1 .0 
Na2o 0.473 0 .39 0 .36 
K20 0.084 0 . 10 0 . 1 1  
P205 0.04 0 .06 
Sr 
La 1 1 .4  
lu 0 .49 
Rb 
Sc 6 . 5  
N i  800 
Co 53 
Ir ppb 28 
Au ppb 9.0 
c 
N 
s 
Zn ,5. 7  
Cu 

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

CHEMISTRY : Major and trace e l ement data on the dark , g l assy mel t  are presented 
by Wasson et a l . ( 1977 ) .  Dowty et a l . { 1974b )  g i ve major e l ements of the l i ghter 
col ored , basalTic c l ast and of tne mel t  portion  on l y  of th i s  c l ast ( exc l ud i n g  
xenocrysts ) by DBA . The bu l k  DBA ana lys i s  o f  the b as a l t  c l ast  i s  reproduced by 
Warner et �- ( 1976 b ) . 

The two bu l k  analyses show that the bas a l t  c l ast  and the d ark , g l assy me l t  are 
not the s ame compos i t i on ( Tab l e  1 ) .  The dark , g l assy materi a l  analyzed by 
Wasson et a l . ( 1977 ) i s  very s imi l ar to the l ocal mature soi l s .  A s i gn i f i cant 
meteoritic-component is i n d i cated by the s i deroph i l e  data .  The basa l t i c  c l ast  
ana lyzed by Dowty et a l . ( 1974 b )  i s  much l�ss  a l umi nous and has  a h i gher Mg/Fe 
than the dark , g l assymater i a l  ( Tab l e  1 ) .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 several ch i ps were removed from the rock 
and a portion of the l arge basa l t i c  c l ast  ( , 1 )  a l l ocated to Ke i l  for petrography 
( F i g . 1 ) .  In 1976 , two sma l l ch i ps of dark g l as s  ( , 3 )  were a l l ocated to Wasson 
for chemi stry . 
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60667 GLASSY BASALTI C  I MPACT MELT 7 . 66 g 

I NTRODUCT ION : 60667 i s  a med i um gray ,  coherent ,  bas a l t i c  impact me l t  ( F i g .  1 ) .  
Many sma l l  wh i te c l asts and a few gra i n s  o f  meta l  are scattered through the 
rock . I t  i s  subangu l ar with many vugs and some sp l ash  g l ass . I t  i s  a rake 
samp l e  col l ected about 70 m west southwest of the Lunar Modu l e .  Zap p i ts are 
rare . 

60667 

F IGURE l . 
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60667 

FIGURE 2 .  60667 , 2 .  genera l 
v i ew ,  part ly  xp l . w idth  2mm . 

PETROLOGY : Warner et a l . ( 1976 b )  prov i de a br i ef petrograph i c  descr i pt i on . 
Abundant , cryptocrystaTl ine  to g l assy mesostas i s  rests i n  i ntersti ces formed 
by many sma l l p l ag ioc l ase l aths ( F i g . 2 ) .  One l arge , very f i ne-grai ned anor
thos i te c l ast  i s  noted by Warner et �· ( 1 976b ) . 

PROCESS I NG AND SUBD I V I S IONS : I n  1972 , the samp l e  was sp l i t  and three sma l l 
chips ( , 1 )  allocated to Kii l for petrography ( F i g . l ) .  
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60668 GLASSY IMPACT MELT 2 . 91  

I NTRODUCT ION : 60668 i s  a dark gray, coherent ,  g l assy impact mel t  ( F i g .  1 )  
wh i ch  1 s  an gu l ar and h i gh l y  ves i cu l ar .  A cons i derab l e  amount of dust i s  we l ded 
to the g l as s  and a few whi te c l asts are present . I t  i s  a rake samp l e  col l ected 
about 70 m west southwest of the Lunar Modu l e  and l acks  zap p i ts .  
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F IGURE l .  Smal l sea l e 
d i v i s ions  i n  mm . 



60669 VES ICULAR GLASS 2 . 54 g 

I NTRODUCT ION : 60669 i s  a dark gray ,  coherent ,  g l assy impact mel t  ( F i g .  1 ) .  I t  
i s  angular and h i gh l y  ves i cu l ar .  A few sma l l ( < 1  mm ) wh i te c l asts are scattered 
through the rock . I t  i s  a rake samp l e  co l l ected about 70 m west  southwest of 
the Lunar Mod u l e  and l acks  zap p i ts .  
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F IGURE 1 .  Smal l sca l e  
d i v i s ions  i n  mm . 



60675 F I NE-GRAINE D ,  VESICULAR IMPACT MELT 1 . 30 g 

INTRODUCTION :  60675 i s  a coherent , dark gray ,  f ine-grai ned impact me l t  w ith 
abundant vug s ,  ves i cl e s  and wh i te c l asts ( F i g .  1 ) .  I t  was col l ected as a rake 
s ampl e  about 70 m west southwest of the Lunar Modu l e .  Zap p its  are absen t .  
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F IGURE 1 .  Smal l  seal e 
d i v i s ions  i n  mm . 



60676 GLASSY I MPACT MELT 8 . 92 g 

I NTRODUCTION : 60676 i s  a dark gray ,  coherent,  g l assy impact me l t  ( F i g .  1 ) .  
I t  i s  subangu l ar and conta i n s  several l arge c l asts . Few ves i c l e s  are present 
and most are f i l l ed w i th soi l .  I t  i s  a rake samp l e  col l ected about 70 m west 
southwest  of the Lunar Modu l e .  Zap p i ts are absent .  

60676 
Post spl i t  

1 em 

S-73 - 20474 

F IGURE 1 .  

P ETROLOG Y :  Warner e t  a l . ( 1 976b )  provide  a bri ef petrographi c descri ption a nd 
mi neral compos i ti on� �bundant dark , banded g l a s s  enc l oses a vari ety of cl asts 
( Fi g .  2 ) . One l a rge poi k i l i ti c  rock fragment ,  severa l heavi l y  shoc ked pl agi ocl ase 
gra i ns and a 0 . 1  mm p i n k  spi nel c l ast are noted by Warner et a l . ( 1 976b ) . Mi neral 
compos i t ions are s hown i n  Fi gure 3 and tabu l ated by Dowty et aT. ( 1 976 ) .  Other 
mi nor phases i ncl ude i l meni te , armal col i te ,  ruti l e  and Fe-metaT ( 5 . 4- 6 . 5% Ni , 
0 . 3- 0 . 4% Co ) .  
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F IGURE 3 .  Mi neral composi ti on s ;  from R .  Warner 
� al. (l 976b ) .  

60676 

FIGURE 2 .  60676 , 2 .  
general v i ew ,  partl y 
xpl . width 3mm . 

TABLE 1 • Chemfs tr� of 60676 

Si02 46 .4  
T102 0.70 
A1 2o3 23 .5  
cr2o3 0 . 1 2 
FeO 6 . 7  
MnO 0.07 
HgO 9.7  
CaO 1 3 .8 
lla2o 0.55 
K20 0 . 18  
P205 0.24 

CHEMI STRY : A defocussed el E!ctron beam anal ysi s (DBA ) i s  gi ven by Warner et 2.!_. 
(1976b) and reproduced here as Tabl e 1 .  

PROCESSING AND SUBD IV IS IONS : I n  1 973  a s i ngl e chi p  ( , 1 )  was removed and al l ocated 
to Keil for petrogra phy (F'i�l ·  1 ) .  
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606 77 POL YMI CT GL'-'-AS=-=S'-'-Y_B="-R=E�CC=-=I'-'-A'-----------------'-5_. 2--'3-------g 

I NTRODUCTI ON :  60677 i s  a coherent,  dark gray ,  g l assy brecc i a  wi th severa l 
d i fferent c l asts ,  i nc l ud i ng a l arge ( 1 4x2 mm) , fri ab l e  c l ast of granobl asti c 
a northos i te ( F i g .  1 ) .  Many ves i c l es are present on a l l s urfaces .  I t  i s  a rake 
samp 1 e co 1 1  ected about 70 m west-southwest  of the Lunar r�odul e and 1 acks  zap p i ts .  

S - 73 - 20465 
60677 

,1 

F I GURE 1 . 

PETROLOGY : Warner et a l . ( 1976 b ) prov i de petrograph i c  descr i pt ions of 
both the g l assy matrTx-and a granob l as t i c  anorthos i te c l ast . Dowty et �· 
( 1974 a )  descr i be the same anorthos i te c l as t .  

The l arge wh i te c l ast shown i n  F i gure 1 i s  an annea l ed anorthos i t i c  brecc i a  
w i th a granob l ast i c  texture ( F i g . 2 ) .  Sma l l ,  anhedral olivine grains reside 
i n  tr i p l e  j unct i ons formed by po l ygona l  p l ag ioc l ases . Pyroxene i s  absen t .  
M i neral compos i t ions  are shown i n  F i gure 3 and tabu l ated by Dowty et a l . 
( 1976 ) . I l men i te i s  an accessory phase . 

- -

The matr i x  of 60677 i s  a very porous mi xture of mi neral , l i th i c  and g l ass  c l asts 
wel ded together by g l ass ( F i g .  2 ) .  Several brecc i a  c l asts and one po i k i l i t i c 
textured c l ast  are menti oned by Warner e t  �· ( 1976b ) .  
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60677 

a b 

FI GUR E 2 .  60677 , 2 .  a )  granobl a stic anortho s i te , partl y xpl . width anm . 
b )  g l a s sy brecc i a  matr i x ,  partl y xpl . wi dth 2mm . 

100 80 80 

J I I I 
100 80 80 

NO PYROX E N E  

Pyroxene composltl<"' (mole%) 

70 60 eo 40 30 

Forsterite content of olivine (mole%) 

I I I 
70 60 60 40 30 

Anorthlle content of pla�ioclose (mole%) 

20 10 

20 10 
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FIGURE 3 .  Mi nera l composi t ions  
i n  granobl a stic anortho s i te ; from 
R .  Warner et �- ( 1 976b ) . 
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60677 

TABLE 1 .  Chem i str,t of 60677 anorthos i te c l as t  ( DBA) 

Si02 44. 3 
no2 0 .04 
A12o3 34. 2 
Cr2o3 0.01 
FeD 1 .04 
MnO 0 .01 
MgO 1 .40 
CaO 18. 3 
Na2o 0 . 56 
K20 0 .03 
Pzo5 0 .03 

CHEMI STRY : A defocu ssed e l ectron beam ana lys i s  ( DBA ) of the granobl as t i c  anor 
thos i te c l ast  descr i bed above i s  presented by Dowty et a l . ( 1 974 a ) and reproduced 
by Warner et a l . ( 1976 b ) , and here as Tab l e  1 .  No analys i s  of the g l assy matr i x  
i s  avai l able.-

PROCESS I NG AND SUBD I V I S I ONS : I n  1973 four sma l l ch i ps ( , 1 )  were al l ocated to Ke i l  
for petrography (F i g . l ) .  
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60678 VESICULAR GLASSY I MPACT MELT 1 . 2 5  g 

I NTRODUCTION : 60678 i s  a dark gray, coherent ,  g l assy impact me l t  ( F i g .  1 ) .  I t  
i s  angular and h i gh l y  ves i cu l ar .  Several smal l wh i te c l asts and a fri ab l e  
brecc i a  c l ast ( 8  mm ) are presen t .  I t  i s  a rake s amp l e  col l ected about 70 m west 
southwest of the Lunar Modu l e  and l acks zap p i ts .  
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F IGURE l .  Smal l scal e 
d i v i s ions  i n  mm . 



60679 VESICULAR GLASSY I MPACT MELT 2 . 96 g 

I NTRODUCT ION : 60679 i s  a dark gray ,  coherent , g l assy impact me l t  ( F i g .  1 ) .  I t  
i s  an gular and h i gh l y  ves i cu l ar .  Several wh i te c l asts and a fr i ab l e  brecc i a  
c l ast  ( 1 3 mm ) are presen t .  I t  i s  a rake samp l e  co l l ected about 7 0  m west  south
west of the Lunar Mod u l e  and l acks  zap p i ts . 

186 

F I GURE 1 . Sma 1 1  sea 1 e 
d i v i si ons i n  mm . 



61 01 5 D I LITHOLOG IC  (CATACLASTIC ANORTHOS ITE AND BASALTI C  IMPACT MELT) 1 789 g 
BRECCIA ,  PARTLY GLASS COATED 

INTRODUCTION : 61 01 5 cons i s ts of �75% dark basa l ti c  impact mel t and �25% whi te 
anortho s i te .  The mel t/anortho s i te contacts are sharp and form a n  unusual texture ( Fi g .  1 ) . A ves i cu l ar gl ass  parti al l y  coats two s i des . The sampl e i s  tough and 
subangu l ar .  

61 01 5 was col l ected 1 0 m south of Pl um Crater and i ts ori entation i s  known . Zap 
pi ts on on ly  hal f of i ts surface suggest a fai rl y  s impl e exposure h i s tory .  

Fi gure 1 .  Saw cut fac e .  
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61 01 5 

PETROLOGY :  A bri ef descri ption i s  gi ven by McGee et �- ( 1 979 )  and 61 01 5 i s  i l l u strated by LSPET ( 1 97 3 ) . 

The basa l t i c  impact mel t ( Fi g .  2 )  i s  characteri zed by pl agi ocl ase l aths l es s  than 1 00 � l ong subophi ti ca l ly  embedded i n  sma l l py�oxenes and abundant i nterst it ia l  g l a s s . Engel hardt ( 1 978) l i sts i t  a s  poi ki l i ti c ,  but  a poi ki l i ti c  texture i s  on ly  
poorl y devel oped. C l a sts of shocked pl agiocl ase are abundant . I nd i v i dual fragments 
of the basal t have di fferent gra i n  s i zes ; a few are aphan i t i c  and some g l a s sy .  No chi l l ed marg i n s  are present. 

The anortho s i te i s  catacl asti c and coarse--some pl ag iocl ases are 2 mm in di ameter ( Fi g .  2) . A few pyroxenes ( up to 300 � )  are present ; some have ei ther exsol ut ion 
or shock l amel l ae .  Some opaques ( chromi te ? ) , troi l i te ,  and Fe-metal are al so 
pre�ent . �xc�pt for the d i sti nct dark fragments , the anorthos i te appears pure i . e .  1 t  1 s  not 1 nt1mate ly  mi xed on a smal l scal e wi th extraneous materi a l . 

----
The anorthos i te probab ly  i ntruded the basal t i c  impact mel t i n  the rock-form i ng 
event .  The s aw-cut faces ( e . g .  F i g .  1 )  s how zones of  white material whose 
boundari es wi th the ma i n  dark ma sses are mai nl y  smooth and curv i n g ;  wi thi n the 
whi te zones , angu l ar  bl ack fragments are promi nent . I n  a few p laces the whi te 
forms smal l apophyses i nto the dark materi a l . The anorthos i te must  have been 
fl u i d  (� hot gas cha rged debri s )  though not a s i l i catG l i qu i d  duri ng i ts 
i nject i on . None the l es s , rel ationshi ps between dark and whi te are not cl early 
establ i s hed .  

The gl ass coat ( F i g .  2 )  i s  ves i cu l ar ,  b rown-gray, an d conta ins  sma l l  metal b l ebs 
and p l agi ocl ase fragments . Its  thermal effects on the impact basa l t  are opt i cal ly 
v i s i b l e  for 300 �m i n to the rock . Th i n  ( 300 �m ) ve i n l ets of gray-brown , f l ow
banded g l as s  penetrate the rock , apparently from the coat ; these vei n l ets are 
opaque at the i r  margi n s .  

CHEM ISTRY :  Chemical  analyses of the basa l ti c  impact mel t a nd  a n  impure s ampl e of  
the anorthos i te are presented i n  Palme et �· ( 1 9?8 ) .  Chri st ian � �· ( � 976 ) 
present an  ana lys i s of the impact mel t and of  a m1 xed b lack-and-wh1 te s pl 1 t . The 
analyses of the mel t and the impure anorthosi te are summari zed i n  Fi g ure 3 and 
Tabl e 1 .  The gl as s  coat has not been anal yzed . 

The basa l t ic  mel t i s  a l umi nous , meteori te -contami nated and d i sti nct from Apo l l o  1 6  
soi l  compos i ti ons . The impure anorthos i te sampl e i s  meteori te-contami nated and 
the anal yzed sampl e probably contai ned some of the basa l ti c  impact mel t .  The data 
i nd i cate that the pure anorthos i te i s  ferroan ( FeO/MgO >1 ) .  

M I CROCRATERS : Mi crocrater frequency di s tri but i on data for the sur!ace of 61 01 5 
are reported by Neukum et a l . ( 1 97 3 )  and Morri son et �· ( 1 97 3 )  ( F l g . 4 ) .  Both 
papers note the roundedlnature of the rock and . that p1 ts �ccur on

_
only hal f of the 

surface , i nd i cati ng a fai rl y  s impl e exposure h 1 s tory .  Wh 1 l e  Mnrr1 son et al . ( 1 973 ) 
d o  not bel i eve that thi s rock has a steady-state s urface , Neukum et �- (T97 3 )  
cons i der that such equi l i bri um i s  l i ke ly .  
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61 01 5 

F i g u re 2 . a ) 61 0 l 5 , 1 4  . basal t i c a rea , 
ppl . width 2 mm . 

b )  61 01 5 , 1 4 .  a northo s i t e ,  
x pl . wi dth 2 mm . 

c )  61 01 5 ,40 .  g l ass  coa t ,  
ppl . width 2 mm . 



6 1 01 5  

TABLE 1 .  . Summary chemistry of basaltic impact mel t 
and impure anorthosite in  61 01 5  

Basal ti c  Impure 
Mel t Anorthosi te 

Si02 45.4 45. 5  
Ti02 0.70 0.27 
Al 2o3 23. 32. 9  
Cr2o3 0.14  0.05 
FeO 6.6 3.0 
MnO 0.09 0.03 
M90 9 .7  2 . 9  
CaO 1 3.5  1 7.8 

N20 0.48 0.47 
K20 "' 0 . 1 7  0.047 
P205 0 . 1 9  0.087 
Sr '�<1 53 1 97 
La 20. 7 .6  
Lu 0 .9  0.32 
Rb 4.0 
Sc 1 0.5  3 . 9  
N i  540..1 1 60 690 
Co 30-61 39.5 
Ir ppb 29 1 3  
Au ppb 20 1 4  
c 
N 
s 2150 470 
Zn 
Cu 

Oxides i n  wt%; others i n  ppm except as noted . 
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PROCESS ING AND SUBD I V I S IONS : A few ch i ps were removed from the rock pr ior to a 
saw cut be i n g  made to remove a butt end i n  1973 . Most of the samp l e  rem� i n s  as , 0  
( 1490 g ) . The butt end was sp l i t  i nto , 1 8  ( 1 50 g ) ;  , 20 ( 93  g )  and a number of 
other smal l er p i eces ,  some of wh i ch were further subd i v i ded . Most of the al l oca
t i ons  were from these l atter ch i ps . 
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61 01 6 SHOCKED BASALT I C  IMPACT MELT AND SHOCKED/MELTED ANORTfmSITE;  
GLASS-COATED 1 1  • 7 45 

INTRODUCTION : '' Bi g Mul ey'' i s  the l argest rock col l ected on the Apol l o  m i s s i on s .  
The bul k of  the sampl e i s  a fragment- l aden al umi nous impact mel t i n  wh i ch a l l 
pl agi ocl ase has been s hocked to d i a pl ect i c  gl ass . A chemi cal l y pri sti ne but 
s hocked and s hock-mel ted anortho s i te is a subordi nate l i thol ogy . The s hock
mel ted port i on of the anorthos i te was l iqui d ,  not di apl ect i c  and i ntrudes the 
basal t ( Fi g .  1 ) . Al though the anorthosite has genera l l y  been referred to as a 
cl ast i n  the basa l t ,  the contact of the non-mel ted anorthos i te wi th the basa l t  
i s  not i n  the th i n  sect ions  and the rel ati onshi ps are obscure . Much o f  the rock 
i s  coated wi th  a th i n  al umi nous gl ass  ( Fi g .  1 ) . Warner et a l . ( 1 973 ) cl as s i fy 
61 01 6 a s  a bl ack-and-whi te rock : catacl asti c anorthosi tepTUs mesostas i s -ri ch 
basal t .  

61 01 6 was col l ected from the east rim o f  Pl um Crater and i ts ori entati on i s  
known . Zap pi ts are absent from one s i d e .  Thi s s i de was exposed on the l unar 
su rface . i nd i cati ng that a recent , and only recent , rotati on of the sampl e 
occurred . Pl anar non- penetrati ve fractures are exposed on most  s urfaces . 

6 1 0 1 6, 7 s - 78 - 331 01 

F igure 1 .  Sawn face of  61 01 6 s howi ng mai n l i thol og i es and the fractures . 
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61 01 6 

a 

c 

Fi gure 3 .  

b 

d e 

a ) 61 01 6 , 2 1 7 ,  basal t ic  area , ppl . width 2 mm . 
b ) 61 01 6 , 2 1 7 ,  basal t ic  area , xpl . width 2 mm . 
c ) 61 01 6 , 2 1 7 ,  s hock-mel ted anortho s i tic g l a s s , 

ppl . wi dth 1 . 5  mm . 
d ) 61 01 6 , 2 1 7 , s hock-mel ted a northos i t i c  gl a s s ,  

xpl . width 1 . 5  mm . 
e ) 61 01 6 , 221 , s hocked a northos i te ,  xpl . wi dth 1 . 5 mm . 
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61 01 6 

�, PETROLOGY : 61 01 6 consists of four l ithologi es  { i )  basa l t i c  impact mel t .  
{ i i )  shocked anorthosi t e ,  { i i i ) shoc�-mel ted anorthosi te gl ass and { i v )  gl ass 
coat ( Fi gs . 1 and 3 ) . A proper apprec1 at1 on of the publ i s hed petrographi c 
descri pt i ons  requi res an understandi ng of  the l ocati on of the thi n  sections 
studi ed ; these are shown i n  Fi gure 2 ,  except for thi n secti ons made from 2 
chi ps of whi te anortbosi te .  

- -

Stoffl er e t  al . ( 1 975)  g i ve a n  extensi ve descri pti on of the petrography and 
petrogeneSTsiDf 61 01 6 wi th  emphasi s on the basal t i c  impact mel t ( referred to 
as '' spi nel troctol i ti c  matri x'' ) and the gl ass coat ( "mel t crust" ) .  The paper 
provi des microprobe analyses of mi neral s ,  metal s ,  gl asses , and xenol i ths . 
Drake ( 1974 ) ,  McGee et al . ( 1979 ) and Juan et al . ( 1974 ) descr ibe th in  sect i ons  
wh i ch are composed ol'the impact mel t  and the anorthos i te gl ass vei n  ( from , 25 ) .  

The basa lt ic  impact mel t  ( F i g .  3 )  consi sts of anhedral to subhedral ol i vi ne (43% ) ,  
equant to l ath-shaped anorth i te transformed to d i ap l ectic gl ass (42% ) ,  some t i ny 
spi nel s ,  Fe-Ni  metal ( 1 . 5% )  and an opaque mesostas i s  ( 14% ) cons ist ing of i lmen ite ,  
submi croscopi c  phases and g l ass ( Sttiffler et  al . ,  1975 ) .  16% of the basal t i c  
l i thol ogy i s  xenol i th i c  mater i a l . Ol i vi necrystal s are l ess  than 200 11m and 
compos i t i ons range from Fo '7 9 - 9 3  ( Sttiffl er et {!_. , 1975 ; Drake , 1974 ) .  P l ag i oc l ases 
are An 9 z - 9 a  (StHff l er et al . ,  1975 ) .  Fe-Ni metal ( F i g .  4 )  has 4 . 24-7 . 48% 
Ni and 0 . 24-0 . 47% Co (Mlsra and Tayl or, 197 5 ;  Sttiffler et al . ,  
1975 ) .  The compos i t i ons of one meta l - schre i bers i te pair -
i ndi cates equ i l i br i um at '\A5500C (Mi sra and Tayl or , 1975 ) .  <t'! 1.5 61016 (.dark)  
Enge l h ardt ( 1979 ) notes that i lmen i te occurs on ly in  the 
mesostas i s .  

�· -
The chemi cal l  • 

y tee e an m1 t , m1 t an tee e ( 1 974 ) ,  Ni wt.% 
Steffl er et al . ( 1 97 5 ) , and Hansen et al . ( 1 979a ) .  It has 
a compl ex-rexture i nduced by shock metamorphi sm. Sub- Fi gure 4 .  Metal s ,  from 
rounded, fi ne-gra i ned , pol ycrystal l i ne anorthi te " bodi es" t4 i sra and Taylor ( 1 97 5 ) . 
(Steffl er et !1· • 1 97 5 )  are embedded i n  a mass of spheru-
l i ti ca l l y  crysta l l i zed anorthi te ( Fi g .  3 ) .  Some pyroxene 
aggregates are present .  Pl agi ocl ases are An 9 s- 9 7  wi th l ow a bundances of  mi nor 
el ements (Tabl e 1 )  (Steel e and Smi th , 1 97 3 ;  Hansen et al . ,  l 979a ) . 
Pyroxene bl ebs have two compos i t i ons , En,. l �lo ,. ,.and Eii7a�lo 2 ,  l acking exsol uti on 
features on a 1 11m scal e (Steel e and Smi th , 1 973 ) .  

TABLE 1 :  Mi nor El ements in 61 01 6  Anorthos i te Pl agi ocl ases 

( Hansen et ll• . 1 979a ) 
Mol % FeO MgO KzO 

Sampl e Ab wt% wt% wt% 

, 1 5 3 . 5  o .  1 1  0 . 07 0 . 006 

, 27 mel ted 3 . 8  0 . 231 o .  1 7  0 . 022 

,27 non-mel ted 3 . 8  0 . 1 21 0 . 051 0 . 023 
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The s hock-mel ted anorthos i te Tl as s  i s  descri bed by Juan � �· ( 1 974 } ,  Drake (1974) and Dixon and Papike ( 975) where i t  i s  referred to as the anorthos i te .  
The confu s i on ari ses because the rel evant th i n  sect i on s  have basal t i c  impact 
mel t ,  s hock-mel ted anortho s i te ,  and a l a rge di apl ect i c  pl agi ocl ase whi ch i s  
probabl y a xenocryst i n  the ba sal ti c mel t rather than the anortho s i te .  The 
s hock-mel ted anortho s i te has the compos i ti on of nearl y pure pl agi ocl ase 
(veri fi ed by our own parti al analys i s )  (An 9 & ;  Drake , 1 974 ; Di xon and Papi ke , 
1 97 5 ) .  Some l ow-Ca pyroxene gra i n s  are present wi th compos i ti ons  �En 5 4 
{ Di xon and Papi ke , 1 97 5 }  a s  wel l as  h i gh-Ca pyroxene and Cr-spi nel . I s h i i  et 
a l . ( 1 976 )  u se  pyroxene data from Di xon and Papi ke ( 1 97 5 )  to fi nd an equi l i 
brati on temperature of 983°C . 

The gl a s s  crust i s  descri bed by Stoffl er et  �- ( 1 97 5 } . I t  conta i ns unshocked 
anorth i te crystal s and i s  connected to gl ass ve ins  penetrati ng the rock . I n  
pl aces the gl ass  coat has penetrated and anneal ed p lag iocl ase i n  the bas a l t i c  
impact mel t .  A temperature gradi ent o f  600°C wi thi n about 2 mm i s  i nferred 
(Stoffl er et �- , 1 97 5 } . 

CHEM ISTRY :  Abundant chemi cal data for 61 01 6 l i thol og i es have been publ i s hed . 
I n  a few cases the l i thol ogy anal yzed has been erroneous ly  or not speci fi cal l y  
reported ; Tabl es 2 and 3 l i s t the references under the correct l i tho l og i es . 
I n  most cases the analyses are reported wi thout s peci fi c comment . 

The ba sa l ti c  impact mel t  (Tab l e  4 )  ( 61 01 6 " dark" ) i s  a l umi nous and s i deroph i l e
rich. Gan apathy et al . ( 1 974 } pl ace i t  i n  the i r  meteori te Group 1 .  REEs are 
45 ( l i g ht )-20 ( heavyr-times chondri tes i . e . , a KREEP pattern ( Fi g .  5 } . Al though 
rough ly  s imi l a r to l ocal soi l s  ( Laul and Schmi tt , 1 97 3 } , i n  detai l i t  di ffers 
s i gni fi cantl y e . g . ,  hi gher magnes i um ,  l ower n i trogen . The impact mel t i s  
vol ati l e-enri ched but when that enri chment occurred i s  not defi ned : KrahenbUhl 
et al . ( 1 973 } note that both the impact mel t and the anorthos i te have s imi l ar ly 
hlghTl contents , s uggesti ng Vast-formati onal enri chment .  However , Cd and I n  
are enri ched i n  the impact me t a s  compared to the anorthos i te ( KrahenbUhl et 
� • • . 

1 973 ; Was son et � • •  1 97 5 )  s uggesti ng pre-formati onal enri chment . WhiTe 
the 1mpact mel t has even h i gher contents of the vol ati l es Cl and Br than does 
66095 ( Jovanov i c  and Reed , 1 97 3 ;  and others ) ,  i t  has much l ower abundances of 
Zn , even l ower than l ocal soi l s .  

The anorthos i te i s  a lmost p�re pl agi ocl ase (Tabl e 4 )  and i s  at l east i n  part 
pri stine ( KrahenbUhl et � • •  1 97 3 ) ; some ana lys es have s l i ghtl y h i gher 
s i derophi l e  contents and may be contami nated . Thi s wou l d  not be s urpri s i ng 
i n  v i ew of the shoc k-mel ti ng , i f  some of  the analyzed sampl es i ncl ude shocked 
gl ass . (The I r  content of 1 620 ppb gi ven by Hughes et al . ( 1 973 }  i s  compl ete ly  
anoma lo u s ; because i t  i s  3 times hi gher than chondri tes-whereas the correspondi ng 
Au , Re contents are 5xl 0- 4 times chondri tes , i t  i s  probably erroneous ) .  Thi s 
pri sti ne chem i s try probably does not i ncl ude vol ati l es ,  several of  whi ch ( e . g . ,  
Tl , Cd }  are enri ched a s  compared with other ferroan anortho s i tes . 

The Tl as s  coat (Tabl e 4 )  has been ana lyzed only by the mi croprobe (Stoffl er 
et a . , 1 975) , thus no trace el ement data exi s t .  I t s  major el ement compos i ti on 
OTstTngu i s hes i t  from both l ocal soi l  and the 61 01 6  basal t i c  impact mel t .  I t  
� simi l a r  to Stati on 1 1  so i l .  
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TABLE 2 .  Chemical work on 61 01 6  basal tic impact mel t 

REFERENCE 

S.R.  Taylor et !.)_. ( 1973) 
Duncan et !l· (1 973) 
Janghorbani et !.)_. (1 973) 
Rose � !l· {1 973) 
Brunfel t et !]_. {1 973) 
Hubbard et !]_. (1 973) 
Nyquist et !]_. (1 973) 
Lau1 and Schmitt (1 973) 
Nakamura � !]_. (1 973) 
Wanke et !]_. { 1 973) 
Wanke et !]_. (1 974) 
Wanke � !J... {1 977)  
Juan et !]_. (1 974 ) 
Stettler et !]_. (1 973) 
Jovanovic and Reed (1 973) 
Al len et !]_. (1 974, 1 975) 
Jovanovic and Reed ( 1976a) 
Reed et !]_. {1 977 ) 
El dri dge et !]_. (1 973) 
Ehmann and Chyi (1 974) 
Mf l l er � !]_. (1 974) 
Garg and Ehmann (1 976) 
Des Marais ( 1 978) 
Kerri dge � !.!.· (1 975) 
Goel s et !]_. (1 975) 
Gi bson and Moore (1 975) 
Rees and Thode (1 974 ) 
KrahenbUhl � !]_. (1 973'} 
Ganapathy � !]_. (1 974) 

SPLIT 
ANALYZED 

, 149 
, 139 
, 133 
, 1 50 
, 145 
, 143 

, 1 52 

, 148 
, 1 51 
, 1 51 
,1 51 
,146 
,4 
,131 * 
, 131*  
, 131 
, 131 
, 1 20 
, 133 
,1 33 
, 133 
,323 
,1 59 ,1 60 
, 136 

, 137* 

, 1 32 

ELEMENTS 
ANALYZED 

major and trac�s 
major and traces 
majors 
major and traces 
majors and traces 
majors and traces 
Rb,  Sr 
major , traces , s i derophi 1es 

majors and traces 
majors , traces , s iderophi 1 es 
majors , traces , s i derophi l es 
v 
majors and traces 
K, Ca 
F, Cl , Br , I ,  Li , 1}, Te 
20'Pb , Bi , Tl , Zn 
Ru , Os 
Zn , Tl 
K, U ,  Th 
Zr, Hf 

Zr, Hf, Fe , Co , Sc, Cr, REEs , Th 

N ,  S, C 
c ,  s 
N 
Volati l e  gas compounds 
s 

Meteoritic s i derophi l es and 
volati l es 

* Erroneously referred to i n  paper as the anorthosi te phase. 

61016 ANORTHOSITE 

Figure 5.  Incompati bl e el ement s ,  
from Phi l potts et a l . ( 1 973 ) . - -
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TABLE 3. Chemical work on 61 01 6  anorthosite 

REFERENCE 

Nava (1 974) 
Phi 1 potts !! !]_. ( 1 973)  
Wrigley ( 1 973) 
Fruchter _!! !]_. (1 974 ) 
Hubbard et !]_. (1 974) 
Ganapathy et !]_. ( 1 974) 
Wasson et al . (1 975)  } Baedecker !! !]_. ( 1974b ) 

Hughes et !]_. (1 973) 
Tera !!_ !]_. (1 973) 
Nyquist et !]_. ( 1 973) 
i.SPET (1 973) 

SPLIT 
ANALYZED 

_.184 
, 184 
,173 
,180 

,79 ·,84 
,1 56 

,161* 

, 182 
,84 

;79 ,84 
,3** 

ELEMENTS 
ANALYZED 

Majors 
REEs , Ba 
K, U, Th 
Fe, Al , Co , Sc , Cr, REEs 
Mg , REEs , other traces 
Siderophil es , vol at i l es 

Si derophf l es , vol ati l es 

Ni , Ir,  Au, Re 
K,  Rb, Sr 
Rb, Sr 
Majors, traces 

* , 161 in data pack is a dark chip. White chip intended for a l l ocation to 
Wasson was ,183; the numbers evidently have become reversed. 

** Mixed powder, severely contaminated with basaltic impact mel t .  

0> 
TABLE 4. 

.... 
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Basaltic 
Impact Gl ass 
Mel t Anorthosite 'f9!t_ 

Sf� 43.3 45 .0 44.5  
Ti02 0.76 0.02 0.17  
A1203 25,1 34.6 29.8 
Cr203 0.10 0.01 
FeO 5 , 1  0 . 3  3 . 7  
MnO 0.05 <0.01 
MgO 10.7 0.2 4.9. 
CaD 14.3  19.6  1 5 . 6  
Na2o 0.33 0.40 0.66 
K2D 0.08 0.01 0.08 
P205 0. 1 2  0.05 0.08 
Sr 1 60 1 80 
La 15 .3  0 . 1  
Lu 0.65 0.01 
Rb 2.0 0.1 
Sc 6.6 0. 5 
Ni 443 "'1 . 0  
Co 36 "'1 .0 
Ir ppb 1 3  0.01 ? 
Au ppb 1 2  0,02 
c 35 
N 1 9  
s 538 1 00 
Zn "'1 1 ,6 
Cu 4.4 

Oxides in wt%: others in  ppm except as noted, 
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STABLE I SOTOPES : Stabl e i sotope data are on ly avai l a bl e for the basa l t i c  
/- �. impact mel t .  These data serve to emphas i ze that the melt i s  not mel ted 

soi l . Rees and Thode ( 1 974 )  report S i sotope data ( erroneous l y  referred to 
as for the anortho s i te )  showi nq that o 3 �S i s  - 0 . 1  °/ o o s  much  l ower than soi l s  
( '��+8 °/ 0 0 ) .  Kerri dge et al . C l 975b) confi rm the l ow val ue for o 3 �S (+ 1 . 9 ,  
+1 . 3  °/0 0 ) .  These l atteriauthors al so report o 1 3 C resu l ts of - 35 , 7 ,  -32 . 8  ° / o o  
( soi l s  +1 0 ° / 0 0  or  hi g her ) . DesMara i s  (1 978)  reports o 3 �C of -30 .8 °/o o • 
Al l en et al . ( 1 974 ) report total 2 0 �Pb ( consi dered s tab l e  because of i ts 
extremeTy-rong ha l f- l i fe )  i n  the impact mel t ,  and consi der that non- l eachabl e 2 0 �Pb i s  parti ti oned i nto fi ne metal l i c  grai ns . 

GEOCHRONOLOGY AND RADIOGEN IC I SOTOP ES : No Rb-Sr or Sm-Nd i nternal i sochrons exi st 
for any l ithologies in  61 01 6 ,  but whol e-rock Rb-Sr data are avai l a bl e for both 
the basal ti c impact mel t (Tabl e 5 )  and the anorthos i te ( Tabl e 6 ) . The anorthos i te 
cl earl y \'/aS  separated from hi gh-Rb reservoi rs very early i n  l unar h i story . 

� 0Ar- 3 9Ar data are ava i l a bl e  for the ba sa l ti c  impact mel t ( Stettl er et al . ,  1 973 )  
and  the shocked anorthos i te ( Huneke et a l . ,  1 977 ) .  A dark  spl i t  ,4 gavean age of 
3 .65  ± 0 . 04 b .y.  ( Fi g .  6 )  but a goodjplateau was not attai ned ( Stettl er et al . ,  
1 9?3 ) . Huneke £! .!!_. ( 1 977 )  ana lyzed both cl ear and mi l ky " d i apl ecti c glasses" 
( Fl g .  7 ) .  The age s pectra are anomal ous , and the cl ear g lass  i s  sh i fted to younger 
ages , with  an a pparent age for the mi l ky g l a ss cl earl y defi ned at 4 . 1  b . y .  Huneke 
et �· ( 1 977 )  suggest that shock mel ti ng can resu l t i n  g lass  wi th di s ti nctly 
iiTfferent age pl ateaus . Nei th,�r g lass  records the true age of the anorthosi te .  

� , 
4.00 

:::;. 3.60 
� � 3.00 
.:: 
.... 2.50 
i5 : 2.00 
� 

= 61016.4 

0 0.5 1.0 
FRACTION OF Ar!9 RELEASED 

F igure 6 .  Ar rel ea ses of 
ba sal t ic mel t ,  from 
Stettl er et a 1 .  ( 1 97 3 ) . 
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F igure 7 .  Ar rel ea ses of  
anorthos i tic gl a sses , from 
Hune ke et �- ( 1 977 ) .  
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Sampl e 

,79 gray 
gray, 

,79 whi te 

TABLE 5. Rb-Sr i sutopi c data for 61 01 6 basal tic  impact mel t 
(from rlyqui s t  � i}_. , 1 973) 

Rb Sr 
Sampl e ppm ppm 8 7Sr/ 8 6Sr TBABI ( b .y. ) 

, 1 43 crysta l l i ne 2. 04 1 64 . 4  o .  701 39±8 4. 50±0. 1 6  

,79 black gl assy 1 . 877 1 45 . 4  0 . 701 51 ± 10  4. 49±0. 33 

,3 powder: m i xed 
anorthosite & 
basal t  0.446 1 7 7 . 9  0 .69960±9 4 .8±0 . 1  

TABLE 6 .  Rb-Sr i sotopic data for 61 01 6 anorthosi te 

• 7Sr/" 6Sr 
* 

Rb Sr cal c .  a t  
com com 8 7Sr/ 8 6Sr 4.6  b .y .  Reference 

o.017a 1 7 9 . 0  0 . 69906±5b 0 .69892±5' Nyqui st et i}_. 
repeat 0.69906±Sb 0. 69892±5 

0 .0377 180.4 0 .69924±40 -

whi te ,  repeat 0. 69926±22 
0.69906±4 b,c 

- Nyqui st  � !2_. 
whi te,  repeat 0.69890±4 

,79 0 .0250 1 84 .7  0 .69907±3 0 .69892±3 Nyqui s t  et !2_. 

, 84 0 .040 1 81 . 7  0. 69907±5b 0 .69891 ±5  Nyqu i s t  et !2_. 

( 1 793) 

( 1 973 ) 

( 1 979)  

( 1 973) 

,84 0 .032 1 78 0.69900±3 0.69897±3 Tera � !2_. ( 1 973 ) 
0 .044 180 0 . 69900±4 0 .69895±4 

*Corrected for i nterl aboratory bias to conform with CalTech data where appl i cabl e .  
a )  Mispri nted a s  0 . 1 67 in  ori gi nal paper . 
b) Corrected according to Nyqui s t  et al . ( 1 974 , p. 1 51 9 )  for error caused by tracer.  
c )  Preferred val ue for thi s sampl e-rNyqui st ,  pers . comm . ) .  

RARE GAS , EXPOSURE AGES AND SURFACES : Stettl er et a l . ( 1 97 3 )  cal cu l ate a 
3 7Ar- 3 8Ar exposure age of <7 m .y .  from a dark surface chi p .  Thi s age i s  
proba bly a ffected by 3 7Cl because the Cl content of the roc k i s  h igh  and the 
exposure age i s  l ow .  3 8Ar i s  produced from 3 7Cl during pi l e  i rradi ation and 
thi s  effect i s  probably res pon s i bl e  for the unusual  rel eas e curve observed 
( Stettl er et �- · 1 973 } .  

Rao et al . ( 1 979 )  use quanti tat ive  techni ques to i sol ate the sol ar cosm i c  
ray-produced Ne  a nd  Ar  components i n  three sampl i ng i nterval s from , 287 (wh i ch 
conta ins  anorthos ite and gl a s s  surface materi al ) .  A sol ar cosmi c ray age of 
1 . 7 ± 0 . 2  m . y .  i s  deri ved , as we l l  as a gal act i c  cosmi c  ray age of 3 . 7  ± 0 . 3  m . y .  
An eros i on rate o f  5 mm/m . y .  i s  assumed . 
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Fl ei sher and Hart ( 1 974 )  studi ed the parti cl e track record ( heavy cosmi c ray 
nucl ei ) .  Two dark chi ps were too heav i l y  shocked to reveal tracks . An 
anorthos i te surface chi p has an unusual track dens i ty/depth profi l e  s uggesting  
recent loss  of a 1 mm chi p .  Assumi ng 0negl i g i b l e  eros i on , an  expos ure age of  
20 m .y .  i s  cal cul ated ; assumi ng 0 . 6  A/year eros i on ,  an  exposure age  of 40  m .y .  
i s  cal cul ated . Thi s i s  con s i s tent wi th 2 6Al data ( El dri dge e t  a l . ,  1 97 3 )  whi ch 
i s  saturated i n  the s urface i ndi cati ng exposure of more thana few mi l l i on 
years . Bhattacharya and Bhandari ( 1 975 ) ,  eval uati ng eros i onal effects on the 
track record , deri ve an exposure age of 1 . 5 m .y .  for the s urface chi p , 287 . 
Bhandari et al . ( 1 97 5 )  cal cul ate an age of 1 . 2±0 . 4  m .y .  based on l arge craters , 
and 0 . 5  m:Y.based on cratE!rs l es s  than 80 \lm i n  di ameter .  They s uggest a 
s impl e one- stage exposure h i s tory .  Bhandari et al . ( 1 975 , 1 976 )  a l so measure d  2 6Al wi th depth and concl ude that there has been--l i ttl e var iat ion i n  the 
average sol ar fl are proton production over the l as t  1 . 5 m .y .  

MacDouga l l et a l . ( 1 973 )  found no sol ar fl are tracks i n  ei ther ol i v i ne or 
fel dspar i nananorthos i te sampl e .  

Mandevi l l e  ( 1 976 ) s tudi ed the s i ze di stri buti on o f  mi crocraters o n  a chi p of 
impact mel t ( , 23 ) .  The sampl e has fewer craters than the sampl e s tud i ed by 
Bhandari et �· ( 1 975 )  1vh i c h  was on the l unar top of the sampl e ( F i g .  8 ) . 
Depth/pi t di ameters are a l so reported . 

Gol d et �· ( 1 976a) report auger spectrometer analyses for Fe , Ti , Ca and S i  
( normaTi zed to 6001 7 val ues ) for a chi p o f  basal t i c  impact mel t .  Fe i s  
enri ched i n  the s urface . 

Fi gure 8 .  M icrocrater s ,  from 
Mandev il l e  et �- { 1 97 6 ) . 

PHYS I CAL PROPERT I ES :  Stephenson et al . ( 1 97 7 )  tabu l a te ,  wi thout comment , 
magnetic data for a gl ass  chi p from bT01 6 .  Hou s l ey e t  al . ( 1 976 ) found that 
the ferromagneti c remanence ( FMR )  of a chi p of basal t i c-rmpact mel t ( , 2 7 )  was 
extremel y weak .  
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Chung and Westphal ( 1 973 ) provi de di el ectri c constan t ,  d i el ectri c  l osses , and 
el ectri cal conduct i v i ty data as a function of frequency and temperature . These 
data ( Fi g .  9) are for a chi p of basa l t i c  impact mel t .  The sei smi c data of 
Chung ( 1 973 ) are for the s ame ch i p .  El asti c wave ( P-and S- ) vel oc i ti es were 
meas ured as a function of pressure as recei ved and i n  both " dry'' and ''wet '' 
modes ( Tabl e 7 ,  F i g .  1 0 ) .  At l ow pressures , water i ncreases vel oci t ies and 
dryi ng the sampl e decreases vel oci t i es ; thi s effect i s  greates t  for P-waves . 
Warren and Tri ce ( 1 97 5 )  use Chung ' s  { 1 973 )  data to p l ot  dynamic  compress i onal 
modu l u s/den s i ty aga i ns t  pressure . They erroneous l y  refer to the data as bei ng 
for the anortho s i te .  

Dol l fus  and Geake ( 1 97 5 )  report pol arimetr i c  and photometri c characteri sti cs 
of l i � ht refl ected from a sampl e of dust-covered , surface basa l t i c  impact 
mel t { , 23 ) .  The pol ar i zati on curves resembl e l u nar fi nes . 

IO..----.----r--.---,-....,---,--,--., 
":" 

I I I . I I I I 
1< WNAR SAMPLE 61016 

E 9 f371"K 0.......... 470 "K 
-

i! .......... _ _ _  o.....<:'--§ 81- :==:!-..-�== 0 -
!.! -.---. ---.301 "K 
:::= o---a--a--:::::=="�198°K 11 71- '\. � -
� n"K 
O 1 l 1 I I I I sL-��-L��--������� I() I ro• 10' 10• 10• 106 107 10• ro• 

Frequency (Hz) 

0.00 I . I ' ' 

O.D7- LUNAR SAMPLE 61016 -

iQ 0.06 
J 
i 0.00 c. -
.!1 0.04- -
,§ 

Condition 
of Sample Mode 0.5 1.0 1.5 2 3 • ' 
As Received p 5.6 6.2 6.30 6.60 6.77 6.87 6.91 

(from Table 2) s 2.4 3.1 3.22 3.36 3.58 3.69 3.74 
VJV. 2.3 2.0 1.96 1.96 1.89 1 .86 1.84 

"'dry" (1) p 3.75 5.23 5.32 5.12 6.23 6.41 6.70 
s 2.23 3.04 3.09 3.25 3.52 3.64 3.72 

VJV. 1.68 1.72 1 .72 1.76 1.77 1.76 1.80 
"wei" (2) p 6.5 6.70 6.73 6.75 6.78 6.88 6.91 

s 2.4 3.10 3.23 3.36 3.58 3.69 3.74 
VJV. 2.7 2.16 2.09 2.01 1.89 1.86 1.84 

•Estimaled b)' I linear extrapohtliun of high-pressure velocil)' duta. 

6 7 

6.96 6.99 
3.86 3.88 
1.80 1.80 
6.'T1 7.00 
).86 3.88 
1.80 1.80 
6.97 6.99 
3.86 3.88 
1.80 1.80 

··�. LUNAR SAMPLE 6KE 
. , 

(10)" 

7.02 
3.90 
1.80 
7.02 
3.90 
1.80 
7.03 
3.90 
1.80 

..._ IOt.Oiz 

14 

Figure 9 .  El ectrica l data , 
from Chung and \�estphal ( 1 97 3 ) .  

TABLE 7 .  Sei smic da ta , from 
Chung {1 97 3 ) .  

(I) The term "dry" refers to the state of s�mple 61016 as it was heated in \'Bcuum at 400CC for 10 
hours and slowly cooled down to ambient tempcralure. 

(2) The term "wet" refers lo M wuter-saturalt:d samplt 61016. 
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1o a a 4 1 • 1 
PRESSURE (�b)  

61 01 6 

Figure 1 0 . Sei smic data , from 
Chung ( 1 973 ) .  

PROCESSING AND SUBS I V I SIONS : 61 01 6 has been extensi vel y s ubd i v i ded . I n  1 972  
a s l a b  was cut from the rock producing  two end pi eces , 7  and ,8  ( Fi gs .  1 and  1 1  ) .  
, 7  remai ns essenti al l y  i n tact . The s l ab has been extens i vely di s sected ( Fi gs . 
2 and  1 1 )  and  ,8  has been total l y  s ubdi vi ded i nto numerous  daughters ( not 
s hown ) .  

0 2 � 6 8 
CHI 
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6 1 0 1 7  CATACLASTIC  ANORTHOS ITE 2 . 62 g 

I NTRODUCTION :  6 1 0 1 7 i s  a fri abl e ,  fractured p i ece of catac l ast ic  anorthos i te 
( F i g .  1 ) .  I t  i s  a lmost pure whi te wi th rare bl ack and ye l l ow fl ecks . 6 1 0 1 7 
was a l oose samp l e  i n  the samp l e  return conta i ner from the fi rst extravehi cu l ar  
acti v i ty on  the mi s s i on . I ts l unar l ocat i on i s  unknown and i t  coul d be from 
Stati on 1 ,  2 ,  or from the ALSEP (Apol l o  Lunar S urface Exper iments Package ) 
s i te .  At least  one zap p i t  i s  present and part of the surface ei ther has a 
pati na or adheri nq s oi l . 

Figure 1 .  6 1 01 7 , 0 .  Smal l e st sca l e  d i v i s i on 0 . 5mm . 
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61135  FRAGMENTAL POLYMICT BRECC IA 245 g 

I NTRODUCT ION : 61135 i s  a fri abl e ,  l i ght gray brecc i a  ( F i g .  1 )  contai n i ng a 
d1 verse popu l at i on of mi neral and l i th i c  fragments . 

Th i s  s amp l e  was co l l ected from the northeast r im  of P l um Crater . Lunar or i en 
tation i s  known . A few zap p i ts are present o n  some surfaces . 

Fig�. 6 1 1 35 , 0 .  S-72-383 1 6 .  

PETROLOGY : 6 1 135 i s  a c l as t i c ,  unrecrysta l l i zed brecc i a  composed of var i ous  
mineral and l i th i c  fragments wel ded together by a _ smal l amount of g l as s  ( F i g . 2 ) .  
Angu l ar gra i n s  of both shocked and unshocked p l ag i oc l ase domi nate the m i neral 
fragment popu l ati on .  Maf i c  mi neral s ,  Fe-meta l ,  tro i l i te and i l men i te c l asts 
are much l es s  common . L i th i c  fragments i nc l ude granob l ast i c  anorthos i te and 
nor i t i c  anorthos i te ( up to �3 mm ) ,  b as a l t i c  and poi k i l i t i c  impact mel ts , and 
cl ast-r i c h ,  g l assy matr i x  brecci a .  Brown and c l ear g l ass beads and fragments 
are abundant and i nd i cate a s i gn i f i cant regol ith component in th i s  rock . 
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61 1 35 

F i gure 2 .  61 1 35 , 7 , genera l v i ew ,  ppl . width a bout 1 5mm . 

CHEM I STRY : E l dr i dge et a l . ( 1 973 ) report who l e  rock K-U-Th and cosmogen i c  
radi onucl i de abundance� ICa and K data for three sp l i ts are prov ided by 
Schaeffer and Schaeffer ( 19 7 7 ) i n  a K-Ar geochronologi cal study . Total  N and 
C in a bu l k samp l e  are g i ven by Moore and Lew i s  ( 1976 ) .  

The who l e  rock gamma ray data s how 61135  to be poor i n  natural rad i onuc l i des 
( 690 ppm K, 0 . 38 ppm U, 1 . 39 ppm Th ) .  A randomly-pi cked s amp l e  and a spl i t  of 
f i ne powder analyzed by Schaeffer and Schaeffer ( 1977 ) show K abundances very 
s imi l ar to the who l e  rock va l ue  of E l dr i dge et al . ( 1973 ) and C a  l eve l s  i n 
d i cat i ve of nearly  pure p l ag i oc l ase (Tab l e  1� -rhe th i rd sp l i t analysed by 
Schaeffer and Schaeffer ( 1977 ) was a s i ng l e  coherent fragment con s i derab ly  
enri ched i n  I< and depl eted i n  C a  re l at i ve to  the  other samp l es ( Tab l e  1 ) .  No  
further i nformat i on on  the  n ature of  these samp l es i s  avai l ab l e .  

RAD I OGEN IC  I SOTOPES/GEOCHRONOLOGY ; Schaeffer and Schaeffer ( 1 9 7 7 ) g i ve 1<-Ar 
data for three sp l i ts .  Two of the samp l es ,  a randoml y-pi cked sp l i t  and a 
sp l i t  of f i ne powder , conta in  con s i derab l e  amounts of trapped gas and d i d  not 
g i ve 4 0Ar- 3 9Ar pl ateau s .  The th i rd samp l e ,  a s i ng l e coherent fragment ,  y ie l ded 
a p l ateau age of 3 . 90 ± 0 . 10 b .y .  
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TABLE 1 .  Summary chemi stry of 61135 l i thol ogies 

Bu l k  rock K-rich  fragment 

CaO 18 . 9  1 1 . 8  

K20 0 . 088 0 . 58 

c 54 

N 55  

Ox i des i n  wt% ; others i n  ppm .  

RARE GAS/EXPOSURE AGES : 2 6Al -2 2 Na whol e  rock data are prov i ded by E l dr i dge 
et a l . (1973 ) .  From these data Yokoyama et a l . ( 1974 ) cou l d  not decide 
whether 61135 i s  saturated in  2 6Al  or not-.- --

61 1 35 

Ar data are g i ven by Schaeffer and Schaeffer ( 1 977 ) for three spl i ts :  a 
random ly  p i cked s amp l e ,  a s p l i t  of f i ne powder , and a s i ng l e  coherent fragment . 
The fi rst two samp l es contai ned con s i derab l e  trapped gas , probab l y  res i d i n g  
i n  the f i n e  matr i x  o f  the rock . 3 8Ar exposure ages of these two sp l i ts are 
g i ven as 61 m . y .  and 44 m .y .  �Schaeffer and Schaeffer , 197 7 ,  Tab l e  6 ) .  The 
th i rd sp l i t  gave an average 3 Ar exposure age of 28 m .y . ,  but due to the extreme 
var i ab i l i ty of the expo3ure age measured over the 4 0 Ar- 3 9Ar p l ateau temperature 
ran ge ( 1800 m . y .  at 400 C to 4 m .y .  at 1 150°C6 , the average age reported 
probab l y  has l i tt l e  s i gn i f i cance . A trapped 3 Ar component i s  a l so suggested 
by Schaeffer and Schaeffer ( 1977 ) 

PROCES S I NG AND SUBD I V I S IONS : 61135  was removed from i ts Documented Bag i n  1972 
as one l arge p i ece ( , 1 )  plus  three sma l l er p i eces ( , 2 - , 4 )  and  some f i ne res i due 
( , 5 ) .  Schaeffer recei ved 1 g of ch i ps from , 5  i n  197 3 .  In 1975 , 2  and , 3  were 
subdi v i ded for further a l l ocat i on s . The l arge p i ece , 1  ( 221 . 96 g )  remains  i n  
stock a t  JSC . 
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6 1 1 55 GLASSY IMPACT MELT 47 . 6  9 

I NTRODUCT ION :  6 1 1 55 i s  a moderately coherent ,  medi um gray , g l a s sy i mpact 
mel t  wi th  a bundant whi te cl asts ( F i g .  1 ) .  At l east  two sets of perpendi cu
l ar  fractures and  a seri es of thi n ,  s hort (�5 mm) gl ass  vei n s  cut the roc k .  
A s l i cken s i de i s  p re sent on the B s urface . 

6 1 1 55 was col l ec ted �2 5 m northeast  of P l um Crater . Zap p i ts are abundant 
on two s urfaces , rare to a bsent on  the other s urfaces . 

PETROLOGY : 6 1 1 55 i s  a gl assy i mpact mel t  that i s  very c l ast-rich ( F i g .  2 ) . 
I n  p l aces the matri x texture approaches poi ki l i ti c .  Oi kocrysts (�0 . 3  mm) 
are  separated from one  another by a concentration of rel ati vely l arge c l asts 
of p l ag i ocl ase . G l a s sy mesosta s i s  i s  a bundant .  C l asts i ncl ude fragments of 
basa l ti c  impact me l t  and catac la st ic  anorthos i te .  Fe-metal , troi l i te and 
i lmeni te are accessory phase s .  

Figure 1 .  61 1 55 , 0 .  Scal e i s  em . S-7 2-3837 1 . 
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61 1 55 

F igure 2 .  61 1 55 , 7 ,  general v i ew ,  ppl . wi dth 3mn . 

CHEM I STRY : E l dri dge et a l . ( 1 973)  prov i de who l e rock K (445 ppm ) , U ( 0 . 31 ppm) 
and Th( l . l 2 ppm) abundances by gamma ray spectroscopy . 

EXPOSURE AGE : E l dri dge et al . ( 1 97 3 )  p rovide 26Al and 22Na data . From these 
data Yokoyama et a l . ( 1 974}-concl ude that 6 1 1 55 i s  saturated i n  26Al , i ndi cat
i ng an exposure-age of at  l east  a few mi l l i on years .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1 972 several c h i p s  were removed and one of 
these (.3) a l l ocated for Uii n secti ons . 
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61 156 META-PO IK IL ITIC  IMPACT MELT 58 . 3  g 

INTRODUCT ION : 6 1 1 56 i s  a tough , medi um gra� poik i l i t i c  impact me l t  rock that has 
been thermal ly metamorphosed . Macroscopica l ly  the rock i s  b l ocky and angu l ar ;  
few cl asts are apparent ( F i g . 1 ) .  Metal spheru l es and smal l vugs ( <0 . 5  mm ) are 
i nhomogeneous ly d i str i buted throughout the rock . There are many zap p i ts on the 
'' l unar up '' surface , few on other surfaces . Th i s  s amp l e  was co l l ected 25 m north
east of P l um Crater .  

F igu re 1 .  61 1 56 , 0 .  Scal e i s  em . S-72-38391 . 
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61 1 56 

PETROLOGY : Petrograph i c  i nformati on i s  g i ven by Al bee et al . ( 1973 ) ,  S imonds et 
al. (l 973 ) , and the Apol l o  16  Lunar Sampl e  Informat i on Catalog ( 1972 ) .  Haggerty 
(1973 )  prov i des detai led  mi croprobe analyses and descr i pt i on s  of armalco l i te and 
other oxi des . Meyer et al . ( 1974 )  determi ned trace e l ements i n  p l ag i oc l ase xeno
crysts by i on mi croprobe--. Metal compo s i t i ons  from an anorthos i t i c  c l ast and the 
poi k i l i t i c  host are reported by Hew ins  and Gol dste i n  ( 1 975a )  

61 156 i s  a f i ne-grai ned , meta-po i k i l i t i c  rock wi th several smal l ( 50-200 J.lnl ) p l ag i 
oc l ase  and pyroxene xenocrysts and at l e ast  one l arge ( >10 mm ) cl ast of anorthos i t i c  
brecc i a .  Modal  data are presented by A lbee e t  al . ( 1 973 ) and the Apo l l o  1 6  Lunar 
Samp l e  Informati on Catal og ( 1972 ) and reproduce�here as Tab l e  1 .  I n  the po i k i l i t i c  
host, mi neral gra ins  are anhedral and gran u l ar ( F i g .  2 )  suggest i ng  that the rock has 
undergone a peri od of extens i ve subso l i du s  anneal i n g .  Two types of poi k i l i t i c  
texture are randomly d i stri buted throughout the rock . Most common ly, anhedral 
orthopyroxene o i kocrysts ( u p  to �1 mm , averag i n g  �100 J.lm ) enc l ose smal l ,  rounded ,  
el ongate to  equant p l ag i oc l ase crystal s ( 20-50 J.lm ) . Pyroxene o i kocrysts , however , 
are not as abundant i n  61 156 as i n  most of the other Apo l l o  16  poi k i l i t i c  rocks .  
The second , l e s s  common po i k i l "i t i c  texture i n  th i s  rock i s  ch aracter i zed by an i nter
l ock i n g  network of anhedral p l ag i ocl ase gra i n s  ( usual ly  <50 J.lm ) i ntergrown w ith 
smal l ,  equant gra i n s  of o l i v i ne and ( rare ly )  h i gh-Ca pyroxene ( up to �50 J.lm ) . Many 
of these maf ic  gra i n s  are opt i cal ly conti nuous over an area genera l ly  <0 . 5  mm . 
Ol i v i ne and h i gh-Ca pyroxene are not i ncl uded w i th i n  the orthopyroxene o i kocrysts . 
K-r i ch patches are scattered throughout the rock but are never found w ith i n  o i ko
crysts . Mi nera l s  are homogeneous and l arge ly  equ i l i brated ( F i g .  3 ) .  R i d l ey and 
Adams ( 1976 ) ca lcu l ate a termperature of equ i l i brat i on of 101ooc for coex i st i n g  
o l i v i ne  and au g i te .  

a F igure 2 .  6l l 5 6 , 30 . a )  general v i ew ,  xpl . width 2mm . 
b )  po i k i l i t i c  area , ppl . wi dth 0 . 2mm . 
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61 1 56 

orthoexroxene 
o ikocryst 
xenocryst 
�lagioclase 
i n  o ikocrysts 
surrounding o l iv ine 
xenocryst 
ol i vine 
high-Ca exroxene 
metal 
other opaques 
phosphates 
K-rich interstices 

TABLE 1 

Modal data for 61156 

61156,5  
( 1300 pts ; Apol lo  16 Lunar 
Sample  Information Catalog, 1972 )  

25 . 9  
18 .4 
7 . 5  

59 . 5  
15 .0 
38.0 
6 . 5  

11 . 7  

1 . 0  
1 . 9  

61156,31 
( 1990 pts; Al bee et a l . ,  1973 ) 

vol% - Wt% 

20 . 6  23 . 0  

62 . 1  55.4 

10. 2 1 2 . 9  
5 . 1  5 . 6  
0 . 3  0 . 9  
0 . 6  1 . 2 
0.3  0 .3 
0 .6  0 . 5  

A w ide vari ety of opaque and other accessory phases occur w i th i n  the poi k i l i t i c  
portions of 61156 ,  i nc l u d i n g  i l men i te ,  arma l co l i te ,  Cr-s p i ne l , ruti l e ,  badde lyi te ,  
metal , troi l i te and schrei bers i te .  Ox i des often form comp l ex associ at i ons , prob
ab ly  represent i n g  the decompos i ti on of some pre-ex i st i n g  ox i de phase (Al bee et �· · 
1973 ; Haggerty, 1973 ) .  I lmen i te p l ates are apparent ly  not rel ated to the devel op
ment of o i kocrysts . Metal  occurs pr i nc i pal ly  as 100-400 �m g l ob u l es and i s  very 
homogeneou s i n  compos i t i on ( F i g . 4 ) . 

Xenocrysts of p l agiocl ase and l ow-Ca pyroxene account for � 1 5% ot the rock . Many 
of these p l ag ioc l ase c l asts h ave cal c i c  cores ( An 9 s - 9 7 )  r immed by overgrowths of 
the same compos i ti on as i n  the poi k i l i t i c  host ( An 8 7 - 9 3 ) .  Trace e l ements i n  p l ag i 
ocl ase c l asts as determi ned by i on mi croprobe ( Meyer e t  a l . ,  1974 ) are presented 
i n  Tab l e  2 .  Ba in these c l asts i s  s i gn i f i cant ly  bel owthe i n i ti al Ba expected by 
� s i tu crysta l l i zat ion . 

TABLE 2 

Trace elements i n  p lagiocl ase xenocrysts i n  61156 

Na2o 0 .39 wt% 
u 5 
Mg 400 
K 760 
Ti 110 
Sr 150 
Ba 18 

All  data i n  ppm except as noted ( from Meyer et !!· · 1974 ) 
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61 1 56 

61156- PLAGIOCLASE 

F i gure 3 .  M i nera l compos i t ions , 
from Al bee et �· ( 1 97 3 ) . 

'1\ NoA!Si206 + CoTiA12� 
L _\ + CoCrAlSi� + CoAlA!Si(\; 

� OLIVINE 

of analyses 10 '--.. ARMA COLITE 
ILMENITE 

Number 20 \:D 
L-AX�/\,-IA\ �1\=��X-rrr, · ��R����l�l�\ �:-r;\,-IA\ �X���, lln������x�x.-11 
Mg h+Mn 

At l east one l arge ( >10 mm l cl ast of anorthos i t i c  brecci a i s  a l so found i n  6 1 1 5 6 .  
It  con s i sts of angu l ar ,  we l l -twi nned p l ag i ocl ase { An g 5 ; up  t o  1 mm ) wh i ch has 
been coarse ly crushed . I ntersti t i al maf ics are rare but ,  where present ,  tend 
to show a poi k i l i t i c  texture around sma l l er p l ag i oc l as e  gra i n s  w 1th in  the 
cl ast . The c last-matr i x  boundary i s  i rregu l ar w ith matr i x  sometimes pene
trat i n g  a long  grain boundar i es of the c l a st .  Metal in the c l ast i s  of the s ame 
compos i t i on as that i n  the poi k i l i t i c  host { F i g . 4 )  ( Hew i n s  and Go l dste i n ,  1 97 5a ) .  

CLAST I N  
6 1 1 56 , 30 

----
o��----�------

o 5 
WT. % N i  

61156, 30 
POIKILITIC HOST 

Fi gure 4 .  Meta l  com pos i t i ons . 
from Hewi ns and Gol dste i n  ( 1 975a ) ,  

---
0o 5 

WT. 'JC. Ni 
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61 1 56 

CHEMI STRY : Major and trace e l ement ana lyses are gi ven by Hubbard et a l . ( 1973 ) ,  
Wanke et a l . ( 1974 ) and LSPET ( 1973 ) .  Al bee et a l . ( 1973 ) ca lcu late-a major 
e l ementbUTk compo s i t i on based on a mode and iiiTnera l ana lyses . E l dr i dge et a l . 
( 1973 ) prov i de data on natural and cosmogen i c  rad i onuc l i des . Rb , Sr and � Th, Pb 
data are presented by Nyqu i st et �· ( 1973 ) and Tera et �· ( 1974 ) respect i ve ly .  

Compos i ti ona l ly ,  6 1 156 i s  more s imi l ar to  Apo l l o  16 bas a l t i c  mel t  rocks  than to 
the other po i k i l i t i c  me l t  rock s .  I t  i s  more a l um i nous than most other po i k i l i t i c  
rocks (Tab l e  3 ) ,  p l ott i ng o n  the p l agiocl ase- sp ine l  cotectic i n  the system 
o l i v i ne-anorth i te-s i l i ca ( F i g .  5 ) .  Rare earth e l ements ( F i g .  6 )  are moderate ly  
enri ched over l ocal so i l s  but  are s i gn i fi cantly l es s  than i n  the  KREEP-rich 
poi k i l i t i c  rocks such as 62235 and 6031 5 .  S i deroph i l es  i nd i cate a s i gn i f i cant ,  
though var i ab l e ,  meteor i ti c  content (Tab l e  3 ) .  Th i s  var i at i on i n  l eve l s  of 
s i deroph i l es i s  almost certai n ly  due to the i nhomogeneous di str i bution of metal . 

TABLE 3 . Summary chemistry of 61156 

Sio2 45 .0 
Ti02 0 . 64 
A1203 23 .0 
cr2o3 0 . 13 
FeO 7 .8  
MnO 0 . 1 1  
MgO 9 . 7  
CaO 13 .5  
Na2o 0 .40 
K20 0 . 108 
P205 0 . 22 
Sr 154 
La 21 . 5  
Lu 0 .90 
Rb 2 .43 
Sc 9 .36 
Ni 184-1190 ( ? )  
Co 59. 4  
I r  ppb 23 
Au ppb 22 
c 
N 
s 1200 
Zn 5 . 0  
Cu 6 .6  

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

F igure 5 .  From S imond s et a 1 .  ( 1 97 3 )  . - -
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Fi gure 6 .  Rare eart hs . 

TABLE 4 .  Summary of isotopic data on 61156 

8 7Sr/8 6Sr 8 7Sr/8 6Sr TBAB I {b .y . ) \uNI 
measured at 4 . 6  b .y.* 

0 . 70202+8 0 .69949 4 . 66�. 12 

( b  .y. ) 

0 . 70217+5 0 . 69948 4 . 63�.11 4 . 77+.11  

Reference 

Tera et .!!_. { 1974 } 
Nyqu ist et .!!_. { 1973 )  

*extrapol ated from 3 . 9  to 4 . 6  b .y. and corrected for i nterl aboratory b i as by Nyquist ( 1977 )  

U-Th-Pb model ages {b .y . ) 
2 o 1 Pb/2 o 6 pb 2 0 6 Pb/2 3 B U 2 0 1 Pb/2 3 s u 2 o s Pb/2 nlh Reference 

4 . 24 4.21  4 . 23 3 . 88 Tera et al . ( 1974 ) 
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61 1 56 

RAD IOGEN IC  ISOTOPES AND GEOCHRONOLOGY : Nyq u i s t  et a l�  ( 1 973 ) report whol e  rock 
Rb-Sr isotop i c  data .  Tera e t  al . ( 1974 ) prov i del#hOTe rock Rb-Sr and U-Th-Pb 
i sotop i c  data . 

-- --

The data are summar i zed i n  Tab l e  4 .  Notab l e  are the o l d  mode l ages ca l c u l ated 
from Rb-Sr systemati cs . U -Pb i sotopes do not show such o l d  mode l ages . The who l e  
rock an a lys i s  of Tera e t  � - ( 1974 ) i s  wi th i n  error of concord i a  a t  4 . 24 b .y .  

MICROCRATERS: Neukum et a l . ( 1973 ) prov i de s i ze-frequency data ( F i g . ? ) .  They con
c l ude that the s urface-o�61156 is in production . 

.. ! 

1,000 .-----.-----.----, 

'N' 
100 

10 1-· 

. I L____. ___ _,_ __ _J 

'F 

61156,0 

caYSTAUINE 

o1to, = 4.4 

TOTAl COUNtS: 

'N' , 25 (-) 
'F ' 69 (16o) 

'1' : 96 (l&a) 
'5' : 13-4 , .... , 

'W' ' 65 P6ol 

. 

10 100 1,000 10,000 10 100 1,000 10,000 10 100 1,000 10,000 

CIA TEl DIAMErll. ,_ 

Fi gure 7 ,  M icroc rater s ,  
from Neu kum � �- ( 1 973 ) . 

PHYS ICAL PROPERTI ES :  I n tr i n s i c  and remanent magnet i c  parameters were measured on 
two splits of 61156 by Nagata et a l . ( 1974 ) u s i ng hysteres i s  and AF-demagneti zation 
tech n i ques . They find no s i gnlfi cant res i due of NR�1 after 1 50 Oe-rms demagnet i za
t ion .  Greater than 90% of the metal  in  6 1 1 56 i s  k amac i te with  4 -6% N i . Schwerer 
and Nagata ( 19 7 6 )  determi ned s i ze d i s tr i but i on data for metal l i c parti c l es in the 
0 . 003-0 . 1 5 ]lm ( 30- 150 A )  s i ze range u s i ng magn�t i c  gran u l ometry . The mean gra i n  
s i ze of f in e-gra i ned meta l  i n  th i s  rock i s  37  A.  
Huffman et a l . ( 1974 ) present Mossbauer and magnet i c  an a lyses of the same two 
spl i ts studTed by Nagata et �- ( 1974 ) These resu l ts are summar i zed i n  
Tab l e  5 .  

TABLE 5 
D i str i bution of Fe i n  the mi neral phases of 6 1 1 56* ( Huffman et a l . , 1974 ) 

Samp l e  pyroxene o l i v i ne i l men i te troi 1 i te meta l  wt% meta l  

6 1 1 56 , 1 1  57 . 9  34 . 2  2 . 8  2 . 8  2 . 2  0 . 70 

6 1 1 56 , 12 49 . 3  43 . 9  2 . 0  1 . 8 2 . 9  1 .  76  

*percentage of total Fe 
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6 1 1 56 

PROCESS ING OF SUBD I V I S IONS : I n  197 2 ,  6 1 156 ,0  was ch i pped to produce _ , 1  , 2  and 
, 4  from the N surface . I n  197 3 ,  the l argest p i ece remai n i n g  ( 6 1 1 56 , 0 )  was en
t i re ly  subd i v i ded to produce ,3  and , 9 - , 13 ( F i g . ? ) .  , 9 - , 12 came from the W 
h a l f  of , 0 .  , 13 i s  the E end of , 0  and i s  now the l argest s i ng l e  p i ece re-
ma i n i n g  (43 . 4  g ) . Other sp l i ts h ave s i nce been made from the chi ps . 

F igure 8 .  S-7 2-5353 4 .  
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61 1 57 FRAGMENTAL POLYMI CT BRECCIA 1 1 . 26 g 

INTRODUCTION :  61 1 57 i s  an i rregu l arly shaped fragment  of pa l e  medi um gray , 
fragmental  brecc ia  ( F i g .  1 ) .  I t  i s  fa i rly coherent and fractured wi th some 
p l anar surfaces . I t  conta i ns dark and l i ght col ored angu l ar  cl asts ,  a l l  of 
whic h  are smal l .  61 1 57 was ta ken from t he rego l i th 2 5 m northeast  of  
F l ag Crater . I ts s urfaces have some pat i n a  and  zap p i ts .  

F igure 1 .  61 1 57 , 0 .  Smal l est sca l e  subd i vi s i on 0 . 5mm 
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61 1 58 FRAGMENTAL POLYM I CT BRECCIA 1 4 . 79 9 

I NTRODUCT ION :  6 1 1 58 i s  a pa l e  gray ,  fri abl e ,  po lymict brecci a  ( Fi g .  1 ) .  I t  
contai ns smal l dark and l i ght-col ored fragments . The s amp l e  was taken from 
the rego l i th 2 5 m northeast of  Fl ag Crater . I t  has  rare zap p its . 

PROCESS I NG AND SUBD I V I S I ONS : A part of 6 1 1 58 has been numbered separate ly  a s  
, 1 ( 4 .  00 g ) .  
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F i 9 u re 1 . 61 1 58 , 0 

61 1 58 , 1 . Smal l est 
sca l e s ubd i v i s i o n  
0 . 5mrn . 



61175  FRAGMENTAL POLYMI CT BRECCIA 543 g 

I NTRODUCTION : 61 175  i s  a fri ab l e ,  gray matri x  brecc i a  ( F i g .  1 )  w ith a w i de 
vari ety of c l ast  types . I t  i s  s ubrounded i n  sh ape , and homogeneous i n  co lor and 
texture . 

6 1 1 75  was co l l ected near the northeast r im  of P l um Crater ,  and i ts ori entat ion i s  
known . Zap p i ts are abundant on the '' l unar up '' surface and rare to absent on 
other surfaces . 

Fi gure l .  S -78 -3 1 342 , mm scal e .  
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6 1 1 7 5  

PETROLOGY : W i nzer e t  a l . ( 1977 ) provi de detai l ed petrograph i c  i nformat i on .  
A varfely of m i neral and 1 i th i c  c l asts rest i n  a fr i ab l e ,  c l as t i c  matri x  s i riter
ed by a sma l l amount of a l k a l i -r i ch g l as s  ( F i g .  2 ) .  Moda l  data are presented 
by W i nzer et a l . ( 1977 ) and reproduced here as Tab l e  1 .  Gra i n  s i ze of the matr i x  
i s  ser iatefrom several mi l l imeters down to a few mi crons . A s i gn i f i cant rego
l i th component is s uggested by the several types of g l as s  beads and fragments 
present i n  the matr i x .  G l as s  compos i t i ons  are pl otted i n  F i gure 3 .  A mare com
ponent i s  present i n  the g l asses and as a g l assy brecc i a  c l ast  (W i nzer et a l . 
1977 ; De l ano ,  1975 ) .  Coarse sp i ne l  fragments ( up to several mm ) are scattered 
through the matr ix  but are not present in any of the l i th i c  c l asts , suggesti n g  
that at l east one rock type n o t  present as c l asts h a s  contri buted to the matr ix  
(W i nzer et �· · 1977 ) .  

L i t h i c  c l asts i nc l ude , i n  approx imate l y  decreas i ng order of abundance, bas a l t i c  
mel t rocks  ( c l ast-free and c l ast-bear i n g ) ,  coarse-grai ned annea l ed rock ( granu
l i te ) ,  f i ne-grai ned annea l ed r·ocks ( hornfe l ses ) ,  and catac l ast i c  anorthos i tes . 

Basal t i c  mel t  rock c l asts ( F i g .  2 )  have textures ran g i n g  from v i trophyr i c  to 
d i abas i c .  �1ost are hol ocrysta l l i ne w i th p l ag i oc l ase , c l i nopyroxene , ortho
pyroxen e ,  o l i vi n e ,  i lmen ite  and a comp l ex mesostas i s  as the pr i nc ipa l  consti t
uents . Mi nera l s are zoned and compos i ti ons  from a l l textural varieties  over l ap .  
O l i v i ne and pyroxene compos i tions  are shown i n  F i gures 4 and 5 . P l ag ioc l ase i s  
An s s - s 3 · Some of the basal t i c  c l asts carry xenocrysts of o l i v i ne and p l ag i oc l ase 
and rare l i th ic  fragments . Accessory m i neral s ,  norma l l y  associ ated w i th the 
mesostas i s  but a l so  occur i ng  a.s xenocrysts , i nc l ude Mg-sp ine l , chrom i te ,  troi l i te ,  
metal ( up to 9% N i ) ,  schrei bers i te ,  i lmen i te ,  armal col i t e ,  rut i l e  and a Zr-mi n 
eral . 

Coarse-grai ned granobl ast i c  c l asts ( granu l i tes  of Wi nzer et a l . ,  1977 ) i n c l ude 
anorthositic ,  nerit i c  and troctol i t i c  l i tho log ies w i th the-anhedral m i neral s ,  
smooth gra i n  boundari es and tri p l e  junctions i nd i cat i ve of exten s i ve subso l i dus 
annea l i n g  ( F i g .  2 ) . Maf i c  mi nera l s are unzoned and l argely equi l i brated w i th i n  
any s i n g l e  c l ast ( F i g . 6) .  Some l arge p l ag i ocl ase grai ns h ave ca l c ic  cores 
(An s s - s 7 ) and narrow , more sod i c  rims . Some of the ner i t i c  c l asts have anhedral 
orthopyroxene poi k i l ob l asts ( u p  to �1 mm ) wh i ch encl ose anhedral p l ag i ocl ase and 
rare i lmen i t e .  Several of the po i k i l ob l asts show exso l ut i on l ame l l ae ( up to 0 . 1  mm )  
of h i gh-Ca pyroxene . Anhedral , magnes i an i l men i tes are ·found i n  some granob l ast i c  
c l asts . 

F i ne-grai ned granob l ast i c  c l asts ( hornfe l ses  of  W i nzer et �. , 1977 ) are character
i zed by an i nterl ocking mass  o·r-anhedra l  p l ag ioc l ase p l us o l i v i ne and/or py
roxene w i th smooth gra i n  boundar i es and tri p l e  junctions . Gra i n  s i ze i s  typ i c a l 
l y  � 50�m o r  l es s .  Many o f  these c l asts are r i ch  i n  xenocrysts . Mi nera l s are un
zoned and l argely equ i l i brated ( F i g .  5 ) ;  g l as s  i s  absen t .  Xenocrysts of p l ag io
cl ase often h ave cal c i c  cores (An s s )  and th i n  r ims  of  the  same compos i ti on as  the 
groundmas s p l agiocl ase ( down to An s a ) .  Metal ( 4 . 5-9% N i ) ,  tro i l i te ,  i l men ite , 
apati te and schrei bers i te occur as accessory m i neral s .  Several of the f i ne-gra i n 
ed  annea l ed c l ast s have a po i k i l ob l as t i c  texture that ranges from poorl y  to  wel l  
devel oped ( F i g .  2 ) . These poi k i l ob l as t i c  c l asts are textura l l y  d i st i nct from the 
typi cal Apo l l o  16 po i k i l i t i c  rocks  ( such as 603 1 5 )  wh i ch usual l y  show a me l t  tex 
ture characteri zed by euhedral crysta l l i tes  of  p l ag i oc l ase enc l osed by anhedral 
pyroxene o i kocrysts . 
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61 1 7 5  

a 

c 

Fi gure 2 .  

d 

a ) 61 1 7 5 , 1 08 ,  general v i ew ,  ppl . width 2mm . 
b ) 61 1 7  5 , 97 , ba s a 1 tic c 1 a s t , p p 1 . wi dt h 1 mm . 
c ) 61 1 7 5 ,  1 08 ,  fi ne-gra i ned granobl a stic c l ast , xpl . wi dth 2mm . 
d ) 61 1 7 5 ,  97 , coarse- grai ned grano bl ast ic  c l a st , xpl . wi dth  2mm . 
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61 1 7 5  

Catacl ast i c  anorthos i tes occur a s  l arger c l asts ( up to 2 em ) wh i ch have been 
moderately to severel y  shocked and brecc i ated . Maske lyn i te i s  abundant and me l t
i n g  h as occurred i n  some c l asts . Or i g i n a l  gra i n  s i ze of the pl agiocl ase ( An s s - l o o )  
was several mi l l imeters . M i nor phases i nc l ude o l i v i ne ,  orthopyroxene , and rare 
i l men i te and spi ne l  . 
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Figure 3 .  G l a s s  compos i t i ons , 
from Wi nzer et �. ( 1 977 ) . 

Fa 

F igure 4 .  Pyroxene ,  o l i v i ne compos i ti on s  i n  
c l a s t-free ba sal tic  c l a sts , from Winzer et �· 
( 1 977 ) .  
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6 1 1 7 5  

• Melt Rocks 
• Hornfelses 
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Fi gure 5 .  Pyroxene ,  o l i v i ne  compos i t i ons i n  
c l a s t-bear i ng mel t c l a sts and fi ne-grai ned 
�ranobl a sti c c l a sts , from Wi nzer et a l . 
( 1 977 ) .  - -

Figure 6 .  Pyroxene , o l i v i ne compo s i t ions  
i n  c oarse-gra i ned granobl a stic c l asts , 
from Wi nzer et �· ( 1 977 ) .  
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61 1 7 5 

CHEMI STRY : Wi nzer et a l . ( 1 977 ) prov i de major and trace e l ement data for matr i x  
and var i ous  c l ast  samples . S . R .  Taylor et a l . ( 1974 ) report major and trace 
el ement ana lyses on a p l ag ioc l ase-r i ch separate of a who l e  rock samp l e .  Cr i pe and 
Moore ( 1974 ) report bu l k  s u l fur  and Moore and Lew i s  ( 1 976 )  g i ve b u l k  carbon and 
n i trogen data . E l dr i d ge et -�· ( 1973 ) determi ned K ,  U ,  and Th by gamma-ray 
spectroscopy . 

Ana lyses by W i n zer et  al . { 1977 ) show the matr i x  of 61175  to be somewhat more 
maf i c  than i ts c l astS Tfabl e  2 ) .  Compared to the l ocal  soi l s ,  the 61175  matr i x  
h as the same Fe/Mg but i s  depl eted i n  absol ute abundances of ferromagnes i an e l e
ments and REE s .  

None o f  the rock types c l as s i f i ed o n  the bas i s  of texture can b e  s i n g l ed o u t  as 
chemi cal l y  d i st i nct . F i gure 7 shows that the major  e l ement chem i stry of a l l of 
the c l ast  types over l ap a l thou gh some c l u ster i n g  i s  apparent . Coarse-grai ned 
c l asts tend to p l ot near the anorth i te apex wh i l e  the f i ne-grai ned annea l ed rocks 
h ave compos i t i ons  s i m i l ar to other Apo l l o  16  poi k i l i t i c  mel t  rock s and p l ot near 
the o l i v i ne-p l ag i ocl ase-sp i ne l  per i tecti c .  Basa l t i c  textured c l asts c l u ster be
tween these two groups . 

S ll1CA 

Figure 7 .  From Wi nzer et a 1 .  ( 1 977 ) .  

"--ANT, -hornfels, e-impact melts, and +-basalts. Unfilled symbols mark 

clasts whose classification is uncertain. 

TABLE 1 .  Summary chemistry of 61175 

Si02 
Ti02 
Al2o3 
cr2o3 
FeO 
MnO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 
Sc 
Nf 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

45. 5  
0 .53 

27 . 8  
0 .06 
4 . 3  
0 .06 

16.2 
0 . 51 
0 . 10 

201 

0 .5 
2 . 3  

69 
91 

570 

Oxides i n  wt%; others i n  ppm except 
as noted. 
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61 1 75 
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Lithophile trace element abundances from clasts and matrix of 61 175. 61 175,133 
and , 126 are dark clasts and are probably melt rocks. 61 175 , 13 1  and ,170 are white 

clasts, and are moderately shocked anorthosites. 

Figure 8 .  From Wi nzer � a l . ( 1 977 } .  

Rare earth e l ements ( F i g .  8 )  a l so s how the d i vers i ty of c l ast compos i t i ons a l 
though too few c l asts have been ana l yzed to show def i n i te trends . Apparent ly  the 
c l asts h ave" a ran ge of REE abundances wh i ch bracket that of the matr i x .  Of par
t i cu l ar i n terest i s  sp l i t  61175 , 1 70 wh i ch samp l ed a sma l l anorthos i te c l as t .  Th i s  
c l ast has very l ow REE abundances and may represent a pri st i ne l i thol ogy a l though 
no s i deroph i l e  data are avai l ab l e .  Other anorthos i t i c  c l asts from th i s  rock h ave 
s i gn i fi cant ly  h i gher REEs ( , 131  on Fi g .  8 )  and have probab ly  been contami nated 
w ith KREE P .  Basal t i c  c l asts may be e i ther poor or r i ch i n  a KREEP component ( e . g .  
, 126 and , 133 respect i ve l y ,  F i g .  8 ) .  

STABLE ISOTOPES : C l ayton et a l . ( 1973 ) determi ned a who l e  rock o 0 1 8 va l ue of 
5 . 78°/oo ,  typical of Apo l lo-1�brecc i as .  
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61 1 75 

/� EXPOSURE AGE : A max imum track exposure age of 10 m . y .  i s  reported by Crozaz et a 1 .  
( 1974, reference to F l e i sher and Hart , 1974 , unpub l i shed ) .  Crozaz et a 1 . ( 1974} -
a l so ca l cu l ate a surface exposure age of > 1 . 5  m . y .  from the cosmogenic-rad i o
nuc l i de data of E l dr i dge et �l· ( 1973 ) .  

' 

MI CROCRATERS : Morri son et a l . ( 1973 )  and Neukum et  a l . ( 1973 ) report s i ze-frequency 
data for mi crocraters on-6Tr75 ( F i g .  9 ) .  From the-subrounded shape of the rock 
and i ts crater d i str i buti on , both authors conc l ude that 61175 i s  probabl y  i n  equ i 
l i bri um .  

Schaal e t  a l . ( 1976 ) prov i de detai l ed petrography and mi croprobe ana l yses of a th i n  
secti oncutthrough a 3 . 6  mm , g l ass- l i ned mi crocrater as a n  exampl e  of an impact 
i nto a comp l ex ,  po lym ict  host . Preferent i a l  ass jm i l at ion of p l ag ioc l ase over py
roxene and sma l l sca l e f l ow and m i x i n g  was observed . The g l ass  l i n i ng i s  i nhomo
geneous ( 30-37% Al �3 ) and s i gn i ficant ly  enri ched i n  a p l ag ioc l ase component re l at i ve 
to the host matr i x .  Shock effects i n  the host progress i ve ly  d imi n i sh away from 
the crater through a zone � 1 . 5  mm i nto the rock . 

. ... 

�� N E " 
.;, •• " " "' ::0 g 

F i gure  9 .  Microcraters ,  .:: 

··-\\ 
� " 

from Morri son et a 1 . ( 1 973 ) .  •/\. ,  .. " 0 -- --
"' . _ .,. ..,_ � co > 
� 

<>-<>-- � "' ::0 
E "' (..) u -----' " ... · - ,__ 

Crater diameter, l"m 

PHYSICAL PROPERT I E S :  Compres s i ona l  and shear wave ve l oc i t i es at pressures up to 
10 kb were measured by M i zutan i  and Osaka ( 1974 ) ( F i g . l O ) . The porous n ature of 
61175 res u l ts i n  v e l oc i t i es s i gn i fi cant ly  l es s  than those determined for the l un ar 
cru s t .  

PROCESS I NG AND SUBDI V I S IONS : I n  1972 , 6 1 175  was ch i pped i nto s i x  ma in  p i eces 
( , 0- , 5 ) .  I n  1973 the l argest of these ( ,0 )  was cut i nto three p i eces ( , 16 , 19 and 
, 20 )  one of wh i ch was a s l ab ( , 19 ) .  The s l ab was subsequent ly  d i v i ded for a l l o
cat i ons  ( F i g .  1 1 ) .  A l l of the Wi nzer et a l . ( 1977 ) a l l ocati ons came from the s l ab 
w i th most of them be i n g  taken from , 21-an�, 30 . The l arge wh i te c l ast shown i n  
, 30 i s  a moderately  shocked anorthos i te and was an a lyzed as , 15 1  ( see CHEMISTRY ) .  
The anorthos i te c l ast  w i th very l ow REEs ( , 170 ) was a sma l l c l ast  from , 21 .  I t  
was not the l arge wh i te c l ast  seen i n  , 21 i n  F i gure 14 . S . R .  Taylor et a l . ( 1 974 ) 
rece 1 ved several who l e  rock ch i ps from butt end , 16 but the analys i s  �80} i s  
un l i ke  any of the other matr i x  ana lyses and l ooks more l i ke a p l ag i oc l ase-r i ch 
separate . 
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61 1 75 

F igure 1 0 .  Wave vel oc i ty profi l e ,  
from M i zuta ni  and Osako ( 1 974 ) .  
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Ffgure 1 1 . Sl a b  s u bd iv i s i ons , mm scal e .  S-7 3-2 5605 . 
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61 195 REGOLITH BRECC IA 586 

I NTRODUCT ION : 61195 i s  a coherent ,  med i um gray brecc i a  w i th a g l assy matr i x  and 
abundant cl asts ( F i g .  1 ) .  A s i gn i fi cant rego l i th component is i nd i cated by the 
petrography and chemi stry . A dark , ves i cu l ar g l as s  coats 80-90% of the exter i or 
surface and i ntrudes the rock as sma l l  ve ins .  

Th i s  s amp l e  was col l ected from the northeast r im  of P l um Crater ,  where i t  was 
about � bur ied .  Its  orientation i s  known . Zap p i ts are common on the  " l unar up "  
surface ,  rare to  absent on  other surfaces . 

F igure 1 .  S-72-3797 2 ,  em scal e .  
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PETROLOG Y :  61195 i s  a g l assy matr i x  brecc i a  w i th a n  abundant and d i verse c l ast  
popul ation ( <0 . 1-3 mm ) ( F i g .  2 )  and a l ow poros i ty .  Two sets of near l y  perpen
d i cu l ar fractures cut the  rock and  cross c l ast-matr i x  boundar i es . 

Homogeneous and part ly  crysta l l i ne g l ass  beads and fragments are common , and 
i nd i cate a rego l i th component .  Mi neral c l asts i n c l ude p l ag ioc l ase ,  pyroxene and 
o l i v i ne ,  near l y  a1 l of wh i ch h ave been shocked or recrysta l l i zed . L i t h i c  c l asts 
i n c l u de rounded to angu l ar fragments of granob l ast i c  anorthos i te and anorthos i t i c  
nori te , catac l ast i c  anorthos i te ,  sp i nel - and c last-beari n g  basa l ti c  i mpact mel t ,  
fi ne-grai ned poi ki l i ti c  impact mel t ,  c l ast-rich  vi tr i c  matr i x  brecc i a ,and p l ag io
c l ase v i trophyre . Fe-metal ,  troi l i te ,  schre i bers i te and rare i l men i te are 
acces sory phases i n  both the matri x and some c l asts . 

F i g ure 2 .  61 1 95 ,36 , genera l v i ew ,  
ppl . wi dth 2mm . 

CHEMI STRY : Wanke et  a l . ( 1 975 ) prov i de bu l k maj or and trace e l ement data . 
E l dri dge et a l . ( 1 973r-report whol e roc k data for K, U , and Th determi ned by 
gamma-ray spectroscopy . The major and  l i thoph i l e  e l ement a bundances (Tabl e l ,  
Fi g .  3 )  are i dent ica l  to those of l oca l  mature soi l s .  S i deroph i l e  e l ement abun
dances in the rock  are s l i ght ly l ower than i n  the soi l s .  
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TABLE 1 .  Summary chemistry of 61195 

Si02 
Ti02 
A1203 
cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
I r  ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

45 . 5  
0 .50 

26.8 
0.099 
5 . 13 
0.06 
5 .56 

15.4 
0 .46 
0.088 
0 . 17 
166 

14.6 
0.64 
3 .86 
8 . 53 
410 

27 . 1  
1 1 .3 
6 . 1  

660 
9 . 71 
3 . 76 

Oxides in wt%; others in ppm 
except as noted. 
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F i g ure 3 .  Rare earths . 
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EXPOSURE AGE : E l dr i dge et a l . ( 1973 ) report cosmogen i c  radi onuc l i de data and 
con c l ude that the rock  isunsaturated in  2 6Al . The very l ow 2 6Al /2 2 Na i nd i cates 
a surface exposure age of <1 m . y .  

PROCESS I NG AND SUBD I V I S IONS : I n  1973 , 61195 was cut i nto three mai n  p i eces i n 
cluding  a s l ab .  The s lab was ent ire ly  subd i v i ded i nto sma l l er ch ips  ( F i g .  4 ) .  
Al l ocat i ons  for th i n  sect i ons  were made from two c h i ps of the s l ab ( , 7 an d , 9 ) .  
Wan ke et al . ( 1975 ) ana lyzed a co l l ect i on of smal l c h i p s  ( , 29 ) for chemi stry .  
Other Chips were a l so taken from butt end , 4 .  

- - - - - - - - -- ..... ' ' " 

- - - - - - - - -

Fi gure 4 .  
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61 225 C RYSTALL I N E  IMPACT MELT 3 . 52  g 

I NTRODUCTION : 6 1 225 i s  a coherent , med i um gray , crystal l i ne roc k  that i s  
probabl y  a n  i mpact mel t  ( Fi g . 1 ) .  Vugs and vesi c l es are heterogeneous ly  
di stri buted a nd  a l l but one of  the s u rfaces a re covered wi th thi ck ,  wh i te dust .  
The N s u rface i s  c l ean and  appears to  be  fresh . Th i s  rock  was taken from the 
soi l sampl e from the bottom of the trench on the east rim of P l um Crater .  Zap 
p i ts a re absent.  

F i g ure 1 .  S-72 -41 306 , em sca l e .  
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61 226 CATACLASTI C  ANORTHOS ITE ,  PARTLY GLASS-COATED 1 . 53 9 

I NTRODUCTION:  6 1 226 con s i sts of coherent ,  whi te anorthos i te separated by a 
zone of crushed , pa l e  gray brecci a  ( Fi g .  1 ) .  The l a tter may be a crushed 
vers i on of the anorthos i te ,  a l though i t  conta i n s  sma l l b lack specks . A 
th i n  (� 1 mm )  bl ack g lass  coats part of the surface . 

6 1 226 was taken from a soi l sampl e  col l ected from the bottom of a trench 
dug on the east rim of Pl um Crater . I t  l acks zap p i ts .  

Fi gure l .  Smal l est scal e subd i v i s i on 0 . 5mm . 
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61 245 F I NE-GRAINED IMPACT MELT 8 . 25 g 

INTRODUCTION :  61 245 i s  a fi ne-gra i ned or g l assy, dark gray , crysta l l i ne 
rock ( Fi g .  1 ) .  I t  conta i n s  ves i c l e s ,  both round ( up to 2 mm across )  and 
e l ongate ( up to 1 em l ong ) . I t  conta i n s  a few percent rounded whi te c l ast s . 
6 1 245 was taken from a soi  1 samp 1 e co 1 1  ected from the top of a trench dug 
on the east rim of P l um Crater . I t  l acks  zap p i ts .  

Fi gure 1 .  smal l est scal e subd i v i s ion 0 . 5mm . 
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61 246 F I NE-GRA I N ED I M PACT MELT 6 . 05 g 

I NTRODUCTION : Most of 6 1 246 i s  a fi ne-gra i ned or g l assy ,  gray or green i s h  
i mpact mel t .  I t  conta i ns  rare ves i c l es , some of whi ch are soi l fi l l ed , and 
i s  angu l ar and coherent ( F i g . 1 ) .  One s i de has a ri nd  of fragmental ( though  
coherent )  brecci a  w h i c h  i s  fi rm ly  attached and may have been we l ded o n  whi l e  
the mel t was sti l l  hot . Thi s fragmental ri n d  cons i sts of ti ny bl ack frag 
ments i n  a pal e-col ored matr i x .  

6 1 246 was taken from a soi l samp l e  col l ected from the top of a trench dug  
on the east r im  of P l um Crater .  I t  l ac ks zap p i ts .  

Figure 1 .  Sma l l est sca l e  su bd i v i s ion  0 . 5mm . 
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6 1 247 POIKIL ITIC  I MPACT M ELT ( ? )  2 . 48 g 

INTRODUCTION :  6 1 247 i s  a coherent,  angu l ar samp l e  (fi g .  1 ) .  I t  i s  macro
scop i ca l ly s imi l ar to the poi k i l i ti c  impact mel t  6501 5 ,  wi th pal e-col ored 
pyroxene o i kocrysts ( ? )  a bout 1 mm across enc l os i ng g ray ( p l ag ioc l ase? )  
grai ns . Some of  the p l ag ioc l ases are q u i te l ath-s haped but most very 
angul ar .  Between these a Y'eas are di sti ncti ve dark chai n s .  The samp l e con
tai ns a few vugs . 

6 1 247 was taken from a soi l samp l e col l ected from the top of a trench dug 
on the east rim of P l um CY'ater . I t  l ac ks zap p i t s .  

Figure 1 .  Smal l est sca l e  subd i v i s ion  0 . 5mm . 
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61248 FRAGMENTAL POLYM ICT BRECC IA  1 .  7 1  g 

I NTRODUCT ION : 61248 i s  an extreme ly  fr i ab l e ,  po lym i ct brecc i a  ( F i g .  1 ) .  I t  
i s  pale-colored w i th several smal l ,  dark , coherent c l asts . 61248 was taken 
from a soi l samp l e  co l l ected from the top of a trench dug on the east r im  of 
P l um Crater . I t  i s  far too fr i ab l e  to h ave retai n ed zap p i ts .  

Figure l .  mm scal e .  
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6 1 249 BASALTI C  IMPACT MELT ( ? )  1 . 1 7  9 

I NTRODUCTION : 6 1 249 i s  a s l abby coherent samp l e  ( Fi g .  1 ) .  I t  i s  crystal l i ne 
wi th yel l owi s h/ gray and whi te mi nera l s ,  a nd i l meni te forms d i s ti nct l aths . 
A basa l ti c  texture i s  not wel l -devel oped , a l though the p l ag iocl ases appear 
to be � 1 mm l on g . The sampl e l ac ks vugs or ves i c l es . 

61 249 was ta ken from a soi l samp l e  col l ected from the top of a trench dug 
on the east rim of P l um Crater .  I t  has several zap p i ts . 

F·i gure 1 • mm sea 1 e .  
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61 255 C I NDERY GLASS l .  1 3  g 

INTRODUCTION : 6 1 255 i s  a ves i cu l ar ,  c i ndery bl ac k  g l ass ( Fi g .  1 ) ,  conta i ni ng 
one promi nent pure whi te c l ast . The g l as s  has severa l broken surfaces . 6 1 255 
was ta ken from a soi l samp l e  col l ected from the top of a trench dug  on the 
east r im  of P l um Crater . It  l acks zap p i ts .  

Figure 1 .  Sma l l est scal e s ubd i v i s ion 0 . 5mm .  
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61295 REGOL ITH BRECC IA 187 . 0  

I NTRODUCT ION : 6 1295 i s  a moderatel y  coherent polymi ct brecc i a  ( F i g .  1 )  conta i n i ng 
a w i de var1 ety of c l asts . G l ass  shards , g l ass  beads , and agg l ut i nates are present ;  
some of the g l asses appear to be of mare der i vati on . On ly  about 10% of the c l asts 
are l arger than 1 mm , and most are angu l ar .  

61295 was removed from an unbur i ed port ion of 
of P l um Crater , and i ts or i entati on i s  k nown . 
h as many zap p i ts . 
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6 1 295 

PETROLOGY : LSPET ( 1973 ) depi cts 6 1295 as typ i ca l  of those po lymict , l i ght-gray ,  
moderately fr i ab l e  brecc i as wh i ch have essent i a l l y  g l ass-free matr i ce s . 

Th i n  sect i ons  are of a po lym i ct brecc i a  conta i n i ng abundant l i th i c  c l asts ( F i g .  2 ) .  
25% of the rock con s i sts of fragments l arger than 200 �m . The matri x  i s  extreme ly  
porous and  most fragments , inc l ud i ng the  sma l l es t ,  are angu l ar ( F i g .  2 ) .  The 
l i th i c  c l asts i n c l ude fe l d spath i c  impact basa l t s ,  fe l dspath i c  gran u l i tes , 
aphan i t i c  brecc i as ,  and poi k i l i t i c  impact mel t s .  P l ag i oc l ase and maf i c  m ineral  
fragments are common . Rego l i th-deri ved mater i al s--orange g l ass shards , c l asts 
and pa le  green g l ass bal l s ,  and agg l ut i n ate fragments- -are common .  Some of the 
g l asses are ev i dent ly  of mare ori g i n :  De l ano ( 1975 ) refers to mare components in 
6 1295 but does not detai l spec i f i c  ana lyses . 

F igure 2 .  61 295 ,37 , general  
v i ew, pppl . wi dth 2mm . 

CHEMISTR Y :  For bu l k  rock samp l es ,  LSPET ( 1973 ) presents major and some trace 
element abundances . Hubbard et a l . ( 1974 ) present abundances of trace e l ements 
i n c l udi ng  rare-earths . E l dr idgeet a l . ( 1973 ) present K ,  U ,  Th , and rad i o 
nuc l i de data , and Moore et a l . ( 1973)present carbon contents . Nyqu i st et a l . 
1974 ) present R b ,  Sr abundances . L i tt l e  spec i f i c  comment i s  made by these -
authors . 

The chem i s try i s  summar i zed i n  Tab l e  1 and F i gure 3 .  A l though the rock contai n s  
rego l i th -der i ved fragments , i t  d i ffers from l ocal  soi l s  i n  i ts h i gh Al 2o3 , and i ts 
C content ( 55 ppm )  i s  s i gn i fi cantly l ower than most soi l s  ( 100+ ppm ) . 
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Fi gure 3 .  Rare earths , from Hubbard et a 1 . 
' - -

TABLE 1 .  Summary chemistry of 61295 bulk rock 

Si02 45 .2 
Ti02 0.56 
A1203 28.3 
Cr2o3 0.08 
FeO 4.5 
MnCT 0.06 
MgO 4.7 
CaO , ,  ? 

4. V e &. 

- Na2o 0.46 
K20 0.09 
P2os 0.10 
Sr 186 
La 10.4  
Lu 
Rb 2 .3 
Sc 
Ni 1 14 
Co 
Ir ppb 
Au ppb 

Yb Sr c 55 
Lu N 

s 600 

( 1 974 ) . Zn 
Cu 

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

0'1 ..... 
N 
<.0 
(.11 



61 295 

RAD IOGEN I C  I SOTOPES AND GEOCHRONOLOGY : The on ly  rad i ogen i c  i sotope data pub
l i shed on  6 1 295 are Rb-Sr who l e  rock data by Nyqu i st  et  ftl. ( 1 974 ) , summari zed 
i n  Tabl e 2 .  

TABLE 2 .  Who l e  rock Rb-Sr i sotop i c  data ( Nyqu i st  et a l . , l974 ) 

Rb ppm Sr ppm 8 7 Srj B 6 Sr TBAB I * \uNI* 
b . y .  b . y .  

2 . 308 186 . 0  0 .  70130+6 4 . 28+ . 15 4 . 41+ . 1 5  

*BAB I and LUNI  adj usted for interl aboratory b i as .  

EXPOSURE AGES : Yokoyama et a l . ( 1974 ) assess the rad i onuc l i de data of 
E l dri dge et al . ( 1973 ) as TndTCati n g  that 61295 i s  saturated wi th  2 6Al . 
Thus the exposure age of 61295 i s  l on g  i n  re l at i on to the h a l f- l i fe of 
2 6Al . 

PROCESS I NG AND SUBDI V I S IONS : 61295 has ma i n  subd i v i s i on s  as shown i n  F i gure 1 ,  
but many smal l p i eces also ex i s t .  A po i k i l i t i c  i mpact me l t  c l ast  was removed 
from , 12 and p art made i nto a potted butt for th i n  sect i ons . Bu l k  matr i x  , 3  
( not shown ) was a l so made i n to th i n  sect ions . 
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6 1 505 F I N E-GRAI NED IMPACT MELT(? ) 1 .  65 9 

I NTRODUCTION :  6 1 505 i s  a med i um dark gray ,  angu l ar fragment (F i g .  1 )  wh i c h  i s  
fi ne-gra i ned and coherent . I t  l acks  obv ious  c l a s ts or  ves i c l e s .  I t  i s  probably 
a fi ne-grai ned or g l a s sy impact mel t .  I t  was taken from a rego l i th samp l e  col 
l ected 30 m east of F l ag  Crater . Zap p i ts are common on most s urfaces and have 
whi te or col orless  g l ass  l i n i ng s .  

Fi gure 1 . Sma 1 1  est sea 1 e subdi v i s i on 0 .  5mm . 
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61515  FRAGMENTAL POLYMI CT BRECC IA 2 .00 g 

I NTRODUCTION : 6 1515  i s  a fri ab l e ,  l i ght gray c l ast i c  brecc i a  w i th many sma l l ,  
wh1 te to gray c l asts ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected about 45 m north
east of P l um Crater . Zap p i ts are rare . 

Fi g�. S-72-43347 . 
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,/-- ---------
6 1 5 1 6  FRAGMENTAL POLYMICT B RECCIA 2 . 38 g 

INTRODUCTION : 6 1 5 1 6  i s a fri ab l e ,  l i ght gray , c l asti c b recc i a  ( Fi g .  1 ) .  I t  
i s  a rake s amp l e  col l ected "v45 m northeast o f  Pl um Crater .  Zap p i ts a re present .  

PETROLOGY : Warner et al . (1 973 )  i ncl ude 6 1 5 1 6  i n  a general  petrograph i c  di s 
cus s i on o f  Apol l o  l�rake samp l es and provi de a photomicrograph . Ph i nney et 2l: ( 1 976 ) s tudi ed the matr i x  characteri sti cs us i ng S EM techn i ques . -

Figure 1 .  S-72-5533 1 , mm scal e .  
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6 1 5 1 6  

Abundant  mi neral and l i th i c  c l asts rest i n  a porous ,  unequ i l i brated matri x  
( F i g .  2 ) . P l ag ioc l ase fragments are the domi nant c l ast type . A few l arge ( up 
to �o. 5  mm )  gra i n s  of mafi c s i l i cate are present .  L i th i c  c l asts i nc l ude grana
b l a sti c anorthos i te ,  basa l ti c  i mpact mel t , coa rse-gra i ned poi k i l i ti c  impact 
mel t , and recrysta l l i zed , granobl asti c brecci a .  Phi nney e t  �- ( 1 976 ) fi nd  that 
the matri x contai ns 2-3% g l ass w ith  traces of s i n teri ng and �35% poros i ty .  

Figure 2 .  61 5 1 6 ,4 ,  general 
v i ew ,  ppl . wi dth l mm .  

CHEM I STRY : Fl oran et  �- ( 1 97 6 )  present major e l ement data obta i ned by e l ectron 
mi croprobe analys i s of natural roc k powder fused to a g l as s  ( except FeO and 
Na20 ,  by i nstrumental neutron acti vat i on ) . B l anchard ( unpubl i s hed data ) pro
vi des a trace e l ement  anal ys i s  and the FeO and  Na20 data quoted by F l oran et  �- ( 1 976 ) .  

-

These data show that 6 1 5 1 6 i s  s i mi l a r  i n  i ts maj or el ement  chem i s try to the 
l ocal  mature soi l s . bu t  conta i ns s l i ght ly l ower l eve l s of rare earth e l ements 
as compared to the soi l s  (Tab l e 1 ,  Fi g .  3 ) . 
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Oxides 

TABLE 1 .  Summary chemistry of 6 1 5 1 6  

S i 02 45. 58 
T i02 0 .42 
Al 203 27 . 24 
Cr203 0 . 1 02 
FeO 4 .61 
MillO 
MgO 6.05 
CaO 15 . 35 
Na20 0. 538 
K20 0. 1 2 
P20s 
Sr 
La 10 .4  
Lu  0 . 52 
Rb 
Sc 7 . 1 6  
Ni 195 
Co 18 . 1  
I r  ppb 
Au ppb 
c 
N 
s 
Zn 29 
Cu 

in  wt%; others in  ppm except as noted. 
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61 51 6 

PHYS I CAL PROPERTIES : Pearce a nd S i monds ( 1 9 74 )  report the resu l ts of a room 
temperature hysteres i s  curve determi nat i o n  on 61 5 1 6 .  The very smal l satura
t i on remanence to saturat i o n  magneti zat i on rati o  ( JRs/Js = 0 . 005 )  i ndi cates 
that vi rtua l l y  al l �f the ferromagneti c phases i n  th1 s samp l e  a re mul ti domai n 
parti c l es .  Fe0/ Fe2 i s  0 . 0949 and total FeO i s  0 . 24 wt% .  

PROCESS ING AND SUBD IV IS IONS : Duri n g  process i ng i n  1 972  the rock broke i nto 
many pi eces . One of these ( , 1 )  was al l ocated to Ph i nney for th i n  secti o n i n g  
and petrography . I n  1 975  a set of e l even sma l l  chi ps ( , 2 )  was a l l ocated for 
chemi s try ;  the analyses of Fl oran  et a l . ( 1 976 ) and  B l anchard ( unpubl i shed )  
are both o f  porti ons of th i s  sp l i t--. The magneti c  studi e s  were done o n  the 
potted butt of , 1 .  The rest of the rock rema i n s  a t  JSC as , 0  ( 2 . 09 g ) . 
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Figure 3 .  Rare eart hs . 
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61517  FRAG��ENTAL POL  YM  ICT BRE C=C=IA'-'-----------------0�. 4c:...7_.,_ 

I NTRODUCTION : 615 1 7  i s  a fri abl e ,  l i gh t  gray, c l ast i c  brecc i a  w i th several wh i te 
to gray clasts ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected about 45 m northeast of 
P l um Crater . Zap p i ts are rare or absent . 

Figure 1 .  S-72 -43349 . 
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61518 FRAGMENTAL P_;;O...:::;L..:...Yt_'1I-=C-'-T..-eB:..:..R_E..:...CC'-I;.;_A:_____ _______________ ...::..O.:...c. 1::..::6'----"-g 
I NTRODUCTION : 6 15 18 i s  a fri ab l e ,  l i ght  gray , c l as t i c  brecc i a  w i th several 
whi te to gray c l asts ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected about 45 m north-
east of P l um Crater . Zap p i ts are rare or absent . 

F i gure l .  S-72 -43349 . 
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61519 FRAGMENTAL POLYM I CT BRECCIA 0 . 33 g 

I NTRODUCT ION : 61519  i s  a fr i ab l e ,  l i ght gray , c l ast i c  brecc i a  w ith several 
smal l ,  white to gray c l asts ( F i g .  1 ) .  It i s  a rake s amp l e  co l l ected about 45 m 
northeast of P l um Crater . Zap p i ts are rare to absent . 

Fi gure 1 .  S-72-43349 . 
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61 525 GLASSY MATRI X ,  POLYM I CT B RECCIA 1 0 . 35 g 

I NTRODUCTION : 61 525 i s  a moderately fri ab l e ,  med i um  g ray , pol ymi ct brecci a  
with  cons i derabl e  g l ass  i n  the matr i x  ( Fi g .  1 ) . I t  i s  a rake samp l e  col l ected 
�45 m northeast of P l um  Crater .  Zap pi ts are abundant on one s urface , absent 
on others . 

S - 72 - 55332 

Fi gure 1 . 

PETROLOGY : Warner et a l . ( 1 973 ) i nc l ude 61 525 i n  a genera l  petrograph i c  
cuss i on o f  Apol l o  16rake samp l e s  and c l a ss i fy i t  a s  a " g l assy b recci a " .  
et �· ( 1 976 )  stud i ed  the matri x  characteri sti cs u s i ng  S EM techni ques . 

di s 
Ph i nney 

6 1 525 cons i sts of s hoc ked mi neral and l i th i c  c l asts ,and occas i onal beads and 
fragments of c l ear g l ass , i n  a chaoti c ,  g l as sy matri x ( F i g .  2 ) . Phi nney et a l . 
( 1 976 )  report that the matri x conta i n s  �25% g l ass  and vari abl e ( 1 - 1 0% )  poros i ty .  
Fe-meta l compos i ti on s  are provi ded by Gool ey e t  �· ( 1 973)  and reproduced here 
as Tab l e  1 .  

254 



---..... __ 

Metal 

TABLE 1. Metal Compositions of 61 525 (wt %) 

Ni 
5 .6-6.6 

� 
0 .5  

p 
0.0-0. 2 

s 
0 . 02 

61 525 

CHEt4 I STRY : Fl oran et �· (1 976 ) report maj or el ement data obtai ned by e l ectron 
mi croprobe analys i s of natural  rock powder fused to a g l a s s  ( except FeO and 
Na20 , by i nstrumental neutron acti vat i on ) . B l a nchard ( unpubl i shed data ) pro
vi des a trace e l ement ana lys i s  and the FeO and Na20 data quoted by Fl oran et �· ( 1 976 )  

-

These data s how that 6 1 525 i s  s i mi l a r  to the l ocal  mature so i l s  i n  major  e l e
ment compos i ti on ,  but i s  somewhat enr i ched i n  rare earth e l ements compared to 
the soi l s  (Tabl e 2 ,  F i g .  3 ) . 

TABLE 2 . Summarx Chemistrx of 61525 
Si02 45 .85 
Ti02 0 . 55 
Al 20 3 26. 1 9  
crp3 0 . 1 20 
FeO 5 . 27 
MnO 
MgO 5 . 57 
CaO 1 5 . 1 2 
Na 2o 0. 591 
K20 0. 23 

Pfis 
sr 
La 1 7 .6 
Lu 0. 776 
Rb 
Sc 9. 24 
Ni 1 90 
Co 1 7.8  
I r  ppb 
Au ppb 
c 
N 
s 
Zn 50 
Cu 

Oxides i n  wt %; others i n  ppm except as noted. 
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Fi gure 2 :  61 525 , 4 ,  genera l 
v i ew ,  ppl . width  2mm . 

F igu re 3 .  Ra re earths . 



61 525 

PHYS I CAL P ROPERT I ES :  Pearce and S imonds ( 1 974 ) report the res u l ts of  a room 
temperature hysteres i s  curve determi nat i on on 6 1 525 . The saturat ion  remanence 
to saturat i on magnet i zat i on rati o  ( J Rs/Js = 0 . 01 4 )  i nd i cates that 3-6% of the 
ferromagneti c phases i n  th is  sampl e a re s i ng l e doma i n  part i cl es and the rest 
are mul ti domai n .  FeO/Fe2+ i s  0 . 06 54 and total FeO i s  0 . 25 wt%. 

P ROCESS I NG AND SUB D I V IS IONS : I n  1 972 a s i ng l e chi p  ( , 1 )  was removed and 
a l l ocated to Ph i nney for thi n sect i on i n g  and  petrography . I n  1 97 5  a set of 
three sma l l chi ps ( , 3 )  werE! a l l ocated for chemi stry ;  the ana lyses of Fl oran 
et a l . ( l 976 ) and B l anchard ( unpub l i s hed ) a re both porti ons of  thi s  sp l i t .  
Themagnet i c  s tud i es were done o n  the potted butt of , 1 .  
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61526 FRAGMENTAL POLYM I CT BRECC IA 4 . 08 g 

I NTRODUCTION : 61526 i s  a moderate ly  coherent ,  l i ght gray ,  c l ast i c  brecc i a  
w 1 th many sma l l wh i te to gray c l asts ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected 
about 45 m northeast of P l um Crater . Zap p i ts are rare or absen t .  

Fi gure l .  S-7 2 -4334 9 .  
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61527 FRAGMENTAL POLYM ICT BRECCIA 0 . 52 g 

I NTRODUCT ION : 61527 i s  a moderate l y  coherent , medi um gray , c l as t i c  brecc i a  w i th 
many sma l l wh i te to gray c l asts ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected about 
45 m northeast of P l um Crater . Zap p i ts are rare or absen t .  

�ure 1 .  S -7 2 -4334 9 .  
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61 528 FRAGMENTAL POL YM ICT BRECC.:_IA  
________ _ 0 . 24 

I NTRODUCT ION : 61528 i s  a moderate l y  coherent ,  med i u  gray, c l as t i c  brecc i a  w i th 
many small , wh i te to gray c l asts and a sma l l patch c '  g l ass  coat ( F i g .  1 ) .  I t  
i s  a rake samp 1 e co 1 1  ected about 4 5  m northeast of f Jm Crater . Zap p i ts are 
rare or absen t .  

Fi gure 1 .  S-72-43349 . 
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61529 FRAGMENTAL POLYM I CT BRECCIA  0 . 28 g 

I NTRODUCT ION : 61529 i s  a moderate ly  coherent ,  med i um gray, c l asti c brecc i a  w i th 
many smal l wh i te to gray c l asts ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected about 
45 m northeast of P l um Crater . Zap p i ts are rare or absent . 

F igure 1 .  S-72 -43 349 . 
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61535  FRAGME NTAL POLYMICT BRECC IA ,  PARTLY GLASS-COATED 0 . 2 3 g 

I NTRODUCTION : 61535  i s  a moderate ly  coherent , l i ght  gray ,  c l ast i c  brecc i a  
w 1 th a th i n  coat of dark g l as s  on one surface ( F i g .  1 ) .  I t  i s  a rake samp l e  
col l ected about 4 5  m northeast of P l um Crater . Zap p i ts are rare or absent . 

• 

Figure 1 .  S-72-553 1 3 ,  mm sca l e .  
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61 534 

/� PETROLOGY : The th i n  sect i on of 61535 i s  ent ire ly  of a h i gh l y  ves i cu l ar and 
c last-l aden ,  g l assy impact me l t ,  presumab ly  the g l ass  coat ( F i g .  2 ) .  Th i s  
l ead Warner et �· ( 1973 ) to c l as s i fy th i s  rock a s  a " g l as sy brecc i a " . 

PROCESS I NG AND SUBDI V I S IONS : Dur i ng process i n g  i n  1972 the rock crumb l ed to 
many p 1 eces . Two of these ( , 1 )  were a l l ocated to P h i n ney for th i n  sect i on i n g  
and petrography. From data  pack photos these pi eces appear to have been 
representat i ve of the bu l k  rock a l though photo documentat i on i s  not comp l ete . 
Apparent ly  on ly  the g l as s  coat made i t  i n to the t h i n  sect i on . 
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Figure 2 .  61 535 ,4 ,  genera l v i ew ,  
ppl . wi dth  2mm . 



61536 GLASSY POLYMICT BRECC IA ,  PARTLY GLASS-COATED 86 . 0  g 

I NTRODUCTION : 61536 i s  a coherent ,  g l assy brecc i a  w i th l i ght-co l ored c l asts 
(F1 g .  1 ) .  A ves i cu l ar ,  debr i s -fi l l ed green gl ass coats portions of the surface . 
The l arge wh i te c l ast i n  F i gure 1 i s  a granob l ast i c  trocto l i t i c ( ? ) anorthos i te .  
61536 i s  a rake samp l e  col l ected from the r im  of F l ag Crater . 

Fi gure l .  S -7 2 -43398 , em scal e .  

PETROLOGY : Th i n  sections cut  for th i s  study show that the matr i x  of 61536 i s  
gl assy to cryptocrystal l i ne . An gu l ar c l asts of mi l d l y  shocked p l ag i oc l ase , 
maf i c  mi neral s ,  basal t i c  and po i k i l i t i c  i mpact mel ts ,  brown g l assy brecc i a  or 
dev i tr i f i ed g l as s ,  and orange-brown g l as s  shards are common ( F i g .  2 ) .  Many of 
the c l asts exh i b i t  react ion r ims wi th the matr i x .  Meta l , tro i l i te ,  and g l ass 
beads are a l so present but not common . Several of the metal part i c l e s  are 
ru sty .  
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61 536 

The l arge wh i te c l ast  seen i n  F i gure 1 is a granob l ast i c  troctol i t i c  ( ? )  anortho
s i te ( F i g .  2 ) ,  composed of anhedral to e l ongate p l a g i oc l ase ('\-85% ) and rounded 
maf i c  mi nera l s ('\,1 5% ) . Many gra i n s  meet i n  tr i p l e  j unct i ons . P l ag i oc l ases are 
much l arger ( 200-400 Jlm ) than the maf i c  mi neral s  ( 25-50 Jlm ) .  Trace amounts of 
i lmen i te ,  troi l i te and meta l  are scattered through the c l as t .  The c l ast  i n  

a 

th i n  sect ion , 7  i s  cut by a brown g l assy ve i n  conta i n i ng l i th i c  c l asts . The 
vei n i s  more un i form and contains  fewer c l asts than the general brecc i a  matr i x  
and i s  c l ear ly  i n trus i v e .  

PROCESS I NG AND SUBD I V I S IONS : Th i n  sect ion , 5  was made from a ch i p  of matr i x .  
The l arge wh i te c l ast was des i gnated , 2  most of wh i ch remai n s  part of ,0 . Two 
ch i ps ( , 3  and , 4 )  were taken from , 2  and th i n  sect i ons  , 6  and , 7 ,  respect i ve l y ,  
c u t  from them . , 3  was en t i re ly  u sed up . 

b c 

Fi gure 2 .  a )  61 53 6 , 5 ,  matri x ,  ppl . w i dth  2mm . 
b )  61 536 ,6 , granobl a st i c  c l a st , xpl . width 2mm . 
c )  61 536 , 7 ,  granobl a st i c  c l ast  , ppl . wi dth  2mm . 
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61537 FRAGME NTAL POLYM I CT BRECC IA ,  GLASS COATED 6 . 62 g 

I NTRODUCT ION : 61537 i s  a moderate ly coherent ,  med i um gray brecc i a  w i th a few 
smal l whi te c l asts and coated by a dark ves i cu l ar g l as s  ( F i g .  1 ) .  Severa l  
cracks penetrate the brecc i a  b u t  the rock i s  h e l d  together by t he  g l ass  
coat i n g .  Th i s  i s  a rake s amp l e  col l ected about 45  m northeast of P l um Crater . 
Zap p i ts are rare or absent . 

F i gure 1 .  S -72-43349 . 
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61538 FRAGf�ENTAL POLYMI CT BRECC I A ,  GLASS COATED 4 . 76 g 

I NTRODUCTION : 6 1 538 i s  a l i ght  gray ,  moderate ly coherent brecci a w i th a few 
small white c l asts and coated w i th h i gh l y  ves i cu l ar g l ass  ( F i g .  1 ) .  Many of 
the ves i c l es i n  the g l as s  coat are f i l l ed w i th soi l .  Th i s  i s  a rake s amp l e  
co l l ected about 4 5  m northeast of P l um Crater . Zap p i ts are rare or absent . 

Fi gure 1 .  S-7 3-1 7 1 1 9 ,  mm scal e .  
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61 538 

PETROLOGY : The on l y  th i n  sect i on of th i s  rock shows a g l assy, ves i cu l ar i mpact 
me l t  w i th abundant  fragments of p l ag i oc l ase and anorthos i t i c  brecc i a  ( F i g .  2 ) .  
Portions  of the g l ass  h ave crysta l l i zed to c l u s ters of e l ongate tab l ets and 
need les  of p l ag ioc l ase separated by a f i ne-grai ned mesostas i s . 

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 g l ass w i th some adher ing  
brecci a  ( , 1 )  was allocated to P h i nney for th i n  sect i o n i n g  and petrography . 
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F igure 2 .  61 538 ,4 ,  general 
v i ew ,  ppl . wi dth 2mm . 



61539 GLASS-BONDED AGGREGATE 5 . 78 

I NTRODUCT ION : 61539 i s  an 
medi um gray brecc i a  we l ded 
dust adheres to the g l ass . 
P l um Crater .  Zap p i ts are 

aggregate of several fragments of moderate l y  coherent ,  
together by dark , ves i cu l ar g l as s  ( F i g .  1 ) .  Con s i derab l e  
Th i s  i s  a rake samp l e  co l l ected about 45 m northeast of 

rare or absent . 

Fi guru. s-7 2-43349 . 
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61545 FRAm,lENTAL POL Y�HCT BRECC IA, GLASS COATED 3 . 6 1  g 

I NTRODUCT ION : 6 1545 i s  a moderate ly  coherent , med i um gray brecc i a  coated w i th 
dark g l as s  ( F i g .  1 ) .  Several l i ght  c l asts are present i n  the brecc i a  and many 
smal l er fragments of brecc i a  are adheri n g  to the g l ass . Th i s  i s  a rake samp l e  
col l ected about 45 m northeast of P l um Crater . Zap p i ts are rare or absent . 

F i gure 1 .  S -7 2 -4334 9 .  
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6 1546 GLASSY I MPACT MELT 1 10 . 7  

I NTRODUCT ION :  61 546 i s  a coherent ,  dark gray , g l assy impact mel t w i th several 
l arge white c l asts ( F i g .  1 ) .  Ves i c l es account  for �25% of the dark matr ix . 
Th i s  i s  a rake samp l e  col l ected about 45 m northeast of P l um Crater . Zap p i ts 
are abundant on one surface ; absent on other surfaces . 

F ig ure 1 .  S-72 -43422 , em sca l e .  
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6 1 546 

PETROLOGY : The texture of the matr i x  var i es from aphan i t i c  to near ly  basal t i c ,  
often over short d i s tances ( F i g .  2 ) . G l as s  or very fi ne-grai ned mesostas i s  i s  
abundant throughout the rock . C l asts of p l ag i oc l ase ,  maf ic  m i nera l s  and 
catac l ast i c  anorthos i te are abundant and often s how d i ffuse boundari es w i th 
the matr i x .  Spheru l es of Fe-metal ,  often i ntergrown w ith tro i l i te and 
schre i bers i te ,  are scattered through the matr i x .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1973 two smal l ch i ps ( , 1 )  were a l l ocated to 
Phinney for thin secti on 1 ng and petrography . 
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F i gure 2 .  61 546 ,4 , general  
v i ew ,  ppl . wi dt h l mm .  



/ -- --------._ 61547 BASALTIC  I �1PACT �1ELT , GLASS COATED ( ? )  1 7 . 93 g 

I NTRODUCT ION : 61547 i s  a coherent , medi u1n gray ,  crystal l i ne impact me l t  wi th a 
few l arge ves i c l es ( F i g .  1 ) .  I t  i s  angu l ar and may be coated by dark g l as s .  I t  
was col l ected a s  a rake samp l e  about 4 5  m northeast of P l um Crater . Zap p i ts are 
rare or absen t .  

61 547 

1 em 

S -73 - 1 71 20 

F i gure 1 .  
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6 1 547 

PETROLOGY : The th i n  sect ion of 6 1547 i s  d i l i thol og i c ,  show ing  a f i ne-gra i ned , 
basal t i c  impact me l t  i n  s harp contact w i th a cryptocrystal l i ne to g l assy impact 
me l t  ( F i g .  2 ) .  C l asts of the bas a l t s  are present i n  the g l assy mater i al i n d i cat i n g  
that the l atter i s  probabl y  a coat or vei n .  

PROCESS I NG AND SUBD I V I S I ONS : In  1973 four sma l l c h i ps ( , 1 )  were removed and 
allocated to Phi nney for petrography . 
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Fi gure 2 .  61 547 ,4 , genera l 
v i ew, ppl . width  l mm .  



61548 CLAST-LADEN ,  GLASSY I MPACT MELT 24 . 18 g 

I NTRODUCTI ON : 61548 i s  a cohE!rent ,  med i um gray ,  g l assy impact me l t  w i th abundant 
cl asts and ves i c l es ( F i g .  1 ) .  It is subrounded and was col l ected as a rake samp l e  
about 4 5  m northeast of P l um Crater . Z ap p i ts are rare . 

F igure l .  S-7 2-553 1 9 ,  mm seal e .  
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6 1 548 

PETROLOGY : Warner et a l . ( 1973 ) i n c l ude th i s  rock i n  a general  d i scus s i on of 
Apollo  16 rake samples-and prov i de a photomi crograph . Abundant monom i neral i c  
c l as ts of p l ag i ocl ase , mafi.c mi neral s and spheru les of Fe-metal  rest i n  a chaot i c ,  
g l assy matri x  that approaches a bas a l t i c  texture i n  p l aces ( F i g .  2 ) .  

PHYS ICAL PROPERT IES : Pearce and S imonds ( 1974 )  report the res u l ts of a room 
temperature hystere s i s  curve determi nat i on on 6 1 548 . The very smal l s aturat i on 
remanence to s aturati on magneti zat i on rati o  ( JRS/J� = 0 . 001 5 )  shows that most of 
the ferromagnet i c  phases i n  th i s  rock occur as re l at i ve l y  l arge ( >300ft� , mu l t i domai n  
parti c l es . The magnet i ca l ly-determ i ned Fe0/Fe2+ ( 0 . 0659 ) and tota l  Fe ( 0 . 024 wt% ) 
are a l so g i ven by Pearce and S i monds ( 1974 ) .  

PROCESS I NG AND SUBD I V I S IONS : I n  1972  a smal l p i ece ( , 1 )  was removed and a l l ocated 
to Ph 1 nney for th1 n  sectTOnin g  and petrography . The potted butt was u sed for the 
magnet ic  determ i nations . 
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Fi�ure 2 .  61 548 ,4 ,  genera l v i ew , 
pp . wi dth l mm .  



61549 BASALT IC /PO I K I L IT I C  I MPACT MELT 3 . 76 g 

I NTRODUCTION : 61 549 i s  a coherent ,  med i um gray, crysta l l i ne i mpact me l t  w i th 
several l arge c l asts ( F i g .  1 ) .  I t  i s  suban gu l ar and was col l ected as a rake 
samp l e  about 45 m northeast of P l um Crater . Zap p i ts are absent .  

Figure l .  S -7 2 -55347 , mm scal e . 
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6 1 54 9  

PETROLOGY : Warner et  a l . ( 1973 ) prov i de a petrograph i c  descr i pt i on and 
mineral compos i ti on� 151549 i s  textural ly i ntermed i ate between a bas a l t  and a 
f i ne-grai ned poi k i l i t i c  i mpact mel t .  Ske l eta l  o l i v i ne phenocrysts and l aths of 
p l ag i oc l ase rest i n  a f i ne-gra i ned , fai n t ly  poi k i l i t i c  matr ix  of p l ag i oc l ase 
and pyroxene ( F i g .  2 ) .  Abundant c l asts of p l ag ioc l ase and l es ser amounts of 
re l i ct spi nel  and granob l as t i c  nor i te are present .  M i neral compos i t i ons  are 
very homogeneous ( F i g .  3 )  suggest i n g  equ i l i brat i on . Warner et a l . ( 1973 ) 
c l ass i fy th i s  rock as  a metamorphosed bas a l t .  

-- --

PROCESS I NG AND SUBD I V I S IONS : I n  1 972 three p i eces were broken from the rock 
and one of these ( , 1 }  allocated to P h i nney for th i n  sect i on i ng and petrography . 
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Fi gure 2 .  61 549 , 4 ,  general v i ew ,  
ppl . wi dth l mm .  

F i gure 3 .  Mafi c mi neral  
composi t ions , o l i v i ne pl otted 
a 1 ong base ,  from Warner � �· 
{ 1 97 3 ) .  



61555 GLASSY I MPACT MELT 3 . 46 

I NTRODUCT ION : 61555  i s  a coherent ,  dark gray , g l assy impact me l t  w i th several 
wh1 te cl asts and ves i c l es ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected about 45 m 
northeast of P l um Crater .  Zap p i ts are rare . 

Figure 1 .  S-7 2-43350 . 
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61556 DEV ITR I F IED(j) GLASS 2 . 23 g 

I NTRODUCT I ON : 61556 i s  
impact glass ( F i g .  1 ) .  
re l at i ve ly  rare . I t  i s  
Crater . 

a coherent ,  med i um gray fragment of dev i tr i f i ed ( ? )  
I t  i s  angu l ar and somewhat ves i c u l ar .  C l as ts are 
a rake samp l e  col l ected about 45 m northeast of P l um 

Figure l .  S-7 2 -5 534 9 ,  smal l es t  sca l e  subd i vi s i on 0 . 5mm . 
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61 556 

PETROLOGY : Warner et a l . ( 1973 ) i n c l ude th i s  rock i n  a general petrograph i c  
study of Apo l l o  1 6  rake-samp l es .  6 1556 i s  characteri zed textural l y  by sets of 
c l ose ly  p acked p l ag i ocl ase tabl ets separated by t h i n  reg i ons  of o l i v i ne and/or 
mesostas i s  ( F i g .  2 and photom i crograph i n  Warner et a l . ,  1973 ) .  The rock i s  
v i rtua l l y  ent i re ly' crysta l l i ne ;  very l i tt l e ,  i f  any ,-cl ean g l ass  rema i n s . 
M i neral compos i ti ons  of 6 1556 presumably fal l w i th i n  the ran ge c i ted by Warner 
et a l . ( 1973 ) for dev i tr i fied g l as s  samp l es , i . e .  p l ag i oc l ase An 9 4 _ 9 1 ,  o l i v i ne 
Fo1�7 9 , w i th h i gh-Ca  p i geon i te ( "v\<Jo l s E n s s ) ,  Fe-Ti  ox i de and Fe-rneta l  as 
accessory phases . Fe-rnetal i s  4 . 9-5 . 5% N i , 0 . 5% Co , 0 . 4-0 . 6% P and 0 . 02% S 
( Goo l ey et a l . ,  1973 ) and occurs as l arge ( u p  to "v0 . 5  mm ) ,  rounded gra i n s  ( F i g .  
2, and photoiiiTcrographs i n  Goo l ey e t  al . ,  1973 ) and as sma l l spheru l es d i ssem i n ated 
throu ghout the rock . tvleta 1 - tro i lTfe 1ntergrowth s are common . 

PROCESS I NG AND SUBD I V I S IONS : I n  1972 a smal l p i ece ( , 1 )  was removed and 
allocated to Phinney for thi n  sect i on i n g  and petrography . 
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Fi gure 2 .  615 56 , 4 , genera l 
v i ew ,  ppl . wi dth 2mm . 



61557  GLASSY IMPACT MELT 0 . 93 g 

I NTRODUCTION : 61557  i s  a coheren t ,  dark gray ,  g l assy impact me l t  w i th a few 
cl asts and ves i c les  ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected about 45 m north
east of P l um Crater . Zap p i ts are rare or absent .  

Fi gure 1 .  S -7 2 -43350 .  
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61558 DEV ITR I F I ED ( ? )  GLASS 3 . 00 

I NTRODUCTION : 61558 i s  a coherent , med i um gray ,  i mpact me l t  w i th abundant c l asts 
and vesicles ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected about 45  m northeast of 
P l um Crater . 

Fi gure l . 

1 cm 

61 558 

PETROLOGY : Warner et a l . ( 1 973 ) i nc l ude th i s  rock i n  a general petrograph i c  
d 1 scu s s i on of App l lo-1�rake samp l e s . A l though 61 558 may h ave been very g l assy 
at one t ime ,  i t  i s  now a lmost  comp l ete ly  crystal l i ne .  "Quench "  crysta l s  
s urround c l asts , but  the texture away from the c l asts i s  dom i n ated by a series 
of i nter l ock i n g  spheru l i tes ( F i g .  2, and photomi crograph in  Warner et a l . ,  1973 ) .  
Fragments of p l ag i oc l ase and catac l ast i c  anorthos i te and spheru l es-of-re-metal , 
often i ntergrown w i th tro i l i te and schre i bers i t e ,  are scattered throu gh the rock . 
Compos i t i ons of coex i s t i n g  meta l  and metal /phosph i de i ntergrowths are g i ven by 
Goo l ey et  �- ( 1973 ) and are reproduced here as Tab l e  1 .  

TABLE 1 .  Coex i st i ng  meta l  a nd  meta l /phosph i de i ntergrowth compos i t i ons  (wt% )  

N i  Co Fe p s 

a )  Metal 1 8 . 9  1 . 0  7 7 . 4  1 . 0 0 . 05 
Eutect ic  i n tergrowth 28 . 8  0 . 8 56 . 2  1 2 . 2  0 . 4 

b )  Metal  22 .4  1 . 0  74 . 0  1 . 0 0 . 02 
Eutect ic  i ntergrowth 29 . 2  0 . 9  56 . 5  12 . l 0 . 5  
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61 558 

Figure 2 .  61 5 58 , 4 ,  genera l v i ew ,  
ppl . wi dth 2mm . 

PHYSI CAL PROPERT I E S :  Pearce and S imonds ( 1 974 ) report the resu l ts of a room 
temperature hystere s i s  curv� determ i nation on 61558 . The very smal l saturation 
remanence to saturat i on magneti zat i on rat i o  ( JRS /JS = 0 . 009 ) i nd i cates that most 
of the ferromagneti c ph ases i n  th i s  rock occur as  re l at i vely l arge ( >300 � ) , 
mu l t i domai n  part i c l es . Total Fe0 i s  0 . 037 wt% and Fe0/Fe2 i s  0 . 0858 ( Pearce and 
S imonds , 1974 ) .  

PROCESS I NG AND SUBD I V I S IONS : I n  1972 three sma l l c h i ps were removed and one of 
these ( , 1 )  was al located to P h i nney for th i n  sect ion i n g  and petrography . The 
magnet i c  stud i es were done on the potted butt made from , 1 .  
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61 559  GLASS-BONDED AGGREGATE 0 . 62 

I NTRODUCTION :  6 1 559 i s  composed of  several fragments of  g ray brecc i a  and 
abundant dust wel ded together by dark ,  ves i cu l ar g l a s s  ( Fi g .  1 ) .  I t  i s  a 
rake samp l e col l ected a bout 45 m northeast of P l um Crater . Zap p i ts a re 
absent . 

P ETROLOG Y :  Abundant c l asts of p l ag i oc l ase , mafi c m i neral s ,  catac l asti c 
anorthos i te and basa l ti c  i mpact mel t  rest i n  a matri x of dar k ,  ves i cu l ar 
g l a s s  ( F i g .  2 ) .  

PROCESS I NG AND SUBDI V I S IONS : I n  1 973  three sma l l p i eces ( , 1 )  were a l l o 
cated to Ph i n ney for thi n  secti oni ng and petrography . 
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F i gure 1 .  S- 73- 1 7 1 1 5 , mm scal e .  

F igure 2 .  61 559 , 4 ,  genera l v i ew ,  
ppl . width  2mm . 



6 1 565 GLASS-BONDED AGGREGA:..:..T:...;:E:...._ ______________ 0::....:•...::.8.;:_8 �g._ 

I NTRODUCTION :  6 1 565 i s  a n  aggregate of several fragments of gray brecci a  
we l ded together by dark , ves i c u l a r  g l a s s  ( F i g .  1 ) .  Some dust  adheres to 
the smooth s urfaces of the g l as s .  I t  i s  a rake samp l e  col l ected about 
45 m northeast of P l um Crater . Zap pi ts are absen t .  

F i gure 1 .  S-72-43350 . 
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-�---

61566 GLASSY IMPACT MELT 0 . 66 

I NTRODUCTION : 61566 i s  a coherent , dark gray, g l assy impact mel t  ( F i g .  1 ) .  I t  
i s  an gular w i th several c l asts and many ves i c l e s  and was col l ected as a rake 
s amp l e  about 45 m n ortheast of P l um Crater . Zap p i ts are absent . 

F igure 1 .  S -7 2 -43350 . 
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61567 GLASSY HlP ACT �1EL  T ------ 0 . 19 g 

I NTRODUCT ION : 61567 i s  a coherent ,  dark gray ,  g l assy i mpact mel t ( F i g .  1 ) .  
Some whi te c l asts and ves i c l e s  are present .  I t  i s  a rake samp l e  col l ected 
about 45 m northeast of P l um Crater . Zap p i ts are a bsen t .  

Fi g ure 1 .  S -72-43350 . 
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6 1568 BASALT I C/POI K I L IT I C  IMPACT MELT 19 . 32 

I NTRODUCT ION : 6 1 568 i s  a coherent ,  med i um gray, crysta l l i ne i mpact me l t  w i th 
few ves i c l e s  ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected �5 m northeast of P l um 
Crater . Zap p i ts are abundant . 

fisure l .  S-7 2 -55324 . 
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6 1 568 

PETROLOGY : The on ly  th i n  sect i on of th i s  rock i s  d i l i thol og i c ,  show i n g  a f i ne
grained basal t i c  i mpact me l t  i n  sh arp contact w i th a po i k i l i t i c  l i thol ogy ( F i g .  2 ) .  
Warner et a l . ( 1973 ) i nc l ude 61 568 i n  a general petrograph i c  d i scuss i on of 
Apol l o  I6 rake samp l es and prov i de m i neral compos i t i ons  for the basa l t i c  l i tho l ogy .  
S imonds et  al . ( 1 973 ) g i ve a br i ef petrograph i c  descr i p t i on and mi nera l  compos i t i ons 
of the pOfkTii t i c  materi a l . C l ast/matr i x  re l at i ons  cannot be determi ned from th i s  
th i n  sect i on .  

The basa l t i c  l i thol ogt i s  f i ne- gra i ned w i th gra i ns of ol i v i ne and pyroxene f i l l i ng 
i nterstices between p a g i oc l ase l aths . Re l at i ve l y  l arge and angu l ar c l asts of 
p l ag i ocl ase are abundant  ( F i g .  2 ) . M i neral compos i t i on s  are shown i n  F i gure 3 .  

The po i k i l i t i c  l i thol ogy i s  composed of p i geon i te o i kocrysts surround i ng chadacrysts 
and cl asts of pl agioclase ,  o l i v i ne and opaques . M i neral  compos i t i ons  are shown i n  
F i gure 3 .  Coex i st i ng Fe-meta l  and schre i bers i te compos i t i ons  are g i ven by Goo l ey 
et �- ( 1973 ) and are reproduced here as Tab l e  1 .  
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F i gure 2 .  61 568 , 4 ,  genera] 
v i ew, ppl . wi dth 2mm . 



,.---....._ , TABLE 1 .  Coex i s t i ng metal and schre i bers i te compos i t i ons  (wt% ) 

N i  Co Fe p s 

a )  Metal 6 . 9  0 . 4  92 . 4  0 . 01 0 . 02 
Schre i bers i te 47 . 3  0 . 05 38 . 1  1 5 . 2  0 . 07  

b )  Metal 4 . 1  0 . 5  95 . 8  0 . 04 0 . 02 
Schre i bers i te 32 . 7  0 . 1  50 . 9  15 . 4  0 . 06 

61568 

b )  

Enso Fsso 
Fi gure � .  Mafi c minera l  compos i ti ons , o l i v i n e  pl otted a l ong base ; 
a )  basa l t i c  mel t ,  from Warner et  a l . ( 1 97 3 ) ; b )  poi k i l i ti c  mel t ,  
from S i monds e t  �· ( 1 97 3 ) . -- --

61 568 

PHYS I CAL P ROPERT I ES : Pearce and S i monds ( 1 974 ) report the resu l ts of a room 
temperature hysteresi s curve determi nati on on 6 1 568 . The very l ow saturati on 
remanence to saturati on magneti zati on rat i o  ( J Rs/Js = 0 . 002 1 ) i nd i cates that 
most of the ferromagneti c phases in  6 1 568 occur  as  > 300 A mul ti doma i n  parti c l e s .  
The total Fe0 i s  0 . 26 wt% and  Fe0/ Fe2+ i s  0 . 0921  ( Pearce and S i monds , 1 974 ) . 

PROCESS I NG AND SUBD I V I S IONS : I n  1972 a sma l l c h i p  ( , 1 )  was a l l ocated to Ph i nney 
for th i n  section ing  and petrography . The magnet i c  stud i es were done on the potted 
butt made from , 1 .  
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6 1569 PO IK I L ITIC  IMPACT MELT 1 2 . 0� 

I NTRODUCT ION : 61569 i s  a med i um gray ,  coherent ,  po i k i l i t i c  i mpact me l t  ( F i g .  1 ) .  
I t  i s  an gular w ith �5% ves i c l es , and was co l l ected �5 m northeast of P l um Crater . 
Zap p i ts are absent .  

F igure 1 .  S-7 2 -553 1 7 ,  sma l l e st sca 1 e  :, u uu J V l S l o n  0 . 5mm . 
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61 569 

PETROLOGY : A petrograph i c  descr i pt i on i s  g i ven by S imonds et a l . ( 1973 ) .  6 1 569 
di ffers from most other Apo"l l o  16 poi k i l i t i c  rocks i n  that OTiVTne i s  the major 
oi kocryst phase . Rounded ol i v i ne o i kocrysts ( u p  to 1 . 5  mm across ) enc l ose 
equant to tabu l ar p l ag ioc l ase ch adacrysts and rare aug i te chadacrysts ( F i g .  2 ) .  
P l ag ioc l ase c l asts are concentrated between the o l i v i nes and are s urrounded by 
o i kocrysts of p i geon i te .  S imonds e t  a l . ( 1973 ) g i ve a mode of 68% p l ag i oc l ase + 
mesostas i s ,  22% o l i v i n e ,  6% p i geonTte--, 2% aug i te and 2% opaques . Mi neral 
compos i t i ons are shown i n  F i gure 3 .  

CHEMISTRY : �1ajor and trace e l ement data are g i ven by Wasson et �- ( 1977 ) and 
s ummar1 zed here as Tab l e  1 .  

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 a sma l l ch i p  ( , 1 )  was removed and a l l ocated 
to Phinney for thin sect1 onTng and petrography . In  1977 another smal l p i ece ( , 5 )  
was a l l ocated to Wasson for chemi stry .  
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F igure 2 .  61 569 ,4 , genera l 
v i ew,  x pl . wid th 2mm . 



61 569 

TABLE 1 .  Summary chem i stry of 61569 

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 

1 .00 
21 . 9  
0 . 16 
7 .4 
0 .09 

10.0 
12.9 
0.467 
0 . 186 

18.1 
0.82 

12 .4 
1000 
54 
20 
18 

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

61569 
0 

E n so F sso 
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Fi gure 3 .  Mafic mi neral compo s i t ions , 
ol iv i ne pl otted a l ong ba se ,  from 
S imonds et �· ( 1  97 3 ) .  



61575 CRYSTAL L I NE I MPACT MELT ( ? )  5 . 26 

I NTRODUCTION : 61575 i s  a coherent ,  med i um gray ,  crysta l l i ne rock w i th several 
l arge wh i te c l asts ( F i g .  1 ) .  I t  is a rake samp l e  col l ected �5 m northeast of 
P l um Crater . 

Fi gure 1 .  S-72-55323 , sma l l est sca l e s u bd i v i s i on  0 . 5mm . 

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 of Apo1 1o-1�rake samp l es . The on ly  th i n  sect ion con s i sts ent i re l y  
of a s i n g l e  gra i n  o f  severe ly shocked p l ag ioc l ase ( �  mm ) w i th a few sma l l ,  
rounded i n c l u s i ons  of a mafi c mi neral ( F i g .  2 ) .  P h i nney and Lofgren ( 1973 , p .  
1 9 )  state that th i s  rock i s  "probab ly  . . .  a coarse-grai ned p l a g i oc l ase rock 
that has been part i a l l y  me l ted and shocked . . .  " Warner et a l . ( 1973 ) c l ass i fy 
i t  as "dev i tr i f i ed g l as s  ( ? )  w i th l arge c l ear p l ag ioc l asecTasts " .  
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61 57 5 

F ig ure 2 .  61 575 ,4 , pl ag ioc l a se 
gra i n ,  x pl . wi dth  4mm . 

PROCESS I NG AND SUBD I V I S I ONS : I n  1972 two sma l l p ieces were removed from the 
rock and one of them ( , 1 )  a l l ocated to Ph i nney for th i n  sect i on i n g  and petrography . 
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61576 PLAG IOCLASE CRYSTAL ? )  5 . 87 

I NTRODUCT ION : 61576 i s  a coherent ,  wh i te fragment composed a lmost ent i re l y  of 
plag ioc lase ( F i g .  1 ) .  The cont i nuous c l eavage s uggests that it  is  a s i n g l e  
crystal . A dark , ves i cu l ar ,  g l assy coat i n g  occurs o n  one surface . I t  i s  a rake 
sampl e  col l ected '\45 m northeast of P l um Crater . Zap p i ts are present on one 
surface . 

PETROLOGY : Be l l  and Mao ( 1 9 7 5 )  report that 61576 i s  very homogeneous i n  
compos 1 t 1 on and conta i n s  abundant i n c l u s i ons . No analyses are g i ven . 

PROCESS ING AND SUBD I V I S IONS : I n  1975 three smal l ch i ps ( , 1 )  were removed and 
allocated to Bell . 

· 

Figure 1 .  S-73-1 7 1 1 7 ,  mm sca l e .  
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61577  GRANOBLAST I C  TROCTOL IT IC  ( ? )  ANORTHOS ITE , PARTLY GLASS COATED 0 . 21 g 

I NTRODUCTION : 61577 i s  a fr i ab l e ,  wh i te anorthos i t i c  rock w i th a part i a l coat i n g  
of dark glass  ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected �5 m northeast of P l um 
Crater . Zap p i ts are abundant on al l surfaces . 

PETROLOGY : T i ny ,  anhedral mafi c mi nera l s  are i nterst i t i a l  to b l ocky, anhedral 
pl agiocl ase gra i n s  ( F i g .  2 ) .  A crust of c l ast-r i ch , g l assy brecc i a  i s  present . 

PROCESS I NG AND SUBD I V I S I ON S : I n  1973 four sma l l c h i ps ( , 1 )  were removed and 
allocated to Ph inney for petrography . 

F i gure l .  S-73 -1 7 1 1 8 ,  mm scal e .  
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F i gure 2 :  61 57 7 ,4 ,  general v i ew 
ppl . width 2mm . 
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62235 PO I KI L I T I C  IMPACT MELT 320 

I N�R�D�C�ION : 6223� i s  a hom?geneou s ,  coherent b l ock ( Fi g .  1 )  composed of 
pol k 1 l 1 t 1 c ,  KREEP-r1 c h  mel t w1 th  a few c l asts and sma l l ves i c l es .  I t  was col 
l ected from the r i m  of Bu ster Crater where i t  was perched and i ts ori entati on 
documented . Zap p i ts are i rregu l ar ly  di stri buted wi th many on one s i de and 
few on the others . 

nGURE  1 .  

P ETROLOGY : Crawford and Hol l i ster ( 1 974 ) g i ve a deta i l ed petrograph i c  descri p 
t i on wi th  m i nera l analyses . Van i man and Papi ke ( 1 981 ) i nc l ude 62235 i n  a study 
of h i g h l and me l t  roc ks . The rock i s  composed of �57% ca l c i c  p l ag i oc l ase wi th 
the remai nder mai n l y  e l ongate oi kocrysts of hypersthene ( F i g .  2 ) . The o i ko
crysts are up to �1 mm l ong  and are often cored wi th  unzoned ol i v i ne and over
g rown wi th  p i geon i te .  Some l ame l l ae and patches of aug i te are a l s o  present 
wi t hi n  t he oi kocrysts . M i neral compos it i ons are shown i n  F i g ure 3 ;  the  
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a 

62235 

b 

F IGURE 2 .  62235 ,65 . genera l v i ew .  wi dth 2rrun . a )  x pl . b )  ppl with refl ector i n .  

early hypersthene i s  a l umi nous (�3% A1 203 ) .  I nteroi kocryst areas are composed 
ma i n ly  of p l ag i oc l as e ,  g l as s , i lmen i te ( or arma l co l i te? ) and Fe-meta l / tro i l i te 
( F i g .  2 ) .  Pearce et a l . ( 1 976 )  show that Fe-meta l composes 1 . 1 % of the rock 
and has compos i ti ons w i th i n  the meteori t i c  range ( Fi g .  4) . A crysta l l i zati on 
seq uence of  p l ag i oc l a se + pyroxene + i lmeni te was deduced by Engel hardt ( 1 978 , 
1 979 ) . 

P l ag i oc l ase occurs i n  severa l forms : ( i ) as  l arge , shocked or polygonal c l asts 
(An94_ 9 6 ) ,  ( i i )  as sma l l ,  e uhedra l , bl ocky grai ns (An 9 8 ) wi th v i s i bl e ,  more 
sad i e  ( <An 9 0 ) r ims , ( i i i )  as a second group of bl ocky gra i ns (An84 ) ,  ( i v )  
as sma l l ,  rectangu l ar  c hadacrysts and l aths i n  the i nteroi kocryst areas 
(An92 -9 3 ) .  Al l of the coarser b l ocky gra i ns show reverse zon i ng i n  the i r  outer 
rims to An92 _ 9 3 ,  the same compos i t i on as the c hadacrysts and i n teroi kocryst 
l aths . Crawford and Hol l i ster ( 1 974) g i ve Fe/Mg data for p l a g i oc l ase . 

S i monds et a l . ( 1 976 )  fi nd that 62235 conta i ns 9% total c l asts l a rger than 
50 �m, and that 95% of these c l asts are p l a g i oc l ase . Meyer et a l . ( 1 974 ) 
ana lyzed mi nor el ements i n  pl a g i oc l ase u s i n g  the i on mi croprobe-rTab l e  1 )  and 
found that the Ba contents of  p l ag i oc l ases l arger than 50 �m are much too l ow 
for the p l a g i oc l ases to be i n  equi l i br i um wi th the mel t .  These l ow-Ba p l a g i o
c l ases are �1 0% of 62235 . 
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62235 

i n  62235 p l ag i ocl ase U1eyer et a 1 .  TABLE 1 .  l�i nor e l ements 
( 1 974) (ppm except Na20 ,  wt %)  

6 xenocrysts 
1 sma l l gra i n  0 . 76 

•J'•'... .t .. • ... , 
� 
O l i vi ne 

from 
mel t  

� 
O l i v i n•e 

i n  
xenol iths 

62235 

Li  Mg 
5 600 

1 0  360 

K Ti Sr Ba 
240 97 1 62 9 
500 1 30 270 30 

F IGURE 3a . M ineral comp
os i t ions ; from Crawford a nd 
Hol l i ster ( 1 974 } .  

Fs 

F IGURE 3 b .  Mi neral  compo s i t i ons ; 
from Va n iman a nd Pa pi ke ( 1 98 1 ) .  

0�3 
• ..;,. � • •  - 62235 

----------�------���������� .. � .  An 80 90 

I ' ' ' 

62235 -

· -

..... ·�· 
' 

2 4 6 6 

wt% Ni 
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F IGURE 4 .  Meta l s ;  from 
Pearce et �- ( 1 976 ) . 



62235 

The characteri sti cs of the roc k  requi re that most of i t  crysta l l i zed from a 
s i l i cate mel t ,  the rest bei ng fragmenta l . Crawford and Hol l i ster ( 1 974) i n 
terpret a l l but the coarsest s hocked p l ag i oc l ases as  havi ng crystal l i zed from 
the me l t  and c i te several features as suggesti ng crysta l l i zati on at depth .  
They i nfer a vol can i c  ori gi n wi th a source at �200 km . These i nterpretati ons 
are not uni que and the evi dence of Meyer et a l . ( 1 974) suggests that more of 
the p l agi ocl ase i s  fragmenta l and  that some of the featured c i ted by Crawford 
and Hol l i ster ( 1 974) are due to c l ast-matri x i nteracti ons . The rock i s  very 
s imi l a r  to the other poi ki l i ti c  samp l es i n terpreted as impact mel ts . 

tHEM I STRY : Major and  trace el ement analyses 
are presented , wi th l i tt l e  speci fi c comment,  
by Brunfe l t  et a l . ( 1 973 ) , Hubbard et a l . 
( 1 973 ) , LSPET(f973) , Laul et a l . (f974T 
a n d  Wan ke et a l . ( 1 976) . fvlooreet a l . ( 1 973 )  
prov i de C data-and Cl ark and Kei th \1973 )  
rad i onuc l i de data . 

Chemi cal ly  62235 i s  a KREEP -ri ch ,  s i derophi l e
r i ch  rock (Tab l e 1 ,  F i g .  5 )  s i mi l ar to several 
other poi k i l i ti c  rocks . Crawford and Hol l i ster 
( 1 974) s uggest that the s i derophi l es are i n 
d i genous , but h i gh contents are usual ly  i n ter
preted as meteori t ic  contami nati on ( Laul  et a l . 
1 974) . The carbon content of 2 ppm ( Moore -
et �· 1 973 )  i s  extremely  l ow .  

' ' 
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F IGURE 5 .  I ncompat i bl e  el ement s ;  
from La ul et a l . ( 1 974 ) . 
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TABLE 2 .  S ummar� 
chemi stry of  62235 

S i 02 47 . 0  
T i 02 1 . 2 
Al 2o3 1 8 . 6  
Cr2o3 0 . 1 9  
FeD 9 . 5  
MnO 0 . 1 1  
t�gO 1 0 . 3  
CaD 1 1 . 5  
Na2o 0 . 48 
K2o 0 . 34 
P205 0 . 40 
Sr 1 60 
La 60 
Lu 2 . 7  
Rb 9 
Sc 1 6  
Ni  700 
Co 50 
I r  ppb 1 9  
Au ppb 1 7  
c 2 
N 
s 1 000 
Zn 2 .  2- 1 1 
Cu 3 .  9- 1 1 

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

i n  



62235 

RAD IOGEN IC  ISOTOPES AND GEOCHRONOLOGY :  No i nternal i sochron or 4 0Ar- 3 9Ar 
data have been publ i shed . Nyq u i st et a l . ( 1 973 )  and Tera et a l . ( 1 974 )  pro
v i de whol e-rock Rb-Sr i s otop i c  data-giVTng TBAB I ages of ��5lb.y . (Ta b l e  3 ) . 

TABLE 3 .  Rb-Sr data for 62235 

Rb ppm Sr ppm 8 7Sr/ 86Sr 8 7Srj86 Sr* TBAB I ( b .y . )  Reference 
9 . 32 1 6 1  0 . 70989±7 0 . 70042 4 . 48 Nyqu i st et �. ( 1 973 )  

' 

9 . 03 1 62 0 .  70944±9 0 . 70042 4 . 50 Tera et �. ( 1 974) 

*Ca l cu l ated for 3 . 9  b . y . ' corrected for i nterl aboratory b i a s  to 
Ca l tech data . 

Tera et a l . ( 1 974 )  provide U ,  Th , Pb  i sotop i c  data demonstrat i ng  the presence 
of muCh in s i tu radi ogen i c  l ead ,  as  wi th many other KREEP samp l es .  The samp l e  
fa l l s  o n  the U-Pb d i scord formed by most h i ghl and total rock samp l e s ,  corres
pond i ng to a metamorp h i sm age of �3 . 9  b . y .  

RARE GASES/EXPOSURE AGES : Drozd e t  a l . ( 1 974) provi de 8 1 Kr-Kr , 2 1 Ne,  and 3 8Ar 
exposure ages of 1 53 . 9  ± 2 . 9 ,  1 04 ± 54 and 1 63 . 0  ± 54 m .y . , respect ive ly .  How
ever ,  the samp l e  d i d  not spend i ts enti re 1 53 m .y .  apparent exposure age at 
i ts surface l ocati on and i t  must have been l i ghtly shi e l ded . Pep i n  et a l . ( 1 974) 
s how that the 2 1Ne and  38Ar ages (wh i ch depend on spa l l at i on producti onlrate s )  
agree wi th the 8 1 Kr-Kr age i f  the effect i ve i rrad i ati on depth was 90 g/cm2 . 
Crozaz et al . ( 1 974 ) use cosmi c tracks to gi ve a maxi mum exposure age ( s i ng l e 
poi nt  method ) of 4 m . y .  and a " true" s untan age ( track dens i ty/depth method ) of 
2 m . y .  There are l a rge gra i n -to-gra i n track dens i ty vari ati ons .  Morr i son 
et �· ( 1 97 3 )  use mi crocrater dens i t i es to suggest an exposure age of 2-3 m . y .  

L i ghtner and Marti ( 1 974b ) provi de  xenon concentrati on and i sotop ic  data wi thout 
a spec i fi c  i nterpretation . 

MICROCRATERS : Morr i son et a l . ( 1 97 3 )  and Neukum et a l . ( 1 97 3 )  prov i de frequency 
d i stri bution d i agrams for-mTcrocraters ( Fi g .  6 ) . IOnTY about ha l f  the s urface 
ha s m icrocraters and the roc k was not conti nual l y  tumbl ed .  Morri son et a l . ( 1 973 ) 
conc l ude that the surface i s  wel l be l ow steady-state for craters <O . os-cm-i n 
d i ameter.  Neukum et a l . ( 1 9 7 3 )  conc l ude that 62235 ha s an equi l i br i um popu l a 
t i on . McDonnel l etal. ( 1 976) and F lav i l l  e t  a l . ( 1 978 ) experi men ta l ly pro-
duced m i crocraters-on-a samp l e  of 62235 by bombardi ng i t  wi th i ron parti c l es . 
They empha s i ze the importance of secondary ejecta . 

PHYSICAL PROPERTIES :  Col l i nson et a l . ( 1 97 3 )  provide  NRM data for 62235 ( F i g .  
7 )  whi c h  they di scuss further i n:Stephenson et a l . ( 1 974 , 1 975)  and Stephenson 
and Col l i nson ( 1 974) . They fi nd two componentsof stabl e magneti zati on , one 
of whi c h is extreme ly  hard and of unusual l y  h i gh i nten s i ty .  I nvest igat i on of 
pal eoi ntens i ty us i ng the The.l l i er method s uggests a fi e l d  of 1 . 2 Oe , and us i ng 
the anhysteretic remanent ma9neti zation (AR�1 )  method suggests a fi e l d  of 1 . 4 Oe . 
Ci sewski  et al . ( 1 975 )  used the data to gi ve a fi e l d  of 0 . 3  Oe usi ng the I RMs 
method , l ater-revi sed to 1 . 0 Oe (C i sewski  et a l . ,  1 977 ) . These res u l ts have 
been q uestioned : Brecher ( 1 975 ) attri butestlle data to " textura l remanance" , 
not to a ny l unar f i e l d ,  and Pearce et �· ( 1 976 ) performed heati ng experiments 
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F IGURE 6 .  M i crocrater s ;  from Neu kum 
et �· ( 1 973 ) .  
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F I GURE 7 .  Magnet i c  data ; from Col l i n son et 
a l . (1 973 )  a )  Al ternat i ng fi e l d  a nd therma l 
demagneti zati o n . b )  F i el d i ntens i ty determi n 
a t i on . 

showi ng that comp l ex i t ies  i n troduced by Fe-metal and troi l i te grai ns make 
the def i n i ti on of pa l eoi nten s i ty extremel y  d i ffi cu l t .  Contrari ly ,  Hargraves 
and Dorety ( 1 976 )  i nterpret the smal l vari ati on of NRM and I RM wi th a l ter
nati ng  fi e l d  demag neti zati on of 62235 to show that i t  i s  a good samp l e  for 
pa l eoi nten s i ty determi nat i ons . 

Chung and Westpha l ( 1 973 )  provi de d i e l ectr i c  constants , d i e l ectri c l osse s ,  
and e l ectr i ca l  conducti v i t i es for 62235 a s  functi ons o f  frequency and tem
perature ( F i g .  8 ) 
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6223 5 

F I GURE 8 El 0 

from Chu�g a
��tncal data ; 

We stpha l  ( 1 973 ) o  

F IGURE g o  Cutti ng d i agram 0 



6223 5 

PROCESS I NG AND SUBD I V I S I ONS : I n  1 972 , 62235 was sawn to produce a s l ab and 
two end-pi eces (Fi g .  9 ) .  End p i ece , 1 2  and the s l a b  , 1 3  were sp l i t  and sub
stanti a l l y  a l l ocated ( Fi gs .9 , 1 0 ) .  A few s p l i ts are from the , 1 1  end p i ece . 

62235 

1 cm 

F IGURE 1 0 .  S la b s u bd i vi s i o n . 
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62236 · PR IST INE NORITI C  ANORTHOS ITE BRECCIA  57 . 3  g 

I NTRODUCTI ON :  62236 i s  a monomi ct brecc i a ,  uncontami nated  by meteor i t i c  
s i derophi l es ,  a n d  wi th mi neral compos i ti ons i nd i cati ng an affi n i ty wi th ferroan 
anortho s i tes . These mi neral compos i t i ons are s i mi l ar to those i n  62237 and , 
l i ke 6223 7 ,  i t  conta i ns more mafic  mi nera l s ( 1 0- 1 5% )  than ferroan anorthos i tes 
sensu stricto . The samp l e  i s  very l i ght gray ,  angul ar , and fa i rl y  coherent 
but fractured ( Fi g .  1 ) .  

62236 was col l eCted from thE! ri m of Buster Crater ,  adjacent to 62235 and 6223 7 ,  
and i ts ori entation  i s  known . A few zap p i ts and a pati n a  are present o n  a l l 
s urfaces . 

F IGURE 1 . 

P ETROLOGY :  Warren and  Was son ( 1 978 ,  1 979 )  provide  a petrographic descri pt ion of 
the pri sti ne anorthosi te wi th mi croprobe mi nera l analyses . Takeda et a l . ( 1 979 ) 
report microprobe data on ol i vi ne s ,  p l ag ioc l ases , and exso l ved pyroxenes , wi th 
x-ray i nformati on on the pyroxenes . 

62236 i s  monomict and brecc i a ted  ( Fi g .  2 ) . Ori gi na l  p l ag i oc l ase  and pyroxene 
gra i ns appear to i nc l ude at l east some l arger than 1 mm. The mode i s  var i ab l e  
on a sma l l  scal e ,  but i n  general the samp l e  i s  � 85% p l agi oc l ase ,  a n d  ortho
pyroxene domi nates over o l i vi ne and c l i nopyroxene . ( I n  62237 , i n  contrast ,  
o l i v i ne domi nates over pyroxen e . ) Cr-spi nel , i lmen i te (� 3%  MgO) and  troi l i te 
are a l s o  present .  The phase composi ti ons ( Fi g .  3 )  are homogeneous , i dentical  
wi th those of 62237 and  are i n  the fi e l d  of ferroan anorthosi te s .  Takeda 
et a l . ( 1 979 )  note that exsol ved pyroxene i s  not common . X-ray data s uggest  
thar-the orthopyroxene forms by p i geon i te i nvers i on .  The exsol ved augi te has 
M-s haped Ca-profi l es ,  the only ones so far reported from l unar samp l es . Coo l 
i ng rate ca lcul at i ons  from the exsol uti on l amel l ae suggest a depth of 6 . 7  km 
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62236 

( 22 �m bl ebs ) for the ori g i n  of 62236 . 

CHEM ISTRY : Warren and Wasson ( 1 978 , 1 979 )  provi de maj or and trace ( i nc l ud i ng 
s i deroph i l e )  e l ement  abundances for the samp l e .  C l ark and  Kei th ( 1 973 )  report 
K, U ,  Th and radi onuc l i de  abundances for the roc k ,  deri ved from y-ray s pectro
scopy .  

62236 i s  extremely  l ow i n  s i derophi l e  and i ncompati bl e el ements i nd i cati ng 
that i t  i s  a pri sti ne l unar rock (Tabl e l ,  F i g .  4 ) . Al though i t  is more mafi c 
than most other ferroan a northosi tes , i ts rare-earth abundances are s imi l ar to 
pri sti ne ferroan anorthosi tes and much l ower than pri sti ne troctol i tes and 
nori tes . 

L 6 aoolyses 
9 onalyses� 

En P�rox=-ene_._:_com-p�o'-csit.,--ion---7(mo--,-le--:'�Y. )-�-�� 

I I 
lOll 9o '  

' a..  100 95 

. .. ' ' '  N!. Ill 10 60 
Forsterite content of ohvine (mole %) 

9o 85 tiJ 
AllOflhile conlenl of plagtoclose (mole %) 

I I 
50 
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F IGURE 2 .  6223 6 , 6 .  
ppl . wi dth l . 5mm . 

F IGURE 3a . M i nera l compos i t i ons ; 
from Warren and Wasson ( 1 97 9 ) . 



Mg 

TABLE 1 Summary chemistry of 62236 

SiO.> 44. 2 
.. 

TiO?. 
Al203 30 .1 
Cr2o3 0.07 
FeO 3 . 7  
MnO 0.05 
MgO 3 . 5  
CaO 17.6 
Na2o 0 .215 
K20 0.013 
P201; 
Sr 
La 0 . 18 
Lu 0 .021 
Rb 
Sc 5.8 
Ni 4.0 
Co 7 .9 
Ir \lPb <0 .028 
Au ppb <0.008 
c 
N 
s 
Zn 2 .0 
Cu 

Oxides i n  wt %; others in ppm except as noted. 
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FIGURE 3b .  Pyroxene comp
os i ti ons ; from Ta keda et 
a l . ( 1 97 9 ) . 
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F IGURE 4 .  Rare eart h el ement s ;  from Warren a nd Wa sson ( 1 97 9 ) .  

PROCESS ING AND SUBDI V I S I ONS :  The samp l e  has not been sawn and  only a few ch i p s  
have been removed from , 0 .  
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62237 PR IST I NE TROCTOLIT I C  /\NORTHOSI TE BRECCIA 62 . 4  9 

I NTRODUCTION :  62237 i s  a monomict  brecc i a ,  u ncontami nated by meteori t ic  
s i derophi l e s .  O l i vi ne compos i ti on s  i nd i cate a n  a ffi n i ty wi th ferroan anortho
s i te s  but l i ke 62236 i t  i s  l E!SS fel d spathi c (� 85% p l ag i oc l ase ) .  Al so l i ke 
62236, the samp l e  i s  very l i ght gray , s ubangul ar ,  and fai rl y  coherent but 
wi th severa l penetrati ve fractures ( Fi g .  1 ) .  

62237 was col l ected  from the rim of Buster Crater, adjacent to 62235 and 62236 
and i ts ori entati on i s  known " Pati na and a few zap p i ts occur on two faces . 

F IGURE 1 . 

PETROLOGY :  Petrographic  descri pti ons wi th phase analyses and  i n terpretati on 
are presented by Dymek et  a l . ( 1 975 ) and Warren and Was son ( 1 977 ) . Meyer ( 1 979 ) 
reports mi nor e l ement abundances i n  p l ag i ocl ases (Tab l e 1 )  and  McKay et a l . 
( 1 978) ca l cu l ate the poss i bl e  range of T i /Sm of the parent l i q u i d . -- --

62237 i s  brecc i ated ( Fi g .  2 )  and textural ly i nhomogeneous , w ith  the ori g i na l  
coarse ( >  1 mm)  gra i n  s i ze l oca l ly preserved . A mode by Dymek et  a l . ( 1 975 )  has 
83% p l ag i oc l ase ,  1 6% o l i v i ne , mi nor pyroxene , and sma l l amounts-ofiCr-spi nel , 
i l me n i te ,  and troi l i te ; Warren and  Was son ( 1 97 7 )  estimate 89% p l ag i oc l ase and 
1 0% ol i vi ne .  The mi neral compos i ti ons  reported by Dymek et a l . ( 1 975 )  ( F i g .  3 )  
are confi rmed by Warren a n d  Wasson ( 1 97 7 ) . P l a g i ocl ases and-ol i v i nes have l ov 
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62237 

b 

FIGURE 2 .  62237 ,3 1 . general v i ew .  wi d th 2mm . a )  xpl . b )  same f i el d ,  ppl . 

a bundances of mi n or e l ements . Pyroxenes i ncl ude some comp l ex ,  exso l ved p i geon
i tes . The mi neral compos i ti on s  a re s imi l ar to  those i n  62236 and  l es s  mafi c  
ferroan anorthos i tes . Dymek et a l . ( 1 975 ) stress that the o l i vi ne must be cumu-
l ate, not a product of a trapped--l i qui d .  

-----

grai n 
gra i n  

TABLE 1 .  

Ion  probe analyses for mi nor el ements (ppm ) 

i n  62237 pl agi oc l ase (Meyer , ' l 979) 

Li Mg Ti Sr Ba 
a )  4 700 
b )  2 . 7  370 75  203 10 

3� 
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62237 -PLAGIOCI.ASE KAIS.Oo 

..... 

• PYROl<ENE 

62237 

F IGURE 3 .  Mi nera l compos i t 
i o n s ;  from Dymek et  !!_. { 1 97 5 )  . 

CHEM I STRY : l�arren and Wasson ( 1 978 ) report two analyses for major and trace ( i n 
c l ud i n g  s i derop hi l e )  e l ements for a sp l i t  of 62237 , and Dymek et a l . ( 1 975 )  re
construct the chemi cal compos i ti on from the mode and mi neral analyses . K ,  U ,  
Th anp rad i onuc l i de a bundance data are presented by C l ark and Kei th ( 1 973)  from 
y-ray spectroscopy , and Schaeffer and Schaeffer ( 1 97 7 )  report K and Ca abundances . 

The chem i stry (Tab l e 2 ,  Fi g .  4 )  confi rms the affi n i ty wi th pri sti ne ferroan anor
thos i tes . The rare-earth abundances are s i mi l ar to 62236 and much l ower than 
pri sti ne nori tic  and troctol i ti c  rocks . 

TABLE 2 

Summary chemistry of 62237 ( from Warren and Wasson , l978) 

Sio2 
Sr 
La Ti02 0.02 ? 

A12o3 31 . 1  Lu 

Cr2o3 0.06 Rb 

FeO 4 .8  Sc 

MnO 0.05 Ni 

MgO 4.·2 Co 

CaO 17.0 Ir ppb 

Na2o 0.21 Au ppb 

K20 0.013 c 

P205 
N 
s 

Oxides i n  wt%; others i n  ppm Zn 
except as noted Cu 
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0 . 19 
0 .015 

4 .4 
5.8 

1 1 . 1  
O.Dl5 ? 
0 .017 

1 .6 
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FIGURE 4 .  Rare earth el ements ; from Warren and Wa sson  ( 1 978 ) .  

GEOCHRONOLOGY :  Schaeffer and Schaeffer ( 1 97 7 )  present Ar i sotop i c  data . No 
p l ateau was obta i ned and the argon system i s  c l early extremel y  d i s turbed , wi th 
more than one trapped component .  I nd i v i dua l rel eases g i ve ages rang i n g  from 
2 . 49-5 . 68 b . y .  with a tota l K-Ar "age"  of  3 . 59 ± 0 . 05 b . y .  

EX POSURE AGES : Schaeffer and Schaeffer ( 1 977 )  ca l cu l ate 3 8Ar-Ca ages rangi ng  
from 24  to  2385 m .y .  wi th an a verage of 32 . 9  m . y .  The d i s turbed argon system 
makes the a ges extreme ly  unre l i ab l e .  

PROCESS I NG AND SUBD IV IS IONS : No saw cuts have been made , and most of the samp l e  
i s  preserved 1 n  two l arger ch i ps , 0  ( 37 . 9  g )  and , 1  ( 8 . 9  g ) .  A number of sma l l 
ch i ps i n  the range 0 . 5  - 2 . 0  g ex i s t .  The current th i n  sect i ons are from a 
s i n g l e  potted butt ( , 4 ) . 
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62238 CATACLASTI C  ANORTHOS I TE 

I NTRODUCTI ON :  62238 i s  a n  angu l ar ,  coherent ,  whi te samp l e  ( F i g .  1 ) . 
ta 1 ns rare ye l l ow minera l s  and  i s  probably a catac l ast ic  anorthos i te .  
some adher ing  s oi l .  I t  was ta ken from a soi l samp l e  col l ected on the 
rim of Buster Crater ,  and l acks zap p i ts .  

1 . 57 

It con
I t  has 

south 

F IGUR E  1 .  Sma l l est scal e 
d i v i s ions  i n  0 . 5mm . 
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62245 CRYSTALL I N E  I MPACT MELT 6 . 03 g 

I NTRODUCT ION :  6 2245 i s  a coherent , medi um gray , crysta l l i ne rock that i s  
probably a n  i mpact mel t  ( Fi g .  1 ) . The N s urface appears fresh and l acks zap 
p i ts whereas the other surfaces have pat i na and abundant zap p i ts . Thi s  rock  
was taken from the  soi l samp l e from the  southeast r im  of Buster Crater.  

F IGURE 1 .  Sampl e i s  about  2 em . wide . 
S-7 2 -4 1 308 
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62246 CATACLASTIC  ANORTHOS ITE, GLASS COATED 4 . 59 9 

INTRODUCT ION : 62246 appears to be a coherent ,  wh i te ,  catacl ast ic  a northosi te 
coated by dark , ves i cu l a r  g l ass (Fi g .  1 } .  Cons i derab l e soi l adheres to the 
g l ass and several whi te cl asts are suspended i n  the gl ass . Th i s  rock was 
taken from the so i l sampl e from the s outheast r im  of Buster Crater .  A few zap 
pi ts are present on the g l ass coat.  

F IGURE  1 .  Sampl e i s  a bout 3 em . l ong . 

S -7 2-41 308 
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62247 FRAGMENTAL POLYM ICT B RECCIA 2 . 1 1  g 

INTRODUCT ION : 62247  i s  a fri ab l e ,  o l i ve gray , c l asti c  b recc i a  ( Fi g .  1 ) . I t  
was taken from the soi l sampl e from the southeast r im  of B uster Crater .  Zap 
p its  a re rare . 

F I GURE 1 .  Samp l e i s  a bout  2 em . wid e  
S -7 2-41 308 
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62248 FRAGMENTAL POLYMICT B RECC IA 1 .  61 g 

INTRODUCTION : 62248 i s  a fri ab l e ,  o l i ve gray , c l asti c brecci a  { F i g .  1 ) .  A 
sma l l amount of sp l ash g l ass i s  present on one s urface ,  Traces of  metal or  
g l ass spheres and granul ar aggregates of  wh i te materi a l  ( catacl asti c anorthos i te ? )  
are vi s i b l e  macroscop i cal ly .  Thi s  rock was taken from the so i l samp l e from the 
southeast rim of B uster Crater. Zap p i ts a re e i ther absent or compl etely 
covered by dust . 

FIGURE 1 .  Sampl e  i s  a bout 1 . 5 em . wi d e .  
S-72- 4 1 308 
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62249 FRAG�IENTAL POLYmCT B RECC IA 1 .  41 g 

INTRODUCTION :  62249 i s  a fri ab l e ,  o l i ve gray , c l asti c brecc i a ( Fi g .  1 ) . It  
is  rounded and l acks zap p i ts .  I t  was taken from the soi l  samp l e  from the 
southeast ri m of Buster Crater .  

F IGURE 1 .  Sampl e i s  a bout 1 em .  wi de . 
S-7 2 -4 1 3 08 .  
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62255 D I L ITHOLOGI C  ( PR I ST INE ANORTHOS ITE AND IMPACT MELT) BRECCIA ,  
PARTLY GLASS-COATED 

1 239 g 

I NTRODUCT ION : 62255 con s i sts of �65% ferroan anorthos i te and 35% dark , f i n e ly  
crystall i ne me l t  ( F i g .  1 ) .  Two s i des  are coated wi th b l ack ves i cu l ar g l ass  
( F i g .  1 )  apparently di sti nct from the crystal l i ne mel t  phase . The anorthos i te 
i s  chem ica l l y  pr i st i ne but enri ched i n  some vo l at i l es .  The s amp l e  i s  b l ocky, 
and moderately  coherent but fractured . 

62255 was col l ected at the south r im of Buster Crater and i ts or i en tati on i s  
known . I t  was apparently perched . P at i na and zap p i ts are present on most  
faces . 

FIGURE la . 
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62255 

FIGURE 1 b .  

322 

F I GURE 2 .  62255 ,44 . g l a ss 
coat (l eft ) a nd a northos i te 
(r i g ht ) ,  partl y xpl . width 
3mm . 



62255 

PETROLOGY :  L i tt l e  petrograph i c  work on 62255 has been pub l i shed . Schaal  et 
/- �, al. (197 6 )  report o n  stud i e s  o f  m i crocraters i n  the anorthos i te and prov i de 

some i nformati on on the anorthos i te i t se l f .  Ryder and Norman ( 1 978) prov i de 
a br ief petrograph i c  descr i p t i on of the anorthos i te w i th mi neral compos i t i on s  
and Meyer ( 1979 ) tabu l ates data for mi nor e l ements i n  p l ag i oc l ase from i on 
mi croprobe stud i es . 

The anorthos ite ( F i g .  2 )  i s  c atac l ast i c  and con s i sts of p l a g i oc l ase (An 9 z - 9 7 ) 
w 1 th m i nor amounts of two pyroxenes ( En s o -4 s W04 - s ) ( Ryder and Norman , 1 97 9 ;  
Schaal et  a l . ,  1976 ) .  Low-cal c i um pyroxene occurs mai n l y  as d i screte gra i n s  
( rare l yiUp-ro 2 mm ) ,  b u t  s ome p l ag i oc l ases contai n numerous t i ny pyroxene grai n s .  
Some of the pyroxenes contai n  exso l ut i on l ame l l ae .  P l ag i oc l ase  grai n s  are up 
to 4 mm i n  d i ameter and rel i ct gra i n  boundar i es are v i s i b l e  i n  p l aces . I lmen i te 
and tro i l i te are rare .  The m i nor el ement data for p l ag ioc l ase from Meyer ( 1979 ) 
are presented i n  Tab l e  1 .  

TABLE 1 .  Ion mi croprobe data for mi nor e l ements ( ppm ) i n  p l ag i oc l ase 
( r·1eyer ,  1979 ) 

L i  Mg T i  S r  Ba  

gra i n  a )  2 . 6  500 
grai n b )  2 . 3  534 214 181 22 

Schaal  et a l . ( 1 976 ) note that g l ass in  mi crocraters on the anorthos i te con s i sts 
ent i rely-or-p l ag i oc l ase and even next to a pyroxene gra i n  i s  not enri ched i n  Mg , 
Fe ,  or Ca . In contrast ,  Brown l ee et a l . ( 1975 ) d i d  note a s l i ght enri chment of 
Mg and Fe in g l as s  craters as compare�wi th the underlyi ng  fe l dspar gra i n . Th i s  
enri chment m i ght be meteor i t i c . 

The me l t  phase has a fi nely crysta l l i ne ,  " s a l t  and pepper" texture wh i ch var i e s  
greatly .  I t  conta i n s  1 -2% metal fragments . The contacts wi th the wh i te are 
sharp but the rel at i on sh i p  i s  unknown- -the me l t  i s  not present i n  th i n  sect i on s .  
The macroscop i c  features are con s i stent wi th the mel t  be i n g  a bas a l t i c-textured 
impact mel t .  

I n  th i n  sect ion , the gl ass coat ( F i g .  2 )  is  ves i cu l ar and conta ins  anorthos i te 
fragments and t i ny metal blE� It  i s  brown and part ly  crystal l i zed i nto 
s pheru l i tes of p l ag i oc l ase . The contact w ith the anorthos i te i s  genera l ly 
sharp but i n  a few p l aces the anorthos i te i s  mel ted and i n  others t i ny 
apophyses ( 200-300 �m ) of g l ass i n trude the anorthos i te .  

CHEMISTRY : Al l pub l i shed chemica l  data are for the anorthos i te .  S . R .  Tayl or 
et al . ( 1 974 ) present major and trace e l ement ana lyses and Tayl or and Bence 
\T975) d i agram rare-earth abu ndances for the anorthos i te and a p l ag i oc l ase 
separate from i t .  Cri pe and Moore ( 1 974 ) and Moore and Lew i s  ( 1977 ) present 
S, and C and N data respect i ve ly .  Hertogen et a l . ( 197 7 )  tabu l ate and d i scuss  
meteori t i c  s i deroph i l e  and  vol ati l e  e l ement abundances . Ca  and K data are 
presented by Jes sberger et a l . ( 1977 ) but the ch i p  i s  descri bed as pyroxene-
r i ch . - --

The data are summar i zed i n  Tabl e . 2  and F i gure 3 .  The s i deroph i l e s  demonstrate 
that the ferroan anorthos i te i s  free of meteor i t i c  contami n at i on but abundances 
of T l  ( etc . )  ( not tabu l ated ) demonstrate an enri chment i n  vo l at i l es .  
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II C> 
� 
i: tl c 0 � 1.1 

E 
a. 
a. 

TABLE 2 .  

""-.. "' c 
.2 
E a. a. 

Summary chem i stry of 62255 pri sti ne anorthosi te 

Si02 44.1 
Ti02 
Al 2o3 35.3 
cr2o3 0.002 
FeO 0 .20 
MnO 
MgO 0.37 
CaO 19.1  
Na2o 0.49 
K-fl" 0.09 

Pfis 
Sr 
La 0.46 
Lu 
Rb 0.025 
Sc 
Ni 1 . 6 
Co 
Ir  ppb 0.01 6  
Au ppb 0.062 
c 20 
N 9 
s 90 
Zn 0.31 
Cu <1 

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

62255,20 TR 

62255, 20 WH 

La Ce Pr Nd Sm Eu Gd Tb Oy Ho Er Tm Yb Lu 
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F IGURE 3 .  Rare earth 
data for 62255 . TR= 
whol e rock a northo s i te .  
WH=plag ioc l a se  separate 
from anortho s i t e ;  from 
Taylor and Bence ( 1  97 5 ) .  



6225 5  

GEOCHRONOLOGY : Jessberger et  a l . ( 1977 ) found no p l ateau i n  3 9Ar-4 0Ar stud i es 
and s tate that the s amp l e  isnot datab l e .  Thus the total K-Ar "age" of 3 . 66± 
. 08 b .y .  i s  unrel i ab l e .  

RARE GASES AND E XPOSURE AGES : Jes sberger et al . ( 1977 ) l i st an argon exposure 
age of 3 ± 1 m.y . , L 1 ghtner ·and Marti  ( 1974a )state that the exposure age i s  2 
m . y . , and Drozd et a l . ( 1977 ) quote ( Marti ,  1975 , pers . comm . ) an age of 1 . 9 
m . y .  The method-ror-the study wh ich  gave the l atter two ages i s  8 1 Kr-Kr ( Mart i , 
1980 , pers . comm . ) .  

L i ghtner and Marti ( 1974 a )  present xenon i sotop i c  data for an i nter i or ch i p  of 
anorthos i te .  The spal l at i on component i s  sma l l because the s amp l e  has both l ow 
i n compat i b l e  e l ement abundances and a short exposure age . As expected , no  
f i ss i onogen i c  xenon was found . Trapped xenon i s  i sotop i ca l l y  s imi l ar to terres
tri al xenon but L i ghtner and Marti  ( 1974a ) argue that it  i s  not terrestr i a l  i n  
ori g i n .  However ,  a s  d i scussed by Hertogen e t  a l . ( 1977 ) ,  contam i nat i on i s  
pos s i b l e ,  a s  N i emeyer and Le ich ( 1976 ) foundthat terrestr i a l  xenon cou l d  be 
stron g l y  adsorbed on surfaces . Hertogen et  a l . ( 1977 ) suggest that the l un ar 
vol at i l e  enri chment m i ght  somehow make thesurface condu c i ve to l ater xenon 
adsorpt i on .  

M I CROCRATERS AND SURFACES : Schaal et a l . ( 1976 ) report phys i ca l  and chem i ca l  
character i s t 1 cs of mi crocraters on the-anorthos i te and Brown l ee et  a l . ( 1975 ) 
report chem i ca  1 data for such craters . - -

Padawer et a l . ( 1974 ) determi ned the abundances of C and F l  w i th depth i n  
exter i or-anCii nterior ch i ps of the anorthos i te ,  but the abundances deri ved from 
both are cons idered to be contami nation from Tefl on packag i n g  and other sources . 

PHYSI CAL . PROPERT IES : Hou s l ey et a l . ( 1976 ) show a FMR ( ferromagnet i c  resonance ) 
den vat l Ve spectrum and a correspon d i n g  absorpt i on spectrum for an an::lrthos i te 
ch i p .  The FMR i s  very weak . 

PROCESS I NG AND SUBD I V I S I ONS : Several l arge ch ips  were taken from the samp l e  and 
s ubdiv ided prior to sawi n g  of the rock i n  October , 1975 . The s i ng l e  s aw-cut 
produced four l arge p i eces- - , 0  ( 694 g ) ;  , 64 ( 53 g ) ;  , 80 ( 251  g ) ;  and ,81 ( 10 1  g )  
i n  addi t i on to many sma l l er p i eces ( F i g .  4 ) . 
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FIGURE 4 .  Sawn s ubd i v 
i s i on s  of 62255 . 



62275 CATACLAST IC  ANORTHOS ITE 443 g 

I NTRODUCT I ON :  62275 i s  a whi te ,  very fri abl e ,  catacl asti c anorthos i te .  
Mi neral compos i ti on s  and l im i ted chemi cal data s uggest  that the rock i s  
monomi ct .  Macroscop i ca l ly  i t  has a cha l ky to  sugary texture a nd  a l oca l ly  
streaked appearance . There i s  no  g l a s s  coat but a thi n l ayer of pati na i s  
present on some s urfaces . Zap p i ts are rare to absent on a l l s urfaces but 
the rock ' s fri abl e n ature i s  not amenabl e to the preservation of surface 
features . The samp l e  was col l ected � 25 m southeast of Buster Crater a s  a 
s i ng l e  spec imen but ha s s i nce d i s i n tegrated ( F i g .  1 ) . Lunar ori entat ion 
i s  known . 

F IGURE 1 .  S-72-38386 

PETROLOGY : Pri nz et �· ( 1 973 ) and Dowty et �· ( 1 974a ) provi de petrograph
ic i nformati on . The rock is an extremely  shoc ked and catacl as i zed anorthos i te ( F i g .  2 ) . I so l ated cl asts of p l agi oc l ase (An97_99 ) a nd a brown i sh mi cro
crysta l l i ne materi a l  ( up to 2 mm l ong ) rest i n  a fi ne ly  comm i nuted anortho
s i ti c  matri x .  Moda l data are g i ven i n  Tabl e 1 .  The brown i sh c l asts are not 
s imp l y  recrysta l l i zed p l a g i oc l ase  but are enri ched i n  Fe and Mg rel ati ve to 
both p ure p l ag i oc l ase  and the bul k rock (Tab l e 2 ) . From the data avai l abl e 
i t  i s  not pos s i b l e  to tel l i f  these c l asts represent foreign  materi a l  or 
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6227 5 

F IGURE 2 .  6227 5 , 4 .  
general v i ew ,  partl y  
xp 1 . wi dth 3mm . 

were formed more or l es s  � �; itu . Mafi c mi nera l s  are concentrated i n  h igh ly  
crus hed zones . Despi te extens i ve catacl a s i s ,  a rel i ct  c umu l ate texture i s  
d i scernabl e i n  some areas and a few mafi c -p l a g i oc l ase gra i n  boundari es  have 
surv i ved . Mi nera l og ica l ly  62275 i s  s i mi l ar to known pri sti ne anorthos i tes . 
Mafics are ferroan and l arge ly equi l i brated ( F i g .  3 ) . The sma l l range of  
mi neral compos i t i ons  i nd i catE! that the rock may be monomict .  Chromi te-ri ch 
sp i nel ( FeCr20� � 60 mol % ) , rare Fe-metal and troi l i te are accessory 
m i nera l s .  

From the compos i ti on of the ol i vi ne-2 pyroxene-p l ag ioc l a se  assembl age , Herz
berg ( 1 979)  ca lcu l ates a temperature of equi l i brat i on of � 780-980°C and a 
pressure of equi l i brati on of � 1 . 3 - 3 . 2  k b .  

I I I 
100 iO 80 

l I I 
100 iO 80 

•• 

• 
•• • 

Pyroxene composition (mole %) 

I J I 
70 60 50 40 30 

Folsterite content of ollvi<oe (mole%) 

I I I 
70 60 80 40 30 

Anorthite content of ploviocloso (mole%) 

Hd 

20 

20 
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F I GURE 3 .  Mi nera l compo s i ti ons ; 
from R .  Warner et a l . ( 1 976b ) . 
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6227 5 

TABLE 1 Mode of 62275 (Prinz et al . ,  1 973)  

vol  % 

feldspath ic  g l ass 
and p lagioc l ase 93 

ol i vine 6 

orthopyroxene 1 
cl inopyroxene tr 

chromite tr 

TABLE 2 Summary chemi stry of' 62275 ( DBAs from Prinz � �  . •  1 973 )  

Bu lk  Rock Brown i sh c l asts 

Si02 43 . 7  44 . 3  
Ti02 0 . 04 0 . 13 
Al 2o3 33 . 1  30 . 2  
Cr2o:l 0 . 29 0 .06 
FeO 2 . 20 3 .4  
MnO <0 .01 0 .04 
MgO 1 .91 3 . 1  
CaO 18 .4 18.6 
Na2o 0 . 30 0 .34 
K2o 0.06 0 .03 
P205 

Oxides i n  wt% 

CHEMISTRY : A " bu l k rock"  defocussed e l ectron beam analys i s  ( DBA } of a thi n 
secti on i s  p resented by Pr inz  et a l . ( 1 973 }  and reproduced i n  Dowty et a l . 
( 1 974a } and here as Tabl e 2 with an average mi croprobe ana lys i s  of the 
browni s h  cl asts . The h i gh Fe/Mg of the rock i s  comparabl e to that of  other 
fer roan anorthos ·i tes . 

C l ark and Kei th ( 1 973 }  provi de natural and cosmogen i c  rad i onucl i de a bundance 
data . The very 'l ow K ( 1 1 9  ppm } , Th ( 0 . 009 ppm} and U ( < 0 . 006 ppm) i nd i cate 
very l i ttl e ,  i f  any ,  contami nati on by KREEP .  

EXPOSURE AGES :  Cosmogen ic  radi onucl i de data are reported by C l a rk a nd  Kei th 
( 1 973) . The rock  i s  probably saturated i n  2 6Al re l ati ve to 2 2Na ( 26Al j22Na = 

3 . 4 ) 
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FIGURE 4 .  1-to st  of 6227 5 , 0 .  Largest pi ece  i s  
about 5 em . across . 

6227 5 

PROCESS ING AND SUBD I V I S IONS : Al though returned a s  one p i ece , from whi ch , 1  
was chi pped to produce thi n  secti ons , 3  and , 4 , 62275 has d i s i ntegrated i nto 
numerous p i eces and powder ( Fi g . 4 ) . 
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62285 SOI L CLOD 3 . 52 g 

I NTRODUCT I ON :  62285 i s  a brown , extreme ly  fri a b l e  samp l e ,  most of wh i c h  has 
d i s i ntegrated to powder ( F i g .  1 ) .  I t  is a l oosely l i th i fi ed soi l c l od .  I t  was 
ta ken from a soi l samp l e  col l ected about 30 m south of Buster Crater .  
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F IGURE 1 . Sma 1 1  est sea 1 e 
d i v i si o n  i n  0 . 5mm . 



62286 SOI L  CLOD 2 . 92 

I NTRODUCT ION :  62286 i s  a brown , extreme ly  fri ab l e samp l e ,  most of whi c h  has 
d i s i ntegrated to powder ( Fi g .  1 ) .  I t  i s  a l oosely l i th i fi ed so i l  c l od . I t  
was taken from a soi l samp l e  col l ected about 30 m south of  Buster Crate r .  
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F IGURE 1 .  Smal l est sca l e  
d i vi s i o n  i n  0 . 5mm . 



62287 F I NE-GRAINED IMPACT �1E LT (? ) 4 . 74 g 

I NTRODUCTI ON :  62287 i s  an angul ar ,  coherent,  medi um dark gray fragment ( Fi g .  
1 ) .  I t  conta i n s  rare , smal l whi te and b lack cl asts , and ha s concho i da l  frac
ture i n  p l aces . I t  i s  proba bly a fi ne-gra i ned  or gl assy impact me l t .  I t  was 
ta ken from a soi l samp l e  col l ected about 30 m south of Buster Crater and l acks 
zap p i ts .  
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F IGU RE l .  Sma l l est scal e 
d i vi s ion  i n  0 . 5mm . 



62288 FRAGrv1ENTAL OR CRYSTALL I NE POL vt4 I CT BRECCIA l .  94 g 

I NTRODUCTION : 62238 i s  a coherent ,  pal e to medi um gray brecc i a  conta i n i ng a 
vari ety of sma 1 1  l i ght and dark c l asts ( Fi g .  l ) . The rna tri x i s  coherent and 
the fragment popu l ati on varies from angu l ar  to rounded . I t  was taken from a 
so i l  samp l e  col l ected 30 m south of  Buster Crater and l acks zap p i ts . 
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F I GURE l .  Smal l est 
sca l e  d i vi s i on  i n  
0 . 5mm . 



62289 SOI L  CLOD 1 . 1 4  g 

I NTRODUCTION : 62289 i s  a brown , a lmost tota l ly d i saggregated soi l c l od ( Fi g .  1 ) .  
I t  was taken from a soi l samp l e  col l ected about 30 m south of Buster· Crater . 
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F IGURE 1 .  Smal l est 
scal e d ivi s i o n  i n  
0 . 5mm . 



62295 BASALTI C  I MPACT MELT 251  

I NTRODUCT ION :  62295 i s  a mesostas i s-r ich , basal t i c  impact me l t  that i s  un i que 
in being  very magnes i an and r i ch in  o l i v ine and s p i ne l . Macroscop ica l l y  i t  
i s  green i sh-gray i n  co lor and q u i te tough ( F i g .  1 ) .  I t  was co l l ected � 35 m 
southwest of Bus ter Crater . Zap p i ts are abundant on the " l unar top" s urface , 
rare to absent on other s urfaces . 

F IGURE 1 . 
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a 

62295 

b 

F IGURE 2 .  62295 , 6 9 .  g eneral  v i ew .  wi dth 2mm . a )xpl . b )  ppl . 

PETROLOGY : General petrographic  descripti ons are g i ven by Agre l l et � ·  ( 1 97 3 ) , 
Brown et  al . ( 1 973 ) , Hodges and Kush i ro ( 1 973 ) , Wal ker et a l . ( 1 973) , Nord et a l . 
( 1 973 )--, Wei bl en and Roedder ( 1 97 3 ) , McGee et  a l . ( 1 979)iin�Vaniman and Papi ke-
( 1 98 1 ) .  Steel e  and Smi th ( 1 975 ) provi de data-on mi nor e l ements i n  o l i vi nes . 
Nord et a l . ( 1 97 3 )  studi ed mi neral s tructures usi ng h i gh�vol tage transmi s s i on 
e l ectronspectroscopy ( HVTE14) . M i sra and Tayl or ( 1 97 5 )  report metal composi ti on s .  
Mel t i nc l u s i ons were stud i ed by Wei bl en and Roedder ( 1 97 3 ) . 

62295 i s  a fi ne�gra i ned , mesostasi s�r ich  basa l t i c  i mpact mel t  wi th the mi nera l �  
ogy o f  a sp i nel trocto l i te ( F i g .  2 ) . I t  i s  s omewhat heterogeneous on the thi n  
secti on sca l e ,  a n  approximate mode bei ng 55% p l ag i oc l a s e ,  25% o l i vi ne ,  1 5% 
mesostas i s  and 5% s p i ne l . Xenocrysts ( up to 1 . 5 mm) of o l i vi ne ( Fo90 �9 5 ) , 
p l a gi oc l ase  (An94_9 9 ) , p i nk  sp ine l  ( 9- 1 6  mol %  chromi te )  and metal are p reserved 
i n  a fi ner-gra i ned  matr i x  (<1 mm) characteri ze d  by a vari ety of quench textures . 
Norma l ly-zoned o l i vi ne ( Fo 78_ 92 ) and p l agiocl ase  (An9 0- 96 ) are the princi pal 
matri x m i nera l s  and occur as  hol l ow ,  euhedral l aths and s ke l etal gra i ns , as var i 
o l i ti c  to grap h i c  i ntergrowths and as  c l ots wi th a feathery to spi n i fex texture . 
I nc l us i ons of a col or l e s s  to p a l e  yel l ow sp ine l  ( 2-4 mol %  chromi te )  are abundant 
i n  both matr i x  o l i vi ne and p l ag i ocl ase . These spi nel s are metastab l e  and the i r  
exi s tence impl i e s  rap i d  cool i ng and crysta l growth rates . A compl ex ,  cryptocrys
tal l i ne mesostas i s  of p l ag i oc l ase , o l i vi ne ,  cl i n opyroxene , meta l , troi l i te ,  
schrei bers i te and a fl uor-phosphate fi l l s i nterst i ces and hol l ow crystal s .  The 
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62295 

pyroxenes are ferroaugi tes ( Fi g .  3 )  and occur only i n  the mesostas i s .  Metal 
s hows a l arge range i n  compos i ti on ( F i g .  4 ) . Co-ex i s t i n g  schrei bers i te i s  
unusual ly ri ch i n  Ni  (� 42% N i ) ( see Mi sra and Tay l or ,  1 97 5 ;  Brown et a l . ,  1 97 3 ;  
l�e i b l en and Roedder ,  1 973 for other meta l data ) . - -

The xenocrysts are i nhomogEmeous ly di stri buted through the rock and often core 
the radi ate i ntergrowths menti oned above ; a l l are mantl ed by fi ne-grai ned re
acti on r ims . Several authors note that the xenocryst popu l ati on i s  mi neral ogi 
ca l ly s imi l ar to the p i n k  spi nel trocto l i te ( PST) c l a st  i n  67435 . Stee l e  and 
Smi th ( 1 97 5 )  f i nd the xenocryst o l i vi nes to be poor i n  mi nor e l ements ( except 
Cr) compared to matri x o l i v i nes (Tab l e  1 ) .  Roedder and Wei bl e n  ( 1 977b) descri be 

f�cGee et �· ( 1 979) 

Co 

.... 

Hodges and Kus hi ro ( 1 973) 

50 
Atomic per cent 

INTERSTITIAL •c;u.ss• 62295 

30 40 �o 60 10 eo 90 ooo �FE+MGI Walker et �· ( 1973) 

Vaniman and Papi k e  ( 1 981-) 
Fo 

F IGURE 3a . Mafi c mi neral 
composi ti ons . 

an unusual  chondru le - l i ke part i c l e  con s i s t i n g  of a ·Ji ogle crystal of barred 
o l i vi ne . wi th th i n  stri ngers of p l agiocl ase and opaques separating the bars . 
The o l i v i ne shows reverse zon i n g  w ith an i n termed i ate area more magnes i an 
( Fo9 2 ) than e i ther the core or r im  ( both � Fos s ) .  The p l ag i oc l ase str ingers 
bear no  crystal l ographi c re l ati on to the o l i v i ne and thus are not exsol uti on 
l ame 1 1  ae . 
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62295 

He Gee e t .!!_. 
I 

s2295 1 •••• • �.�: L Hodges and Kus h i ro ( 1 97 3 )  

85 �l � 

Ab 

Matr i x  

An 95 90 

" 
62295,76 

eo X[NOCR'tST • 

mol "I. 

Wal ker et �· ( 1973) 
• • .. 

MOLE % FEO/ FEO+MoO 

F I GURE 3 b .  Pl a g i oc l ase 
compo s i tions  • 

Or� �  
--------�·�------�·=-·--·�·���.��:95 SO 90 Vaniman and Pap i ke ( 1 98 1 )  

TABLE 1 .  Minor e l ements i n  62295 ol i v i n e  ( Stee l e  and Smi t h ,  1975 ) 

cao MnO 

Xenocryst 

0 . 2 50 

0 . 060 

0 . 017 0 . 092 

0 . 009 0 . 045 

0 . 130 

0 . 048 

0 .087 

0 . 124 

M e l t 
62295 

• • 

Oxides i n  wt% 

� ·  � 
�· .. 
-------

F IGURE 4 .  Meta l s ;  from M i sra and Tayl or 
( 1 97 5 )  • 
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62295 

EXPERU4ENTAL PETROLOGY :  Crysta 1 1  i zati  o n  experiments o n  the 62295 composi ti on 
are reported by Wal ker et a l . ( 1 97 3 ) , Hodges and Kus h i ro ( 1 97 3 )  and Ford et a l . 
( 1 974) . Al l authors f i nd spi nel  to be the l i qu i dus p hase at  a l l  pressure� �t 
l ow pressure spi nel  i s  fol l owed by o l i vi ne ,  p l ag i oc l ase  and pyroxene wi th de
creas i ng temperature . Bel ow � 1 250°C and at  l ow pressure ,  sp i nel reacts wi th 
the l i q u i d  to form o l i v i ne · and p l ag i ocl ase . At progress i ve ly  hi gher pressures 
the sp i ne l  fi e l d  expands and o l i v i ne i s  rep l aced by pyroxene . There i s  no 
approach to mul t i p ly  saturated cond i t i on s  wi th i ncrea s i ng pressure ( F i g s . 5 , 6 ) . 

Th i s crysta l l i zati on sequence ( spi nel , o l i vi ne ,  p l ag i ocl ase , pyroxene ) i s  con
s i s tent wi th that pred i c ted by l ow pressure phase d i agrams ( F i g .  7) and deter
m i ned by textural s tudi e s  ( e . g .  Engel hardt ,  1 978) . Data from s i l i cate mel t  
i nc l us i on s  ( Wei b l en and  Roedder , 1 973 ) are i n  basi c agreement wi th thi s  sequence 
except for apparently req u i r i ng a mi nor amount of a Ti -r ich  p hase to fol l ow 
o l i vi ne and preceed p l ag i oc l ase ( F i g .  8 ) . 

L . A .  Tayl or et a l . ( 1 976) performed s ubso l i du s  heati ng experiments on natural 
rock ch ips  toi3bserve changes i n  metal compos i ti on and morphol ogy . The i r re
su l ts are s ummari zed i n  F i g ure 9 .  

DE PTH KM 

g 62295 
"' 

LIQUID 

0 
GARNET 
PYROXENITE 

- -
0 

FIGURE 5 .  from Wa l ker et a l . - -

( 1 97 3 ) .  

339 

0 

L 
D -c=--'--'--

CD S p + L  --{B m 

Pressure , kb 

FIGURE 6 .  from Hodges and Ku sh i ro 
(1 973 ). 



62295 

OLIVINE: 

rf •  
1-

., 

SILICA 

SPINEL 

0 2 4 6 e m ij 

PLAGIOCLASE 

C 6229S 

W "4 MgO 

FIGURE 7 .  from Wal ker et �. ( 1 973 ) .  
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FIGURE 8 .  T i02 v .  MgO ; from 
Wei bl en and Roedder ( 1 97 3 ) . 
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62295 

FIGURE 9. from L .A .  Tayl or 
et �· (1 976 ) .  

CHEMISTRY : Major and trace e l ement ana 'l yses  are provi ded by Hubbard et al . 
( 1 973) ,  Rose et �· ( 1 973 )  and  Wan ke et �· ( 1976 ) . KrahenbUhl  et al-. (1973 )  
g i ve s i deroph i l e  and vol ati l e  e l ement data and E l dr i dge e t  al . (i9i3) report 
n atural and cosmogen i c  radi onuc l i de abundances .  Wal ker et aT. ( 1 973 ) present 
major e l ements obtai ned by e l ectron mi croprobe ana lyses of natural rock powder 
fu sed to a g l ass . Other chem i ca l  data are found i n  the work of geochronol ogi sts 
( referenced be l ow ) . ' 

62295 i s  among the most magne s i an ,  and has one of the h i ghest Mg/Fe (Mg/M�+F� 
mol a r = 0 . 8 1 ) ,  of any l unar impact me l t  analyzed (�abl e 2 ) . �onethel e�s 1 t  1 s

o chemi cal ly d i sti nct from the u l tramafi c PST c l ast 1 n  67435 wh1 ch conta 1 n s  � 34% 
MgO . L i thoph i l e  e l ements ( F i g .  1 0 )  are s l i ght ly enri ched over l oca l  so i l s  and 
are dom i nated by KREE P .  E l dri dge e t  al . ( 1 973 ) note the l ow K/U rat i o  ( 7 70 ) ;  
Th/U i s  typ i cal of l unar rocks ( 3 .9).-The s i deroph i l e  e l ements i nd i cate a 
meteori t i c  component (Tab l e  2.) . Ganapathy et al . ( 1 973 ) menti on the h i gh Ge 
content ( 642 ppb ) but do not cons i der it i nd i cat i ve of fumarol i c vol at i l es due 
to the normal vol ati l e  to i nvo lat i l e  rat i os ( e . g .  T l /Cs  and T l /U )  of the rock . 
Hertogen et al . ( 1 977 ) ass i gn th i s  s amp l e  to meteor i t i c  group l H ,  a group 
l arge ly  restrTcted to Apo l l o  1 6 .  

STABLE ISOTOPES : Taylor and Epste i n  ( 1 973 ) report whol e rock 60 1 8  and oSi 3 0 
values of +5 . 81 and -0 . 27 °/oo respect i ve ly .  
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CIJ 
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Cl) 
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TABLE 2. Summary chemistry of 62295 

Sio2 45 .3 
Ti02 0 . 72 
Al 203 20 . 5  
cr2o3 0 . 1 7  
FeO 6 . 2 
MnO 0.09 
MgO 14.7 
CaO 1 1 . 6  
Na2o 0.45 
K20 0 .08 
P205 0.14 

Oxides i.n wt%, ot�ers in  ppm 
except as noted . 

� - .... ..... - -- ...... 
' ...... ..... 

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

- .... -

131 
19 
0.88 
5 . 2 
10 
285 
25 
4 . 3  
5 . 1  

700 
18.9 
14 . !  

62295 

-- - ,52 ,60• Wanke et at., 1976 
,39• Hubbard et al. , 1 973 

FIGURE 1 0 .  Rare earth el ements . 
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RADIOGENIC  I SOTOPES AND GEOCHRONOLOGY : An Rb-Sr i nternal  i sochron age of 4 . 00 
± 0 . 06 b .y .  with an i n 1 t 1 al 8 7Sr/86$r of 0 . 69956 ± 6 ( F i g .  1 1 )  was reported by 
�1ark et a l . ( 1 974 ) .  The age i s  i nterpreted as the crysta l l i zation age of the 
impactmeTt . 
The i sochron i s  not simpl y a m ix i ng l i ne becau se o ne fracti o n  ( H )  fal l s  off 
such a l i ne (Fi g .  1 1 ) . Mark et a l . ( 1 974 } and Nyqu i s t  et a l . { l 97 3 }  prov ide  
whol e-roc k R b-Sr data , summarizroi n  Ta bl e 3 .  
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F IGURE  1 1 . Rb-Sr data . a )  i sochro n .  b )  R b  v .  86sr ; from Mark et �. ( 1 974 } . 

TABLE 3 Summary of whole rock Rb-Sr data for 62295 

17 Rb 87Sr/86Sr 87Sr/16Sr TBABI (b .y. ) TLUNI ( b . Y . ) Reference -
. ,  Rb measured at 4 .6  b .y.* 

62295,34 0 .0958 0 . 70501 0 . 69955 4 . 31 4 . 38 Nyquist  et � -
( 1973 ) 

, 34 I I  0 .0994 0 . 70519 0 . 69946 4 . 28 4 . 35 Nyquist  et !}_. 
( 1973)  

, 35 0 .0877 0 . 70452 0 . 69956 4 . 39 4 .46 �lark et !}_. 
( 19 74 ) 

*corrected for interlaboratory b ias by Nyquist ( 1977 ) 
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Turner et al . ( 1973 ) cou l d  not obta i n  a good 3 9Ar-4 0 Ar p l ateau due to equ i p
ment probl ems dur i n g  the l ow temperature re l ease ,  but an age of 3 . 89 ± 0 . 05 
b . y .  was i nferred from the 900° and 1000° rel ease data . A max imum age of 
3 . 91 ± 0 . 05 b . y .  was a l so ca l c u l ated ( F i g . 12 ) .  The total Ar rel ease age i s  
3 . 3 1 b .y .  
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F IGURE 1 2 . Ar rel ea se ;  from 
Turner et �· ( 1 97 3 ) . 

RARE GAS/EXPOSURE H I STORY : From foss i l  track ana lyses Bhandar i et a l . ( 1973 ) 
i nfer that 62295 h ad a s impl e  exposure h i s tory wi thout shal l ow bUrTal ex
posure in the rego l i th .  A surface exposure age of 2 . 7  m .y .  was cal c u l ated . 
Turner et a l . ( 1973 ) report cosmogen i c  Ar i sotope rat i os and cal cu l ate an  Ar 
exposure-age of 310 m . y .  Marti ( 1974 ,  pers . comm . , referenced i n  Harz et a l . ,  
197 5 )  determi ned a Kr exposure age of 235 m . y .  E l dr i dge et a l . ( 1973 ) provTde 
short- l i ved cosmogen i c  radi onuc l i de abundances and L i ghtner-and Mart i ( 1 974b ) 
report various Xe i sotope concentrati ons . 

MICROCRATERS : Morri son et a l . ( 1973 ) and Neukum et a l . ( 1973 ) provi de s i ze
frequency data .  Mi crocraters occur on  on ly  one surrace i nd i c at i ng a s imp l e  ex
pos ure h i story . The cratered s urface is probab l y  st i l l  i n  production . 
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PHYSICAL PROPERTIES : Magnet i c  and mossbauer studies by Brecher et a l . ( 1973 ) 
i ndl cate that 62295 contai n s  0 . 37 wt% meta l , predomi nant ly  as coarse, mu l t i 
domai n  part i c l es . There i s  a l so  a sma l l but s i gn i f i cant fract i on o f  s i ng l e  
domai n gra i n s  wh i ch are capab l e  o f  carrying a re l at ive ly  stab l e  component of 
natural remanence ( F i gs .  13 , 14 ) . Remanent  propert i es of d i fferent ch i p s  
scatter over an  order of  magni tude due to the i nhomogeneous d i stri but ion of 
meta l  and the abi l i ty of the ch i p s  to acqu i re a v i scous remanence . Cyc l i ca l  
heat i ng  experiments produced i rrevers i b l e  changes i n  the magnet ic  properties  
through the subso l i du s  reduction of Fe2+ to  produce new metal gra i n s  and the 
coal escence of preex i st i ng  meta l  gra i n s . 
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FIGURE 1 3 .  Ma gnet i c  behav iou r ;  
from Brec her et <D._. ( 1 97 3 }  

F IGURE 1 4 .  IRM sta bi l i ty ; 
from Brec her et �· ( 1 97 3 ) .  



62295 

Todd et a l . ( 1973 ) and Wang et a l . ( 1973 ) report el ast ic  property measurements 
under-conf i n i ng pressures of-r-5000 bars ( F i g . 15 ) .  Todd et a l . ( 1973 ) a l so 
cal cu l ate and measure val ues of the mean vo l ume thermal expansi on coeff i c i ent 
over the range 25-200°C .  The ca lcu l ated val ue ( l 6 . 9° C-1 )  was an order of  
magn i tude g reater than the measured val ue ( 6 . 8°C- l )  apparently due to  the 
presence of voi d space i n  the rock i nto whi c h  the mi nera l s Were ab l e  to expand . 

Katsube and Col l ett ( 1973a , b ) present and d i scuss measurements of the e lectr ica l  
characteri st i cs of the rock ( F i g . l6 ) .  
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FIGURE 1 5 . El a stic properties ; 
from Todd et �· ( 1 97 3 ) . 

F IGURE 1 6 . El ectr i cal  c ha racter
i st lcs ; from Katsube a nd Col l ett 
( 1  973a , b ) .  
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PROCESS I NG AND SUBD I V I S IONS : I n  1 972 , 62295 was broken a l ong a n atural fracture 
into three main . pieces ( ,4 , 5  and , 6 ) .  That s ame year , 5  was sawn i nto many 
p i eces ( F i g .  1 7 )  and widely al l ocated . , 6  was cut i nto two p i eces and then broken 
up i nto sma l l er ch i p s  for al l ocat i on and storage . In 1975 ,4 was s awn i nto two 
pi eces ( , 4 and , 12 2 )  and the smal l er of these ( , 12 2 ) sent to the Brooks  remote 
storage vau l t .  Most of the th in  secti ons were made from , 12 ( a  port i on of , 5 )  
and , 45 ( a  porti on of , 6 ) . , 46 ( a  5 . 41g  s p l i t  of , 6 )  was homogen i zed to a 100 
mesh  powder for 0 . 5g a l l ocati on s  to the experimental petro l ogi sts . 2 . 1 7g of th i s  
powder rema i ns . The l argest s i ng l e  p i eces rema i n i ng today are , 4  ( 108 . 5g ) at  JSC 
and , 122 (48 . lg )  at Brooks . 

62295, 5 

,12 

••• S-72-50655 

FIGURE  1 7 .  Su bd i v i s i on s  fol l owing sawi ng . 
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62305 FRAGMENTAL POLYMI CT BRECCIA 0 . 8 1  g 

I NTRODUCTION :  62305 i s  an extremely fri abl e ,  gray brecc i a  ( F i g .  1 ) .  I t  con
ta i ns a few sma l l  wh i te c l asts . I t  was taken from a soi l samp l e  col l ected 30 m 
s outh of Buster Crater and l acks  zap p i ts .  
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F IGURE 1 .  Smal l  est sea l e 
d i v i s i on 0 . 5mm . 



6231 5 FRAGMENTAL POLYMI CT B RECC IA 0 .  7 7  g 

INTRODUCT ION : 6231 5 i s  a fr·i ab l e ,  o l i ve gray , c l asti c b recci a ( Fi g .  1 ) .  I t  
i s  rounded w i th smooth , hummocky surfaces .  Th i s  rock was taken from the soi l  
sampl e from the southeast r im  of Buster Crater ( 62240 ) .  Zap p i ts a re absent . 

FIGURE  1 .  Sam pl e i s  about  1 e m . acros s .  
S-72-4 1 308 
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