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67015 FRAGMENTAL POLYM I CT BRECCIA  1 194 

I NTRODUCT ION : 67015  i s  a fri ab l e  brecc i a  wi th a l i ght-col ored matr i x  and 
l ight and dark col ored c l asts ( F i g .  1). The l i ght col ored c l asts i nc l ude 
pl ag i oc l ases , fe l dspath i c  granu l i t i c  i mpact i te s ,  and anorthos i t i c  brecc i as; 
the dark-col ored c l asts i nc l ude aphan t i c ,  g l assy, and fi ne-grai ned basa l t i c  
impact mel ts .  

The s amp 1 e was co 11 ected from the southeast r im  of North Ray Crater . I t  was 
approx imate ly  hal f-bur ied . It i s  s ubangu l ar and fractured , and l acks zap 
p i ts ,  probab ly  because i ts surface i s  frag i l e .  

,61 

S-75- 32669 

1 em r--o 

67015, 0 

,52 

PETROLOGY: Brief petrograph i c  descript ions  are presented by Juan et a l . 
(197�) and McGee et �· ( 19 79 ) .  The l atter al so prov i de some mi croprobe data . 
A gu1debook by Marv i n  ( 1980 ) reports macroscop i c  observat i ons  of several sub­
samp les . 
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67 01 5 

a 

The samp l e  i s  i nhomogeneous on the centimeter scal e .  I t  i s  porous ,  fragmental , 
and polym i ct ( F i g .  2 ) .  McGee et a l . ( 1979 ) report a mode for th i n  sect i on , 74 :  
55% matr ix  ( fragments <39 �m ) , -r 3�mi neral c l asts (ma i n l y  p l agiocl ase ) ,  5% 
fragmental brecci as ,  17% crysta l l i ne brecc i as ,  and 10% granu l i t i c/metamorph i c  
fragments . I l men i te, sp i ne l  and orange g l ass  are present. Most of the dark 
c l asts are aphan i ti c  or g l assy to fi ne-grai ned bas a l t i c  impact me lts  ( F i g .  2 ) .  
Compos i t i ons of pyroxene and ol i v i n e  fragments ( McGee et a l . ,  1979 )  are shown 
i n F i gure 3 .  - -

b 

Fi gure 2 .  a )  6701 5 , 88 , general v i ew ,  ppl . width 2mm . 
b )  67 01 5 , 9 ,  dark  cl a sts and fragmental matr i x ,  ppl . widt h 2mm . 

CHEMI STRY : Chemica l  stud i es of both matr i x  and dark c l asts are l i sted i n  Tab l e  
1 and a summary chem i stry of the matri x i n  Tab l e  2 .  The rare earth e l ement 
data of Wanke et �- ( 1975 ) on  the matr i x  are p l otted in  F i gure 4. 

776 



67015 

• 67015 

II 

F i g ure 3 .  Ol i v i ne a nd pyroxene composi t i ons,  from McGee et cD__. (197 9 ) . 

The matr ix  i s  very al uminous and although contami n ated w i th meteor i t i c  s i dero­
ph i l es, the l evel  of contaminat i on i s  qu i te l ow .  The compos i t i on i s  d i st inct 
from that of l ocal  so i l s  in i ts higher a l umi n a  and l ower rare-earth and 
vo l at i l e  e l ements . The rare-earth pattern has a d i st inct pos i t i ve europium 
anomal y  ( F i g .  4) . The matrix  meteori t i c  s i gnature i s  c lass i fi ed by Hertogen 
et a l . ( 1 97 7 )  as a hybri d lyi n g  between groups 5H and 5L . Because i t  l i es on 
amTXing l i ne between the group of other a l ka l i -poor brecc i as ( Group 7 )  and 
that of a separated dark cl ast ( Group 1H ) ,  Hertogen et a l . ( 1977 ) suggest th at 
the i r  matr ix  sample contai ned a sma l l amount of darkcl ast materi al . 

The part i al analyses of dark c l asts by Nunes et a l . ( 1973 ) ,  Rosho l t  ( 1974) , and 
Hertogen et al . ( 19 7 7 ) are s 1 mi l ar to each other1n U contents but the data 
pack ev i der1cesuggest that the analyses are of d i st inct c l asts . The incompat­
ib l e  e l ement abundances are �5x those of the matr ix  and are s i mi l ar to those 
of basal t i c  i mpact me l ts whi ch have 23-25% Al z 03 , and whi ch petrograph i ca l ly  
appear to  be the domi nant dark clast type i n  67015 . The meteori t i c  s i gn ature 
( Group 1 H )  i s  s i mi l ar to many other KREEP-ri ch crystal l i ne Apol l o  1 6  rocks 
( Hertogen et �., 1 9 7 7 ) .  
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TABLE 1 .  Chemical references for 67015 

Reference Spl it # 

Wanke et .!!_. {1975 ) ,106 

Wl!nke et .!!_. (1977 ) , 106 

Hertogen et .!!_ . {1977)  , 104 m 

" ,104 c 

Modzel eski et al . ( 1973 ) ,33  

Kerri dge et .!!_ . { 1975b} ,31 
" ,39 

Marti et .!!_. {1973)  , 14 

Nunes et al . {1973} , 12 
" ,11 

Rosholt ( 1974) , 12* 
" ,11* 

Description 

matrix 

matrix 

matrix 

dark clast 

matrix 

matrix 

matrix 

matrix 

matrix 

dark c l ast  

matrix 

dark c l ast  

*Same solutions as Nunes et al . (1973} . 

·'.) 

E lements analyzed 

Majors , REEs ,  other trace 
("-SO e l s . )  

v 

�1eteori tic s iderophiles 
and vo l atiles 

• 

c 

C , S  Compounds 

K 

U, Th, Pb 
.. 

U, Th 
" 

TABLE 2 .  Summary chemistry of 67015 matrix 

Si02 46 .0  
Ti02 0 .48 
Al2o3 29.5 
Cr2o3 0 .06 
Feb 3 . 6  
MnO 0 .05 
MgO 3 . 9  
CaO 15 .4  
Na2o 0 . 52 
K20 0 .08 
P205 
Sr 195 
La 4 .9  
Lu  0.24 
Rb 'Vl 
Sc 7 . 5  
Ni  39-110 
Co -v10 
Ir ppb 1 .8 
Au ppb 0 . 6-1 .0  
c -v20 
N 
s 140-220 
Zn 3-10 
cu 1 . 5  

Oxides in wt%; others in ppm except as noted . 
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STABLE I SOTOPES :  C l ayton et  £1. ( 1 973 ) found oOl8 ( SMOW ) va l ues  of +5 . 64 °/oo 
(matr i x} , +5 . 7 3  °/oo ( p l ag i oc l ase) and +5 . 64 o;oo (dark c l ast ) i n  sp l i ts of 
, 32 .  The val ues are typi cal of l unar· rocks . 

Kerridge et a l . ( 1 975b) report C and S i sotop i c  analyses for matri x spl i ts , 3 1  
and , 39 (Table 3 ) . These val ues contrast wi th the strong ly  pos i t i ve val ues of 
typi cal Apol l o  1 6  soi l s .  

TABLE 3. C and S isotopic data 
for 67015 (Kerridge et a l ., l975b) 

67015,31 

67015,39 

-19.3 

-17.9 

779 

-0 .02 

-2.2 



6701 5 

G EOCHRONOLOGY AND RAD IOG EN I C  I SOTOPES : N unes et a l . ( 1 973 ) report U, Th ,  and 
Pb  i s otop i c  data for both matri x and dark c l as�materi a l s .  The l ead in the dark 
c l a st i s  very radi ogeni c  (206Pb/2D4Pb -ul OOO) ,  but the matr i x  only moderately so 
(206pbj204pb -u300) . The matr i x  p l ots wel l  a bove concord i a but the dark c l ast  
p l ots on ly  s l i ghtly a bove i t , and both l i e  wi th in  error of a 4 . 47 -3.99 b . y .  
d i scordi a  l i ne ( Fi g .  5 ) . The prec i s i on of the data o f  Nunes e t  �· ( 1 97 3 )  wa s 
questi oned by Tera and Wa sserburg ( 1 974) .  

Ros hol t (1974 ) anal yzed sampl es of the s o l u ti on s  u sed by Nunes et �· ( 1 97 3 )  
for T h  i sotop i c  abundances. 

Figure 5 .  Concord ia d iagram , from Nu nes et �: (1973). 

RARE GASES, EXPOSURE AGES AND TRACKS : Marti et al . ( 1 973 ) report Kr i sotop i c  
data for i nteri or c h i p  , 1 4 .  They ca l cul ate an-exposure age o f  5 1 . 1±5  m .y .  
whi c h  i s  s imi l ar to that of most  other North Ray Crater sampl es. Li ghtner and 
Marti ( 1 974b ) report Xe i sotopi c data for the same chi p .  

Hohenberg e t  �· ( 1 978 ) report Kr , Ar, and Xe i sotop i c  data ( a l so  for , 1 4 ) and 
compare the observed with the predi cted rates of production  of cosmogen i c  nob le  
gases . 

MacDouga l l  et a l . ( 1 973 ) d i d  not f i nd sol ar fl are -produced parti c l e  tracks i n  
ei ther ol i v i ne!Dr p l ag i oc l a se grai n s  i n  the matri x ,  and s uggest that parti cle 
tracks have faded d uri ng heati ng events . 
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6701 5 

H5rz et  a l . ( 1 975 ) quote a subdecimeter age ( i . e .  l ength of res i dence at l ess  
than TO em. buri a l ) of 1 5  m . y .  from Lal (pers . comm . ) deri ved from parti c l e  
track data . However, Horz et a l . ( 1 975 ) l i st the samp l e  mass appropri ate for 
6701 6 ,  and accord i n g  to curator-recor·ds ,  Lal  rece i ved a samp l e of 6701 6 but 
not 6701 5. Thi s  track age therefore probably has no rel evance to 6701 5 .  

PHYSI CAL PROPERTI ES :  Brecher· ( 1 97 7 )  reports that i n i ti al magnet ic  measurements 
were made on a 12 g bul k rock samp l e  ( , 42 ) but the data are not reported . The 
samp l e  was unre l i ab le  for a s tudy of t he i nfl uence of rock fabri c as  i t  affects 
magnet i c  characteri sti c s .  

Tsay and Ba umann ( 1 97 5 ) measured the ferromagneti c resonance of ch ip  , 30. The 
res u l ts i nd i cate that the metal l i c  i ron anneal ed to mul ti doma i n  phases at tem­
peratures of 800°-l000°C. , 30 conta i ns a l arge port i on of dark c last  materi al , 
thus the data probably perta i n s  to basa l t i c  and g l assy i mpact mel ts rather than 
bul k  matr i x .  

PROCESS I NG AND SUBD I V I S I ONS: 67015 has been sawn i n  ha l f and substant i a l ly 
subd 1 v i ded as descri bed by Marv i n  ( 1 980 ) .  The i n i t i al subd i v i s i on was the 
removal of several smal l ch i ps for var i ous a l l ocations  ( F i g .  6 ) .  In  1975 , 
, 0  was sawn ; the fr i ab i l i ty of the matr i x  caused p i eces to break off . One 
end p i ece i s  , 57 ( 342 g) ( F i g .  7 ) .  The other end p i ece ( ,0 )  sp l i t  i nto 2 
mai n p i eces numbered , 64 (340.5 g )  , 58 ( 109 . 14 g )  and a smal l p i ece , 61 
(2.24 g )  ( F i gs .  7 and 8 ) .  , 64 i s  i n  remote storage . , 58 has been ent i re l y  
sub9i v i 9ed l eav i n g  , 1 61 ( 32 . 7 g )  and , 162 ( 3 1 . 0  g )  as the l arger o f  i ts 
derwatwes . 

I 1 I I I 
0 l 2 3 4 

CM 

Fi gure 6 .  MCljor subd i v i s ions of 67 01 5 .  
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6701 6 FRAGMENTAL POLYM I CT BRECC IA  4262 g 

I NTRODUCT ION :  6701 6 i s  a fri abl e ,  l ight gray breccia with abundant l ight and 
dark c l a sts ( Fi g .  1) . I t  wa s col l ected just  outside the southeast rim of North 
Ray Crater; l unar orientati on is known . Zap pits are present on a l l  sides , with 
preserved exterior s urfaces indicating a rather comp l ex exposure h i s tory . 

Figure 1 .  S-7 5-32783, sma l l est scal e subd i vision 0.5mm . 
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Figure 2. a) 67016 , 1 11 ,  matrix, ppl. width 2mm. 
b) 67016 ,18 9 ,  d ark clast, analyzed by Hertogen et <D_. (1977 ),  

ppl. width 2mm. 

6701 6 

c) 67 01 6 , 11 1 ,  granoblastic clast with troilite-rich intergrowths 
replacing mafic minerals, ppl. width lmm. 

d) 67 016 , 1 04 ,  possible .cumulate clast, ppl. width 2mm. 
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6701 6 

PETROLOGY : 6701 6 i s  a polymi ct breccia  domi nated by two types of l i thol og ies ;  
granoblasti c l i th i c  fragments and c last-ri c h ,  dar k ,  aphan i t i c  mel t breccia  
fragments . Mi nor basal ti c ,  "gran it i c "  and  c umu late-textured clasts , as  wel l  
as  a bundant mineral c l asts are al so p resent . The matrix i s  fragmental but 
bonded by a smal l amount of g lass . 

The matr ix  of 6701 6 i s  mostly  fi ne-gra i ned p l ag ioc l ase wi th mi nor pyroxene , 
ol i vi ne ,  1 lmen i te ,  metal and spi nel . Nord et �- ( 1975 )  note the p resence of 
several smal l (< 0 . 1  mm ) c l asts of s i l i ca -potass i um fel dspar i ntergrowths . 
Al l of these "gran i t i c "  c l asts have thi n reacti on rims of pyroxene .  Nord et 
a l . determi ned that the matrix  i :s bonded by a sma l l  amount of g l as s  at gra i n  
contacts and concl ude that t h i s  rock cou l d  have been l i th i fied by the North 
Ray event . 

The dark aphan it ic  mel t c l asts are packed wi th angul ar fragments, most of 
whi c h  are p l ag i oc l ase gra i ns ( Fi g .  2 ) . I n  an e l ectron microscopy study, Nord 
et a l . ( 1975 )  found that the dark matri x was compl etely crystal l i ne wi th blocky 
to anhedra l p l ag i oc l ase and i ntersti ti al pyroxene i n  a mi crosubop h i ti c  texture . 
The gra i n  s i ze of thi s dark matri x i s  on the order of a few mi crons . 

Granobl astic  l i tho log i es i nc l ude nori ti c ,  troctol i t i c  and pos s i bly  gabbro ic  
anorthos i te s .  Mafic  mi neral s are genera l ly  sma l l  (< 0 . 1  mm } ,  rounded gra ins  
i ntersti tia l  to l arger , anhedral p l agi oc l ases ( Fi g .  2 ) . Occas ional ly grada­
ti ons to a coarser, more cumu late-appeari ng texture can be found . A fi ne­
grai ned i ntergrowth rich in troi l i te ( Fi g .  2 )  appears to be rep lac i ng the 
mafi c mi neral s i n  several granobl a st ic  c l asts . 

Other cl asts retai n  what may be a cumu l ate texture . These fragments show 
i rregu l ar mafic  mi nera l s i ntersti ti al to granob last ic  p l ag i oc l ase ( Fi g .  2 ) .  
These c l asts have genera l ly  not been affected by catacl asi s .  

A s i n g l e  8 mm fragment of catac l astic  anorthos i te was found wi th rare pyrox­
ene ( ? )  as  i ntra-crystal l i ne rods and stri ngers and i ntersti ti al gra i n s . P l a ­
g i oc l ase u p  to 4 mm l ong i s  preserved i n  a rel i ct g ranobl asti c texture . 

CHEM I STR Y :  Several chemi cal analyses on 6701 6 are avai l abl e ;  references are 
g i ven i n  Tabl e 1 .  

6701 6 i s  one of a number of h i g hly  a l umi nous (Al 2o3�30% ) polymict brecc i as from 
the North Ray Crater area that  are c haracteri zed by l ow l evel s of i n compati b l es 
and a re l ati vely h igh  Fe/Mg (Tabl e 2 ,  Fi g .  3 ) . Overal l 670 1 6  i s  compos i ti ona l ly  
very s im i l ar to the North Ray soi l s .  The l ow total C , N  and other l i ght 
gases i ndi cate no substanti a l  sol ar w ind component i n  the rock ( Fi g .  4 ) . 
N i trogen was the only gas detected by Gi bson and Andrawes ( 1 978 } upon crush-
i ng to 25  tons . Gi bson and Chang ( 1974 ) note that the l ow temperature evol u ­
ti on of C02 may i nd i cate the presence of a "carbonate-l i ke p hase" i n  6701 6 .  

The only c hemi cal analyses of cl asts are p rov i ded by Hertogen et a l . ( 1 977 ) 
who report meteori ti c s i derophi l es and vol ati l es for a typ i caliiark matr ix  
brecc i a  c l ast ( Fi g .  2 ) ,  and a very fi ne-gra i ned granob last ic  c last .  Both of 
these l i tho l og i es were found to be very l ow i n  both s i derophi l es and i ncom­
pati b les  (Tabl e 2 ) .  
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6701 6 

TABLE 1. Chemical  studies of 67016 (all bulk rock or matri x exceot as noted) 

REFERENCE 

Duncan et 2.}_ . (1973 ) 

Brunfelt  et 2.}_. (1973) 

S.R. Taylor et 2.}_. ( 1974 ) 

Janghorbani et 2.}_ .  (1973 ) 

W�nke et al . (1976 ) 

W�nke et al. (197 7 )  

Garg and Ehmann (1976 ) 

Hertogen et 2.}_ .  ( 1977 ) 

Jovanovi c  and Reed (1973 ) 

Eldridge et 2.}_ . (1975) 

Moore et 2.}_. ( 197 3 )  

Cripe and Moore ( 1974)  

Moore and Lewis  (1976 ) 

Gibson and Andrawes (1978) 

Flory et 2.}_.  (1973 ) 

Gibson and Moore {1975) 

Gi bson and Chang ( 1974) 

SPLIT 
ANALYZED 

,47 

,86 

,63 

,78 

, 173 

,173 

'78 

,167 ,170 , 172* 

,64 

,2 

,90 

,90 

,90 

.88 

,81,91 

,88 

,88 

ELH1ENTS 
ANALYZED 

majors and traces 

majors and traces 

majors and traces 

majors 

majors,traces , s iderophi l es 

v 

Zr,Hf,Fe, C o , Sc,Cr,REEs,Th 

meteori t i c  s iderophiles and 
volatiles 

halogens,L i ,U,Te,P2o5 

K,U,Th 

c 
s 
C , N  

N by crushi ng 

Organogeni c  gases 

Vol at i l e  gases 

Volatile gases 

(*aphani t i c  melt clast, granoblilstic clast and bulk rock respectively). 

67016 

La Ce Yb Lu 

Figure 3 .  Rare earths, from Wanke et �- {1976) . 
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6701 6 

TABLE 2. Summary chemist ry of 67016 l i tho l ogies 

Bulk Rock Granoblastic 

Si02 44 . 5  
Tio2 0. 34 
A12o3 

29 .6  
Cr2o3 0 .07 
FeO 3 . 7  
MnO 0 .051 
MgO 4 . 1  
CaO 16.4 
Na2o 0 . 52 

K20 0 .05 
P2o5 0.03 
Sr  174 
La 3 .8  
Lu 0 .23 
Rb 1 .0 0 .66 
Sc 7 . 7  
N i  80 182 
Co 10 
Ir ppb 2 . 3-10 2 . 90 
Au ppb 0 .5-4.8 1.01 
c 35 
N 20 
s "-175 
Zn '1.6 5 . 59 
Cu '1.2 

Oxides in wt%; others i n  ppm except as noted. 
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TEMPERATURE •c 
Cas release pattern for 1tght--Ntr1x brec:ch 67015.88. Mote the Cirbon dfodcle 

•volut10h between 450-sso•c. 
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Dark aphanitic  
cl ast mel t  c last 

0 . 34 

14 

1 . 14 
0 .08 

0 . 75 

Fi gure 4. Ga s re l eases , 
from G i bson and Chang  {1974 ) .  



6701 6 

STABLE I SOTOPES : G i bson and Chang ( 1974) report the o13C and o180 of C02 
from 6701 6 i n  an attempt to c haract•�ri ze a possi  b 1 e " carbonate- 1  i ke phase" 
(Tabl e 3 ) . These i sotop i c  data are outs i de the ranges of meteor it ic  carbon­
ates and terrestri a l  atmospher ic  contami nat i on . 

TABlE 3. Isotopi c composi tion of C02 in 67016,88 (Gi bson and Chang, 1974) 

Extracti on method � � 
Acid hydro 1ysi s -32 .83 -16 . 57 

Vacuum pyrolys i s  

1 50-55o•c -1 2 . 53 -33 .41  
550-1 20o•c - 14 .08 -31 . 03 

RAD I OGENIC  I SOTOPES/GEOCHRONOLOGY: Ar i sotop i c  data are g i ven by Turner and 
Cadogan ( 197 5 ) .  The rel ease patterns are s hown as F igure 5 .  A samp l e  of "wh i te "  
powdery matrix" y i e l ded a comp l ex r•� l ease pattern wi th no  p l ateau . The total 
Ar age of 3 . 88 b . y .  p l aces a l ower 'l imi t on the age of 6701 6 (Turner and Cadogan 
1 97 5 ) . A dark c l ast y i e l ded a good p l ateau age of 3 .95 ± 0 . 05 b .y . S i nce the 
rock must be younger than any c l asts withi n i t , the age of thi s c l ast i s  an upper 
l imi t to the age of 670 1 6 .  Thus 670 1 6  i s  constrai ned to be 3 . 88-4 . 00 b . y . 
o l d .  A coarse p l a g i oc l ase separate al so y i el ded a p l ateau age of 3 . 95  ± 
0 . 07 b . y .  

Ji. 
Ca 

... z 

I 

67016 
- WM ----DC ...... CP 

FR1iCTtON OF 37Ar RELEASED 

W M = white matrix, DC = dark clasts, CP - coarse 

plagioclase. 

Fi gure 5 .  Ar rel ea ses , from Turner and Cadogan (1 97 5 ) . 
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6701 6 

RARE  GASES/EXPOSURE AGES :  Turner and Cadogan ( 1975 )  provide Ar i sotopi c  data 
on a sp l i t  of matr ix ,  a dark c l a st  and a coarse p l ag i oc l ase separate . Al l 
three sp l i ts yi e l d  Ar exposure ages of 40-50 m .y .  

Bhandari et  al . ( 1973 ) gi ve s urface exposure ages of  1 m .y .  and 1 . 2 m . y .  for 
two surface ch ips  and a s ubdecimeter age of 1 5  m . y .  from an interior ch ip ,  
based on parti c l e  tracks . From the track gradi ent  on opposi te faces of the rock 
Bhandari et al . ( 1973 )  a l so  concl ude that 6701 6 has been exposed i n  at l east two 
ori entati ons-on the Moon . ( Horz et a l . ,  197 5 ,  quote a subdec imeter age of 1 5  
m . y .  by Lal , pers . comm . , for a rock--l i sted as 6701 5 .  The data are actua l ly for 
6701 6 and are the same as that g iven by Bhandari et �·· 1973 ) . 

Cosmogen i c  radi onuc l i de abundance data i nd i cate that 6701 6 i s  unsaturated 
i n  2 6Al ( E l dridge et !1_., 1 973 ) . 

PHYS I CAL PROPERTIES :  Pearce et £1. ( 1973 )  fi nd that 6701 6 conta i n s  one 
component of magneti zati on whi ch  i s  fai rly stabl e against  AF demagneti za­
t ion ( Fig . 6 ) . Thi s rock does not possess the FMR i ntens i ty c haracteri sti c 
of l unar f i nes ( Hou s l ey et £1., 1976 ) . 

INTENSITY, 
emu/gm 67016,62 

� : < 200 Oe DEMAG 
• • � 200 Oe DE MAG 

10-7 L._ _ _,_ __ _._ _ ___,J 0 100 200 300 
H, Oo PEAK 

AF demagnetization of 67016,62. No systematic changes in direction were ob­
served above 200 Oe. 

Figure 6. From Pearce et � (1 973 ) .  
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PROCESS ING AND SUBD IV IS IONS : 6701 6 has been extens ively sp l i t  and wi dely 
a l l ocated . Due to i ts fri abl e  nature 670 1 6  was never sawn but was ch i pped 
i nto several sma l l er p i eces i n  1 972  (Fig .  7 } .  Most of the a l l ocat ion s  were 
taken from , 2  wi th a few from , 3  and , 1 0 . 

r..c1 Reference (only ) orientation L::J used for LRL photography. 

fP::1 Lunar orientation a't time of � sample collection, as deter­
mined by the USGS from lunar 
surface photography 
(R. L. Sutton ) . ( ) 

,2 farside 

,6 

I f I I t I I 

CM 

Fi gure 7 .  �1ajor subd i vi s i ons of 67 01 6 .  
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67025 BASALT IC  IMPACT MELT , GLASS COATED 1 6 .06 g 

I NTRODUCT ION : 67025 i s  a homogeneous , gray, coherent ,  basal t i c  impact me l t  w i th 
a partial glass coat i n g  ( F i g .  1 ) . I t  was returned i n  the same samp l e  bag as 
67016 and was probab ly  from the same l ocat i on , near the l unar rov ing  veh i c l e  
( LRV ) and about 5 0  m east of the Whi te Brecc i a  bou l ders . Its orientat i on i s  
unknown . Many zap pi ts occur on one surface .  

F i gure 1 .  S-72-40525 , em scal e .  

F i¥ure 2 .  67025 ,13 , general v i ew ,  
p p  • w1 dth 2mm. 

PETROLOG Y :  67025 i s  a f i ne-grai ned oph i t i c  impact me l t  ( F i g .  2 )  with we l l -deve l ­
oped plag i oc l ase l aths (�0% of the s amp l e )  oph i t i ca l ly  enc l osed by pyroxene ( ? ) . 
Fe-metal , troi l i te , i lmen i te ,  and i nterst i ti a l g l assy areas are presen t .  The 
p l ag i oc l ase l aths are 50-100 �m and the maf i c  m i neral i s  general ly 100 �m 
acros s .  P l ag i oc l ase c l asts are up  to 500 � across .  Most of the c l asts and 
some of the basal t i c  me l t  i s  shocked to g l ass . A sma l l  patch of brown g l ass  
coat is  present i n  thin  sect ion , 13 .  The contact is  not sharp but the g l ass  
penetrates the basal t ;  the g l as s  i s  l arge ly  devitr i f i e d .  

PROCESS I NG AND SUBD I V IS I ONS : A s i ng l e  ch i p  , 1 ,  mai n l y  of homogeneous gray 
materi al but with a patch of the g l ass coat , was made i nto th i n  sect i on s  , 13 and 
, 14 .  
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67035 FRAGMENTAL POLYMI CT BRECC IA 245 

I NTRODUCT ION : 67035 i s  a very fri ab l e ,  l i gh t  matr ix  brecc i a  that was 
found to be i n  severa l p i eces when returned from the Moon (F i g .  1 ) .  
Rel at i ve ly  coherent , dark and l i ght c l as ts are abundant wi th the dark 
c l asts rather more common .  Two c l asts from th i s  rock , a gabbro/nor i te 
and a catac l ast ic  ferroan anorthos i te ,  are chemica l ly  pr i st i ne . 

Th i s  rock was a grab samp l e  taken ft·om j ust i ns i de the southeast rim of 
North Ray Crater;  i ts l unar ori entat i on i s  unknown . Due to i ts fri ab i l i ty ,  
no  ori g i na l  surface of the rock i s  recogn i zab l e .  

F igure l . Cu be i s l c m . 
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792 
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Figure 2 .  a )  67035 , 1 3 ,  aphan it ic  
brecc i a  cl a sts ,and fragmenta l 
matri x ,  ppl . wi dth 2mm . 
b )  67 035 ,8 , pri sti ne ga bbro/ 
nor i te c l a st ,  ppl . wi dth 2mm . 
c )  67 035 , l  0, pri s ti ne 
a northos ite cl a st ,  xpl . wi dth 
2mm . 



67035 

PETROLOGY: 67035 i s  a fragmental , porous brecc i a  wh ich  i s  predom i n antly 
made up  of  angu l ar p l ag i oc l ase grai ns ( F i g .  2) . O l i v i ne , pyroxene , s p i ne l , 
metal , tro i l ite ,  opaque oxi des , l i th i c  fragments and some g l ass  fragments 
are present .  Some o f  the meta 1 i n  the matr i x  and i n  some 1 i th i c c 1 asts 
is rusty .  The l i th i c  c l ast  popu l at i on i s  var i ed ,  i nc l ud i n g  dom inant dark 
aphan i t i c  me l t  brecc i as ,  and granob l ast i c  and poi k i l ob l asti c impact i tes . 
At l east two c l asts--a gabbro/nori te and an anorthos i te--are chemi cal ly  
pri sti ne .  

The pr i s t i ne gabbro/nori te c l ast  was comp l ete ly  extracted from the rock and ,  
when spl it ,  revea l ed a marb l ed pattern of i n tergrown fe l dspar and pyroxene 
( F i g .  3 ) .  A th i n  sel vage of g l assy brecc i a  coats the ent i re c l ast . Th i n  
sect ions  from th i s  c l ast  show a severely  shocked and catac l ast ic  anortho­
s i te w i th '\,10% pyroxene ;  the marb l ing i s  not present .  Gra i n  s i ze of the 
p l agiocl ase is '\,5 mm and des p i te the catacl as i s  some or i g i nal  gra i n  bound­
ar i es are preserved . Most of the pyroxenes h ave been crushed and many have 
been pl ucked from the s l i des . A 2-3 mm pyroxene gra i n  occup i es the center 
of each secti on ( F i g .  2 } .  Our ana lyses i n d i cate the pyroxene to be mai n ly  
aug i te ( '\.W03 o -�to En., o ) w i th a n  exsolved l ow-Ca phase ( '\,Wo 3 En 6 0_6 5 } .  Th i s  i s  
somewhat more ferroan than the pyroxenes i n  most other pri st i ne nori tes but 
is s imi l ar to those in pri s t i ne anorthos i tes . 

' . ' 

t - -! ']#! --� � .,J 

F i gure 3. Pri st i ne ga bbro/ 
nor i te cla st ,  mm scal e .  

67035 
Gabbro/ norite? 

The pri st i ne catac l ast i c  anorthos i te c l ast  was a l so comp lete ly  extracted 
from the rock (Fi g .  4) . A rel i ct cumul ate texture w i th i nterst i t i al 
pyroxene h as been retai ned des p i te catac l as i s  ( F i g .  2 ) .  The ori g i n a l  gra i n  
s i ze was >2 mm . Our analyses i nd i cate that the maf i c  phase i s  a l ow-Ca 
pyroxene averagi n g  '\,En 6 0 ( F i g .  5 ) ,  not unusual  for a pr i st i ne anorthos i te. 
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67035 

67035 
Anorthosite Clast 

13 Analyses 

Figure 4 .  Pr i st i ne  a northos i te 
c l a s t ,  mm scal e .  

F igure 5 .  Pyroxene compo s i t i ons  
of  pr i stine anortho s ite  c l a st , 
from Ryder and Norman (unpu b-
1 i s  hed ) .  

CHEMISTRY : Major and trace e l ement analyses of the bu l k  rock are given by 
Laul and Schm i tt ( 1973 ) and Wasson et a l . ( 1977 ) .  Hertogen et al . ( 1977 ) 
report s i deroph i l e ,  vol at i l e  and other�race e l ement data on�he-bul k rock , 
the gabbro/nori te c l ast  and the pri s t i ne anorthos i te c l ast. Nyquist ( un­
pub l i s hed ; i n  Ryder and Norman , 1978 ) prov ides major and trace e l ement 
data for the pristi ne anorthos i te c l ast . C l ark and Ke i th ( 1973 ) g i ve 
natural and cosmogen i c  rad i onuc l i de abundances for the l arge fragment , 1 7. 

The bu l k  rock i s  h i gh l y  a l umi nous and fa ir ly  l ow i n  s i deroph i l e and rare 
earth e l ements (Tabl e  1 ,  F i g .  6 ) .  These are common character i s t i c s  of 
many of the rocks cons i dered to be North Ray ejecta . Lau l and Schm itt 
( 1973} note that the i r  ana lys i s  of 6703 1 , 14 ( actua l ly a port i on of 67035 ) 
i s  v i rtual ly i dentica l  to that of 60017 , also  North Ray eject a .  The rare 
earths i n  67035 are s i gn i f i cant ly  fractionated rel at i ve to KREEP (Wasson 
et al . ,  1977 ) .  The s i deroph i l es  i n  the bul k rock were tentat i ve ly  
assTgned to meteor i t i c  group 2 by Hertogen et a l . ( 1977 ) .  Th i s  group 
dom i n ates the Seren i tat i s  ejecta at Apol l o  17 bUt may a l so be a m i xture 
of other groups ( Hertogen et �·· 1977 ) . 
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TABLE 1 .  Summary chemistry of 67035 l i thologies 

Bul k  rock Catac l astic anorthosite c l ast Gabbro/norite c l ast 

Si02 
no2 0.31 0.032 
Al2o3 29.8 
Cr2o3 0 .059 0 . 017 
FeO 3 .4  
MnO 0 .05 
MgO 3 . 7  1 . 05 
CaO 16 .5  
Na2o 0 . 510 
K20 0 .051 0 .023 
P2o5 
Sr 164 
La 2 . 5  0.22 
Lu 0.15  
Rb 1 . 12 0 . 77 0 . 57 

Sc 6 . 2  
Ni '\48 3 .4  9 .4  

Co '1.8 
Ir ppb 1 . 54 0 .045 0 .0043 
Au ppb 0.842 0 .031 0 . 012  

c 
N 
s 
Zn 2 . 78 1 .09 0 . 51 
Cu 

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

The gabbro/nori te c l ast h as very l ow l evel s  of s i deroph i l es confirm i ng  i ts 
pr i stine nature . Uranium (0 . 63 ppb ) and Rb are a l s o  qu i te l ow compared to 
other pri st i ne nori tes ( Tab l e  1 ) .  

The pr i s t i ne catac l as t i c  anorthos i te c l ast  i s  a l s o  l ow i n  s i deroph i l es 
though Rb and U (6 . 2  ppb ) are rather h i gh for an anorthos i te .  The REE  
abundances of th i s  c l ast  are typ i ca l  of pr i s t i n e  anorthos i tes (Tab l e  1) . 

RAD IOGE N IC I SOTOPES/GEOCHRONOLOGY : Schaeffer and Schaeffer ( 1977 ) report 
an Ar-Ar pl ateau age of 3 . 95±0 . 05 b .y .  and a total K-Ar age of 3 . 89±0 . 01 
b . y .  for the bu l k  rock . 

67035 

Nyqu i s t  ( unpubl i shed ; i n  Ryder and Norman , 1978 ) measured an 8 7Sr/ 8 6Sr rat i o  
o f  0 . 69976±8 o n  the pr i st i ne catac l as t i c  anorthos i te c l as t .  
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E 
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en 

67031 , 14 

67035, 31 Replicates Wasson et a/. , 1977 

Figure 6 .  Rare earths of bu l k  roc k .  

RARE GASES/EXPOSURE AGE : Schaeffer and Schaeffer (1977 ) report Ar i sotop i c  
data and an average Ar exposure age of 35 m . y . , cons i stent w i th the genera l ly 
accepted age of North Ray Crater . C l ark and Ke i th (1973) prov ide cosmogen i c  
rad i onuc l i de data . 

PROCESS I NG AND SUBD IVIS I ONS : I n  1 972 , Documented Bag 382 was opened and 
found to contain two l arge (>50 g )  p i eces of fr i ab l e  rock , a number of > 1  
em fragments, and abundant smal l er ch i ps and fines . The l arge p i eces and 
about a dozen >1 em fragments were g i ven the gener i c  67035 , 0 .  The <1 em 
fract i on was s i eved and numbered 67034 (4-10  mm ) ,  67033 (2-4 mm ) ,  67032 
(1-2 mm ) and 67031 (<1 mm ) . 

67035 , 0  was subsequent ly  enti re l y  subd i v i ded as , 1 ;  , 1 7 ;  and , 18 (F i g .  1 ) .  
, 1  was made i nto th i n  sect ions . , 18 was further sp l i t to produce , 20 and 
, 24- , 60 (F i g .  7 ) .  , 1 7  i s  preserved at JSC as an 87 . 1  g p i ece . 

Laul and Schmi tt's (197 3 )  analys i s  was of a 0 . 25 g sp l i t of the <1 mm 
fract ion (67031 , 14 ) .  
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F igure 7_ . Major subd i v i s ions  of  67035,1 8 .  
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67055 FRAGMENTAL POLYMI CT BRECCIA  

INTRODUCT ION :  67055 i s  a fri ab l e  pol yrn i c t  brecc i a  w i th 
feldspathic matri x and some l arge dark c l asts (F i g .  1 ) .  
aphan i t i c  impact me l ts .  The l i ght matr i x  a l so contains 
inc l ud ing fe l dspath i c  granu l i t i c  impact i tes . 

222 g 

a l i gh t  col ored , 
The dark c l asts are 

l i ght-col ored c l asts 

67055 was col l ected on the rim of North Ray Crater , approx imate ly  100 meters 
from House Rock .  The samp l e  i s  b l ocky and subrounded . I t  was perched , w i th­
out a f i l l et and i ts ori entat i on i s  known . Zap p i ts occur on at  l e ast the 
north face . 

Fi gure l .  
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67 05 5 

PETROLOGY : No al l ocati ons have been made but th i n  sections  were cut for th i s  
study. Smal l ch i ps ( TS , 9 )  show that the brecc i a  con s i s ts of a porous , frag­
menta l , fe l d spath i c  matr i x  conta i n i ng a vari ety of c l asts , wh i ch are dom i n ated 
by dark , aph an i ti c  i mpact me lts  ( F i g .  2 ) .  The matr i x  i s  "-80% p l ag i oc l ase wi th 
few i n d i v i dual  pl ag i oc l ase grai n s  bi gger than 200 �m; most l arger fragments are 
l i th i c  c l asts . O l i v i ne ,  pyroxene,  i l men i te ,  troi l i te ,  and scarce p i nk sp i n e l s  
are a l so present . The aphan i t i c  mel ts are much more maf i c  ( 60% p l ag i oc l ase? ) 
and contai n Fe-meta l . C l as·ts of p l ag i oc l ase are common i n  these me l ts .  Other 
c l asts i nc l ude fe l dspath i c  gran u l i tes , coarser basa l t i c  i mpact me l ts ,  and 
g l assy brecc i as .  

A th i n  sect i on of a s i ng l e  aphan i ti c  c l ast  ( , 10 ) i s  of a coherent me l t  con­
tai n i ng rou nded c l asts of p l ag ioc l ase w i th very rare maf ic  and smal l l i th i c  
c l asts ( F i g .  2 ) .  The mel t  conta ins  more maf i c  mater i al than the c l ast pop­
u l at i on ,  but p l agiocl ases range down to very sma l l s i zes and the rat io  of 
p l ag i oc l ase : mafi cs  i n  the mel t  i s  i ndetermi n ab l e .  

a b 

F igure 2 .  a )  6705 5 , 9 ,  genera l v i ew ,  ppl .  wi dth l mm .  
b )  67055 , 1 0 ,  aphanit i c  brecc ia , ppl . wi dt h 2mm . 

CHEMI STRY : C l ark and Kei th ( 1973 ) and E ldr i dge et a l . ( 1973 ) prov i de who le  
rock K (K20 = 0 . 19% ) ,  U ( 0 .99 ppm ) and Th (3 . 6  ppm )abundances . These val ues 
are extremely  h i gh for North Ray Crater samp l es . 

EXPOSURE AGES : Yokoyama et a l . ( 1974 ) conc l ude that the cosmogen ic  nuc l i de 
data of Cl ark and Kei th ( 1973} and El dri dge et a l . ( 1973 ) show that 67055 i s  
saturated wi th 2 6Al . Thus  67055 has been exposed for at l east a few m i l l i on 
years . 

PROCESS ING AND SUBD I V I S IONS : 67055 �ras not subd i v i ded unti l 1979 when l oose 
ch i ps ( , 3  and ,4) were taken for th i n  sections (Fi g .  1 ) . 
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67075 CATALASTIC ANORTHOS ITE , NEAR PRISTINE 219  g 

INTRODUCT ION: 67075 i s  an anorthos i te brecci a which i s  so fri able i t  h as 
6roken into many small fragments and powders (F i g .  1) . Maf i c  grains  are 
not u n i formly d i stri buted , but tend to be concentrated i n  c l ots or ''ve i ns '' .  
Overal l the p l ag i oc l ase content i s  more than 95% . The samp l e  i s  contaminated , 
at l east i n  part, w i th a smal l amount of meteor i t i c  mater i al . The variations 
in maf i c  mi neral compos i t i ons  suggest that the rock i s  polym ict ,  but i s  
der i ved from a genet i cal ly-rel ated su i te of anorthos i t i c  rocks . 

The samp l e  was co l l ected from the southeast r im  of North Ray Crater and was 
orig i na l ly  two white , subrounded fragments. They were perched and unburied. 
Because of the breakage into many sma l l pieces , l unar ori entat i on information 
has been l ost ,  and zap p i ts are absent .  

Figure l. S-72-37539 , c ube is l cm. 
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a b 

Fi gure 2 .  a )  67075 , 42 ,  brecciated area , ppl . wi dth 2mm . 
b )  67075 , 3 ,  granobl asti c area , ppl . wi dth lmm .  

67075 

PETROLOGY: A comprehens i ve petrographic descr i pt i on ,  i nc l ud i ng mi croprobe 
and x-ray precess i on data, i s  given by McCal l um et al . (1975 ) ,  and l es s  
deta i l ed accounts by Peckett and Brown ( 1973 ) ,  Brown-et al . ( 1973 ) ,  Stee l e  
and Smith ( 1973 ) ,  Smi th and Steel e  ( 1974 ) ,  Nord e t  al-. (1973; i nc l udes h i gh 
vol tage e l ectron mi croscopy studies) and Dixon arid Papi ke (1975 ). Spec i f i c  
stud i es are E l  Goresy e t  al . ( l 973a) on opaque phases , Meyer e t  a l .  ( 1974 ) and 
Meyer ( 1979 ) on i on prooeanalyses of trace e l ements i n  p l agTOclase Stee l e  
and Smith ( 1975 ) on mi nor e l ements in o l i v i nes , Han sen et a l .  ( 1 979a) o n  m i nor 
e l ements in p l ag ioc l ases , Okamura et al . ( 1976 ) on sp i neT exsolution from 
pyroxenes and Ghose et a l.  ( 197 5 )  on cat i on ordering stud i es of o l i vines and 
pyroxenes . Hewins and Gol dste i n  (1975b ) use publ i shed data to ca lcu l ate a 
pyroxene exso lut ion equ i l i bration temperature. 

67075 i s  a brecciated anorthos i te ( F i g .  2 ) .  It contains  pl ag i oc l ase , o l i v i n e ,  
l ow-Ca pyroxene,  high-Ca pyroxene, and traces o f  Cr-sp i ne l , i lmen i te ,  Fe-Ni  
metal , and tro i lite ( McCal l um et al . ,  1975 ) .  Smi th and Steel e (1974 ) a l so 
observed s i l i ca. The mafi c  graTn�;-are not even ly  d i stributed but occur i n  
zones or veins which may r·epresent crushed , ori g i na l ly  coars e ,  mafic crystal s .  
P l agiocl ases occur as s i ng l e  fragments up to 2 mm l on g ,  i n  m i cro-anorthos i te 
( po lygona l ly-textured ) c l asts and as shocked , v i tr i fied  grains .  They have 
restricted compo s i t i ons  of An93 _99 ( Stee l e  and Smi th ,  1973; McCa l l um et al . ,  
1975 ) ;  Brown et al . (1973) report An92 -9G· Meyer et al . (1974 )  and Meyer­
( 1979 ) found lowtrace e l E!ments i n  p l ag i ocl ases ( laole1 ) ,  s i mi l ar to whole­
rock val ues . 
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67075 

TABLE 1.  Minor elements in �lagioclase 

NazO % Li ppm Mg ppm Ti ppm Sr ppm Ba ppm 
Meyer et ll· (1974) 0.43 1 . 6  210 63 154 10 
Meyer (1979) 3.2 300 16 

Hansen et al . ( l 979a) report that m i nor e l ement mi croprobe analyses for several  
p l ag i oclase-types show no s ign i fi cant d i fferences between gra i n s , whi ch average 
2 . 8  mol % Ab , 0 . 029% MgO , 0 . 069% FeO , and 0 . 0 16% K20 .  

O l ivi nes are i sol ated ,  smal l ,  and un zoned . Reported compos i ti ons  range from 
Fo4 o to Fo G o  (�1cCal l um et a l . ,  1975 ; Brown et 2.1_., 1973 ; Steel e and Smi th 
197 3 ,  1975 ) .  McCal l um et aT. (197 5 )  report a b i modal  compos i t i onal d i s­
r i but ion (F i g .  3 ) .  SteeTe-and Smi th (1975 ) report mi nor e l ement compos i t i ons 
for ol iv i nes . 

F igure 3 a l so shows pyroxene compos i t i on s .  H i gh-Ca  pyroxene and 1ow-Ca 
pyroxene (both p igeon i te and orthopyroxene ) are rough l y  equal  in vol ume and 
occur i n  anhedral gra i ns  up to 800 �m i n  d i ameter . Large gra i n s  show di st i nct 
exso l u t i on l ame l l ae 20-30 �m w i de ,  but pyroxenes i n  the polygona l  c l asts do 
not show exso l ut i on . X -ray preces s i on photographs show that most low-Ca 
pyroxenes are i nverted or part i al ly i nverted p igeon i tes w i th we l l  deve l oped 
exso l ut i on .  Ghose et al . ( 197 5 )  concl ude from cat i on-orderi ng stud i es that 
s l ow cool i ng fol l owed crystal l i zati on--a cat i on equi l i brat i on temperature 
from Ko i n  orthopyroxene i s  650°C .  Hewi ns  and Gol dste i n  (1975b ) ca lcu l ated a 
(Wood-Banno ) pyroxene equ i l i brat i on temperature of �80°C .  

17075 
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Figure 3. Compos i ti ons of pyroxenes and ol iv i nes i n  67075 , 
from Brown et 2.1_. ( 1 973 ) . S K= S kaergaard trend , B= Bushvel dt  
trend , A= aug i te ,  P=  p i geon i te ,  AP= trend for l unar p igeon i tes . 

802 



67075 

El Goresy et �- ( 1 973a ) report compos i t i on s  for s p i ne l s (Fi g .  4 ) .  There are 
two occurrences of T i -chrom ite :  one primary, the other (associ ated wi th 
su l f i de and exc l us i ve ly  exsol ved from pyroxene )  E l  Goresy et al . (1 973a ) i nter­
pret as reduced from Cr-Al -u lvosp i ne l . Th i s  i nterpretation-was cr i t i c i zed by 
McCal l um et al . (1975 ) .  Okamura et al . (197 6 }  report the compos i t i ons  of , and 
x-ray datafor, s p i ne l  l ame l l ae exs·olved from augi tes . 

.. 

F ig�. From El  Goresy et 2..!_. ( 1 973a ) .  

Nord e t  al . (197 5 }  show that 67075 l i th i fi ed under cond i t ions which d i d  not 
appreCTabTy al ter the i nterna l  s tructure of c l asts . Un l i ke other Apol lo  16 
brecc i as ( except poss i b ly  67016 )  consi dered by Nord et al . (1975 ) ,  67075 
cou l d  have been l i th i f i ed by the North Ray Crater event-rtse l f .  

Peckett and Brown (1973 } ,  Brown e t  a l . (1 973 ) and McCal l um et a l . (1975 } a l l 
suggest that 67075 was assembl edrr.om geneti cal ly-rel ated fragments of a 
l ayered pl uton ic  anorthos i te comp l ex .  Th i s  i nterpretati on can exp l a i n  the 
pyroxene exsol ut ions  and the range of compos i ti on s  of maf ic  mi nera l s .  

CHEMI STRY: Chemi cal  stud ies are l i sted in Tab l e  2 and a summary chemi stry i n  
Table 3 .  Rare-earth e l ements are shown in F i gure 5 .  The composi t ions vary 
i n  maf i c  content ,  a refl ect i on of the heterogeneous d i str i but ion of maf ic  
phases i n  6707 5 .  It  i s  c l early  a ferroan anorthos i te .  The s amp l e  i s  s l i ghtly 
contaminated with  meteor i t ic s i deroph i l es and Hertogen et al . (1977} c l as s i fy 
the s i gnature as Group 7 .  ----

GEOCHRONOLOGY AND RAD IOGENIC I SOTOPES : Who le-rock Rb-Sr i sotop ic  data are 
presented by Nyqu i st et �- (1974 ,  f976 }  (Tab l e  4 ) .  

Nyqu i st et �- (1976 ) a l s o  report Rb-Sr i sotop i c  data for mi neral separates 
and report an i nternal  i sochron age of 3 . 66±0 . 63 b . y .  (F i g .  6 ) .  The data 
scatter and the pyroxene datum Pxl i s  omi tted from the age c a l cu l at ion --th i s  

-� pyroxene may h ave been a l tered by l each i n g  i n  heavy l i q u i ds . 
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lABLE 3 

Summary chemistry of 67075 

Si02 45 
Ti02 0 .05-0 . 10 
A1203 31-34 
cr2o3 0 .02-0 .08 
FeO 1-4 
MnO 0 .02-0 .06 
MgO 0 . 5  - 3 
CaO 17 - 20 
Na2o 0.3  
K20 0 .02 
P205 0 .02 

(X) Sr '1.150 
0 La 0 .35 .;.. 

Lu 0.04 
Rb 0 . 6  
Sc < 8 
Ni < 4 
Co < 7 
Ir ppb 0 . 3  
Au ppb <0 . 7  
c 5 
N 
s 100 
Zn 0-15 
Cu 13 

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

TABLE 2. Chemical studies of 67075, whole-rock 

Reference Sp 1 it # 

LSPET (1973 ) ,4 
Haskin  et !}_. {1973) ,17 

Hubbard et !}_. ( 1974) ,53,55 
Wlinke et al . { 1975 ) , 1 1  

Wlinke et  !}_. ( 1977 )  ,ll 
Scoon {1974) ,22 
Hertogen et !}_.  ( 1977 ) ,9 

Moore et a1 . { 1973) ,7  
�-

Jovanovic  and Reed 
{1976a) , 10 

Jovanovic  and Reed 
{ 1976b) , 10 

Nyquist et !}_. { 1974) , 53 
Nyquist et !}_. ( 1976) ,17 
S i lver (1973) ,5 
Ober l i  et!}_, ( 1979) ,34 
Marti et !}_� (1973) ,8 

Elements analyzed 

majors, Rb, Y ,  Zr, Cr 
majors, REEs, other trace 

("- 30 e l s . ) 
REEs,other trace 
majors, REEs, si deroph i l es ,  
other trace ("- 40  e ls . ) 
v 
majors 
meteorit i c  s ideroph i l es 

and vol at i l es 
c 

Ru, Os 

F ,  Cl, Br, U, P2o5 
Rb, Sr  
Rb, Sr 
U, Th, Pb 
U, Th, Pb 
K 
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figure 5. Rare earths . 

TABLE 4 

Rbppm Srppm 
17Rb/11Sr 17Sr/16Sr 

0.593 145.0 0.0118±3 0.69984±7 

0.499 158.0 0 .0092±2 0.69958±3 

805 

TBABI \uNI 
(b.y.) (b .y.) 

4.38±.52 4.78±.52 

3.66±.31 4.18±.31 
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.005 

T: 3.66 t .63 AE 
I= 0.69911 ; 9 
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17ab 
16s, 

.015 .020 

Figure 6 .  Rb-Sr isotopi c  data , 
from Nyquist  et �· ( 1 976) . 

Turner et al . ( 1973 ) report Ar isotopic data ,  which have simp l e  systematics .  
The rel ease-diagram is shown as  Figure 7 .  The 900-1250°C re l ease gives an 
age of 4 . 04±0 . 05 b .y .  Huneke et al . ( 1977 } report whol e rock and p l agio­
c l ase Ar isotopic data.  The age spectra are anoma lous (Fig . 8 )  and different 
to that of Turner et a l . ( 1973 ) .  The ages increase , then decrease,  then 
increase again withtemperature . The p l agioc l ase c l ast is l ess  disturbed 
than the whol e-rock ; the >850°C rel ease gives a K-Ar age of 3 . 95±0 . 1  b .y .  
No ages are significant ly  o l der than 4 . 0  b . y .  
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Figure 7 .  Ar rel eases , 
from Turner et �- ( 1 973 ) . 
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Figure 8. Ar rel eases , 
from Huneke et�. ( 1 977 } .  
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U-Th-Pb i sotop i c  data are g i ven by Sil ver (1973 ) and Oberl � et !l· (1979 ) .  
S i l ver's (1973 ) res u l ts show the l ead to be moderate ly rad1 ogen1c but un­
supported by the observed U and  Th  abundances . The l ead may contai n  one of 
the ol dest l un ar components i dent i fi ed .  Oberl i et a l . (1979 ) made new 
determi nations ,  show i n g  S i l ver's (19?3 ) data to De 1n error . The new data 
appear to be compat i b l e  w i th the "cataclysm array" ( i . e .  other rocks w i th 
'\.4 . 0  b .y .  ages ) (F i g .  9 )  and thus compat i b l e  w i th a primary age of 4 . 47 b .y .  

Figure 9 .  U-Pb i sotopi c  data . 

0 -

0 

Oberli � .!!1._: 
(1979) 

(1973) 

1.2 

RARE GAS AND EXPOSURE AGES: Turner et al . (1973 ) report Ar i sotopi c  data 
and ca lculate an exposure age of 46 �y-- . Marti et al . (1973 } report Kr 
i sotop i c  data for an i nter i or ch i p  a.nd ca lcu l ateanexposure age of 48 . 5±5 . 5  
m . y .  Hohenberg et al . (1978 ) compare observed (pub l i shed data ) with pre­
d i cted cosmogenic-A� Kr , and Xe abundance s ,  and l i st exposure ages of 50 . 2  
m . y .  and 49 m .y .  

L i ghtner and Marti ( 1 974a) report Xe i sotop i c  data and report that the samp l e  
conta i n s  l i tt le  trapped Xe . Drozd et al . (1977 ) note that ( 1 3 1 Xe/ 1 2 6Xe ) SPALL= 
3 . 35 ,  among the l owest observed among Tne samp l es they stud ied . 

PHYSI CAL PROPERTI ES: Week s et a l . (1973 ) report e l ectron paramaqnet i c  
resonance stud i es of pl ag i ocTase s ,  111 i th reference to T i 3+ and Fe �+ abundances . 
Both Ti 3+ and Fe3+ are l ow ,  even compared to most other Apo l l o  16 samp l es . 

PROCESS I NG AND SUBDIVISIONS : 67075 i s  so fri ab l e  that i t  broke into many 
small pi eces and powder duri ng  transportat i on to Earth (F i g .  1 ) .  Thus no 
sawcuts or exten s i ve c h i pp i ng were necessary . 
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67095 BASALT IC  I MPACT MELT 340 g 

INTRODUCTION : 67095 is a coherent ,  coarse-grained basal tic impact mel t  with 
a thick coat of frothy, c l ast-l aden g l as s  ( Fig . 1 ) .  The l arge '' norite'' 
c l asts referred to in the origina l  Apol l o  1 6  Samp l e  Information Catalog  
( 1972 ) are actual ly portions of the  basa l t  showing through the  g l ass  coat . 

This rock was co l l ected within the southeast rim of North Ray Crater ; l unar 
orientation is unknown . Zap pits are absent from al l surfaces . 

Figure 1 .  

PETROLOGY : This coarse-grained ,  basal tic impact me l t  rock is characterized 
by equant to l athy p l agioc l ase (up to 1 . 5  mm l ong )  ophitica l ly  encl osed by 
l arge ( u p  to 1 0  mm ) sin g l e  crystal s  of o livine and pyroxene ( Fig . 2) . The 
p l agioc l ase is normal ly  zoned from An9o-9s ; o livine is Fo7s -a3 , clinopyroxene 
Wo40En47 , and pigeonite Wo 1 4En59 (Warren and Wasson , 1978 ) .  The mesostasis 
consists of dark brown g l ass , meta l , troilite , ilmenite and other opaque 
oxides .  The grain size is l ocal ly  variab l e  with c l ots of much finer-grained 
bas a l t  scattered through the rock . Xenocrysts are rare , and are mostly  
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F�gure 2 .  a )  67095 ,45 , general v i ew ,  
o i vi ne-crystal at exti nction , xpl . 
wi dth 2mm . 
b )  6709 5 , 3 5 ,  zone of i nternal 
s heari ng , ppl . wi dth l mm .  
c )  6709 5 , 3 6 ,  contact of bas al t 
and g lass  coat ,  ppl . wi dth l mm .  
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p l agi ocl ase or pl agiocl ase aggregates .  A few very fi ne-grai ned , recrysta l ­
l i zed brecc i a  c l asts ( 1 -2 mm ) are recogn i zed b y  Warren and Wasson ( 1978 ) . 
Zones of i nternal shearing have d i srupted the ori gi na l  texture i n  p l aces 
( F i g .  2 ) ,  cau s i ng m i nor brecc i at i on and recrystal l i zati on .  

The dark gl ass coat i s  c l ear in th i n  sect i on ,  wi th sch l i eren i n d i cati ng  
parallel to the basal t/g lass  contact ( F i g .  2 ) .  Part i al crystal l i zati on 
the coat to a f i ne-grai ned groundmass has occurred around l oca l  nucl e i . 
mel t i ng of the host rock near the contact i s  apparent ( F i g .  2 ) .  

f l ow 
of 
Some 

CHE�1 I STRY : r�ajor and trace e l ement ana lyses of the bu l k  rock are reported 
by Laul et a l . ( 1974 ) ,  Pa lme et al . ( 1 978 ) and Warren and Wasson ( 1 978 ) .  
Hertogen-et-al . ( 1977 ) gi ve meteor i t i c  s i deroph i l e  and vo l at i l e  e l ement 
abundances-for the g lass  coat and for the bu l k  rock . Ranc i te l l i  et al . 
( 1973a, b ) ,  prov ide who l e  rock abundances of natural and cosmogen ic-raaio­
nuc l i des . 

67095 i s  compos i t i onal ly d i st i nct from the l ocal  soi l s ,  be i ng cons i derab ly  
l es s  a l umi nous and w i th h i gher l evel s of  REEs (Tab l e  1 ,  F i g .  3 ) .  Palme et 
al . (1978 ) note that the Na content of 67095 i s  somewhat h i gh . for a typ ical 
oasa l t i c  impact mel t ,  and that the K/La rat i o  (K/La = 95 ) i s  a l so h i gh 
compared to the average h i gh l ands ( K/La �70 ) .  Both the basa l t  and the gl ass 
coat conta i n  meteor i t i c  contami nation (Tab l e  1 ) .  Hertogen et al . ( 1977 ) 
as s i gn the bas a l t  to anci ent meteor i t i c  group 1 L  wh i ch they-rnterpret to 
represent Imbrium ejecta . The gl ass coat i s  probab ly  a young  hybrid  w i th 
s i deroph i l es unrel ated to a part i cul ar anc i ent  meteor i t i c  group ( Hertogen 
et 2.!_. , 1977 ) .  

La Ce 

67095 

Nd Sm Eu Tb Yb Lu 

Fi gure 3 .  Rare earths , average of publ i shed ana lyses . 
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TABLE 1 .  Summary chemistry of 67095 l i thologies 

Si02 
IiOz 
A1 2o3 
cr2o3 
FeO 

MnO 

MgO 
CaO 

Na2o 

K20 

P2o5 
Sr 

La 

Lu 

Rb 
Sc 

N i  

Co 

Ir ppb 
Au ppb 
c 

N 

s 
Zn 
Cu 

....l!!!a lt  G lass coat 

47.3 

0.71 

22.2 

0.14 

5 . 6  

0.08 

1 1 . 0  

1 2 . 8  

0 .609 

(1.268 

180 

��3 

1 . 0  

,, • 94 6.42 

9 . 6  

125 129 

11 
:3.37 5 .81 

:!.34 2 . 02 

·4. 7 2 . 27 

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

RARE GASES/EXPOSURE AGES : Cosmogen i c  radi onucl i de data are g i ven by 
Rancitel l i  et al . ( 1973b ) and Fruchter et _ a l .  (1978 ) .  These data i nd i cate 
that 67095 1s undersaturated i n  2 6All acti vi ty ( Ranc i tel l i  et al . ,  1973b ; 
Yokoyama et �. , 1974 ) .  

-- --

67095 

A 2 6Al exposure age of >2 . 5 m . y. an d a 5 3Mn age of >12 m . y. were ca lcu l ated 
by Fruchter et al . ( 1978 ) ,  who a l so concl ude that 67095 had a s imp l e  ex­
posure h i story.--

Kr i sotop i c  data yi e l d  an exposure age of 50 . 2±1 .8  m . y . , cons i stent wi th 
the excavat i on of 67095 by the North R ay Crater event ( Drozd et al . ,  1974 ) .  
Xe i sotopi c  data are provi ded by Hohenberg et �· ( 1978 ) .  

-- --

PROCESS I NG AND SUBD I V I S I ONS : I n  1973 ,  67095 was s l abbed and the s l ab sub­
di vided (F i g .  4 ) . Al locat i ons  have been made from al l port i on s  of the rock . 
Many sp l i ts rema in  at JSC , the l argest be ing  the W end p i ece , 1  ( 183 . 6  g ) .  
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Fi gure 4 .  Maj or s ubdi v i s i ons of 67095.  
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67115  FRAGMENTAL POLYtvJ ICT BRECCIA 240 

I NTRODUCTION : 67115  i s  a fri ab l e .  l i ght gray matr i x  brecc i a  part i al ly 
coated by dark g l as s  ( F i g .  1 ) .  Macroscop ica l ly the rock has a shattered 
appearance , bei n g  cut by many penetrat i ng fractures and vei ned by dark g l as s .  

Th i s  samp l e  was col l ected w ith in  the southeast r im  of North Ray Crater ; 
l unar ori entati on i s  unknown . Many zap p i ts are present on the S surface of 
the rock , wi th few to none on other s urfaces . 

Fi gure 1 .  S -72-5351 7 ,  smal l es t  sca le  subdi v i s i on 0 . 5mm.  

PETROLOGY : A restr i cted popu l at i on of c l ast types character i zes th i s  frag­
mental matri x  brecc i a  ( F i g .  2 ) .  M i neral fragments of p l ag i oc l ase are by far 
the most abundant constituent .  Granob l as t i c  anorthos i tes w ith var i ab l e  per­
centages of mafic  m ineral s ,  and c l ast-ri c h ,  d ark me l t  matr i x  brecc i as are 
v i rtual ly  the on ly l i th i c  types i n  the rock ( F i g .  2 ) ,  though both are present 
i n  abundance . Fragments of o l i v i ne ,. pyroxene ,  sp i nel , metal  and schre i bers i te 
are mi nor components . 

I nc ip ient recrystal l i zation appears to have affected the fi nest portion of 
the matr i x .  Abundant t i ny ,  rounded gra i n s  of o l i v i ne ( ? )  f i l l  i nterst ices and 
occas i onal ly rim l arger , more angu l ar gra i n s  ( F i g .  2 ) . 
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67 1 1 5  

a 

c 

Figure 

b 

d 

2 .  a ) 67 1 1 5 , 3 1 , matr i x ,  ppl . wi dth 0 . 5mm . 
b ) 67 1 1 5 , 3 0 ,  matrix and granob l a sti c  c l ast ,  ppl . wi dth l mm .  
c ) 67 1 1 5 , 30 ,  matri x ,  dark cl ast ,  and  gl ass coat ,  ppl . 

width 2mm . 
d ) 67 1 1 5 ,49 ,  gl ass vei ns near contact of brecci a  and gl ass 

coa t ,  ppl . wi dth 2mm. 
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671 1 5  

The 
T

l ass  coat is  i rregu l arly  d i str i buted over the surface of the rock . Schaal 
et a . (1979 ) tabu l ate vari ous phys i cal  parameters of the g l ass  coat , such as 
vesTCu l ar i ty .  A zone of fi ne-gra i ned quench crysta l s  occurs at  the brecc i a/ 
g lass  contact ( F i g .  2 ) .  

CHEMI STRY : Major and trace e l ement abundances for the bu l k  rock are g i ven  by 
Rose et a l . ( 1973 ) .  Major and trace e lement analyses of " b l ack "  and "wh i te" 
port i ons

-of the rock reported by S . R .  Tayl or et a l . ( 1973 ) bracket the bu l k  
analys i s  of Rose et al . ( 1973 ) .  ( The rock i s  erroneous ly  referred to as 
61175 i n  the text-of�. R .  Taylor et a l . ( 1973 ) but i s  correctly l abeled i n  
a ll tab l es ) .  C l ark and Ke i th ( 1g73)and E l dr idge e t  al . ( 1 975 ) prov i de 
natural and cosmogen i c  rad i onuc l i de data and Jovanov ic-and Reed ( 1976a , b )  
report ha l ogens and other trace el ement data for the b u l k  rock . Major and 
trace e lement ana lyses of the g l as s  coat and a p l ag i oc l ase separate are 
g i ven by S . R .  Tayl or et al . ( 1973 ) .  Meteor i t i c  s i deroph i l e  and vol ati l e  
abundances for two " gray11cl asts , a g l as s  ve in  and the b u l k  matr ix are g i ven 
by Hertogen et al . ( 1977 ) .  Schaal ( unpub l i shed ) determi ned maj or e l ements 
i n  the g l as scoat by el ectron mi croprobe . 

67 115  i s  compos i t i ona l l y  s i m ·i l ar to severa l other Apol l o  1 6 ,  Stati on 1 1  and 
13 l i ght matr ix  brecci as in be ing  very al umi nous (�30% Al 20 3 ) and l ow i n  
l i thoph i l e  and s i deroph i l e  e l ements ( Tab l e  1 ,  F i g .  3 ) .  Al l o f  the samp l es 
analyzed by Hertogen et al . ( 1977 ) are contami n ated w ith meteor i ti c  
s i deroph i l es but the TOw-reve l s  of these e l ements renders ass i gnments to 
spec i f i c  meteori t i c  groups somewhat tenuous . The " l i ght gray c l ast"  i s  
near ly pr i st i ne ( Tab l e  1 ) .  Photographs of th i s  sp l i t  show a s i ng l e ,  nearly 
wh i te c l ast  but no  th i n  sect ions  or other chemica l  data are avai l ab l e .  

The g l ass samp les are poorer i n  Al zO a  and r i cher i n  l i thoph i l es and s i dero­
ph i l  es than the b u l k  rock , and are c l ose to the compos i ti on of North R ay 
so i l s .  

67115,17 

"Black" 

2 

1����==��=��=������ La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
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Figure 3 .  Rare earths , 
from S .  R.  Tayl or et �· 
( 1 973 ) . 



671 1 5  

TABLE 1 .  Summary chemistry of 67115 l ithol ogies 

Bul k  rock G l ass coat and vein L ight gral c last �tedium gral c l as t  

Si02 44 . 6  44 . 5  
Ti02 0 . 2  0.65  
Al 2o3 31 .0  27 .9  

Cr2o3 0 . 06 0 . 10 

FeO 2 . 5  4 . B  

MnO 0 .04 
MgO 3 . 1  4 . 9  
CaO 17.7 1 5 .8  

Na2o 0 . 5  0.45 

K20 0 .08 0 . 12 

P205 0 .02 0 . 06 
Sr 180 
La 2 .2  9 .0  

Lu 0. 12 0 .43 
Rb 'V1 1.5 0 .36 0 .45  

Sc 2 
Ni 50 164 28 45 

Co 5 
Ir ppb 1 . 59 7 . 17 0 . 44 2 . 69 

Au ppb 0 .16  3 . 27 0 . 39 0 . 5  

c 
N 
s 
Zn 'V4 2 . 54 4 .85 4 . 13 

Cu 2 

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

EXPOSURE AGES : C l ark and Kei th ( 1973 ) and E l dri dge et a l . ( 1 97 5 )  provi de 
cosmogen 1 c  rad ionucl i de data as determi ned by gamma-ray-spectroscopy . 
67115  i s  apparently unsaturated i n  2 6Al acti v i ty .  

M ICROCRATERS : Morphol og i cal  parameters of microcraters i n  the 0 . 2- 100 11m 
d i ameter range are reported by Brown l ee et al . ( 1973 ) ,  from scann ing  el ectron 
m i croscopy ( SEM ) stud ies  ( F i g .  4 ) . 

-- --

PROCESS I NG AND SUBD I V I S I ONS : 67115  has  never been sawn but was exten s i ve ly  
subdi vided by chipping  in 1972 . Al l ocati ons h ave been made from al l areas 
of the rock . , 1 6  and _ , 17 ( F i g .  1 )  were al l oc ated for chem i stry to Rose and 
S . R .  Tayl or, respect i ve ly .  , 2 5 - , 28 ( F i g .  5 )  were an alyzed by Hertogen et  a l . 
( 1977 ) .  The l argest s i ng l e  p i ece rema i n i n g  i s  , 9  ( 161 . 6  g ) . 

-- --

816 



1 .2 1-
0 
i= < 1.0 1-a: 
a: 1-
w 0.8 1-1- 1-w 
� 0.6 1-
i5 
..... 
� 0.4 1-
Q. w 1-0 0.2 1-

0 0.1 

6711 5 

' 

' ' 

' ' I ' 

• 
• • 

• • 

• 

I I  " I  
1.0 

I I I I 1j ' ' '  
-

• 
• -

, . • -

.. • • �. ' ... 
-

• 

I t  t i d  
10 

• 

' ' ' ' 

-

-
-

' '  
100 CRATER DIAMETER (fJ-l 

,26 

,42 

1 em 
------, 

,27 

817 

67 1 1 5  

Fi gure 4 • Mi crocraters , 
from Brownl ee et a l  • ( 197 3 )  . - -

Figure 5 .  
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672 1 5  FRAGMENTAL (MONOMI CT GRANOBLASTI C ? )  BRECC IA  276  g 

I NTRODUCT I ON :  672 1 5  i s  a moderate ly fri abl e ,  l i ght gray , fi ne-gra i ned , and 
fai rl y  u n i form fragmenta l brecci a ( Fi g .  1 ) . The samp l e  may be monom i ct wi th 
most ma ter ia l  deri ved from granobl asti c ,  anorthos i t i c  granu l i te ,  but a few 
dark aphan i ti c  c l asts are presen t .  

6721 5 was col l ected on the south r i m  of North Ray crater . I t  was col l ected 
as a spec i a l  samp l e  for the study of roc k surfaces ; hence , to avo i d  abras i on 
and other degradati on , i t  was packed i n  a padded bag . However, apparently 
because i t  i s  a brecc i a ,  and not the tough c rysta l l i ne rock p l anned premi s s i o n  
as  a padded bag samp l e ,  i t  has not been requested for s urface stud i es a n d  has 
only recently been i nspected . The samp l e  has zap p i ts on a l l  s urfaces except 
new fractures . 

6721 5 S - 80 - 3031 2 

Fi gure 1 .  
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672 1 5  

P ETROLOGY : A macroscopic  descri pti on has been made by G .  J .  Taylor  ( unpubl i shed 
Data Pac k i nformati on ) . The samp l e  i s  l i ght  gray and fi ne-grai ned . The most 
a bundant c l ast type cons i sts of pl ag ioc lase ,  brown pyroxene ( ? ) , and yel l ow 
o l i v i ne ( ? ) , wi th granul ar textures . The matr ix  (arbi trari l y  defined ) cons i sts 
of crushed debri s  of the same mi neral . I n  thi n section  the fragments are 
granobl asti c or c umul ate-textured , and anortho s i t i c  ( Fi g .  2 ) . The fragments 
vary i n  the s i ze and abu ndance of pyroxene, whi c h  shows exsol uti on , and they 
conta i n  tro i l i te ,  Fe-metal , i lmen i te ,  and tra ces of s i l i c a .  The matrix con­
s i s ts of crushed , angu l ar mi neral fragments . 

Figure 2 .  6721 5 , 6 ,  genera l v iew ,  ppl . wi dth 2mm. 
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672 1 5  

PROCESS I NG AND SUBDIV I S I ON S :  672 1 5 has on ly recently been i nspected and was 
found to have broken i nto one l arge p i ece ,  two smal l er  p i eces , and several 
smal l fragments ( F i g s . 1 , 3 ) . , 3  was a l l ocated for th i n  secti ons . 

6721 5  

Fi gure 3. Subdi v i s i ons of 6721 5. 
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67235 F INE-GRAINED PO I KI L I T I C  IMPACT MELT 938 9 

I NTRODUCTI ON :  67235 i s  a fi ne-gra i ned , crystal l i ne samp le  (Fi g .  1 )  whi ch i s  
a poi ki l i ti c  impact me l t .  I t  i s  pervas i vely  fractured , a l l owi ng the rock to 
fal l apart, but i n d i v i dual p i eces are coherent . 

67235 was col l ected on the south r im  of North Ray crate r .  I t  was col l ected as  
a spec i al  sample  for the study of rock surfaces ; hence,  to  avo i d  abra s i on and  
degradati on , it  was packed i n  a padded bag . However, it  has not been requested 
for surface studi es and has only recently been i nspected ; i t  i s  obvi ous that 
the surfaces have not been preserved but have fl aked off (G .  J .  Tayl or , un­
publ i shed Data Pack i nformation ) . The samp l e  ha s only rare zap pi ts . 

67235 

fi gure 1 .  
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67235 

P ETROLOGY :  A macroscop i c  descri pti on has  been made by G .  J .  Tayl or ( unpubl i s h­
ed Data Pack  i nformati on ) . The samp l e  is  fi ne-gra i ned ( <0 . 2  mm? ) and uni form , 
but wi th some whi ti s h  cl asts . Metal gra i n s  are consp i cuou s .  

Thi n secti ons show that the samp l e  i s  a p o i k i l i t i c  i mpact me l t  ( F i g .  2 ) , wi th 
o i kocrysts l ess  than 500 �m across . Most of the encl osed p l a g i oc l ase chada­
crysts are l ess  than 30 �m l on g ,  and the i nteroi kocryst areas are g l assy and 
opaque-mi neral ri c h .  Fe-metal and  troi l i te are present .  Most of the cl asts 
are p l ag i oc l ase,  and thi n secti on , 5  conta i n s  one granobl asti c impacti te 
(�so% p l a g i oc l ase ) . 

Figure 2 .  67235 , 5 ,  genera l v i ew, 
ppl . w idth 2mm. 

P ROCESSING AND SUBD I V I S I ON S : 67235 has only recently been i nspected and was 
found to have shed many sma l l  ch i ps  ( Fi g .  1 ) .  One of these , 2  was a l l ocated 
for th i n  secti ons . 
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67415 CATACLASTIC NOR ITIC  ANORTHOS ITE 

I NTRODUCTION : 67415 i s  an extremel y  fri abl e ,  catac l as t i c  nor i t i c  
that was removed from i ts documented bag i n  many pi eces ( F i g . ! ) .  
to be near ly  monom i ct ,  but i s  not chemi cal l y  pri sti ne .  

175  

anorthos i te 
It appears 

Th i s  samp l e  was co l l ected from the south r im  of North Ray Crater , near the 
l arge,  Wh i te Brecti a bou l ders that yiel ded 6745 5 ,  and 6747 5 .  The l unar 
ori entat i on of 67415  cou l d  not be determ i ned . Due to i ts fr i ab le  nature , no 
l unar exter i or surfaces cou l d  be recogn i zed . 

Fi gure l· em sca l e .  

PETROLOGY : 67415 i s  a c l asti c rock apparently formed by s i mp l e  crus h i n g  of a 
granobl ast ic  nor i t i c  anorthos i te .  I t  i s  composed predom i nantly of angu l ar 
gra i n s  of pl agiocl ase wi th l esser amounts of maf i c  mi neral s (mostly ortho­
pyroxene ) ,  granobl ast ic  l i th i c  fragments , mi nor metal ( some rusty ) , troi l i te , 
i lmen i te and very rare symp l ecti tes . Pre-catac l as i s  texture of the rock i s  
preserved only i n  smal l ( up to 3 mm ) l i th i c  fragments ( F i g . 2 ) .  

823 



6741 5 

F ifure 2 .  6741 5 , 1 4 ,  genera l v i ew ,  
pp • w1 dth 2mm. 

M i nor e l ements i n  p l ag i oc l ase as determi ned by i on probe are g i ven by Meyer 
( 1979 ) (Tab l e  1 ) .  

a.  
b.  

TABLE 1.  Minor elements in  pl agiocl ase (ppm)(Meyer, 1979) 

.JJ_ _l!g_ Ti Sr Ba 

6 
6 

650 
637 203 300 

100 
103 

CHEMI STRY : Major and trace e l ement analyses are g i ven by Wanke et al . ( 1 976 , 
1977 ) and L i ndstrom et a l .  ( 1977 ) .  Hertogen et a l . ( 1977 ) reportmeteori t i c  
s i deroph i l e  and vol atTle-abundance s .  Cr i pe and Moore ( 1975 ) and Moore and 
Lew i s  ( 1975 ) prov i de total  C ,  N and S data . 

67415  i s  compos i t i ona l ly  d i st i nct from the l oca l  mature so i l s ,  be ing  less  
a l umi nous and  somewhat more magnes i an ( Tab l e  2 ) . The rare-earth e l ement 
abundances for th i s  rock are fai rl y  l ow ( F i g .  3 ) ,  about a factor of 3 l ess  
than in  the soi l s .  67415 i s  not chem i ca l ly  pri st i ne : s i deroph i l es i nd i cate 
a s i gn i f i c ant meteor i t i c  component ( Tab l e  2 ) .  The l ow total C and S i n d i c ate 
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6741 5 

the l ack of a s i gn i fi cant s o l ar w ind  component i n  th i s  brecci a .  Al though 
6741 5  was co l l ected near the Wh i te Brecci a bou l ders , it i s  not s i mi l ar to the 
known s amp l e  of l i ght  matr i x  from these bou l ders , 67455 ( L i ndstrom et a l . ,  
1 977 ) .  

- -
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TABLE 2 .  Surrrna1·y chemi stry of 67 4 1 5  

Si02 45 .2  Sr 
Ti02 0 .38 La 
Al 2o3 25.4  Lu 
Cr2o3 0 . 10 Rb 
FeO 4 . 9  Sc 
MnO 0.07 Ni  
MgO 7 . 9  Co 
CaO 14 . 9  l r  ppb 
Na2o 0 . 53 Au ppb 
K20 0 .05 c 

P205 0 . 03 N 
s 

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

I I T 

--

- .... --

I I I I I 

168 
5.0 
0 .27 
0.8 
8.3  
90 
12 
3 .0  
1 .0 
13 
99 

<17 
5 .8  

I T 

67415, 7 

- -

� 
I 

1-
1-

-
-
� 

La Ce Sm Eu Tb Dy Ho Vb Lu 

Fi gure 3. Rare earths , from Wanke et �· ( 1 976 ) . 

PROCESS I NG AND SUBD IV I S I ONS : Al though 67415  was col l ected as a s i n gl e  p i ece , i t  
broke u p  during  transport and was removed from i ts documented bag as �0 frag­
ments > 1 g, the l argest ( , 8 )  be i n \J '\-3 em across .  I n i t i al a l l ocat ions  i n  1972 
were f i l l ed l argel y  by i n d i v i du a l  fragment s .  I n  1 974 several of the 
i ndi v i dua l  fragments were assi gned sp l i t  n umbers and the l argest fragment 
( , 8 )  extens i vely  subd i v i ded for al 'l oc at i on s .  , 18 contai n s  a 7x4 mm dark ,  
coherent cl ast of  unknown aff i n i ty .. 
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67435 POL Vt� ICT BRECC IA,  PARTL V GLASS-COATED 353 g 

I NTRODUCT ION : 67435 is a coheren t ,  medium gray breccia (Fig . 1 )  consisting 
of poikilitic impact mel t  c l asts in a more fe ldspathic , more porous matrix ; 
these two l itho l ogies are in rough ly  equival ent proportions .  A distinctive 
c l ast is the cumul ate-textured , probab ly pristine ,  spinel -troctolite ( Prinz 
et al . ,  1973 ) .  About ha lf  the surface of the brecc ia  is coated with h ack ly ,  
gTassy ,  vesicu l ar material , l arge ly devitrified or crystal lized . 

67435 was co l l ected from the southeast rim of North Ray Crater and was perched . 
The samp l e  is subrounded and e l ongated with some penetrative fractures . Its 
orientation is known and a few zap pits occur on four sides , with none on the 
other two . 

Glassy coat 

1 em 

S - 75 - 2 1 1 90 

Figure 1 .  

67435, 0 
Pre - sawcuts 

breccia 

PETR9LOG V :  A comprehensive petrographic description ,  with microprobe data, is 
prov 1de� by R .  Warn�r et .�. ( 1 976a ) . Prinz et �· ( 1973 ) describe the spine l 
trocto l 1 te c l ast ,  w 1 th m 1 croprobe ana lyses , i n  detail , and the attached breccia 
brief�y .  Mehta and Gol dstein ( 1 980 ) report analyses of metal  in the gl ass coat . 
Longh l et 2l· ( 1976 )  and Huebner et al . ( 19 7 6 )  use the data of Prinz et al . 
( 1973 ) ror the sp ine l  troctolite Tn eTement partitioning s tudies . 

-- --
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67435 

F ig ure 2 .  a )  67435 , 2 1 , po i ki l i t i c  
c l a s ts , ppl . wi dth 2mm . 
b )  6743 5 , 21 , g l a ss  coa t ,  ppl . 
width 2mm . 
c )  67435 , 1 4 ,  spi nel troc tol i te 
c l a st ,  ppl . wi dth 2mm . 



67435 

R. Warner et �· ( 1976a ) descr i be 67�3� as  cons i st i �g
_
o� � l � ght-col ored , s ugary 

matr i x  enc10s 1 ng n umerous  gray aphan 1 t 1 c  c l asts (pol k l l l t l c  1�pact mel ts )  
_
and 

several whi te fe l d spath i c  c l asts . Abou t  ha l f of the surface 1 s  covered w1 th an 
i rregu l ar g l assy coat . 

The matri x  surround i n g  the aphan i t i c  c l asts i s  more fe l d s path i c ,  porous ,  and 
conta1 n s  c l asts ( usua l l y  <1 mm ) w i th 80-90% p l ag i oc l ase . Most of these c l asts 
are character i zed by sma l l p l ag i oc l ase gra i n s  surrounded by an extreme ly  f i ne­
grai ned , mi cropoi k i l i t i c  i ntergrowth of maf i c  phases and p l ag i oc l ase . I n  
p l aces th i s  matr ix  grades i nto the po i k i l i t i c  c l asts . 

The aph an i t i c  c l asts h ave poi k i l i t i c  textures ( F i g .  2 )  s im i l ar to,  but genera l ly 
f i ner-grained than , typ i c a l  Apo l l o  16 po i k i l i t i c  i mpact me l ts .  The o i kocrysts 
are 200-400 �m x 100-150 �m and i nc l ude both o l i vi ne and l ow-Ca pyroxene . M i n­
eral compos i t i on s  are shown i n  F i gures 3-5 . These c l asts contai n  �5% p l a g i o­
c l as e .  They contai n  xenocrysts of p l ag i oc l ase , o l i v i ne and meta l , and a few 
l i th i c  fragments . These l atter i nc l ude fragments wi th a granu l ar texture ; 
thei r  mi neral compos i t i on s  are shown i n  F i gures 3-5  as "host brecc i a ,  ANT 
c l asts " .  

One 1 . 5  em i nter i or c l ast  of l i ghter-co l ored materi al i s  descri bed by R .  Warner 
et a l . ( 1976a ) .  Th i s  i s  a fel dspath i c  (�8% p l ag i oc l ase ) brecc i a .  Mi neral 
compos i t i on s  are g i ven  i n  F i gures 3 - 5 .  P l ag i oc l ase occurs a s  subequant gra i n s  
10-60 �m across  wi th some l arger fragments . Mafi c  m i nera l s are concentrated 
between and around the p l ag i oc l ase as i rreg u l ar granu l es or as o i k ocrys ts . The 
o l i vi nes are qu i te i ron-r i ch (�Fos o - G o ) .  

The c l as t  of s p i ne l  trocto l i te PST ) descr i bed by Pri nz et a l . ( 1973 )  has  a 
cumu l ate texture 1 g .  an 1 s  pro abl y  a pr i st i ne l i tnol ogy . Po i k i l i t i c  
p l ag i oc l ases ( 2  to 3 mm )  enc l ose o l i v i nes ( 0 . 2-1 . 1  mm ) and p i n k  s p i ne l  ( p l eonaste ) 
gra i n s  ( 0 . 1-0 . 7  mm ) .  No pyroxene i s  present and the on ly  other phases observed 
are Fe-Ni  metal and tro i l i te .  The mode of the c l ast i n  th in  sect ion  ( , 14 )  i s  
69% o l i vi ne ,  26% p l ag ioc l ase , 5% s p i ne l , others trace . Pr i nz et a l . ( 1973 ) 
report m i croprobe data for a l l phases . O l i v i nes  c l uster at Fo91.9:9 z . q ,  and 
p l ag i oc l ases at An 9 6 • 6 - 9 7 . q .  The c l ast was comp l etely used up  in mak i ng two 
th i n  sect i ons ; a second sp i nel  troctol i te c l ast  has been i dent i fied  and 
extracted as mi neral gra i n s .  

Pr inz  et a l . ( 1973 ) report that the s p i ne l  troctol i te c l ast i s  encl osed i n  a 
dense ,-annea l ed mi crobrecc i a  for wh i ch mi croprobe ana l yses are g i ven . A de­
focus sed-beam analys i s  s ugges ts that the m i crobrec c i a  has �24% Al 203 • The 
mi neral compos i t i on s , part i cu l ar ly  o l i v i n e ,  are q u i te var ied . 

The g l ass coat is  mai n l y  ''dev i tr i f i ed'' or has  a rap i d l y  coo l ed ,  quench texture . 
Some clear gl ass ,  frequent ly  fl ow-banded , i s  present ,  and some c l asts of p l ag i o­
c l ase ( An a e -99 ) and o l i v i ne ( Fo G l - e q ) occur i n  the ' 'dev i tr i fi ed "  areas ( R .  
Warner e t  a l . ,  1976a ) .  The boundary between c l ear and "dev i tr i fi ed "  g l as ses 
i s  very 

Sharp . t·1eta 1 gra i n s  1 arger than 5 �m in the g 1 assy coat appear to be 
qu i te restri cted i n  compos i ti on w i th 5-7% Ni and � . 5% Co ( Mehta and Go l dste i n  
1980 ) ( F i gure 6 ) .  The smal l er gra i n s  ( 1  �m - 1000 � )  h ave � 14% N i ,  w ith a 
few gra i n s  devo i d  of N i  - these compo s i t i ons  d i ffer from the part i c l e s  l arger 
than 5 �m . Both l arge and smal l metal p art i c l es appear to be s i n g l e-phase . 
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GLASS COATING 

Oi67435,12 HOST BRECCIA 

• ANT clos�s • Feldspoth;c breccia clast 
+ Dark matrix 

(mol%) 

67435 

F i gu re 3 .  Pyroxene compos i t ions, 
from R .  Warner et �· ( l 97 6a ) .  
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F i gure 4 .  Ol i v i ne compo s i t i ons, 
from R .  Wa rner et a l . ( 1 97 6a ) .  



67435 

FELOSP4THIC BRECCIA CLAST 
An 0 

67435,12 HOST BRECCIA 
DARK MATRIX 

5 10 15 

67435,49 INTERIOR CLAST 67435,25.,26;,27 GLASS COATING (a} Fcldspcr-phync 
An 100 {b) Partially meited breccia clasts 0 (c) Mineral clasts 

\ {d) Oivitrified matrix 

�95 

Figure 5 .  Pl ag ioc las e compo s i t i on s ,  from R .  Warner et �· ( l 97 6a ) .  
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Fi gure 6 .  Compos i t ions  of meta l i n  the 
gl ass  coa t ,  from Me hta and Go l d ste i n  ( 1 980 ) .  

CHEMISTR Y :  Chemica l  stud i es are l i sted i n  Tab l e  1 ,  and summary chemi str i es 
of the matr i x  or bu l k  rock , the g l as s  coat, the l arge fe l dspath i c  brecc i a  
c l ast ,  and the po i k i l i t i c  c l asts are g i ven i n  Tab l e  2 .  Rare-earth e l ement 
p l ots are shown i n  F i gures 7 and 8 .  The g l ass  coat and the host brecc i a  have 
roughly  s i mi l ar compos i t ions , but the coat i s  nearly  i denti cal  to typ i cal  
Apol l o  16  so i l s  ( not those from Stati on 1 1 ) .  The i nteri or fe l d spath i c  brecc i a  
c l ast  i s  very s imi l ar to the Stati on 1 1  fe l dspath i c  s amp les , i n c l ud i n g  l ow 
s i deroph i l e  abundances . Al l samp l es are contam i n ated wi th meteor i t i c  mater i al ; 
one of the g l as s  samp l es has a much h i gher Au/ I r  rat i o  then the other samp l es 
and R .  Warner et al . ( 1 976a )  suggest that there are two d i s t i nct meteori t i c  
components . 

-
-
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TABLE 1 .  Chem i cal stud ies of 67435 

Reference 

R. Warner et al . ( 1976a) 
" 

" 

Lindstrom et �· ( 197 7 )  

W�nke et  al . (1976) 

Cl ark and Keith ( 1978) 
Moore and Lewis (1977 ) 

Cripe and Moore ( 1975 ) 
Domin ik  and Jessberger ( 1978) 

1/) 
Q) � 
... "C c 0 .r:. 

(.) 
........ 
Q) 
c. 
E 
co 

en 

" 

• • ,40 

Spl i t  # 

,36 

, 25,26,27  
,30 

,40 

, 39 

,0  
, 18 
, 18 
, 33[ 
, 33E1,33C 

Description 

matrix 

g l ass coat 
whi te i nterior 

c last 
matrix 

matrix  

bul k  rock 
matrix 
matrix 
matrix 
aark cl asts 

E l ements analyzed 

majors , trace, rare 
earths,  s i deroph i l es .  

" 

majors , trace, rare 
earth s .  
majors, trace, rare 
earths (� 50 e ls . )  
K ,  U ,  Th 
C, N 
s 
K ,  Ca  

R. Warner et  a/., 1976 

Li ndstrom et a/., 1977 

67435 

Bul k breccia  

Figure 7 .  Rare earths for the bu 1 k brecc i a . 
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STABLE I SOTOPES : R .  Warner et al . ( 1 976a ) report oxygen i sotopi c data performed 
by the Cl ayton group on a bUTkiDrecci a  samp l e  ( , 22 ) .  The c 1 8 0  (SMOW } of 
+5 . 6% and c 1 70 ( SMOW ) of + 2 . 8% are typ i cal  l unar val ues . 

GEOCHRONOLOGY AND RAD IOGEN IC  I SOTOPES : Domi n i k  and Jessberger ( 1978 } and 
Jes sberger et al . (19 7 7 )  report Ar 1 sotop i c  data for gray matr i x ,  dark c l asts ,  
and p l ag i oclase-separates of 67435 . The rel ease d i agrams are shown a s  F i gure 9 
and the data summari zed i n  Tab l e  3 .  The c l asts and matr i x  were not i sotop i cal ly 
equ i l i brated in  the l ast heat i nq  or as semb ly  event .  The two p l agiocl ase samp l es 
both h ave good p l ateaux at 4 . 42 b .y . , the dark c l asts at �4 . 0  b . y .  The matr i x  
age s pectrum i s  not wel l -def i ned . The data al l ow e i ther that the brecc i a  formed 
i n  a m i l d  event of � 1 b .y .  from o l der ,  var i ed components , or that i t  was assemb l ed 
at � 3 . 9  b .y .  and h as suffered post-aggregati on gas l os s . The major resett i ng  for 
most consti tuents was � 3 . 9  b .y .  

RARE GASES AND EXPOSURE AGES : Dom i n i k  and Jessberger ( 19 78 ) and Jes sberger et al . 
( 1977)  report Ar isotopic analyses and cal cu l ate exposure ages rang i n g  from�4:9 
to 52 . 1  m .y . ( Tab l e  3 ) .  These are s imi lar to the exposure ages of most other 
Stat i on 1 1  rocks , suggest i ng  that 67435 was ejected i n  the North Ray Crater event .  

C l ark and Ke i th ( 1973 } reported cosmogen i c  nuc l i de data  and Yokoyama et al . ( 1 974 ) 
i nterpret the data as show i n g  saturat i on w i th 2 6Al . Thus  the exposure-rs more 
than a few mi l l i on years . 

F igure 8 .  Rare earths for vari ous 
su bsampl e s ,  from R .  Warner et al . 
( 1 980 ) .  Pl %= normat ive  p l a g i oclase 
content . 
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TABLE 2 .  Summary chE!mi s try of l i th ic  types i n  67435 

2Gl ass 3Wh ite 'poik i l i tic 
1Matl'1x Coat i nterior c l asts 

c l ast 
----

Sio2 '\.1�6 '\47 46.0  46 
Tio2 O .H3 0 . 9  0 . 34 1 . 0  
A1203 23 26.5  30. 1  21 .3  
cr2o3 0.15 0 . 1-0.2 0 .067 
FeO 6.9  '\6. 5  3 . 8  6 . 4  
MgO 9 .3  "- 8  3 . 6  1 1 . 2  
CaO 13.4 15.2  17 .9  13 
Na2o 0 . 5  0 . 57 0 . 51 0 . 55 
K20 0 .15  0 . 1-0 . 2  0 .056 0 . 25 
P205 0 . 19 
Sr  176 
La 23 12 2 . 4  
Lu 1 0 . 5  0 . 13 
Rb 4 

Sc 11 9 7 . 7  
N i  700 31 
Co 40 "' 20 6 
Ir ppb 12··23 10-24 
Au ppb 14 19-43 
c 1!4 
N 72 
s 700··1100 
Zn H 
Cu ,. ,) 

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

1 from analyses of R. Warner et a l .  ( 1976a) and W�nke et al . ( 1976) ; analys i s  
by Lindstrom et .!!_. ( 1977 ) ls more feldspath i c .  - -

2from analyses of ,26 and ,27 and omitting ,25 of R .  Warner et .!!_. ( 1976a ) .  
3R .  Warner et al . ( 1976a ) . 
"R. Warner et .!!_. ( 1976a) - from defocussed beam analyses.  
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UJ 4.4 
:5 
� 4.2 
... z � 4.0 
� "-
< 3.8 

3.6 

0 40 60 80 
FRACTION 39AR11 RELEASED 

3.8 

3.6 

100 

Apparent 40 Ar-39 Ar ages and K/Ca ratios vs. frac· 
tiona! 39 Ar release for samples of breccia 67435. Only ages 
in the range 3.5-4.6 AE are shown. Numbers give the tern· 
perature of that fraction which is the first to fall in that age 
range. A, D :  plagioclase clasts; B, C :  dark breccia clasts; 
E :  light grey matrix. 

Figure 9 .  Ar rel ea ses , from 
Domi n i k  and Jess berger { 1 978 ) . 

TABLE 3 .  4 0Ar-39Ar s ummary (Dominik  and Jessberger, 1978 ) 

Subsample Ca K K/Ar age 4 0Ar- 3 9Ar age ( b .y . ) ,  Exposure age 
(%)  ( ppm ) ( b  .y. ) pl ateau range 

( °C , 3 9Ar ) , 4 0ArRloss  
(m.y. ) 

,33 E matrix 6 . 5  1190 2 . 78+0 .05 3 . 82�0 .09 ( no pl ateau ) 52 . 1 +2 . 6  
690-1110°, 70-99% ,49% 

l oss 

, 33 B dark cl ast 8 . 8  1520 3 . 08� .05 3 . 955+0 . 013 51 . 2+2 . 3  
690-1090°, 63-99%,42% 

loss 

,33 C dark cl ast 6 . 6  445 3 . 59+0 .05 4 . 044+0 .029 46 . 1�1 . 9  
690-1130°' 49-98%,25% 

l oss  
, 33 A pl agioc l ase 8 . 5  270 4 . l l±0.06 4 . 427+0 . 050 44 .9+2 . 6  

cl ast 920-1200° ,34-100% , 14% 
l oss 

, 33 0 pl agiocl ase 9 . 6  3300 4 . 08+0 .05 4 . 407+0 .035 48 . 1+3 . 0  c l ast 960-1170°,46-99%, 18% 
loss 
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PROCESS ING AND SUBD IV I S IONS : Fo l l ow i n g  some ear ly  subd i v i s i ons  by ch i pp i n g ,  
a 1 em s l ab was cut through 6743 5 .  Th i s  s l ab was pos i ti oned to avo i d  a c l ast 
of s p i ne l  trocto l i te ( l ater extracted ) and to some extent avo i d  the gl ass 
coat i n g .  The l ocat ion of the mai n  subd i v i s i ons produced ( the rock broke dur-
i ng s aw i n g )  and maps of them are s hown i n  F i gure 10 . The face of , 7  i s  s hown i n  
F i gure 1 1 . , 7  ( 179  g )  , 8  ( 69 g )  and , 1 1  ( 19 g )  remai n  nearly  i ntact ; many smal l ­
er p i eces were produced dur i n g  s awi n g .  

r2l Gloss coofinQ 
' �  Feldspcthic cl;,st 

l:i1iZi Grey cloot 
• Zcp pit 

0 Clast mold 
..._ Cracks 

Fi gure 1 0 . Major s ubd i v i s i ons  of 6743 5 ,  from R .  Warner et �· (1 976a ) .  

F igu re 1 1 . Sawn fac e .  
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67455 FRAGMENTAL POLYMICT BRECCIA 942 g 

I NTRODUCTION : 67455 i s  a very fri abl e ,  fe l dspath i c  brecc i a  that contai ns  a 
variety of c l ast types , i n c l ud i ng  pri st ine anorthos i tes . Th i s  rock was chi pped 
from a l arge wh i te boul der on the south rim of _ North Ray Crater together with  
67475 . Due to i ts fri ab i l i ty i t  broke i nto several  p i eces dur i n g  transport from 
the Moon ( F t g .  1 ) .  Exact l unar ori entati on i s  unknown , but some exterior 
surfaces were recogni zed dur i ng  the ori g i nal  process i n g  by the i r  d i sco l orat i on 
and a few remai n i n g  zap p i ts .  Much of the post- 1974 work referenced here i s  
the work of a consort i um h eaded by Chao . 

Figure 1 .  

PETROLOGY : An exten s i ve petrograph i c  descr i ption i s  g i ven by M ink i n  et a l . ( 1 977 ) 
and their terminol ogy wi l l  be used here to avo i d  confus i on .  Several�ifferent 
cl ast types occur in a very fr i ab l e  groundmas s of predominantly crushed and 
compacted p l ag i ocl ase gra i n s  ( F i g . 2 ) .  Monominera l i c  p l ag i o c l ase dominates the 
c l ast  popu l at i on ,wi th l es ser amounts of o l i v i n e ,  pyroxene ,  meta l , tro i l i te ,  
i l men i te ,and l i t h i c  fragments . Metal gra i n s  i n  the groundmass tend t o  be rusty ,  
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Figure 2 .  a ) 
b ) 
c ) 
d ) 

67455 
b 

d 

6745 5 , 49 , whol e th i n  secti on , ppl . wi dth about l Omm. 
67455 , 1 09 ,  shocked anorthos i te cl ast ,  xpl . wi dth 2mm . 
67455 , 48 ,  gabbroi c anorthosi te c l as t ,  ppl . wi dth l mm .  
67455 , 43 ,  fel ds path i c mi crobrecc i a  cl ast ,  xpl . wi d th l rrm .  
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w i th compos i t i on s  outs i de of the "meteor i t i c "  f i e l d  ( F i g . 3 )  ( L . A .  Tayl or et a l . ,  
1 973b ) . E l  Goresy et al . ( 1 973a)  report one occurrence of sphal er i te and -- -­

" goeth i te "  as a reactTOn r im  around troi l i te . L i th i c  c l asts i nc l ude catar. l ast i c  
anorthos i te s ,  gabbroi c  anortho s i tes , annea l ed fel dspath i c  mi crobrecc i a  and 
various g l assy cl asts . Modal abundances are s ummari zed in Tab l e  1 ( reproduced 
from Mi nk i n  et �. , 1977 ) .  

I 

IJ 

:8 
8 
� '·' 
u 

� 

I , I 
ti. •• 

. � . .  

I 

-
6 7455,48 

F igu re 3 .  Meta l compos i ti on s , 
from L. A. Tayl or et �· ( 1 973b ) . 8: 1.1 r - - - - - - - - - - - - - - - -

' 
:§, 
� 1.1 

. 
I i I 

Weight Per Cent Nickel 

TABLE 1 .  From Mi n k i n  � �· ( 1 97 7 ) . 

Fragment population (> 40 JLm) of 67455 

Fragment type 

Gabbroic anorthosite 

Feldspathic microbreccia 

Cataclastic anorthosite with olivine 

Cataclastic anorthosite with pyroxene 
Cataclastic anorthosite 

Plagioclase 

Olivine 

Pyroxene 

Glass: 

devitrified and brown with schlieren 

annealed 

coated grains 

Fragment-laden melt: 

with plagioclase laths 
without plagioclase laths 

Opaque 

Total 

67455,50 
(1554 counts) 

838 

7.9 
2.7 
0.7 
5.0 
8.3 

51 .0 
3.7 
8.2 
0.5 
0.8 
1.4 
3.4 
4.2 
2.2 

100.0 

67455,57 
(825 counts) 

9.1 
6.8 
3.4 
3.4 
4.4 

46.2 
6.2 
3.2 
0.9 
0 
5 . 1  
2.5 
6.5 
2.3 

100.0 

I 
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Weak l y  shocked, catac l ast i c  anorthos i te c l asts often retain  a cumu l ate texture 
( F i g . 2 )  wi th e i ther ol i vine or pyroxene as i nters t i t i al phases . Not a l l cata­
cl ast i c  anorthos i te c l asts have i nters t i t i al maf i cs , but al l contain  e l ongate 
i nc l us ions  ( general ly  < 5 f.lm ) of o l i vi ne w ith i n  the p l ag i ocl ase crystal s 
( M i n k i n  et al . ,  1 977 ) .  M i neral compos i t i ons  i n  these c l asts are typ i cal  of 

ferroan anorthosi tes ( p l ag i oc l ase An 9 G - 9 a ;  o l i v i ne Fo� 9 - s � ; orthopyroxene 
Wo2 En- o , p i geon i te Wos - , En � o -- s ;  aug i te Wo4 o -- j E n s s - s o ) .  M i nor phases i nc l ude 
interst i ti al i l men i te and tro i l i t e .  Three catac l ast i c  anorthos i tes were 
phys i cal ly separated from the rock ( , 30 , 31 and , 32 ) ,  and found to be chemi cal l y  
pr ist ine  ( see Ryder and Norman , 1 978 , for further descr i pt i ons  and documentat i on 
of these part icu l ar c l asts ) .  

Gabbro i c  anorthos i te cl asts are l arge ly  recrystal l i zed , though to varying  degree s .  
Textures range from coarse granobl ast ic  ( F i g . 2 ) to very f i ne-grai ned ' 'hornfe l s i c '' . 
Pyroxene and o l i v i ne tend to occur i n  rough ly  equal amounts w ith i nterst i t i al 
i lmen i te and metal . Mi neral compos i t i ons  are : p l ag i ocl ase An 9 2- 9 7 , o l i v i ne 
Fo4 G - G s ,  p i geon i te Wo, - l a En s  •• -� a .  au g i te W02 o - 4 o E n s o � 4 o and orthopyroxene Wo2 - s  
En G s - s G ( Mi nk in  et .!!_. ,  1 977 ) .  

The fe l ds ath i c  mi crobrecc i as of M i nk i n  et al . ( 1977 ) con s i st entirely of many 
smal l < 30 lJm , anhedral p a-g i oc l ase gr-alnsi n a recrystal l i zed mosa i c  ( F i g . 2 ) .  
These fragments cou l d  al so  be cal l ed ' 'granobl ast ic  anorthos i te '' or ''recrystal l i zed 
p l ag i oc l ase " .  

Two types of mel t-g l ass cl asts are recogn i zed by Mi n k i n  e t  �· ( 1977 ) :  f�agment­
l aden , g l assy matr i x  brecc i a  and xenpcryst-free g l as ses . The gl assy matn x 
brecc ia  c l asts tend to  be  very coherent ,  w i th abundant mi neral and l i th ic  frag­
ments cemented by a sma l l  amount of i nterst i t i a l  me l t .  The i nterst i t i a l  me l t  
i s  most often a dark brown g l ass , but i n  p l aces shows a very faint poi k i l i t i c  
texture . Abundant xenocrysts and l aths o f  p l ag i oc l ase (An a , _ 9 ,  and An 9 4 _ 9 7 , 
respect i ve ly )  and some o l i v i ne ( Fo4 6 _ , o ) ,  orthopyroxene (Wo2_ 3 En 5 a _ , , ) ,  aug i te 
( Wos l - 4 s En4 1 - s a l  and l i th i c  fragments are al l found w i th i n  the gl assy matrix 
c l asts . Xenocryst-free g l asse s ,  most o f  wh ich  possess sch l i eren , are uncommon . 
Some are strai ned as indi cated by the i r  wavy exti nct ion , wh i l e others show 
evi dence of anneal ing  or dev i tr i f i cation . The l ack of g l ass spheru l es i n  the 
rock i nd icates that no s i gn i fi cant regol i th component i s  present ( M i nk i n  et a l . ,  
1977 ) .  - -

CHEMISTRY : L indstrom et  al . ( 1 977 ) and Hertogen et a l . ( 1977 ) prov ide major 
element , li thoph i l e ,  sTOerophi l e  and vo l at i l e  e l ementdata on a s u i te of 
separated c l ast and matr ix  s amp l es . Reed et al . ( 1977 ) and Jovanov i c  and Reed 
( 1978 ) prov i de data on vol ati l e  meta. l s ,  halogens, and other trace e l ements for 
some of these same s amp l e s . Other major and trace e l ement analyses of the bu l k  
rock are g i ven by Rose et al . ( 1973 ) ,  Wanke et a l . ( 19 73 , 1977 ) ,  Fruchter e t  al . 
( 1974 ) and MU l l er ( 1975� -rThe ana lys i s  l i sted-as 6745 5 , 1 3  i n  Fruchter etaT:, 
1974 ,  i s  actual ly  of 68 1 1 5 , 78 ) .  Bu l k  C ,  N and S data are reported by Moore-et 
.!!_ • .  ( 1973 ) ,  Cripe and Moore ( 1974 ) and Moore and Lewi s ( 1976 ) .  Wri g l ey ( 1973T 
prov ides natural and cosmogen ic  rad i onuc l i de . abundance s .  Oefocused beam micro­
probe ana lyses of several c l ast  types are g i ven by t�i n k i n  et .!!_. ( 1977 ) .  
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Al l of the bu l k  analyses show 67455 to be a h i gh ly  a l umi nous brecc i a  with rel a­
t i ve ly  l ow l eve l s  of both l i thoph i l e s  and s i deroph i l es  and a s omewhat h i gh 
Fe/Mg (Tab l e  2 ,  F i gs .  4 , 5 , 6 , 7 ) .  The very l ow C and N abundances (Tab l e  2 )  
i n d i c ate a negl i g i b l e  sol ar wind  component i n  the bu l k  brecc i a .  

The major and l i thoph i l e  e l ement compos i t i ons  o f  the c l ast popu l at i on can be 
accounted for by m i x i n g  a rel at i ve ly  ferromagnes i an ,  REE-r i ch  component with  an 
a l um i nous , REE-poor component ( F i gs .  4 , 5 , 6 )  ( L i ndstrom et a l . ,  1977 ) .  These 
two end-members are represented petrograph i ca l ly by the-gl assy matr i x  brecc i a  
or some of the recrystal l i zed brecc i a  c l asts , and the catac l ast i c  ferroan anor­
thos i te c l asts , some of wh i ch are pr i st i ne .  The b u l k  matr i x  i s , however ,  some­
what enri ched in REEs rel at i ve to those two components ( F i gs . 6 , 7 )  and a th ird 
component seems to be requ i red . To match the petrograph i cal ly  observed abun­
dances of c l asts , wh i c h  requ i re �70-80% anorthos i t i c  mater i a l  (Tab l e  1 ) ,  
L i ndstrom et a l . ( 1977 ) postu l ate a " gabbro i c  anortho s i te "  component with  
28-30% Al 2TI3 and REEs  �10 X chondri tes as th i s  cryptic  th i rd end-member. 

Al l of the c l asts and matr ix samp l es analyzed by Hertogen et a l . ( 1977 ) have 
l ow abundances of meteor i t i c  s i deroph i l es  (Tab l e  2 ) .  Three-or-the catac l ast ic  
anorthos i te c l asts h ave l ow enough l eve l s  of these el ements to  be  c l as s i fi ed as  
chemica l ly  pri sti n e .  On ly meteor i t i c  groups 5H  and 7 ,  groups common i n  rocks 
from North Ray Crater , are recogn i zed i n  the 67455 samp l es ( Hertogen et al . ,  
1977 ) .  

- -
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25 30 
WT % AI20, 

0 67455, 67475 • 

0 67435 
6 67415 

35 

Fi gure 4 .  Vari ation of FeO wi th Al 2o3 for c l as t  and matrix  samp l es 
of 67455 , and bul k  samp l es of 674 1 5 ,  67435 , and 67475 ; from 
Li ndstrom et a l . ( 1 97 7 ) . The l i nes i n  Fi gures 4 and 5 represent 
l i near regress i ons on the 67455 and 67475 data . 
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Fi gure 5 .  Vari ation of MgO w i th Al 201 for c l ast  and matri x 
sampl es of 67455 , and bul k samp l es of 674 1 5 ,  6743 5 ,  and 
6747 5 ;  from L i ndstrom et 2.J.. ( 1 97 7 ) . 
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0 67455,67475 • 
0 67435 
6 67415 

• 67475 

35 

Variation of Sm with Al203 content for samples from the White Breccia 

Boulders. The line :is a linear regression for 67455 clast data. 

Fi gure 6 .  Fr·om Li ndstrom et �· ( 1 97 7 )  • 
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TABLE 2. Summary chemi stry of 67455 l i thologies 

Cataclastic anorthos i te Gl assy matri x  
Bulk rock c l asts, pristine breccia  c l asts 

Sio2 44.8 44 .7  44.4 

Ti02 0 .25 <0 .1 0 . 23 

A12o3 31 .1  33.2  28. 7  

Cr2o3 0 .07 <0.01 0 .05 

FeO 4.0 2.0 5 . 0  

MnO 0 .05 0 .018 0 .07 

�1g0 3.0 1 . 1  3 . 5  

CaO 17.8 18 .4 17 .o 

Na2o 0.37 0.39 0.47 

K20 0.024 0 .023 0 . 023 

P205 0 .02 '\0 .02 0 .02 

Sr 150 145 152 

La 1 . 1  '\0.3 "-1 

lu 0.09 '\0.025 0 .089 

Rb 0.6  0 .7  0 . 17 

Sc 7 .7  

Ni  26 <7 7 .9 

Co 8 

Ir ppb 1 .08 0.003 1 . 23 

Au ppb 0.355 0 .008 0 . 12 

c 8 

N 10 

s <20 

Zn 7 .5  4 .13 

Cu 1 . 9  

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

RADIOGEN IC  ISOTOPES/GEOCHRONOLOGY :  Schaeffer and Schaeffer ( 19 7 7 ) report Ar 
i sotop i c  data for the bulk rock . A gas rel ease p l ateau cou l d  not be obtai ned . 
4 0Ar h as apparently been l ost throu�h d i ffus i ve processes and the >1200°C 
fractions show evi dence for excess 8Ar. 

Ki rsten et al . ( 1973 ) g i ve Ar data for two c l asts , one dark and one l i gh t ,  
separatedrby-them from a b u l k  s amp l e .  The dark c l ast fa i l ed t o  y ie l d  a 
p l ateau wh i l e  the l i ght c l ast gave a p l ateau age of 3 . 91±0 . 12 b .y .  

As sum ing  that the total K-Ar age gi ves a l ower l im it  to  the age of  the 
rock ( e . g . Turner and C adogan , 197 5 )  and that the rock i s  younger than the 
cl asts i t  conta i n s ,  67455 i s  thus bracketed to be between 3 . 80-4 . 03 b .y .  o l d .  
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67415,3 
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UthoPhile trace element abundances for samples from the W!'itc Brecc�a Boulden. The li&ht RE�. analyses for 
674!JS.t40 and 674.5.5.127 are not reliable because of &arse blank and spike corrections on very amall anorthos1UC samples. 
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Fi gure 7 .  Rare earths for c l ast  and matri x sampl es , from L i ndstrom et �· ( 1 97 7 ) . 

RARE GASES/EXPOSURE AGES/TRACKS : Pub l i shed exposure ages are gi ven i n  Tab l e  3 .  
These ages pl ace the age of North Ray Crater at �0-50 m . y .  Kr and Xe i sotop i c  
data are reported by Drozd et al . ( 1974 ) ,  Drozd ( 1974 ) ,  and Bernatow i cz et al . 
( 1978 ) ( F i gs .  8 , 9 ) .  The unusual l ow temperature re lease peak of Xe ( F i g-. 10) i s  
ascr i bed to l i ght ly  boun d ,  surf i c i a l gas by Bernatow i cz e t  a l . ( 1978 ) .  Drozd 
( 1974 ) and Bernatow i cz et a l . ( 1978 ) d i sagree on whetherornot excess f i s s i on 
Xe i s  present i n  6745 5 .-The l atter authors suggest the pos s i b i 1  i ty of a 
vari at i on i n  the trapped gas component .  

TABLE 3 .  Exposure ages of 67455 

Method � (m.y. ) Reference 

8 1Kr-Kr 50 . 2!1 .8 Drozd et !!_. (1974) 
2 1Ne 17 . 3!4 . 1  .. 

38Ar 38.0!13 
3 8Ar ( dark clast)  31!2 K irsten et !}_. (1973 ) 
3 8Ar ( l i ght clast)  33+2 " 

38Ar 35 Schaeffer and Schaeffer 
Cosmic �ay tracks "-·30 Storzer et !!_. (1973)  
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67455 

Pepi n  et  �· ( 1974 ) note that total 2 1 Ne and 3 8Ar ages are usual ly  s i gn i f i cantly 
l ower than the 8 1 Kr-Kr ages , and ca l cu l ate the sh i e l d i ng depth wi th i n  the rock 
necessary to account for these l ower ages . For three North Ray Crater rock s ,  
these depths range from � 3-6  g /cm2 • The data are con s i stent wi th the eject i on 
of the 67455 boul der from a wel l -s h i e l ded l ocat ion w i th no s i gn if i cant pre­
surface i rrad i ation h i story to i ts present l ocat i on in a s i n g l e  event ( Drozd 
et al . 1974 ;  Pepi n et al . , 1974 ) .  - - - -

2 6Al and 2 2 Na  are g i ven by Wri g l ey ( 197 3 ) .  67455 i s  probably not saturated i n  
2 6Al act i v i ty (Yokoyama et � . •  1974 ) .  

Cosm i c  ray tracks i n  67455 fel dspars i ndi cate a trace of anc i ent  sol ar fl are 
i rrad i at ion pr ior to brecci a  format i on (Storzer et _?_!_. ,  1973 ) .  

PHYS I CAL PROPERT I ES : Bas i c  magnet i c  and natural remanent magneti zat ion charac­
teri stics of a bulk rock spl i t  are g i ven by Nagata et �· ( 19 73 , 1975 ) .  67455 . i s  
an exampl e  of a rock whose dependence of coerc i ve force (He ) and saturati on 
remanence ( I R ) on temperature i s  chat·acteri zed by an asymmetri cal  d i str ibut ion 
around a l ow temperature spi ke ( F i g . l l ) .  Such a peak may represent the b l ock i ng  
temperatur·e of  a popu l at ion of  f i ne metal l i c gra ins  ( N agata et �· · 1973 ) .  

-;; � 
"' u 
f 
"' 
> 
u 
� u 

o •. 
200 

100 

0 

SAMPlE NO. 67455-·19 

0 
TEMPERATURE 

emu/gm 
0·02 

Example of Oroup Ill of the dependence of H. and 1� on temp�rature; there is a 
sharp in4:rease in Jl,. and l�rat a critical tempemture (T•) and the larg«:!)t \'alue of H� at the 

low tempcralure is reasonably close to lHac-

Fi gure 1 1 . Magneti c parameters , 
from Nagata et 2.!,. ( 1 97 3 ) . 

Schwerer et al . ( 1973 ) and Huffman et  al . ( 19 74 )  tabu l ate the d i str i but ion of Fe 
among themi neral phases and the Fe-07F?"+ rat i o  of 67455 as determi ned by 
t•1ossbauer and magneti c  techn i ques .  Very 1 i tt l e  Fe-metal (� 0 . 02  wt% , 2 . 5% N i ) 
i s  present i n  th i s· rock ( see a l so Na9ata et  � . •  1973 } .  

I R  and UV spectral ref l ectance and other pol arimetr i c  property measurements 
are g i ven by Adams and McCord ( 1973 ) ,  Dol l fus  and Geake ( 1975 ) ,  Hua et al . ( l976 ) 
and Zel l ner et  �- ( 1977 ) ( F i gs .  12 , 13 ) .  

- -
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67455 

Weeks  ( 1 973b)  reports e l ectron paramagneti c  resonance ( EPR ) spectral data . 
Huffman and Dunmyre ( 1975 ) stud i ed superparamagnet i c  Fe2+ s p i n  c l usters i n  
o l i v i n e .  78% of the Fe2+ i n  67455 ol i v i nes are conta ined w i th i n  such c l usters . 

F igure 1 2 .  S pectral  refl ectance 
curves , from Adams and McCord ( 1 973) . 

WAVELENGTH (J.Lm I 

Spectral reflectance of three Apollo 16 breccias (crushed to < :2:50p.m) compared 
with a mature soil. Sample 67455 is a friable white breccia from North Ray Crater. Sam· 

pies 60016 and 68815 are dark breccias. 

Figure 1 3 .  S pectral  refl ectance 
curves , from Hua et �· ( 1 976 ) .  

40 

30 
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2 

ALBEDO : VERY LIGHT SAMPLES 

, , 
,,' 

3 q 11,\ <tni -l 

Spectral diffuse reflectance curves for very light sample!i, Second-derivative 
curve for lunar sample 67455,3 enhancing the absorption features. 
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67455 

PROCESS I NG AND SUBD I V I S I ON S : 67455 was removed from i ts documented bag i n  
several p i eces . In 1972 , dur i ng  the ori g i nal  round of al l ocati ons , i n di v i d­
ual  fragments and c h i ps from one of the l arger p i eces were ass i gned sp l i t  
numbers ( F i g .  14 ) .  I n  1974 , under the d i rect i on of Chao , the powder res i due 
was passed through a 2 mm s i eve to recover c l asts and fragments . Chao then 
c l as s i f i ed these >2 mm fragments ( total wt . 47 . 1  g )  macroscopi ca l l y  i nto 6 
groups and ass i gned each group a spl i t  number ( , 35 - , 40 ) .  I nd i v i dua l  
fragments representati ve of each group were se l ected by  Chao for a l l ocat i on 
to members of h i s  consorti um "  

Figure 1 4 .  S-72-5 1 830 , 
smal lest  sca l e  subdi v i s i on 
0 . 5mm.  · 
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67475 GLASSY OR F I NE -GRAINED  IMPACT fvJELT BRECCIA 

I NTRODUCTION : 67475 is  a tou gh , purp l i sh-gray ,  g l assy brecc i a  ( F i g . l )  that 
was col lected to s amp l e  a l arge , dark cl ast  w i th i n  the wh i te boul ders on the 
south r im  of North Ray Crater . I t  i s  from the same bou l der wh ich  y i e l ded 
6745 5 .  

1 7 5  g 

Lunar ori entati on i s  unknown due to a l ack of surface photographs . Zap p i ts 
occur on the T and S surfaces on l y ;  the other surfaces were e i ther bur i ed i n  
the boul der or are fresh ly  broken . Th i s  rock was stud i ed as part of the Chao 
consorti um . 

Fi gure l .  

Figure 2 .  6747 5 , 82 a )  whol e thi n  secti on ,  ppl . w idth about 8mm. Label ed 
cl asts are : A= catac l as ti c  anorthos i tes , D= dev i tri f i ed g l ass , and G= 
recrys tal l i zed ol i v i ne bear ing  gabbroi c anorthos i tes ; from Mi n k i n  et al . 
( 1 97 7 ) . b )  map of th i n  secti on ,82 outl i n i ng the major l i th i c  type� --
1 =  metal - and s i l i ca-ri ch brecci a ,  2= l i gh t  col ored , ol i vi ne-ri ch brecc i a ;  
the rema i nder of the secti on i s  fragmen t- l aden , g l assy brecci a .  Sca l e  
bar i s  l mm ;  from Mi n k i n  et  al . ( 1 977 ) .  c )  g l assy matri x brecci a ,  ppl . 
wi dth 2mm. d )  metal - and-sillca-ri ch brecci a ,  rfl . wi dth 0 . 5mm . 
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67475 

PETROLOGY : M i nk in  et al . ( 1977 ) g i ve a petrograph i c  descr ipt ion  and most of 
the following  i s  tafen-rrom that work . 67475 i s  a g l as sy ,  c l ast-r i ch  brecc i a  
composed of three d i st i nct l i tho log ies : a fragment- l aden , g l assy matri x  
brecc i a ;  a dark , meta l - and s i l i ca-r ich  brecc i a ;  and a l i ght col ored , o l i v i ne 
bear i n g  brecc i a  ( F i g .  2 ) . Contacts between al l l i thol og i e s  are sharp . 

The fragment- l aden , gl assy matri x  brecc i a  ( F i g . 2 )  accounts for the major i ty 
of the rock . I t  i s  very simi lar to the much smal l er g l assy matri x  brecc i a  
cl asts i n  67455 . P l ag i ocl ase xenocrysts (An s 7 - s a )  domi nate the fragment pop­
u l at i on wi th i n  th i s  l i thol ogy . Lesser amounts of o l i v i ne ( Fo s s - s s ) ,  ortho­
pyroxene (Wo 3 - 4 En 7 1 - 6 4 ) ,  aug i te (Wo4 2 En 4 1 - 4 7 ) ,  s i l i c a ,  tro i l i te , Fe-metal 
( 4% N i , 0 . 2% Co ) and dev i tr i f i ed gl as s  are a l s o  present . L i th i c  c l asts i n ­
c l ude catac l ast i c  and po l ygonal anorthos i tes and granob l ast i c  to  po i k i l i t i c  
gabbroi c  anorthos i tes composed o f  p l ag i oc l ase (An 9 3 _ s 6 ) ,  augi te o i kocrysts 
( Wo 3 4 - 3 a En s z - s o ) ,  i nterst i t i al o l i v i ne ( Fo 7 4- 7 7 ) and i l men i te .  

The meta l - and s i l i ca-r i ch brecc i a  ( F i g .  2 )  accounts for � 1 2% of th in  sect i on 
, 82 and contains a m i neral assembl age appropr i ate for a h i gh l y  d i fferent i ated 
res i duum. Large gra i n s  of s i l i c a  ( up to 400 �m l on g )  coex i st wi th ferroaugi te 
( Wo3 z - 4 z Enz z - l s ) ,  apat i te ,  wh i t l oc k i te and i l men i te .  Potash fe l dspars 
( Ors z - a 4An l s - l 3 ) are often i n tergrown wi th l ame l l ae of s i l i ca and p l a g i oc l ase 
(An s 3 - s 3 0rs -s ) .  O l i v i n e  ( Foz z - z 4 ) i s  rare . Metal occurs as d i screte gra i n s  
and i n  myrmek i t i c  i n tergrowths w i th s i l i ca .  The "matr i x" of  th i s  l i thol ogy 
con s i sts  of very f i ne-gra i ned  pyroxene (Wo4 - 3 En4 5 _ 3 4 ) and t i ny b l ebs of metal . 

The l i  h t  co l ored , o l i v i ne-ri ch  brec c i a  (�% of th i n  sect ion , 82 )  contains  
c l asts o p a g 1 oc ase  An 9 2 - 9 6 , rare y An s o Or s ) ,  orthopyroxene (Wo 3 s - 4 2 En 1 a - 1 o ) ,  
o l i v i ne ( Fo s 3 - s s ) ,  i l men i te ,  s i l i c a  and abundant , f i ne ly  d i spersed troi l i te . 
Fragments of granobl as t i c  gabbro i c  anortho s i te s i mi l ar to those i n  the g l assy 
matri x  brec c i a  are a l s o  abundant here , a l ong w i th a few granob l as t i c  ( po lygona l )  
anorthos i tes . 

CHEM I STR Y :  Some compos i ti ona l  vari ation  among d i fferent sp l i ts o f  th i s  rock i s  
apparent from the pub l i shed data . From data pack photos we have i dent i fi ed a l l 
al l ocati ons  for chem i s try as nearly homogeneous , dark fragments but the re l ­
at i ve abundances of e i ther the g l assy or the metal / s i l i ca�ri ch l i tho log ies are 
unknown . 

�1ajor and trace e l ement ana lyses are prov i ded by L i n dstrom et  a l . ( 1977 ) ,  
M i l l er et a l . ( 1974 ) and Garg and Ehmann ( 1976 ) ( Tab l e  1 ;  F i g .�) . Hertogen 
et a l . \I977) g i ve meteor i t i c  s i deroph i l e  and vo l at i l e  abundances for two 
$p1Tfs . Both spl i ts h ave s im i l ar amounts of vol at i l es and s imi l ar i nter­
e l ement rati o s ,  but the absolute abundances of s i deroph i l es  vary by a factor 
of four ( Tab l e  2 ) .  C r i pe and Moore ( 1975 ) and Moore and Lew i s  ( 1976 ) report 
total C ,  N and S abundances . Natural and cosmogen i c  rad i onucl i des for the 
who l e  rock were determi ned by C l ark and Kei th ( 1973 ) u s i n g  gamma ray spectro­
scopy. 

67475 i s  a very a l um i nous brec c i a  wi th a re l at i ve l y  h i gh Fe/�1g ( Tab l e  1 ,  see 
a l so F i gs .  4 and 5 of 67455 ) .  I n  terms of major e l ements , 67475 i s  very s i m­
i l ar to the bu l k  rock from wh i ch i t  was taken ( represented by 67455 ) but rare 
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earths in 67475 are cons i derab ly  enri ched over those in 67455 . Al though 
petrographi cal l y  s imi l ar to the g l assy matr i x  brecc i a  c l asts of 6745 5 ,  67475 
i s  somewhat more a l um i nous and cons i derab ly  r i cher i n  REEs than these c l asts 
( L i ndstrom et a l . ,  1977 ) .  A l so notab le  is  the h i gh S abundance of 67475 
(Tab 1 e 1 ) • 

- -

TABLE 1 .  Sunmary chemistry of 67475 

Sr 216 
Sio2 44 .. 5 La 
Ti02 '1.0.4 Lu 0 . 140 
A1 2o3 30 . 5  Rb 0 . 74 
Cr2o3 0 . 04 Sc 5 .92 
FeO 3 . 1  Ni '\.60 
MnO 0 .04 Co 7 .8 
MgO 3 . 0  Ir ppb 1 .68-7 .01 
CaO 17 .8  Au ppb 0 . 382-1 .27 
Na2o 0 . 60 c 11 
K2o 0 . 05 N 135 
P205 <0.02 s 995 

Zn 1 . 4  
Oxides in  wt%; other·s i n  ppm ·�xcept as Cu 
noted . 

30 
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Figure 3. Rare earths . 
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6747 5 

EXPOSURE AGES : Cosmogen i c  rad i onuc l i de abundances are provi ded by C l ark and 
keith (1973) . From these data , Yokoyama et a l . ( 1974 ) concl ude that 67475 i s  
probab ly  saturated i n  2 6Al act i v i ty .  This-contrasts w i th 67455 wh i ch Yokoyama 
et 2l· ( 1974 } bel i eve to be unsaturated . 

PROCESS I NG AND SUBDIV I S IONS : I n  1973 th i s  rock was s l abbed . During s aw i ng  the 
slab broke along n atural fractures as d i d  several exterior ch i p s  from the butt 
ends ( F i g .  4 ) .  In 1974 , under Chao ' s  d i rect i on ,  several more p i eces were 
chi pped for al l ocati ons from both the s l ab and the sma l l er end p i eces . The 
l argest s i ng l e  p i ece rema i n i ng i s  , 3  ( 7 6 . 56 g ) .  

S - 73 - 30708 

, ... 
• 

1 cm 
r--1 

,24 ,23 ,21 
I I 

Figure 4 .  Major subdi v i s i ons  of 67475 .  
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67485  FINE-GRAI NED IMPACT MELT ( ? ) 6 . 55 g 

I NTRODUCTION : 67485 i s  an angu l ar ,  med i um gray ,  coherent and aphan i ti c  rock 
(Fi g .  1 ) .  It h as scarce vugs and a few areas cons i s t  of powdery wh i te mater i al . 
I t  was taken from a rego l i th samp l e  col l ected by the Wh i te Brecc ia  bou l ders and 
l acks zap p i ts .  

a 

b 

Fi gure 1 .  a )  S-72-41 421 
. - b )  S-72-41 422 . 

Sampl e i s  about 3 em l ong  
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67486 V ES I CULAR GLASS 5 . 80 g 

I NTRODUCT I ON : 67486 i s  med i um dark gray ves i cu l ar g l as s  of i rregu l ar shape 
( F i g .  1 ) .  It i s  devi tri f i ed around ves i c l es and contains  a powdery, wh i te 
l i th i c  i n c l u s i on .  I t  was taken from a regol i th samp l e  col l ected by the Wh i te 
Brecc i a  boul ders and l acks  zap p i ts .  

a 

b 

Figure 1 .  a )  S -72-41 421  
b)  S-72-41 422� 

Sampl e i s  about 2 . 5  em l ong 
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67487 FI NE-GRAINED IMPACT MELT ( ? )  2 . 65 

I NTRODUCTION : 67487 i s  a med i um dark gray , coherent and aphan i t i c  rock ( F i g .  1 ) .  
I t  h as scarce vugs . I t  was taken from a rego l i th s amp l e  col l ected by the Wh i te 
Brecc i a  boul ders and l acks z ap p i ts .  

a 

b 

Fi gure 1 .  a )  S-72-41 421 
b) S-72-41 422 . 

Sampl e i s  a l most  2 em l ong 
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67488 F INE-GRAINED IMPACT MELT ( ? )  2 . 2 5  g 

I NTRODUCTION : 67488 i s  an o l i ve gray , coherent and aphan i t i c  rock ( F i g .  1 ) .  
It l acks cav i ties and h as some wh i te patches . I t  was taken from a rego l i th 
s amp l e  col l ected by the Wh i te Brecci a boul ders and h as zap p i ts on one s i de .  

a 

b 

Figure 1 .  a )  S -72-41 42 1  
b )  S- 72-41 422 .  

Sampl e i s  a bout 1 . 5 em l ong 

856 



67489 BASALTI C  IMPACT MELT ( ? )  2 . 06 

I NTRODUCT ION : 67489 i s  a dark gray. coherent and aphan i t i c  rock ( F i g .  1 ) .  I t  
contains a few vugs , some scarce, pal e ye l l ow m i neral grai n s ,  and p l ag i oc l ases 
up to 300 !Jm . I t  i s  poss i bl y  a b asa l t i c  impact mel t .  I t  was taken from a 
regol i th s amp l e  col l ected by the Wh i te Brecci a  bou l ders and has some zap p i ts .  

a 

b 

fi gure 1 .  a) S-72-41 421 
b) S-72-41422 .  

Sampl e i s  a l most 1 . 5 em l ong 
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674 95 FINE-GRAI NED IM PACT MELT ( ? )  1 . 34 g 

I NTRODUCT ION : 67495 i s  pos s i b l y  a gray aphani te c l ast i n  a gray brecc i a  matr i x ,  
but the orig i nal  data pack descr i pt ion notes that the sampl e  is  too dust covered 
for real i dentifi cat i on . I t  was taken from a rego l i th sampl e  col l ected by the 
Wh i te Brecc i a  bou l ders . 

a 

Figure 1 .  a) S-72-41 421  
b)  S-72-41 422. 

Sampl e i s  a bout 1 em l ong . 
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6751 5 FRAGMENTAL POLYMI CT BRECCI/\ 60 . 8 g 

I NTRODUCT ION :  675 1 5  i s  a polymict ,  fri abl e ,  and fi ne-gra i ned brecc ia  ( F i g .  1 ) .  
I t  conta i ns abundant catac l ast ic  anorthos i te , a nd smal l er  amounts of aphan i ti c  
and g l assy impact me l ts and fel dspath i c  granu l i ti c  impacti te . I t  i s  a rake 
samp l e  col lected near the Wh i te Brecci a boul ders . I t  i s  rounded ;  a few zap 
p i ts occur  on one surface . 

_Fi gure 1 .  S-72-51 238, mm sca l e .  

PETROLOG Y :  Thi n sect ions o f  l oose fragments are mai nly  catacl asti c 
anorthosi tes , a phan i t i c  and gl assy impact mel ts , and a s i n g l e  fragment of 
fel dspathic granul i ti c  impact i te .  

The anorthos i tes  appear to be pure and monom i ct .  The textures d i ffer from 
fragment to fragment ,  but al l contain  shocked and fractured p l ag i oc l ases 
( F i g .  2 ) .  Maf ic  mi neral s are rare . Exso l ut i on or s hock l ame l l ae are 
present i n  several of the maf ic  mi neral s ,  wh i c h  appear to be ma i n ly  l ow-Ca 
pyroxenes . The aphan i t i c  and g l assy impact mel t s  are al l brown or nearly 
opaque , conta i n i n g  p l ag i oc l ase and t i ny (�10 �m ) maf ic  grains . P l ag i ocl ase 
c l asts ("-100 �m d i ameter )  are common . The fe l d spath i c  granu l i t i c  impact i te 
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675 1 5  

a 

cons i sts of 65-70% p l ag i ocl ase as stubby , �150 �m grains  w ith �50 �m maf ic  
grai n s  ( F i g .  2 ) .  Most of  the l atter are l ow-Ca pyroxene , but both ol i vi n e  and 
h i gh-Ca pyroxene are present,  as we l l  as i lmen i te ,  s u l f i de ,  Fe-meta l , and 
chromi te ( ? ) .  Some of the p l ag i oc l ase gra ins  have maf i c  mi neral ' 'neck l ac�s '' . 

b 

F igure 2 .  675 1 5 , 1 a )  catac l asti c anorthos i te fragment ,  xpl . wi dth 2mm. 
b )  fel dspath i c  granul i te fragment ,  xpl . wi dth 2mm. 

PROCESS I NG AND SUBDI V I S I ONS : Several  smal l l oose  chi ps were taken �r a 
potted butt , resul ting i n  thi n secti ons , 1  and , 4 .  
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67516 POLYMI CT BRECC IA  1 4 . 38 

I NTRODUCT ION : 67516 i s  a wh i te ,  coherent brecc i a  conta i n i n g darker c l asts 
(F i g .  1 ) .  I t  i s  fi ne-grai ned w i th few c l asts l arger than 1 mm . It i s  a rake 
sampl e  col l ected near the Wh i te Brecci a bou l ders , and l acks zap p i ts .  

Fi gure l .  S-7 :2-5 1 052 , mm scal e .  
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67517 FRAGMENTAL POLYMICT BRECCIA 

I NTRODUCT I ON : 67517 i s  an extremely  fri ab l e  
conta 1 n 1 ng some sma l l dark c l asts ( F i g . 1 ) . 
p i eces . I t  i s  a rake samp l e  col l ected near 
i ts surface i s  too fr i ab l e  to have retained 

9 . 65  g 

and very pal e-col ored . brecci a 
I t  has broken i nto several 
the Wh i te Brecc i a  boul ders , and 
z ap p i ts . 

Figure 1 .  S-72-51 281 , mm scal e .  
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67518 FRAGMENTAL BRECCIA  OR CATACLASTI C  AN_OR_T_H_OS_I_TE _____ -'-3 ._7--'-4__.,_9 

INTRODUCTI ON :  67518 i s  a wh i te ,  moderate ly ff i ab l e  brecc i a  wh i ch i s  f i ne­
gral ned allifllomogeneous ( F i g . 1 ) .  I t  l acks  obv i ou s  c l asts but h as "' 1% 
dark �pecks ,  pos s i b ly  ferromagnes i an mineral s .  I t  i s  poss i b l y  a pure , 
catac l as t i c  anorthos i te .  I t  i s  a rake s ampl e  col l ected near the Wh i te 
Brecci a  bou l ders ,  and i ts fr i ab l e  surface l acks zap p i ts . 

F igure 1 .  S-72-49577 ,  mm sca le .  
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6751 9 FRAGMENTAL POLYM I CT BRECC IA 2 . 04 g 

INTRODUCTION : 6751 9 ( Fig . 1 )  is a moderately coherent but porous , polymict 
breccia , with only sparse fragments of g lass  and mafic mineral s .  I t  is a rake 
samp l e  col l ected near the H�ite Breccia boul ders . I t  is free of zap pits . 

PETROLOGY : A thin section ( , 1 )  is of a porous breccia consisting of more than 
95% pl agiocl ase .  It  is  fine-grained , with most fragments l ess than 50  �m and 
a few l arger pl agioc l ases ( Fig . 2 ) .  Traces of  mafic minera l s ,  i l menite , and 
Fe-metal are present .  Brown g lass  fragments occur in zones and a ppear to be 
mafic  in composition . 

PROCESS ING  AND SUBD IV I S IONS : Some smal l chips were made into a potted butt 
for thin section ,1 . 
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Figure 1 .  S-72-51 047 ,  mm sca l e .  

Fi gure 2 .  6751 9 , 1 , genera l  
view , dark c l ot i s  gl ass , 
xpl . wi dth 2mm. 



67525 CATACLAST I C  ANORTHOS ITE ( ?  )_ ____________ ---"2'-'-."""'52"--"'-g 

I NTRODUCTI ON : 67525 i s  a coherent , f i ne-grai ned brecci a wh i ch appears to be 
entirely plag i oc l ase ( F i g . l } .  I t  i s  very l i ght-col ored and appears to be 
heav i ly  shocked . It  i s  a rake s amp l e  col l ected near the Wh i te Brecci a  
bou l ders and has  a few zap p i ts . 

F igurE! 1 .  S-7:2- 49549 , mm s ca l e .  
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67526 FRAGMENTAL POLYMI CT BRECCIA  2 . 44 g 

I NTRODUCT ION : 67526 i s  a p a le  gray to wh i te fr i ab l e  brecc i a  conta i n i n g  a few 
gray cl asts  ( F i g . l ) .  The c l asts are coherent .  I t  i s  a rake s amp le  co l l ected 
near the Wh i te Brecc i a  boul ders and i t s  fri ab l e  powdery surface l acks zap p i ts . 

F igu re 1 .  S-72-5 1 252 , mm s cal e .  
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67527 FRAGMENTAL POLYMICT BRECC IA 2 . 40 

I NTRODUCT I ON : 67527 i s  a fri ab l e ,  fi ne-gra i ned ,  polym i ct brecc i a  ( F i g .  1 )  w ith  
about 80% pl agi oc l ase ,  and  catac l ast i c  anorthos i te c l asts . I t  i s  a rake s ampl e  
co l l ected near the Wh i te Brecc i a  bou l ders . I t  i s  rounded w i th few zap p i ts .  

PETROLOGY : 67527 con s i sts  of coherent catac l asti c  anorthos i te c l asts i n  a 
porous matri x  wh i ch i s  mai n ly  angu l ar fragments of p l a g i oc l ase ("-80% ) and maf i c  
m i neral s ( F i g .  2 ) .  I lmen i te i s  a l so present .  Most matr i x  grai ns  are l e s s  than 
50 pm i n  d iameter .  The catacl ast ic  anorthos i te ( F i g .  2 ) whi c h  i s  ha l f  o f  
thi n  sec t i on ( , 1 ) i s  fi nely ground u p  i n  p l aces , but i s  non-porous d u e  to 
s i nter i n g .  

PROCESS ING AND SUBD I V I S IONS :  Sma l l  c h i p s  were removed to make the potted 
butt from which  thi n  secti o n  , l  was cut .  

Fi gure 1 .  S-72- 51 280 , mm sca le  • 

Figu re 2 .  67527 , 1 , fragmental 
ma tri x and catacl asti c 
anorthos i te cl as t ,  xpl . wi dth 2mm . 
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67528 FRAGMENTAL POLYMI CT BRECC IA 1 . 24 g 

I NTRODUCTION : 67 528 i s  a fri abl e pa l e-col ored brecc i a  w i th a few dark c l asts 
(Fl g .  1) . It i s  porous and contains  a vari ety of l i th i c  c l asts . I t  i s  a 
rake s amp l e  co l l ected near the Whi te Brecc i a  bou l ders . I t  i s  subrounded and 
free of zap p i ts .  

P ETROLOGY : 67528 con s i sts  of porous , c l ast i c  polymict  brecc i as ( F i g .  2 )  if  
the thin sect i ons  are representat ive ,  as  they appear to be ( F i g .  1 ) .  Stee l e  
and Smi th ( 1973 ) refer t o  i t  as  a f i ne-grained brecc i a  w i th 50% matr i x .  

The matri x  conta i n s  �75% p l ag ioc l ase , �25% mafi c  mi nera l s ,  and some i l men i te ,  
i n  gra i n s  mai n l y  l es s  than 200 � i n  d i ameter . l i th i c  c l asts , near ly  a l l l e s s  
than 500 � d i ameter , are mai n l y  brown g l assy o r  aphan i t i c  me l t  brecc i as and 
gran u l i t i c  impactites . 

PROCESS I NG AND SUBD I V I S I ONS : C h i p p i n g  for th i n  section a l l ocati ons res u l ted i n  
s ubstanti al di s aggregation as  s hown i n  F i gure 1 .  

Figure 1 .  
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Fifure 2. 67528, 1 ,  general v i ew ,  
p p  • w idth 2mm. 
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67529 CATACLAST IC  ANORTHOS ITE 1 . 13 

I NTRODUCTI ON : 67529 i s  a wh i te ,  monom ict ,  catac l ast ic  anorthos i te wh i ch i s  
fa i rly coherent ( F i g .  1 ) .  I t  i s  a rake samp l e  from near the Wh i te Brecc i a  
boul ders . It  i s  subangu l ar and l acks zap p i ts . 

PETROLOGY : 67529 con s i sts of a monom i ct ,  catac l ast ic  anorthos i te ( F i g .  2 )  w i th 
only rare maf ic  gra i n s , probab ly . l ow-Ca pyroxenes . Opaque mi nera l s  are 
extremel y  rare . The texture i s  var i ab l e ,  ran g i n g  from very f i nely ground shear 
zones to shocked and fractured regi ons  ( F i g .  2 ) .  Most of the f i ne ly  ground 
reg i on s  are porous , whereas the remainder i s  not porou s .  

PROCESS ING  AND SUBD I V I S I ONS : Smal l fragments from wh i ch th i n  sect i on , 1  was 
made were ch 1 pped from the samp l e .  

Fi gure 1 .  S-72-51 043 , mm sca l e .  
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Fi gure 2 .  67529 , 1 , general  v i ew ,  
xpl . wi dth 2mm • 



67535 FRAGMENTAL BRECC IA OR CATACLASTI C  ANORTHOS ITE 0 . 99 g 

I NTRODUCT I ON : 67535 i s  a wh i te to l i ght-gray, fa ir ly  f r i ab l e  and f i ne-grai ned 
breccia (Fi g . l ) .  On ly a few smal l gray c l asts ( ? )  are present and the s amp l e  
may b e  nearly pure p l ag ioc l ase . I t  i s  a rake s amp l e  col l ected near the Wh i te 
Brecc i a  bou l ders and l acks zap p i ts .  

F i gu re l .  S-72- 5 1 273 , mm s cal e .  
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67536 FRAGMENTAL BRECCIA  OR CATACLASTIC ANORTHOSITE 1 . 20 g 

I NTRODUCT I ON : 67536 i s  a wh i te ,  fi ne-gra i ned , homogeneou s and fr i ab l e  brecc i a  
(Fig . l ) . -rf appears to be pure p l aqiocl ase and m i ght  be a catac l as t i c  anor­
thos i te .  It is a rake sampl e  co l l ected near the Wh i te Brecc i a  bou l ders and 
i ts powdery surface l acks zap p i ts .  

Figure 1 .  S-72-49548 , mm sca l e .  

871 



�67�5�3�7�C�AT�A�C=LA�S�T�IC�A�NO�R�T�HO�S�I�TE�------------------------------�1�.� 

I NTRODUCT I ON :  67537 i s  a monom i c t ,  wh i te ,  catac l ast i c  anorthos i te ( F i g .  1 ) .  
I t  i s a rake s amp l e  co l l ected near the Wh i te Brecci a bou l ders . I t  i s  homo­
geneous , moderate l y  fri ab l e ,  and l acks  zap p i ts . 

. P ETROLOGY : The s amp l e  con s i sts of l arge p l agi oc l ase c l asts i n  a finer-grai ned 
pl agiocl ase matr i x  ( F i g .  2 )  wh i ch conta i n s  few maf i c  mi neral  grai ns ( < 5% ) .  Al l 
the l arge p l agiocl ase c l asts are strai ned or h ave offset fractures and twi n s . 
The maf ic  ph ases are l oca l i zed a s  i f  crushed from ori g i n a l  l arger grai ns . 

PROCESS ING AND SUBD I V I S IONS : C h i pp i ng  to produce mater i a l  for th i n  sect i on , 1  
produced some sma 11 chi ps  and fi nes . 

Fi gure 1 .  S-72-49573 ,  mm sca le .  
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Fiyure 2.  67537 , 1 , genera l  v i ew ,  
x p  • width 2mm . 



67538 FRAGMENTAL POLYMICT BRECCIA 1 . 7 7  

I NTRODUCT ION : 67 538 i s  a fr i ab l e  brecc i a  cons i st i n g  of gray and wh i te c l asts 
in a pale col ored , f i ne-grai ned matri x  ( F i g .  1 ) .  I t  i s  a rake s amp l e  col l ected 
near the Wh i te Brecc i a  bou l ders and l acks  zap p i ts . 
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67539 FRAGMENTAL ( ? )  POLYM ICT BRECC IA 2 . 12  g 

I NTRODUCT I ON : 67539 con s i sts of dark c l ast i c  mater i al encl osed i n  a fa ir ly  
coherent ,  mai n l y  wh i te matr i x  ( F i g .  1 ) .  I t  i s  a rake s amp l e  col l ected near 
the Wh i te Brecc i a  bou l ders and l acks zap p i ts . 

Fi gure 1 .  S -72-49554 , mm scal e .  
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67545 FRAGMENTAL POLYMICT BRECCIA 1 . 88 

I NTRODUCTION : 67545 i s  a fr i ab l e ,, l i ght-gray brecc i a  with  about 10% gray 
cl asts (F i g .  1 ) .  The matr i x  i s  fi ne-gra i ned . I t  i s  a rake s amp le  co l l ected 
near the Wh i te Brecc i a  bou l ders and l acks zap p i ts .  

Fi gure 1 .  S-72-5 1057 t mm s ca l e .  
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67546 FRAGMENTAL POLYMI CT BRECC IA 1 . 50 g 

I NTRODUCTION : 67546 i s  a pa le-gray to wh i te ,  fri ab l e  brecc i a  contai n i ng many 
small gray c l asts ( F i g .  1 ) .  I ts matr i x  i s  f i ne-grai ned and powdery. It i s  
a rake s amp l e  col l ected near the Wh i te Brecc i a  bou l ders and l acks zap p i ts .  

Figure 1 .  S-72-51 284 , mm sca l e .  
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67547 FRAGMENTAL POLYMICT BREC C IA 0 . 83 

I NTRODUCT ION : 67547 i s  a moderate l y  porous ,  po lymi c t  brecc i a  ( F i g .  l ) , . w ith  a 
fel dspath i c  matr i x  enc l os i ng fragments of aphan i ti c  brecc i a� and granu l i t i c  
i mpacti tes . I t  i s  a rake s amp l e  co l l ected near the Wh i te Brecc i a  bou l ders . I t  
i s  f a i r l y  coheren t and angu l ar ,  and l acks zap p i ts . 

P ETROLOGY : The matr ix  of 67547 con s i sts of p l ag i oc l ase (� 80% ) of wh i ch mos t  
fragments  are l es s  than 100 �m i n  d i ameter ( F i g . 2 ) .  L i th i c  c l asts are mai n ly 
brown aphan i t i c  brecc i as w i th a few l arger granu l i t i c  i mpacti te fragments 
( F i g . 2 )  wh i ch conta in  about 30% maf i c  m i neral s and are f i ne-grai ned (maf i c s  
< 50�m , p l ag i oc l ase 50-200 �m ) .  

PROCESS I NG AND SUBD I V I S I ONS : Fragments were ch i pped off to obtai n mater i a l  for 
th 1 n  sect 1 0n , 1 .  

Figure 1 .  S-72-49544 , mm s ca l e .  

Fi gu re 2 .  67547 , 1 , general  v i ew ,  
xpl . wi d th 2mm. 
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67548 FRAGMENTAL POLYMICT BRECCIA  1 . 36 g 

I NTRODUCT ION : 67548 i s  a porous , po lym i ct ,  g l assy brecc i a  contai n i ng shocked 
pl agiocl ase c l asts and l i th i c  c l asts ( F i g .  1 ) .  It i s  a rake s amp l e  col l ected 
near the Wh i te Brecc i a  bou l ders . I t  i s  l i ght gray, homogeneou s ,  ovoi d ,  and 
l acks zap p i ts .  

P ETROLOGY : Stee l e  and Sm i th ( 1973 ) tabu l ate 67548 as a p l ag i oc l ase-rich 
brecc i a  w i th �0% matr i x  ( defi ned as l e s s  than 5 �m ) .  The brecc i a  ( F i g .  2 )  i s  
polym i c t ,  g l assy, and i n  th i n  sect i on , brown . I t  conta i ns shocked pl ag i oc l ase 
and , l ocal ly,  l i th i c  c l asts con s i st i n g  of p l ag i oc l ase-pyroxene-tro i l i te­
chrom i te assemb l ages in wh i ch the tro i l i te i s  con sp i cuou s .  Aphan i t i c  brown 
c l asts are a l so common . 

PROCESS I NG AND SUBD I V I S I ONS : C h i p s  were removed,  some of wh i ch were made i nto 
th i n  sect 1 on , 1 .  

Figu re l .  S-72-51 282 , mm s cal e .  
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Fifu re 2 .  67548 , 1 , general  v iew ,  
xp • width 2mm . 



67549 FRAGMENTAL POLYMI CT BRECC IA 43 . 1  g 

I NTRODUCT ION : 67549 i s  a porous ,  fri ab l e ,  l i ght matr i x  brecc i a  wi th both l i ght 
and dark clasts ( F i g .  1 ) .  I t  i s  fai rly f i ne-grai ned w i th few c l asts b i gger 
than 5 mm . I t  i s  a rake s ampl e  col l ected near the Wh i te Brecc i a  bou l ders . No 
zap p i ts are present .  

PETROLOGY : A th i n  secti on ( , 5 )  cut for th i s  study i s  a porous ,  fragmental 
breccia in wh i ch most  grai n s  are smal l ( l ess  than 200 �m ) and angu l ar ( F i g .  2 ) .  
I t  i s  polymict ,  contai n i ng a few l it h i c  c l asts i n c l ud i ng  anorthos i t i c  brecc i a  
and very f i ne-grai ned brown me l ts .  The matr i x  conta i n s  �35% l ow-Ca pyroxene , 
con s p i cuous i n  be i ng comp l ex l y  exsol ved and probably from a s i n g l e  source or 
s i n g l e  crushed c l as t .  Some of these pyroxenes are almost 1 mm i n  d i ameter.  
Nei ther p l ag i oc l ase nor pyroxene matr i x  fragments are heav i l y  shocked . 

PROCESS I NG AND SUBD IV I S IONS : Some smal l ch i ps  were removed and from two of 
these th i n  section , 5  was made . 

Figure 1 .  S -72-51 274 ,  
mm s ca l e .  

Figure 2 .  67549 , 5 ,  general 
v i ew ,  ppl . wi dth 2mm . 
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67555 GLASSY/APHAN ITIC  POLYMI CT BRECCIA 3 . 54 g 

I NTRODUCTION : 
brecci a with a 
near the Wh i te 
zap p i ts .  

67555 con s i sts of two p i eces of coherent ,  g l assy 
d i verse c l ast  popu l at i on ( F i g .  1 ) .  I t  i s  a rake 
Brecc ia  boul ders . The fragments are angu l ar and 

and aph an i t i c  
samp l e  col lected 
nei ther has 

PETROLOGY : The darkest porti on of the s amp le  i s  homogeneous ,  pa le-brown ( i n 
thi n  sec t i on ) ,  fragment- l aden , aphan i t i c  mel t  brecc i a  ( F i g .  2 )  whose c l ast  
popu l at i on i s  mai n ly smal l p l agi oc l ases . The more heterogeneous port i on has  a 
brown , g l assy, parti al ly dev i tr i fi ed matr ix  ( F i g .  2 )  contai n i n g  cl asts among 
wh i ch g l assy fragments and p l ag ioc l ases are common . Bas a l t i c  i mpact mel ts and 
one c l ast  conta i n i n g �0% l ow-Ca pyroxene w i th a cumu l ate ( ? )  texture are a l s o  
present .  

PROCESS ING  AND SUBD I V I S I ONS : Th i n  sect i on , 1  was made from smal l ch i ps removed 
from the sample .  

Fi gure 1 .  S-72- 5 1 247 , mm sca l e .  

b 

Fi gure 2 .  67555 , 1  a )  aphan i ti c  brecci a ,  ppl . wi dth 2mm. 
b ) heterogeneous gl assy brecci a ,  ppl . wi dth  2mm. 

880 

. •  



a 

67556 GLASS-VE I NED  BASALT I C  I MPACT MELT 82 . 1  g 

I NTRODUCT I ON : 67556 i s  a pa l e-col ored , moderate l y  fri ab l e  basal t i c  impact mel t ,  
broken up and deformed by i ntrus i ve g l as s  ve i n s  ( F i g .  1 ) .  I t  i s  a rake s amp l e  
co l l ected near the Wh i te Brecc i a  boul ders . Zap p i ts occur on one face . 

PETROLOGY : 6755 6  cons i sts  of fragments  of basal t i c  impact me l t  separated by 
gl ass vein s .  The texture of the basa l t i c  fragments  i s  d i fferent from fragment 
to fragment ,  but al l h ave �25% pyroxene suboph i t i c al ly or oph i t i cal l y  enc l os i ng 
�70% p l agiocl ase l aths  ( F i g .  2 ) .  Some conta in  d i sti nct , shocked p l ag i oc l ase 
c l asts and a few maf i c  c l asts are al so  presen t .  The mel t  a l s o  crystal l i zed 
armal col i te ( and  i lmen i te? ) and Fe··metal . 

The g l as s  veins  ( F i g .  2 )  are cross-cutt i n g ,  brown , and change wi dth al ong the i r  
path , i n  p l aces taper i n g  out . They contain  fragments of m i neral c l asts , and 
much Fe-metal  as d i s sem i n ated speck s . 

PROCESS I NG AND SUBD I V I S IONS : Severa l  sma l l  fragments were ch i pped off , and some 
of them used to make th 1 n  sect ion , 1 .  

Fi gure 1 .  S-72-43435 ,  em s ca l e .  

b 

Figu re 2 ,  67556 , 1  a )  basal t ,  xpl . wi dth  2mm. 
b ) g l a ss  vei n s , ppl . w i d th 2111TI . 
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67557 REGOL ITH BRECCIA 3 . 30 g 

I NTRODUCT I ON : 67557 i s  a coheren t ,  dark , polymi ct brecc i a  ( F i g .  1 )  w i th a 
glassy matrix .  Its  c l as t  popu l at i on i nc l udes agg l u t i n i t i c  mater i al and i t  
i s  probab l y  l i th i f i ed so i l .  I t  i s  a rake s amp l e  co l l ected near the Wh i te 
Brecc i a  bou l ders . I t  i s  s ubrounded and has  a few zap p i t s  on one face . 

PETROLOGY : 67557 has an opaque , f i ne-grai ned , g l assy matri x  and i s  c l ear ly  
polymict ( F i g .  2 ) .  Its c l asts i n c l ude p l ag i oc l ases , maf i c  mi nera l s ,  g l a s ses , 
agg l u t i n i t i c  ( opaque ,  ves i c u l ar )  g l asses and l i t h i c  fragments . The l atter 
i n c l ude fe l dspath i c  gran u l i te s ,  po i k i l i t i c  mel t s ,  and other brecc i as .  

PROCESS I NG AND SUBD I V I S I ONS : A few sma l l  c h i ps were taken from 67557 an d a 
few of them used to make th i n  sect i on , 1 .  
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Fi gure 1 .  S-72-5 1 270 ,  mm scal e • 

Fi g u re 2 .  67557 , 1 , general  v i ew ,  
ppl . wi dth 2mm . 



67558 FRAGMENTAL ( ? )  POLYMICT BRECC IA 2 . 56 g 

I NTRODUCTION : 67558 i s  a l i ght  gray, moderate l y  fri ab l e  brecci a  w i th l i ght and 
dark clasts ( F i g .  1 ) .  The c l asts i n c l ude both aphan i t i c  and crysta l l i ne rock 
fragments . I t  i s  a rake sampl e  co l l ected near the Whi te Brecci a bou l ders and 
h as a few zap p i ts on a l l surfaces . 

Figure 1 .  S-72-51 279 , mm s ca l e .  
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67559 BASALT IC  IMPACT �1ELT 32 . 9  g 

INTRODUCTION : 67559 i s  a subophi ti c ,  pl agi ocl ase-rich  impact me l t ,  s im i l ar 
to 6841 5. The sampl e i s  gray and homogeneous ( F ig .  1 ) .  

It  i s  a rake sampl e col l ected near the Whi te Brecci a boul ders . I t  i s  angul ar ,  
co herent ,  and  free of zap p its . 

- � 

Figure 1 .  S-72-43448 , em sca l e .  

PETROLOGY : 67559 i s  bri efly  descri bed by Steel e and Smi th ( 1 973 ) and Vaniman 
and  Papike ( 1 981 ) .  I t  i s  a coarse-grai ne d ,  subophi ti c  ba sa l t  ( F ig .  2 ) .  
Pl agi ocl ase l aths are up to 1 mm x 200-300 11m , but most  are much smal l er ;  mafi c 
minera l s  are i ntersti ti a l . A mode by Vaniman and Papi ke ( 1 98 1 } has 74 . 7% 
pl agi ocl ase , 20 . 1 %  pyroxene , 2 . 1 %  o l i vi ne ,  and 2 . 1 %  i l men i te ,  metal , tro i l i te ,  
and mesostasi s .  Pyroxene and o l iv i ne compos i tions  are gi ven i n  Figure 3 .  
Pl agi ocl ases range from An 90_ 9 8 and have l ess  than 0 . 2% Fe (Steel e and Smi th ,  
1 97 3 ) . 

CHEMI STRY :  A major el ement ana lys i s  i s  g iven by Nava ( 1 974 ) , and Wasson et al . 
(1 977)  prov i de ma jor,  rare eart h ,  s i derophi l e  and other trace el ement data: ­
Tera et al . ( 1 974) provi de K, Rb , Sr ,  U ,  Th , and Pb abundances . The chemi stry 
i s  summarTzed i n  Tabl e 1 and Fi gure 4 .  I t  i s  a meteori te-contami nated mel t ,  
very s im i l ar i n  a l l respects to 6841 5 and 6841 6 .  I t  l ac ks a s ign i fi cant Eu 
anoma l y ,  a feature noted by Nava ( 1 974 ; quotes unpubl i s hed data of Phi l potts ) .  
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Fi�ure 2 .  67559 , 1 , general  vi ew ,  
xp • width 2mm . 

67559 

• 

• 

67559 
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Figure 3 .  Pyroxene and ol i v i ne compos i ti ons . 
a) from Van i man and Papi ke ( 1 981 ) 
b ) from Stee l e  and Smi th ( 1 973 ) . 
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II) 
Cll ... ·;:: 'C 

TABLE 1 .  Summary chemi stry o f  67559 

Si02 45 Sr 

Tf02 0. 26-0.47 La 

A1 2o3 "-28. 5 Lu 

Cr2o3 0 .09 Rb 

FeO 4 . 3  Sc 

�I nO 0 .06 tli 

tlgO "-4 Co 
CaO 1 6. 5  I r  ppb 

lla2o 0 .5  Au  ppb 

K20 0 .08 c 

P205 0 . 1 1  N 
s 

Oxides i n  wt%, others i n  ppm except as noted. 
Zn 
Cu 

,4 

..:'asson et a/., 1977 
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Figure 4 .  Rare earth s .  

RADIOGEN IC  ISOTOPES : Tera et al . ( 1 974 ) report Rb-Sr and U-Th- Pb  i sotop i c  data . 
8 7RbjB 6Sr = 0 . 031 28 , 8 7Sr/ 8"SS'r-;;- 0 . 70087 ± 6 and TBABI  = 4 . 22 ± 0 . 1 3  b . y . , a l l very 
s imi l ar to correspondi ng data for 6841 5 and 6841 6 .  The l ead i sotopi c res ul ts 
are al so very s imi l ar to those from 6841 5 ,  g i vi ng a concordant age at 4 . 42 b . y .  
The data do not spec i fy the crystal l i zation age .  

PROCESS ING AND SUBDIV IS IONS : Several sma l l  chi ps were removed and thi n secti on 
,1 was made from a different chi p than were thi n sect i ons , 9  and , 1 0 .  
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67565 POI KI L IT I C  IMPACT MELT 1 0 . 43 

I NTRODUCTION : 67565 ( Fi g .  1 )  i s  a homogeneous ,  gray , coherent i �pact mel t wi th 
a poiki l i ti c  texture . I t  i s  a rake s ampl e col l ected near the Whi te Brecci a  
bou l ders . A few zap p its  are present. 

PETROLOGY : 67565 i s  fi ne-gra i ned po i ki l i t i c  impact mel t wi th o i kocrysts of mafi c 
mineral s (�200 �m ) enc l o s i ng pl agi ocl ase chadacrysts ( <30 �m ) ( F i g .  2 ) . The 
i nteroi kocryst areas conta i n  cha i ns of i l meni te and arma l col i te .  Sul fi des , Fe­
meta l , and vesi cl es are present .  Most of the cl a st  popu l at ion i s  p l ag i ocl a s e ,  
but a few pl agi ocl a se-r i c h  l i th i c  fragments are al so present . 

PROCESS I NG AND SUBD IV I S IONS :  Several sma l l ch i ps were ta ken , and thi n secti on 
,1 made from one of  them . Al l ocat ions were made for chem i ca l  and rare gas 
stud ies , but no resul ts have been publ i s hed . 

Fi gure 1 .  S -72-5 1 269 , mm sca l e .  

fi�ure 2 .  67565 , 1 , genera l  v i ew ,  
lcp • wi dth 2mm . 
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67566 GRANOBLAST IC POLYMI CT BRECCIA 4 . 31 g 

I NTRODUCTI ON : 67566 i s  a coheren t ,  polymi ct brecc i a  ( F i g .  1 )  w i th a grana­
blastic groundmass enc l o s i n g  mi neral and l i th i c  c l asts . Its texture and mode 
are var i ab l e  but i n  general the s amp l e  i s  more obv i ous ly  polym i ct and fel d­
spath i c  than most granu l i t i c  impacti tes . 

67566 i s  a ra ke sampl e col l ected near the \Jhi te Breccia  boul ders . I t  i s  
angul ar and l acks zap p i ts .  

Fi gure 1 .  S-72- 51 249 , mm sca l e .  
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67 566 

PETROLOGY : Two th i n  sect i on s  ( , 1  and , 2 )  are s i m i l ar except that , 2  i s  more 
maf1 c  and more c l ast-ri ch . , 1  contai n s  about 85% p l ag i ocl ase , i n c l u d i n g  
shocked c l asts ,  and h as a fi ne-gra i ned granob l as t i c  matri x  ( F i g .  2 ) .  , 2  has 
about 65% p l ag i oc l ase and about ha lf  of i ts l arger c l asts are o l i v i ne or 
o l i v i ne-p l ag i oc l as e .  Many of the cl asts are angu l ar ( F i g .  2 )  but as i n  , 1 ,  the 
fi ne-grai ned groundmass i s  granob l ast i c .  

PROCESSING AN D SUB D I V I S IONS : Two c h i p s  were removed for ma ki ng thi n secti ons . 

a b 

Fi gure 2 .  a )  b / ob6 , 2 ,  general v i ew ,  xpl . wi dth 2mm 
b ) 67566 , 1 , general v i ew ,  xpl . wi dth 2mm . 
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67567 VES ICULAR GLASS 1 1 . 51 

I NTRODUCTION : 67567 i s  a coheren t ,  b l ack , ves i cu l ar g l as s  w i th smooth 
s urfaces in p l aces , contai n i ng wh i te c l asts and part ly  coated w ith dust 
( F i g . ! ) .  I t  is  a rake samp l e  co l l ected near the Wh i te Brecc i a  bou l ders 
and l acks zap p i t s . 

F igure 1 .  S-72-51 261 , mm s ca l e .  
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67 568 VESI CULAR GLASS 1 1  . 05 

I NTRODUCT ION : 67568 i s  a coherent ,  ci ndery ,ves i cu lar  g l a s s  contai n i ng  . c l asts 
( Fi g . 1 ) . I t  i s  a ra ke sampl e col l ected near the Whi te nrecc ia  boul ders . · Zip 
p i ts may be present.  

PETROLOG Y :  67 568 consi s ts l argely  o f  a dev i tri fi ed ves i c u l ar gl ass ( Fi g . 2 ) . 
In pl aces where i t  i s  not dev i tri fi ed the g l a s s  i s  cl ear and col orl ess ; where 
dev i tri fi ed i t  i s  brown and conta i ns p lag ioc l a s e  s pherul i tes and need les . I t  
al so contai ns  Fe-metal and  tro i l i te bl ebs . Encl osed cl asts are not numerous 
and  are ma i nly  pl ag i oc l a s e ,  wi th some l i thi c fragments . The l atter are ma i nl y  
ba sa l ti c  impact mel ts . 

PROCESS ING AND SUBDI V I S IONS : Severnl smal l chi ps were removed , some of whi ch 
were used to make thi n section , 1 . 

Fi gure 1 .  S-72-5 1 055 , rm1 sca le  • 

Fifu re 2 .  67568 , 1 ,  general v i ew ,  
pp • w·i dth 2mm . 
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67569 VESICULAR GLASS 7 . 27 g 

INTRODUCTION :  67569 i s  a coherent,  b lack ,  ves i cu l ar g l ass  wi th smooth sur­
faces ( Fi g .  1 ) .  I t  conta i ns a few l i ght-col ored c l asts ( F i g .  1 ) .  I t  i s  a 
rake samp l e col l ected near the Whi te Breccia  boul ders and l acks  zap p i ts . 

Fi gure 1 .  S - 72- 51 050 , mm sca l e .  
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67575 VESICULAR GLASSY ( ? )  BRECCIA 4 . 47 

I NTRODUCTI ON : 67575 i s  a coherent ,, heterogeneous ,  dark brecc i a  ( F i g .  1 )  w i th 
ves 1 cles and i s  probab l y  mai n ly g l ass . I t  contai n s  several smal l ,  wh i te c l asts . 
I t  i s  a rake samp l e  co l l ected near the Wh i te Brecc i a  bou l ders and l acks zap  p i ts .  

Fi gure 1 .  S- 72-49543 , mm s ca l e .  
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67576 C I NDERY POLYMI CT BRECCIA OR  REGOL ITH BRECCIA 3 . 98 g 

I NTRODUCT ION : 67576 i s  a dark gray or bl ack,  modera tely fri a bl e ,  g l assy to 
powdery brecc i a  (F i g .  1 ) whi ch may be a l i thi f ied soi l .  It  i s  a rake samp l e  
col l ected near the Whi te Brecc i a  boul ders a n d  l ac ks zap p i ts .  

Figure 1 .  S-72-51 263 , mm sca l e .  
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67605 FRAGMENTAL POLYM ICT BRECC IA 44 . 5  g 

I NTRODUCTI ON :  67605 i s  a moderatel y  fr i ab l e ,  po lym i ct brecc i a  with a pa le­
colored matrix  ( F i g .  1 ) .  I t  was co l l ected about 30 m east of the Wh i te Brecc i a  
bou l ders ; i ts ori entation i s  unknown because i t  was not i dent if ied i n  surface 
photographs .  It h as zap p i ts on a l l s urfaces • 

.E..:!_gu re l .  S-72-41 580 , em s cal e .  

PETROLOGY : 67605 i s  a fragmental brec c i a  w ith many p l ag i oc l ase and p l ag i oc l ase­
r l ch brecc i a  cl asts , as we l l  as opaque ( brown ) aphan i t i c  impact me l t  debr i s  
wh i ch g i ves some areas of the th i n  sect i ons  a dark aspect ( F i g .  2 ) .  One smal l 
c l ast  i n  th in  secti on , 6  i s  a maf ic  basal t (�60% pyroxene ) wi th a s i gn i fi cant  
s i l i c a  phase and some i l men i te .  The pyroxene i s  brown , probab ly  ferroagu i te , 
and o l i v i ne i s  absent .  

ggs 



67605 

Fi�ure 2 .  67605, 6 ,  general v i ew ,  
p p  • width 2mm. 

CHEMI STRY : A maj or and trace e l ement  analys i s  of a typ i ca l  ch i p  ( , 2 )  i s  
presented by Warren and Wasson ( 1 978 ) and summar i zed i n  Tab l e  1 and Fi gure 3 .  
The s amp l e  i s  a l umi nous ,  w i th l ow l eve l s  of i ncompat i b l e  e l ements , and i s  
c l early contam i n ated w i th meteor i ti c  debri s .  

Si02 
Ti02 
A12o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 

TABLE 1 .  Summary chemi stry of 67605 
(Warren and Wasson, 1978) 

Sr 
47 La 
0 . 19 Lu 

30.0  Rb 
0 .06 Sc 
2 . 6  Ni 
0.04 Co 
4 .0  lr ppb 

16.8  Au ppb 
0 . 49 c 
Q.05 N 

s 

Oxides i n  wt%; others i n  ppm except Zn 
as noted . Cu 
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2 . 1  
0 . 12 

'\4.8 
95 

7 .4 
3 . 6  

<0.6 
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Warren and Wasson, 1978 

Fi gure 3 .  Rare earths . 

PROCESS I NG AND SUBD I V I S IONS : Several smal l c h i p s  have been removed , a l l typ i ca l  
1 n  appearan ce .  , 1  was al located for Ar-Ar stud i e s , , 2  for chemi stry, and , 3  
was made i n to th i n  secti on s  , 5  and , 6 .  
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67615  F I NE-GRAI NED IMPACT MELT 8 . 7 7  g 

I NTRODUCT I ON : 67615  i s  coherent and con s i sts  mai n l y  of sma l l p l agiocl ase 
cl asts bonded w ith a f i ne-grai ned me l t  ( F i g .  1 ) .  I t  i s  a rake s amp le  co l l ected 
30 m east of the Wh i te Brecc i a  bou l ders and has zap p i t s  on a l l but one face . 

PETROLOGY : Steel e and Smi th ( 1 973 ) refer to 6761 5 as a brecc i a  wi th a trace 
of po i kil i ti c  matri x .  I t  i s  homogeneous , po lym i c t ,  and fi ne-gra i ned , cons i s t ing  
ma i n l y  o f  pl ag ioc lase  c l asts  bonded wi th a mi cropo i ki l i ti c or  n icrosubophi t i c  
mel t .  The total pl ag i ocl ase  content i s  more than 80% . Host of  the c l asts  are 
unshocked or on ly  l i ghtly shocked . L i th i c  cl asts  or patches are ma i nl y  ba sal t i c  
impact mel ts and gl assy brecc i a s . Steel e and Smi th ( 1 973 ) note that pyroxene 
i s  absenti  the rock con s i sts  of p l agi ocl ase  (An 9 2- 9 7 ;  Fe 0- 0 . 45% ) and ol i v i ne 
( Fo s z- 6 4 ) ; i t  i s  not cl ear whether mi cropo i ki l i ti c  mel t phases are i ncl uded i n  
these ana l yses . 

PROCESS I NG AND SUBDI V I S ION S :  C l1 i ps were removed both for a thi n sect ion ( , 4 )  
and for chemi cal analys i s ;  the l atter ha s not been publ i s hed.  

898 

Fi gure 1 .  S -72-51 058 , mm sca l e .  

Fi gure 2 .  6761 5 ,4 ,  general v iew ,  
pp l . wi dth 2mm . 



67616 F I NE -GRAI NED IMPACT MELT 21 . 3  

I NTRODUCT I ON : 67616 i s  a gray , coherent brecc i a  ( F i g .  1 )  made up of t i ny pl ag i o ­
cl ase cl asts bonded by �10-15% fi ne-grai ned mortar wh i ch i s  probab ly me l t  but 
cou l d  be metamorph i c .  I t  i s  a rake s ampl e  co l l ected 30 m east of the Wh i te 
Brecc i a  bou l ders . Many zap p i t s  are present on al l s urfaces . 

F igure l .  s-n-49574 , mm s cal e .  

PETROLOGY : 67616 i s  a coherent ,  very pl ag i oc l ase-rich brecc i a  ( F i g .  2 ) .  Abundant 
fragments of pl ag i oc l ase , ma i n ly  in the 10-30 �m s i ze range , are he ld  together 
by a mor·tar of more maf i c  crystal l i ne  mater i al . Large cl asts ( up  to �00 �m ) are 
mai n ly  unstrai ned , uns hocked p l ag i oc l ases . The total p l ag i oc l ase content i s  more 
than 90% . 
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6761 6 

The f i ne-grai ned (�3-5  �m ) mortar composes 10-15% of the rock and i s  more maf i c  
than the b u l k  rock ,wi th about equ al proport i on s  o f  p l ag ioc l ase and maf i c  mi nera l s . 
I ts texture i s  equ i vocal  as  to mel t  or metamorph i c  or i g i n ,  but the presence of 
p l ag i oc l ase l aths s uggests that a me l t  or i g in  i s  more l i ke ly .  

There i s  a fi ne-scal e  band ing  in  the brecc i a , occurri n g  in  fans cover i n g  areas 
of 1 mm2 ( F i g .  2 ) .  The bands are �20-30 �m wide . The dark bands appear to be 
concentrati ons  of pyroxene ,  the l i ght  concen trat i on s  of p l ag i oc l ase.  The 
features suggest spheru l i ti c  crystal l i zati on of a me l t .  

PROCESS ING AND SUBD I V I S IONS : Sma l l c h i p s  were removed , and from some of them 
th 1 n  sect 1on , 2  was made .  
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Fi gure 2 .  6761 6 , 2 ,  general  v i ew ,  
ppl . wi dth 2mm. 



67617 F I NE-GRAINED IMPACT MELT 1 4 . 32 

I NTRODUCTI ON :  67617 i s  a coherent brecci a con s i st i ng  of abundant  p l ag ioc l ase 
cl asts bonded with -v50% fi ne··grained mortar of probab l e  me l t  or i gi n  ( F i g .  1 ) .  
It  i s  a rake samp le  col l ected 30 m east of the Wh i te Brecc i a  bou l ders . Many 
zap p i ts are present on one s urface . 

PETROLOGY :  Steel e and Smi th ( 1 973 ) refer to 6761 7 ( Fi g .  2 ) as a " brecc i a ; 
mostly pl agiocl ase"  wi th 50% matri x (materi al  l es s  than  5 11m ) . The  matri x i s  
more mafi c than the c l ast  po pu l a ti o n , whi ch i ncl udes l i th i c  cl asts , mai n ly  
pl agi ocl ase-ri ch brecc i a s . Steel e and  Smi th ( 1 97 3 )  anal yzed pyroxenes and 
o1 i v i nes ( Fi g .  3 ) and p1 agi ocl ases (An 9 o - 9 7 ) . 

PROCESSI NG AND SUBD I V I S IONS : Several sma l l pi eces were ch i pped off, some o f  
whi ch were used to make thi n sect ion  , 1 . 

Fi gure 1 .  S-72-51 243 , mm s ca l e . 

Fi�ure 2 .  6761 7 , 1 , genera l v i ew ,  
pp • wi dth 2mm. 
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6761 8 CRYSTALL I N E  BRECC IA ,  PARTLY GLASS-COATED 1 1 . 1 7  g 

I NTRODUCT ION : 67618 i s  a dark gray , coherent ,  fi ne-grai ned brecc i a  ( F i g .  1 ) ,  
poss i b ly a basal t i c  o r  poi k i l i t i c  i mpact me l t ,  but n o  th i n  sect i ons ex i s t .  
A g l as s  coat covers part o f  the surface . I t  i s  a rake samp l e  col l ected 30 m 
east of the Wh i te Brecci a  bou l ders . Zap p i ts are abundan t .  

CHEMI STRY : Schaeffer and Schaeffer ( 19 7 7 ) report K ( K20 = 0 . 22% ) and Ca 
(CaO = 1 1 . 8% )  abundances . These va lues  su ggest an Al 20 3 content of about 
22% ,  cons i stent w i th i ts be ing  a poi k i l i t i c  or b asa l t i c  impact me l t .  

RAD I OGEN IC  I SOTOPES :  Schaeffer and Schaeffer ( 19 7 7 ) report Ar i sotop i c  
analyses . No Ar rel ease p l ateaus were obta i ned . The '' ages '' rose from 1 . 35 
b .y .  for the 6oooc re l ease to 3 . 68 b . y .  for the 9oooc rel ease . then fel l  to 
3 . 01  b .y .  for the 125ooc re l ease .  A total K-Ar age of 2 . 59 ± 0 . 01 b . y .  h as 
no real s i gn i f icance . 

RARE GASES AND EXPOSURE AGES : Schaeffer and Schaeffer ( 197 7 )  report Ar 
i sotop i c  analyses and cal cul ate exposure ages rang i ng  from 34 to 77 m . y . , 
averag i n g  50 m .y .  

PROCESS ING  AND SUBD I V IS IONS : Sma l l  chi ps were removed and al l ocated for rare 
gas and chemi cal studi es ;  the resu l ts of the l a tter have not been publ i s hed . 
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Fi gure 1 .  S-72-5 1 262 , 
mm sca l e .  



67619 F I NE -GRAINED IMPACT MELT 6 . 15 

I NTRODUCTION : 6761 9 cons i sts of fi ne-gra i ned ,  cl ast-ri ch , homogeneous brecci a 
( Fi g .  1 ) wi th a mel t matri x conta i n i ng a l i gned pl agi oc lase  l aths . I t  i s  a 
rake sampl e col l ected 30 m ea st  of the Whi te Brecci a bou l ders , i s  subangul ar ,  
a nd  free of zap  p i ts . I t  i s  coated wi th whi te powder. 

PETROLOGY :  6761 9 i s  a po"l ym i c t  brecc i a  cons i st i ng  of mi neral and l i th i c  cl asts 
embedded i n  a matri x i n  wh i ch a l i gned pl ag ioc l ase l a ths are cons pi cuous ( Fi g .  2 ) . 
I t  i s  dark i n  thi n section  beca use o f  abundant g l assy and cryptocrys tal l i ne 
materi a l  i n tersti t i a l  to the pl ag iocl ase l aths . Tl1 e a l i gnment i ndi cates that 
the matri x was crea ted i n  a s i ngl e event and i s  not a regol i th brecc i a .  Mos t  of 
the pl a g i ocl ase l aths  are 1 0-30 �m l on g .  Most  cl asts are pl agi ocl ase , and on ly  
about 1 0% of the rock  i s  composed of gra i ns l arger tha n about  1 00 �m . Li thi c 
c l asts i nc l ude a granul i t i c  i mpacti te and a (meta ) basal t .  

PROCESSING AND SUBD I V I S IOIIS : 
sect i on , 1 . Another chi p wa s 
separatel y numbered . 

Two chi ps were removed from one end to make th i n  
a l so bro ken off the oppos i te end , but was not 

Fi gure l .  S- 72- 51 046 , mm sca l e .  

Fi gure 2 .  6761 9 , 1 , genera l 
v i ew ,  ppl . wi dth 2mm. 
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67625 F I NE-GRAINED IMPACT MELT 6 . 72 g 

I NTRODUCT ION : 67625 i s  a dark , coherent , polym i ct brecc i a  ( F i g .  1 )  wh i ch i s  
fairly homogeneous . I t  h as a f i ne-grai ned matri x  wh i ch i s  probably an impact 
mel t .  I t  i s  a rake samp l e  co l l ected 30 m east of the Wh i te Brecc i a  bou l ders . 
I t  i s  subrounded to angu l ar and l acks zap p i ts .  

PETROLOGY : 67625 i s  a brown polym i ct brecc i a ,  cons i s t i ng  of numerous sma l l  
pl agiocl ase gra i ns bonded by a f i ne-gra i ned , more maf i c  mortar whi ch composes 
about 40% of the s amp l e .  The p l ag i oc l ase c l asts are ma in ly  20-30 �m in d i am­
eter but  range up to  �sao �m . L i th ic  cl asts i n c l ude catac l ast i c  anorthos i te ,  
granu l i t i c  impacti te ,  p l ag i oc l ase-rich brecci as ,  and dev i tr i f i ed brown g l asses . 
The mortar h as a gra i n  s i ze of 2-5 �m , and conta i ns  some Fe-metal /tro i l i te 
assemb l ages . 

PROCESS I NG AND SUBD I V I S I ONS : Two ch i ps were removed to make th i n  sect ions  , 1  
and , 2 .  

Figure 1 .  S -72-49563 , mm sca l e .  
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Fifure 2 .  67625 , 1 , general v i ew ,  
xp • wi dth 2mm. 



67626 CRYSTALL I NE OR GLASSY POLYMI CT BRECCIA 19 . 19 g 

I NTRODUCT ION : 67626 i s  a coherent , d ark-colored , c i ndery- l ook i ng  polym ict 
brecc i a  (Fi g . l ) .  I t  i s  a rake samp l e  co l l ected 30 m east of the Wh i te 
Brecc i a  boul ders and h as some zap p i ts .  

Fi gure 1 .  S-72-51 2 67 ,  mm scal e .  
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67627 VES ICULAR GLASS 7 9 . Lg_ 

I NTRODUCT ION : 67627 i s  a dark gray, ves i cu l ar me l t  or dev i tr i f i ed g l ass  ( F i g .  1 ) .  
I t  i s  not homogeneous--one area i s  much smoother than the rest ( , 2  i n  F i g .  1 ) .  
I t  i s  a rake samp l e  col l ected 30 m east of the Wh i te Brecc i a  bou l ders . I t  i s  
angu l ar ,  coherent ,  and h as a few zap p i ts .  

Fi gure l .  S-80-28 1 74 ,  c u be i s  l cm .  

PETROLOGY : Th i n  sections made for th i s  study of both the rougher area (from 
, 1  1 n  F 1 g .  1 )  and the smoother area ( , 3 i n  F i g .  1 )  are of ves i c u l ar ,  partly 
crystal l i n e ,  brown g l assy mater i a l s  ( F i g .  2 ) .  They conta i n  ac i cu l ar p l ag i oc l ases 
(from crystal l i zat ion or dev i tr i fi cat i on ) and c l ast i c  mater i al s .  ( , 2 was 
separated , i n  fact ,  because i t  was be l i eved to be a crystal l i ne  cl ast. ) 

906 



a b 

Fi gure 2 .  a ) 67 627 , 5 ,  general v i ew, ppl . width 2mm 
b )  67 627 , 6 ,  genera l v i ew, ppl . wi dth 2mm . 

67 G27 

PROCESS I NG AND SUBD I V I S I ONS : The samp l e  was ch i pped i n to p i eces as shown i n  
F 1 gure 1 .  Th 1 n  sect i on , 5  was made from ch i p s  , 1 , and th i n  sect i on , 6  from ch i ps 
, 3 .  The l atter were taken to represent the smooth , l ess  ves i cu l ar '' c l as t '' , 2 .  
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67629 GLASS 5 . 43 g 

I NTRODUCTI ON : 67629 i� a g l as s  contai n i ng smal l wh i te fragments ( F i g .  1 ) .  I t  
i s  a rake samp l e  co l l ected 30 m east of the Wh i te Brecc i a  boul ders and l acks 
z ap p i ts .  

CHEMI STRY : Hask i n  et  al . ( 1973 ) report major and trace e l ement abundances for 
67629 , summari zed inTaole 1 and F i gure 2 .  I t  i s  a meteor i te -contam inated 
me l t  s im i l ar but not i dent i cal  to typ i ca l  Apo l l o  16 soi l s  and rather l ess  
a l um i nous than Stati on 1 1  soi l s .  

PROCESS I NG AND SUB D I V I SONS :  67629 i s  the smal l est  of 4 fragments or i g i nal ly 
numbered together as 6 7629 . The other three have been renumbered 67695 , 
67696 ,  and 67697 . Chi ps  were taken from the smal l fragment for chemi cal  and 
radi ogen i c  i sotope stud i es .  

TABLE 1 .  Summarx chemi stry of 67629 

(Haskin et al . ,  1973 ) 

' 

l 
il i 

Figure 1 .  mm scal e .  

46.3 
Sr 

Si02 La 
Ti02 0 .85 

Lu 
A12o3 24 .0  

Rb 
Cr2o3 0 . 11 

Sc 
FeO 5 . 3  

N i  
MnO 0 .067 

Co 
MgO 5 .9 

Ir ppb 
CaO 15 .2  
Na2o 0 . 62 

Au ppb 

c 
K20 0 . 137 

N 
P20S s 

Zn 
Cu 

1 1 . 7  
0 .55 
3 . 1  
9 . 4  
350 

23.8 

1 1 . 0  

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

F i gure 2 .  Ra re eart hs , 
from Haski n et �· ( 1 97 3 ) . 
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67635 PR IST I NE CATACLAST IC  ANORTHOS ITE 9 . 12 

I NTRODUCT ION : 67635 i s  a coherent ,  f i ne-gra ined ,  catac l ast i c  ferroan 
anorthos i te ( F i g .  1 )  wh i ch i s  chemi cal ly  pri s t i ne . I t  i s  a rake samp l e  
col l ected 30 m east  of the Wh i te Brecc i a  boul ders and h as some zap p i ts . 

Figur.§_J_. S-1'2-49561 , mm scal e .  

PETROLOGY :  Stee l e  and Smi th ( 19 73 ) refer to 67635 as '' p l ag i oc l ase  ( 100% ) 
brecc i a ;  -heav i ly  shocked " .  A br ief petrograph i c  descr i pt ion w i th mi croprobe 
analyses i s  g i ven by Warren and Wasson ( 1 980 ) .  Hansen et a l . ( 1979b and 
unpub l i shed ) al so report mi croprobe analyses . - -

67635 i s  a monom ict ,  catac l as t i c  anorthos i te ( F i g .  2 )  w i th '\..99% p l ag i oc l ase , 
maf i c  mi neral gra i n s  l ess  than 50 Jlm i n  d i ameter , and traces of i lmen i te .  
Mi neral composi t i on s  from Warren and Wasson ( 1 980 ) are shown i n  F i gure 3 ;  
pyroxene and p l a g i oc l ase analyses by Han sen et a l . ( 1979b and unpub l i shed ) 
are very s imi l ar .  The l attE!r a l so  1report mi nor el ement data for p l ag i oc l ases : 
KzO 0 . 028% , FeO 0 . 078%, MgO 0 . 049%, ( average of 12 poi nts ; l i tt l e var i at i on ) .  
Warren and Wasson ( 1980 ) note that the p l ag ioc l ases are up  to 3 mm i n  
d i ameter . 
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67635 

Fi�ure 2 .  67635 , 2 ,  genera l  v i ew ,  
xp  • width 2mm .  

67635,8 --5 analyses 

-....-8 analyses 
En�--�--�--����--�����--����� � 

Pyroxene Composition (mole%) 

' . 
100 

na olivine 

90 80 70 60 50 
Forsterite content of olivine (mole%-note sccle!) 

.L , 
' ss ' ' '  ' s'o ' ' ' ' as ' ' '  ' so ' ' '  ' 1s 

Anorthite content of plagioclase (mole%-note scale!) 

40 

70 

Figure 3 .  Mi neral  compos i ti on s ,  from Warren and Wasson ( 1 980) , 
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67635 

CHEMISTRY : A major and trace e l ement chemi cal  analys i s  i s  reported by Warren 
and Wasson ( 1980 ) ( Tabl e 1 ,  F i g .  4 ) . The anorthos i te i s  ferroan , and 
uncontam i n ated by e i ther KREEP or meteor i t i c  mater i al . 

PROCESS I NG A�D SUBD I V I S I ONS : Smal l ch i ps were removed for mak i n g  th i n  sect i ons  
,2  and ,8  (same potted butt ) and the chem i s try a l l ocat i on . 

TABLE 1 .  Summary chemistry of 67635 anortho s i te (Harren and �Iasson, 1 980) 

Sf02 44. 9 Sr 
Ti02 <0. 1 3  La 0 . 33 

A1 2o3 34. 8  Lu 0 . 0047 
Cr2o3 0 . 002 Rb 
FeO 0. 26 Sc 0 . 34 
HnO 0 . 006 Nf  1 .2 

•!gO 0 . 1 7  Co 1 . 5 
CaO 1 8 . 9  I r  ppb 0.027 

Na2o 0 . 56 Au ppb 0.024 

K20 0 . 01 8  c 
P2o5 N 

s 
Zn 
Cu 

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

67635 
10 

Fi gure 4 .  Rare earth s .  

,4 
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67636 PR IST I NE CATACLAST IC  ANORTHOS ITE 3 . 23 g 

I NTRODUCTION : 67636 i s  a coherent ,  c atac l ast i c ,  pr i st ine  ferroan anorthos i te 
(Fi g .  1 ) .  It i s  a rake samp l e  col l ected 30 m east of the Wh i te Brecc i a  bou l ­
ders , and h as many zap p i ts .  

Fi gure 1 .  S-72-4955 1 , mm sca l e .  

PETROLOGY : A brief descri p t i on w i th mi croprobe analyses i s  g i ven by Warren 
and Wasson ( 1980 ) . The samp l e  i s  catac l as t i c  ( F i g .  2 )  w i th rel i ct p l ag i oc l ases 
up to 2 mm in d i ameter and on ly m i nor maf i c  m i neral s .  Mi neral compos i t i ons are 
shown i n  F i gure 3 and show that the samp l e  i s  a ferroan anorthos i te .  I l men i te 
i s  present but extreme ly  rare . 

CHEMI STRY : A major and trace e l ement an alys i s  i s  g i ven by Warren and Was son 
(1980) (Tab l e  1 ,  F i g .  4 ) .  The samp l e  i s  a ferroan anorthos i te ,  uncontami nated 
w i th meteor i t i c  mater i al . 

PROCESS I NG AND SUBD I V I S I ONS : Ch i ps were taken to make th i n  secti ons , 1  and , 7  
( same potted butt) and for the chem i stry al l ocat i on . 
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Fifure 2 .  67636 , 1 , general  v i ew ,  
xp • wi dth 2mm .  

67636,7 

....-13 analyses 
EnL--"'----""---"==--�-::--=--::- --"'----><-----"'----''------' Fs 

Pyroxene Composition (mole%) 

100 90 so ' ' '  ' io ' ' .  ' 60 ' ' ' ' 5o ' ' 4o  
Forsterito content of olivine (mole%-note scale!) 

too' J .  r � ss, ' ' ' ·so 85 eo 75 70 
Anorthite C•�ntent of pl.ogioclose (rnole%-note scale!) 

Fi gure 3 .  Mi neral compos i ti ons , from Warren and Wasson ( 1 980 ) . 
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67636 

TABLE 1 .  Summar� chemistr� of 67636 

(Warren and Wasson, 1980} 

Si02 44. 5  Sr 
La 0 .40 

Ti02 <0. 15 
Lu 0 . 0061 

Al203 32. 9  
cr2o3 0 .009 Rb 

Sc 1 .00 
FeO 1 . 9  

0.029 Ni 3 . 6  
MnO 

1 .8 Co 5 . 0  
MgO 

Ir ppb 0 . 17 
CaO 17 . 6  

0 . 517 Au ppb 0 .022 
Na2o 
K20 0 .017 c 

N 
P205 s 

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

20 

67636 

10r- f-

r f-
r -

"' 
Cl) '- <T> ... ·;: 

, 
c 
0 

.c 
Fi gure 4 .  Rare earths . u 

....... 
.!! 
a. \2 

E 1 
111 (/) Warren and Wasson , 1980 

0
.
1 
!:==J=::=;;)==;+;=::J==;t::::=;;)=;;.r:;==J.==J::=:;:Jc:::=;J:::=::J==;:];:=;t-La Ce Pr . Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
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67637 PR IST INE CATACLASTI C  ANORTHOS ITE 2 . 34 g 

I NTRODUCTION : 67637 i s  a coherent,  catac l ast i c ,  pr i st i ne ferroan anorthos i te 
(Fi g .  1 ) .  I t  i s  a rake s amp l e  col l ected 30 m east of the Wh i te Brecc i a  bou l ders 
and h as many zap p i ts .  

Fi gure 1 .  s-n-51 053 , mm scal e .  

PETROLOG Y :  Steel e and Smi th ( 1973 ) refer to 67637 a s  a '' p l ag i oc l ase ( 95% ) 
brecc i a ;  mi nor ol i v i ne and pyroxene ; heav i l y  shocked " .  Mi croprobe analyses 
are reported by Warren and Wasson ( 1980 ) and Han sen et �- ( 1 979a , b ) . 

The samp l e  i s  fa ir ly  porous and con s i sts of angu l ar fragments of pl ag i oc l ase , 
up  to 1 . 5 mm i n  d i ameter ( F i g .  2 ) . Maf i c  m i neral  grai n s  are up to 300 �m ; 
most h ave h i gh b i refr i n gence and are o l i v i nes . Mi croprobe data ( F i g .  3 )  
demonstrate the ferroan character . Ana lyses by Hansen et al . ( 1979a , b )  are 
s imi l ar to those of Warren and Wasson ( 1980 ) except thatthe former show a 
c l e arer d i s ti nct ion between l ow-Ca and h i gh-Ca pyroxenes . 

CHEMI STRY : Warren and Wasson ( 1980 ) report major and trace e l ement data,  
summar1 zed in  Tab l e  1 and F i gure 4.  The samp l e  is  a ferroan anorthos i te ,  
uncontam i nated w i th meteor i t i c  mater i al . 

PROCESS I NG AND SUBD I V I S IONS : A ch i p  was removed , from wh i ch th i n  sect i ons , 1  
and , 7  were made . A second c h i p  was a l l ocated for chemi cal  analys i s .  
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6 7637 

67631, 7 

• 

• 

• 

Fifure 2 .  67637 , 1 , genera l  vi ew ,  
xp • width 2rrm . 

/'. analyses 
En,�--�--���·��,�·��-7��--�--�--�� 

Pyroxene Composition (male%) 

too' 

. �.,1. · ' 1 so ' ' '  ' eo ' ' '  ' 7o ' ' '  66 ' ' · ' 50 ' 

Forsterite content of olivine (mole%-note scole!) 

' ·�s·· '  ' s'o ' '  
ss so 75 

AnOrthite content of plagioclase (mole%-note scoleU 

' 4o  

70 

Fi gure 3 .  Mi neral compos i ti ons , from Warren and Was son ( 1 980) . 

916  



.. 
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·;: 
-g 0 .c 
0 
........ 
Cl) 
Q. 

Si02 
Ti02 
A12o3 
cr2o3 
FeO 
Mno' 

MgO 
CaO 
Na2o 
K2o 
P205 

Oxides in wt%; 
noted. 

20 

10 

1-
1-

1-

1-

TABLE 1 .  Summary chemi stry of 67637 
(Warren and Wasson , 1980 ) 

Sr 
44.3 

La 
0 . 038 

Lu 
34.4 

Rb 
0 . 005 

Sc 
0 .70 

Ni 
0 .011  Co 
0 . 56 Ir ppb 

18.8 Au ppb 
0 . 595  

c 
0 .019  

N 
s 

others i n  ppm except. as Zn 
Cu 

_L 

CT) 

CT) 

0 .40 
0 . 0134 

0 .96 
1 . 6  
3.8 
1 . 2  
0.02 

67637 

E 1 Ill 
en �� ...._ Warren and Wasson, 1980 

1- � 

1-

0.1 I I I I 
La Ce Pr Nd Pm Sm Eu Gel Tb Dy Ho Er Tm Yb Lu 

Fi gure 4 .  Rare earth s .  
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67638 FRAGMENTAL/GLASSY POLYM I CT BRECC IA 7 . 23 g 

I NTRODUCTION : 67638 i s  a l i ght gray polym i ct brecc i a  wh i ch i s  coherent and 
fractured ( F i g .  1 ) .  I ts matr i x  var i es from fragmental  to g l assy.  The s amp l e  
i s  a rake s amp l e col l ected 30 m east of the Wh i te Brecc i a  boul ders and h as 
many zap p i ts .  

PETROLOGY : 67638 con s i s ts of polym i ct ,  coherent dark brecc i a ,  wh i ch i s  
fairly heterogeneous ( F i g .  2 ) .  The general matr ix  i s  very fi ne-grai ned and 
fragmental i n  most areas . On ly about 1 0% of the matr i x  i s  i n  fragments 
l arger than 1 00 �m . The c l ast popu l at i on i s  more coherent that the matr i x  
and i s  mai n l y  p l ag i oc l ase ; l i th i c  fragments are domi nated by aphan i t i c  i mpact 
me l ts but a l so i nc l ude granu l i t i c  i mpacti te s . Brown and g l assy or crypto­
crysta l l i ne materi a l  i n trudes the matr i x  i n  p l aces ( F i g .  2 ) .  

PROCESS I NG AND SUBD I V I S I ONS : Two sma l l  ch ips  were removed to make th i n  
sect 1on , 1 .  

918 

Fi gure 1 .  S-72-5 1 244 , mm s cal e .  

Fi gure 2 .  67638 , 1 , gemera l vi ew ,  
ppl . wi dth 2mm. 



67639 CRYSTALL INE ( ? )  POLYM I CT BRECC IA 7 . 34 

I NTRODUCTION : 67639 i s  a coherent ,  l i gh t  gray brecc i a  w i th some dark c l asts 
( F i g .  1 ) .  The matr i x  i s  f i ne-grai nE!d and homogeneous .  I t  i s  a rake samp l e  
col l ected 30 m e ast  of the Wh i te Brecc i a  boul ders and h as zap p i ts .  

Fi gure 1 .  S-72- 5 1 045 ,  mm scal e .  
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67645 FRAGMENTAL POLYMI CT BRECC IA  0 . 84 g 

I NTRODUCTION : 67645 i s  a pal e gray , extreme ly fr iab le  brecc i a  w i th a few 
dark gray cl asts ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected 30 m east of the 
Wh i te Brecc i a  bou l ders and l acks zap p i t s .  

Figure 1 .  S-72-43730 , cup i s  5cm i n  d i ameter. 
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67 646 FRAGMENTAL POLYMICT BRECC IA 3 . 94 9 

I NTRODUCTI ON : 67 646 i s  a wh i te ,  fri ab l e ,  and powdery brecc i a  conta i n i n g dark 
c l asts ( F i g .  1 ) .  I t  i s  a rake s amp l e  col l ected 30 m east  of the Wh i te Brecc i a  
bou l ders and i ts fri ab l e  surface l acks  zap p i ts .  

!JJLure 1 .  S -72-49564 , mm scal e .  
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67647 REGOL ITH BRECC IA  47 . 7  9 

I NTRODUCTI ON :  67647 i s  a pal e col ored , coherent ,  g l a ssy brecci a ,  whi c h  i s  
probably a l i th i fi ed so i l  ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected 30 m east 
of the Whi te Brecci a  boul ders , and has numerous zap p i ts .  

PETROLOGY : A th i n  sect ion cut for th i s  study s hows that 67647 i s  a f i ne­
gra i ned , brown , gl assy, porous brecc i a  ( F i g .  2 ) . I ts  c l ast popu l at ion 
cons i sts ma i n ly of brown aphan i ti c  impact me l ts and g l assy brecc i as ,  as we l l  
as abundant shocked m i neral s .  I ts characteri s t i cs are those of regol i th 
mater i a l . 

PROCESS I NG AND SUBD I V I S I ONS : A c h i p  ( , 1 )  was removed from one end ( F i g .  1 )  to 
make th 1 n  sect 1 on , 2 .  

922 

Fi gure 1 .  S-80-27469 , mm scal e .  

FiTure 2 .  67647 , 2 ,  genera l  vi ew ,  
p p  • wi dth 2mm. 
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6 7648 COHERENT POLYMI CT BRECC IA  7 . 88 g 

I NTRODUCTION : 67648 i s  a coherent ,  po lym ict  brecc i a  w i th a pa le  col ored matr i x  
(Fi g . l ) .  The matri x  i s  extreme ly fi ne-grai ned ( � 60% of the rock i s  gra i n s  
l ess  than 5 �m ) .  I t  i s  a rake samp l e  col l ected 30 m east of the Wh i te Brecc i a  
bou l ders , and has  a h i gh den s i ty of zap p i ts on ha lf  i ts s urface . 

PETROLOGY : Stee l e  and Smi th ( 1973 ) refer to 67648 as a dark " l i th i f i ed so i l  
breccia" . I t  i s  heterogeneous , dark , and polym i ct ,  and most mater i al i s  
extremely  f i ne-grai ned ( F i g . 2 ) .  The l i th i c  cl asts and the matr i x  have 
s im i l ar textures and in transmi tted l i gh t  the d i st i nct i on of some of the 
l i th i c  c l asts from the matri x  i s  d i ff icu l t .  Wh i l e most of the matr i x  i s  
fi nely d i v i ded or even g l assy, the ves i cu l ar g l asses wh ich are character i st i c  
of rego l i th are absent . Some very t i ny c l asts are c l ear g l as s .  

PROCESS I NG AND SUBD I V I S I ONS : A ch i p  was removed , and th i n  sect i on , 1  made 
from 1 t .  

Fi gure 1 .  S-72-51 268 , mm scal e .  

Fiyure . 2 .  67648 , 1 , general v i ew ,  
pp , w1 dth 2mm. 
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67649 FRAGMENTAL POLYM ICT BRECCIA  1 . 60 g 

I NTRODUCT ION : 67649 i s  a pal e col ored , fri ab l e  brecc i a  contai n i n g  dark angu l ar 
clasts (Fi g .  1 ) .  I t  i s  a rake samp l e  col l ected 30 m east of the Whi te Brecc i a  
bou l ders and i ts fri ab l e  surface l acks zap p i t s . 

Fi gure 1 • S-72- 51051 , mm sea 1 e .  
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67655 SHOCKED COHERENT POLYMICT BRECC IA 4 . 1 1 

I NTRODUCT I ON :  67655 i s  a pal e co l ored , polym ict brecc i a  ( F i g . l )  wh i ch i s  
coherent and fai r ly  heterogeneou s .  An unusua l  feature is that a lmost al l 
of the p l ag i oc l ase i s  " f l ame-textured " .  I t  i s  a rake s amp l e  co l l ected 30 m 
east of the Wh i te Brecc i a  bou l ders  and l acks  zap p i t s . 

Fi gu�. 5··72-49579, mm s cal e .  

PETROLOGY : Steel e  and Smi th ( 1973 ) refer to 67655 as a "recrysta l l i zed 
brecc 1 a" w i th 30% matri x  ( defi ned as mater i al l e s s  than 5 ]..lm d i ameter ) .  
I t  i s  a fa ir ly  h eterogeneou s ,  po lym i ct breccia ( F i g . 2 )  i n  wh i c h  l arge c l asts 
are more coherent than the fi ne-grai ned matr i x .  The l atter i s  s l i ght ly  porou s . 
L i th i c  c l asts l arger than 300 ]..lm compose � 25% of the rock , and i n c l ude basal t i c  
impact mel ts ,  aphan i t i c  mater i a l s ,  and p l ag i oc l ase-r i ch fe l ds path i c  granu l i tes . 
The matr ix  conta i n s  many p l ag i o c l as e  and maf i c  c l asts i n  the 20-100 ]..lm range , 
but the i nterst i t i a l materi a l  i s  of equi vocal n ature . 
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67655 

a 

An unusual  feature i s  that nearly a l l of the p l ag i oc l ase , as s i n g l e  fragments 
or in  l i th i c  c l asts , i s  "fl ame-textured " ,  and  that wh i ch i s  not , is  shocked 
( F i g . 2 ) .  Th i s  suggests a post-as semb ly  shock event c aus i ng maskelyn i t i zat i on 
fol l owed by dev i tr i f i cati on . 

PROCESS I NG AND SUBD I V I S IONS : Th i n  sect i on , 1  was made from one of a few sma l l 
chips removed . 

b 

F i gure 2. 67655 , 1 , general v i ew ,  wi dth 2mm 
a )  ppl . b )  xpl . 
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67656 FRAGMENTAL POLYM ICT BRECC IA 1 . 93 

I NTRODUCT ION : 6 7656 i s  a l i gh t  gray, fr i ab l e  brecc i a  conta i n i ng dark c l asts . 
I t  1 s  a rake s amp l e  col l ected 30 m east of the Wh i te Brecc i a  bou l ders and i ts 
powdery surface l acks zap p i ts .  

Fi gure 1 .  S -72-49571 . mm sca l e .  
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67657 FRAGMENTAL POLYMICT BRECC IA  1 . 70 g 

I NTRODUCT ION :  67657 i s  a pa le  gray fr i ab l e  brecc i a  contai n i ng gray c l asts 
(Fig . 1 ) .  It is a rake s amp l e  co l l ected 30 m east of the Wh i te Brecc i a  
bou l ders and i ts powdery surface l acks  z ap p i ts .  

Fi gure 1 .  S - 72-51 254 , mm sca l e .  
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67658 FRAGMENTAL POLYMI CT BRECCIA 1 . 35 

I NTRODUCT I ON : 67658 i s  a wh i te to p a l e  gray fr i ab l e  brecci a contai n i ng some 
darker gray c l as ts ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected 30 m east of the 
Wh i te Brecc ia  bou l ders and i ts fri ab l e  �urface l acks zap p i ts .  

Fi gure 1 .  S-72-51 060 , mm sca l e .  
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67659 CRYSTAL L I NE OR FRAGMENTAL ( ? )  POLYM ICT BRECC IA  1 . 62 g 

I NTRODUCT ION : 67659 i s  a wh i te to pa le  gray , fa ir ly  coherent ,  po lymict brecc i a , 
contai n i ng some smal l  gray c l asts ( F i g .  1 ) .  The matr i x  i s  f i ne-grai ned . I t  i s  
a rake samp l e  co l l ected 30 m east of the Wh i te Brecc i a  bou l ders and l acks zap 
p i ts .  

Figure 1 .  S-72-51 246 , mm scal e .  
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67665 FRAGMENTAL POLYM I CT BRECCIA  5 . 88 

I NTRODUCTION : 67665 i s  a l i gh t  gray, extreme ly  fr i ab l e ,  polym ict brecc i a  
conta 1 n i n g  a few dark c l asts ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected 30 m 
east of the Whi te Brecc i a  boul ders . 

Fi gurD. S - /2-4954 2 ,  mm sca l e .  
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67666 GLASSY POLYMICT BRECCIA  5 . 47 _g_ 

I NTRODUCTI ON : 67 666 i s  a coherent ,  polym i c t ,  g l assy brecc i a  ( F i g .  1 ) .  I t  i s  
fi ne-grained and heterogeneous .  I t  i s  a rake samp l e  col l ected 30 m east of 
the Wh i te Brecc i a  boul ders and h as many zap p i ts .  

PETROLOGY : 67666 h as a f i ne-gra i ned , g l assy matri x  wh i ch i s  patchy and var i ab l e  
and conta i n s  smal l c l asts wh i ch  are thems e l ves  mai n l y  aphan i t i c  o r  g l assy 
brecc i as ( F i g .  2 ) .  Opaque m i nera l s  are not common but traces of i lmen i te and 
some Fe-metal grai ns are present .  

PROCESS I NG AND SUBD I V I S I ONS : Three smal l ch i ps were used to make th i n  section 
, 1 .  
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Fi gure 1 .  S-7 2-5 1 059 , mm scal e .  

F i gure 2 .  67666 , 1 , general v i ew , 
ppl . wi dth 2mm . 



67667 PR IST I NE FELDSPATHIC  LHERZOL ITE 7 . 89 

I NTRODUCT ION : 67667 i s  a monom ict  brecc i a  ( F i g .  1 )  wi th �70 to 80% maf i c  
mi nera l s ,  and uncontam i nated w i th meteor i t i c  materi a l . Few gra ins  are l arger 
than 100 �m . I t  i s  a rake samp l e  col l ected 30 m east of the Wh i te Brecc i a  
boul ders and has many zap p i ts . 

Fi gure 1 .  S:-78-27 3 95 ,  mm scal e .  
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67667 

PETROLOGY : Petrograph i c  descr i pt i ons and mi croprobe ana lyses are g i ven by 
Stee l e  and Smi th ( 1g73 ) ,  Warren and Was son ( 1978 , 1979 ) and Hansen et a l . 
( 1979b ,  and unpubl i shed ) .  I t  i s  an extreme ly  maf i c  rock ( Tab l e  1 ) ,-rhough 
moda l l y  heterogeneous ; Stee l e  ( 1979 , pers . comm . ) notes that a m i croprobe 
search of th i n  sect i on , 1  fai l ed to f i nd h i gh-Ca pyroxene , whereas Warren and 
Wasson ( 1978 ) f i nd �15% h i gh-Ca pyroxene i n  th i n  sect i on , 6 .  Warren and 
Wasson ( 1978 ) note that i n  the Streckei sen ( 1973 ) c l as s i f i cation the i r  samp l e  
of 67667 wou l d  be termed a "me l a-o l i v i ne gabbro nor i te " , but choose to 
emphas i ze i ts u n i que character among l u nar samp l e s  by referr i ng to i t  as a 
"fel dspath i c  l herzo l i te " . 

TABLE 1 .  Modal analyses of 67667 

, 1  Steele and Smith (1973) ,6 Warren and Wasson ( 1978 ) 

P l agiocl ase 30% Pl agiocl ase 20% 
Ol iv i ne 20% Oli v ine 50% 
Low-Ca pyroxene 50% Low-Ca pyroxene "-15% 

High-Ca pyroxene 15% 
I lmenite 2% 
Cr, spinel , tro i l i te, 
Fe-metal Tr 

67667 i s  brecc i ated ( F i g .  2 )  w i th few grai ns  l arger than 100 �m or l es s  than 
�s �m . I t  i s  not porous and port ions may h ave been me l ted . A few areas appear 
themse l ves to be c l asts ( F i g .  2 ) .  The p l ag i oc l ase i s  common ly  shocked or bad l y  
stra i ned , and maf ic  mi nera l s  fractured . S i l i cate m i neral compo s i t i ons  are 
shown i n  F i gure 3 and appear to be restr i cted . Meta l  gra i n s  ( F i g .  4 )  are out­
s i de of the "meteor i t i c "  range . 

a b 

Fiaure 2 .  67667 , 1 , genera l  v i ew ,  
wi th 2mm . a )  x pl . b )  ppl . 
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F igure 3 .  Mi neral compo s i t i ons 
a ) from Steel e a nd Smith  ( 1 97 3 )  
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b) from \�arren and Wa sson ( 1 97 9) .  
���· �. -���. �·�·�·- ������� � 

Fi gure 4 .  Meta l compo s i t i ons , 
from Warren and �Jasson ( 1 97 9 ) .  
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CHEM I STR Y :  A major and trace e l ement analys i s  i s  g i ven by Warren and Wasson 
( 1979)  and  i s  summar i zed in  Tab l e  2 and  F i gure 5 .  The  l ow s i deroph i l e  abun­
dances demon strate that i t  is uncontam i nated w ith meteor i t i c  mater i al . The 
norm of the an a lys i s  i s  i n  rough agreement w i th Warren and Wasson ' s  ( 1979 ) mode 
but has on ly  �5% h i gh-Ca pyroxene .  The REE pattern of 67667 i s  unusual  among  
l un ar samp l es i n  bei ng f l at and l ack i n g  a Eu anoma l y .  
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67667 

TABLE 2. Summary chemistry of 67667 
(Warren and Wasson ,l979 ) 

Si02 42.4 Sr 

Ti02 1 . 04  La 3 . 6  

A12o3 7 . 6  Lu 0 . 32 

Cr2o3 0 .38 Rb 

FeO 17 .2  Sc 24 .4 

MnO 0 .20 Ni 4.4 

MgO 26.4 Co 26 

CaO 5 .3  Ir  ppb 0 .013 

Na2o 0 . 158 Au ppb 0 .029 

K20 0 .023 c 

P205 
N 
s 
Zn 
Cu 

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

50 I I I I I I I I 

r- r-
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PROCESS I NG AND SUBD I V I S IONS : 
main subsequent subdivi sions 
chemi stry ,  , 4 for rad i ogen i c  
sect i ons . A sma l l c h i p  from 
(meteor i t i c  s i deroph i l es and 

F i g ure 5 .  Rare ear ths . 

A ch i p  was removed to make th i n  sect i on , 1 .  The 
are shown i n  F i gure 1 .  , 3  was a l l ocated for 
i sotope stud i es , and , 2  for a potted butt for th i n  
, 0  was al l ocated for further chem i cal an a lyses 
vol at i l es ) .  
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67668 PO I KI L IT I C  IMPACT MELT 3 . 58 

I NTRODUCT ION :  67668 i s  a l i ght gray , coherent , fi ne-grai ned poi ki l i ti c impact 
mel t  ( F i g .  1 ) .  I t  i s  a rake samp l e  col l ected 30 m east of the Whi te Brecc i a  
bou l ders and i s  free of zap p i ts .  

PETROLOGY : Steel e and Smi th ( 1 973 ) refer to 67668 as  a '' rec rystal l i zed brecc i a ;  
poikilit i c  pyroxene matri x" . It cons i sts of oi kocrysts <v200-500 ).lm i n  di aneter 
encl o s i ng p l ag ioc la se  l aths rare�l y l arger than 30 ).lm ( Fi g .  2 ) .  I nteroi kocryst 
areas conta i n  armal col i te , Fe-metal and troi l i te wi th mi nor gl ass . C l a sts of 
pl agi ocl ase , usual l y  1 00-200 llm and rarely bi gger , are present . 

PROCESS I NG AN D SUBD IV I SION S :  Several smal l ch i ps were taken to make thi n 
secti on , 1 . 

Fi gure 1 .  S-7 2 -4 9541 , mm scal e .  

F igure 2 .  67 668 , 1  genera l v i ew ,  
xpl . w idth  2mm . 
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67669 FRAGMENTAL POLYMICT BRECCIA  1 2 . 54 g 

I NTRODUCTIOtl : 67669 i s  a fai rly  fri abl e , po lymi ct , and heterogeneous breccia  
(Fi g .  1 )  conta i n i ng aphan i t i c  mel t and catac l asti c anorthos i te c l asts . It  
is  a ra ke sampl e col l ected 30 m east of the Whi te Brecci a  boul ders and has 
i rregul arly d i stri buted zap pi ts . 

F igure 1 .  S-72 -4958 0 ,  mm seal e .  

P ETROLOGY : 67669 consi s ts of a pol ymi ct brecc ia  1�h i c h contai ns a vari ety 
of l ithic cl asts ( Fi g .  2 ) .  Promi nent are aphan i ti c  and g l assy fragments , 
as wel l as catacl ast i c  anorthos i tes . The former a re dark , coherent and 
conta i n  ori ented fel dspars . The l atter are a l most pure ly  p l ag i oc l ase w i th 
mi nor mafi cs , are crus hed and s i ntered , and have most grai ns smal l er than 
200 �m . Some granul i ti c  i mpacti te materia l  i s  present .  

938 

.. 



a b 
67669 

F igure 2 .  67669 , 1  a ) dark c l a s ts and 
fragmenta l matr i x ,  ppl . width 2mm . 
b )  dark c l a sts  and fragmenta l matr i x ,  
x pl . width 2mm . 
c ) catac l a stic  a northos ite  c l a st 
and fragmenta l matri x ,  xpl . wi dth 2mm . 

PROCESSING AND SUBDI V I S IONS : Several smal l c h i ps were removed . one of whi ch  
was used to ma ke thin  sect ion  , 1 . 
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67675  ROPY GLASS 1 .  07 g 

I NTRODUCTION :  67675 i s  a dark gray , i rreg u l arly  s haped (twi sted ) , coherent 
p i ece  of g lass  ( Fi g .  1 ) .  I t  i s  covered by fi ne powder but no crysta l l i ne 
materi a l  i s  apparent i n  the g l as s .  I t  i s  a rake samp l e  col l ected 30 m east 
of the Whi te Brecci a  boul ders and l acks  zap p i ts .  

F igure 1 .  S -7 2-49559 ,  mm scal e .  
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67676 VESI CULAR VARIOL ITIC  IMPACT MELT 2 . 33 g 

I NTRODUCT I ON :  67676 i s  a coherent ,  dark gray , ves i cu l ar ,  and vari ol i ti c  
impact mel t  ( F ig . 1 ) wi th aci cul ar p l ag i oc l ase . I t  i s  a rake samp l e col ­
l ected 30 m east of the Whi te Brecc i a  bou l ders and l acks  zap p i t s .  

F i gu re 1 .  S-7 2 -51 250 ,  mm scal e .  

PETROLOGY : Most of 67676 i s  a vari o l i ti c  impact  mel t  ( Fi g .  2 )  whi c h  i s  
v i rtua l ly  pure p l a g i oc l ase . Need l es of p l agi ocl ase up to 300 �m l on g ,  but 
mostly 50 to 1 50 �m l on g ,  are separated by i ntersti t ia l  a l umi nous g l a s s ( ? ) . 
A few p l ag ioc l ase and l i th i c  cl asts are present .  

The rim of the rock appears to be the ori g i na l  r i m  of the coo l i ng uni t :  
towards the outs ide the p l a g i oc l ase i s  fi ner-gra i ned , and a t  the outer edge 

� i n  p l aces there i s  a zone of g l a s s . A th i n  coati ng of very fi ne-grai ned 
fragmenta l materi a l  forms the outermost  rim,  1 00 �m at i ts wi dest .  A 
s im i l ar sequence i s  observed towards ves i c l e s .  I n  the ves i c l e rim exposed 
in the thin  sect i ons  a fi ne g ra i ned ,  me l t-matr i x ,  c l a st-r i c h  brecc i a  i s  
present ( Fi g .  2 ) . 
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6767 6 

a b 

Fi gure 2 .  67 67 6 , 1  a ) vari ol i t ic mel t ,  ppl . wi dth  2mm 
b ) vesi c l e r i m ,  ppl . width  2mm . 

P ROCESSING AND SUBD I V I S IONS : Sma l l ch i p s  were ch i pped to make the potted 
butt from which t h i n  secti ons , 1  and , 3  were made . 
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67685 C INDERY GLASS BRECCIA 28 . 0  

INTRODUCTION :  67685 i s  a dark ci ndery , ves i cul ar g l ass  contai n i ng fragments 
1Fi g .  1 ) .  It i s  coherent and i rregul arl y s haped . It is a ra ke sampl e col l ected 
30 m eas t of the Whi te Brecc i a  boul ders and l acks  zap p i ts . I t  was ori g i na l l y  
the l argest o f  four fragments o f  s imi l a.r appearance whi ch �1ere numbered together 
as  67628 and now renumbered 67685-67688. 

F ig ure 1 .. S -8 0-28630 , mm scal e .  
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67686 C INDERY GLASS BRECC IA 1 1 . 7 5 g 

INTRODUCTION : 67686 i s  a dark , c i n dery ,  ves i cu l ar g lass  conta i n i n g fragments 
(Fi g .  1 ) .  Tt i s  co herent and i rregul arl y  shaped . I t  i s  a ra ke samp l e  
col l ected 30 m east o f  the Whi te Brecci a boul ders a n d  l acks zap p i ts . I t  wa s 
ori g i na l l y  the second l a rgest of  four fragments of s i mi l ar a ppearance whi ch 
were numbered together as 67628 , and now renumbered 67685-67688 . 

Fi gure 1 .  S -8 0-2862 9 ,  mm sca l e .  
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67687 C I NDERY GLASS BRECCIA 7 . 60 

INTRODUCTION : 67687 i s  a dark , c i ndery ,  ves i cu l ar  g l ass  contai n i ng fragments 
(Fi g .  l )�t i s  coherent and i rregul arly s haped . I t  i s  a rake sampl e 
col l ected 30 m east of the Wh ite  Brecc i �  boul ders and l acks  zap pi ts . I t  
wa s ori g i na l ly the thi rd l argest of four fragments o f  s imi l ar appearance 
whi ch  were numbered together as 67628 , and now renumbered 67685- 67688 . 

Fi gure 1 . S-8 0-28631 , mm sea 1 e .  

945 



67688 C I NDERY GLASS BRECCIA  2 . 32 g 

INTRODUCT ION : 67688 i s  a ves i cu l ar ,  coherent gl ass conta i n i ng c l asts ( F i g .  1 ) .  
It i s  a rake sampl e col l ected 30 m ea st  of the Hhi te Brecci a boul ders and l acks 
zap pi ts .  Ori gi na l l y  i t  was the sma l l est  of  four fragments numbered together 
as  67628 . 

PETROLOGY : A thin  sect ion  cut for thi s study i s  of a ves i c ul ar gl ass  conta i n i ng 
l ithi c and mi neral fragments . Part of  the gl ass  i s  c l ear ,  but ma i nly  i t  i s  
dev i tri fi ed g i v i ng pl ag i oc l a se  co lonnades ( F i g .  2 ) .  Li thi c c l asts i nc l ude 
granul i ti c  impacti tes and pl agi ocl as e-ri ch brecc i as . One c l ast  i s  rimmed wi th 
t i ny Fe-metal bl ebs . 

PROCESS ING  AND SUBDI V I S IONS : Ori g i na l l y 67688 was the sma 1 1  est of four fragments 
of similar  appearance which  were grouped together as  67628 . During thi s 
catal ogui ng  they were renumbered separately ( 67685-67688 ) .  A c h i p ( , 1 )  of 67688 
was taken for a thi n s ection  ( Fi g .  1 ) .  

946 

Figure 1 .  S-80-28628 , 
mm sca l e . 

F igure 2 .  67 688 , 2 ,  general v i ew ,  
p pl . width 2mm . 



67695 SPLASH GLASS WITH WHITE CLASTS 14 .02  

I NTRODUCT ION : 67695 is  a coherent ,  b l ack , ves i cu l ar ,  g l assy impact me l t  w i th a 
smooth exter ior surface and broken on other s i des ( F i g .  1 ) .  The g l ass  enc l oses 
whi te c l asts ,  and i n  part may be crystal l i zed . I t  i s  a rake samp l e  col l ected 
30 m east of the Wh i te Brecc i a  bou l ders and appears to l ack zap p i ts .  

PROCESS I NG AND SUBD I V I S IONS : 67695 was ori g i n a l l y  the l argest of four fragments 
numbered together as 67629 , now renumbered 67629 , 67695 , 67696 and 67697 . 

F i gure 1 .  S-80-30292 , mm scal e .  
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67696  SPLASH GLASS W ITH W:..:..:H_IT;__:::E;_:..;CL'-A'-"-S-'-'TS'-----------�7_:... 8::..:5"--"'-g 

I NTRODUCT ION : 67696 i s  a coherent , b l ack , ves i cu l ar g l ass w i th a smooth 
exter1 or surface and broken e l sewhere ( F i g . l ) .  The g l ass  encl oses wh i te 
cl asts ( or coated a wh i te rock ) and i s  at l east part ly crystal l i zed i nto 
pl ag i o c l ase l aths . The ves i c l es i n c l ude some more than a centimeter across . 
I t  i s  a rake samp l e  col l ected 30 m east of the Wh i te Brecc i a  boul ders and 
appears to l ack zap p i ts .  

PROCESS I NG AND SUBD I V I S IONS : 67696 was or i g i na l ly the second l argest of 
four fragments n umbered together as 6762 9 ,  now renumbered 6 7629 , 67695 , 
67696 ,  and 67697 . 

Fi gure 1 .  S -8 0-30291 , mm scal e .  
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67697 GLASSY BRECCIA  5 . 54 

I NTRODUCTION : 67697 i s  a coherent ,  g l assy, ves i cu l ar brecci a contai n i n g  a 
few small wh i te cl asts ( F i g . l ) .  I t  i s  a rake samp l e  co l l ected 30 m east of 
the Wh i te Brecc i a  bou l ders and appears to l ack zap p i ts .  

PROCESS I NG AND SUBD I V I S IONS : 67697  was ori g i na l ly the th i rd l argest of four 
fragments numbered together as 67629 , and now ren umbered 67629 ,  6 7695 , 6769 6 ,  
and 67697 . 

f.j__gure 1 .  S-80-302 93 , mm scal e .  
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67705 DEV ITR I F I ED  GLASS 5 . 82 g 

I NTRODUCTION : 67705 i s  a c i ndery , crumb ly,  dark g l assy brecc i a  with wh i te 
cl asts ( F 1 g .  1 ) .  I t  was taken from the rego l i th s ampl e  col l ected h a l fway 
between the Wh i te Brecc i a  boul ders and House Rock . 

PETROLOG Y :  67705 i s  a brown , ves i cu l ar ,  dev i tr if i ed g l as s  w i th s pherul i ti c  
and "bow-t i e "  structures ( F i g .  2 ) .  I n  conta i n s  l i th i c  and m i neral c l asts ; 
the former are ma i n ly pl ag i oc l ase brecci as but i n c l ude a s uboph i t i c  impact 
me l t  fragment  wh ich  has  shock g l as s ,  somet imes  ye l l ow , at i t s  gra i n  boundar i e s .  

PROCESS I NG AND SUBD I V I S I ONS : A s i n g l e  ch i p  , 1  was taken ( F i g .  1 )  t o  make th i n  
sections , 5  ,6  and , 7 .  I t  was a representati ve ch i p  w ith a l arge wh i te c l as t .  

,0 Pre -spl it 

F igure 1 .  

950 

Post-spl it  

1 e m  

F igu re 2 .  67705 ,5 , general  v i ew ,  
ppl . width 2mm . 



67706 FRAGMENTAL POLYMICT BRECC IA  1 . 52 

I NTRODUCT ION : 67706 i s  a very fr i ab l e  wh i te or pa le  gray brecc i a  ( F i g .  1 ) .  I t  
was taken from a rego l i th s ampl e  col l ected hal fway between the Wh i te Brecc i a  
boul ders and Hou se Rock . 

F igure 1 .  5 ··7 2 -377 97 , c up  i s  5cm i n  d i ameter . 
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67707 FRAGMENTAL POLYM ICT BRECCIA 1 . 42 g 

I NTRODUCT ION : 67707 i s  a pal e-co l ored , fr i ab l e ,  polym i ct brecci a ( F i g .  1 ) .  I t  
was taken from the rego l i th s amp l e  col l ected ha l fway between the Wh i te Brecc i a  
boul ders and House  Rock . 

PETROLOGY : 677Q7 has  a porou s ,  fel dspath i c ,  and fragmental matri x  ( F i g . 2 ) .  I t  
i s  polymict , with a c l ast  popu l at i on dom inated by angu l ar p l ag i ocl ase fragments 
but i nc l ud i n g  aphan i t i c  brown impact me l ts ,  gran ul i t i c  impact ite s ,  and fel dspath i c  
brecc i as .  

PROCESSING  AND SUBD I V I S IONS : Smal l ,  representati ve brecc i a  ch i ps ( , 1 ,  F i g .  1 )  
were taken to make thin secti ons , 13 and , 14 .  

F ig ure 1 .  S-7 2 -37798 . 
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Fi gure 2 .  67 707 , 1 3 ,  representat i ve  , 
c hi p ,  ppl . width 2mm . 



67708 FRAGMENTAL POLYM ICT BRECC IA ,  GLASS COATED 1 . 33 g 

I NTRODUCTION : 67708 i s  a fri ab l e  wh i te or pal e gray brecci a with a g l ass  coat 
( Fi g .  1 ).lt was taken from a regal i th s amp l e  col l ected hal fway between the 
Wh i te Brecc i a  boul ders and House Rock . 

Fi g ure l "  S-7 2 -3:7 7 98 ,  cup  i s  5cm i n  d i ameter . 
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677 1 5  F INE-GRAINED IMPACT MELT 9 . 44 g 

INTRODUCTI ON : 677 1 5  i s  dark , coherent ,  fi ne-gra i ned impact mel t  wi th a bun­
dant c l a sts ( F i g .  1 ) . Macroscop i cal ly  i t  i s  homogeneous .  I t  i s  a ra ke 
samp l e  col l ected ha l fway between the L�h i te Brecci a bou l ders and House Rock .  
I t  l acks zap p i ts but has a sma l l  amount of whi te coa ti ng . 

P ETROLOGY : 6 77 1 5  cons i sts  of a mi croscop i cal ly  heterogeneou s ,  brown polymict  
brecc i a  (F i g .  2 ) . The matrix  i s  fi ne-grai ned and even g l assy, but conta i n s  
p l ag i oc l ase l aths i n  p l aces . Most o f  the l i th i c  c l asts are aphan i t i c  impact 
mel ts whi c h  are d i ff i cu l t  to d i st ingu i s h  from the matr i x .  Catac l a sti c anor­
thos i te and fi ne-grai ned , pl ag i ocl ase-ri ch  brecci a  are al so  present as c l a sts .  
Most mi nera l fragments are angu l ar ,  undeformed p l ag i oc l a se . 

PROCESS I NG AND SUBDI V I S IONS : Only c h i p s  for thi n  secti on , 1  have been re­
moved . 
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Fi gure 1 .  S-72-51 251 , mm scal e .  

F igure 2 .  67 71 5 , 1 , general v i ew ,  
pp 1 . Hi dth 2mn . 



67716  F I NE -GRAINED IMPACT MELT 1 7 . 02 

I NTRODUCT ION : 677 1 6  i s  a polym i ct brecc i a  { F i g . l )  w i th a f i ne-grai ned i mpact 
me l t  matr1 x .  I t  i s  coherent ,  i rregu l ar ly  s h aped , and i s  part ly  covered w i th 
wh i te mater i al . I t  i s  a rake sampl e  co l l ected hal fway between the Wh i te Brecc i a  
bou l ders and House Rock , and has zap p i ts o n  one corner . 

PETROLOGY : 67716  h as a f i ne-grai ned matr i x  contai n i ng patches of ori ented p l ag i o­
clase l aths ( F i g . 2 )  wh i ch are genera l ly about 50 �m l on g . The amount of maf i c  
mater i a l  i n  the me l t  i s  very smal l .  Much of the f i ne-grai ned materi al  i s  c l ast i c ,  
parti cul arly p l ag i oc l ase , and embedded i n  the mel t .  About 5 - 10% o f  the th i n  
sect ion ( , 1 )  con s i sts o f  angu l ar to rounded c l asts of p l ag ioc l ase l arger than 
100 �m in d i ameter . One p i nk s p i nel grain  (""100 �m ) i s  present . 

PROCESS ING  AND SUBD I V I S I ONS : A s i ng l e  c h i p  was removed to make thin  sect ion , 1 .  

Fi gu re l .  S...;7 2 -49547 , mm scal e .  

Fi gure Z· 6771 6 , 1 , general v i ew ,  
pp1 . wi dth 2mm . 
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67 7 1 7  GLASSY POLYMICT BRECC IA  5 . 56 g 

I NTRODUCT ION : 6 77 17  i s  a coherent ,  dark, polymict brecc i a  w i th a wh i te coat i ng  
up  to  0 . 5  mm th ick over three-quarters of  t he  surface ( F i g . 1 ) .  I t  h as a 
g l assy to cryptocrystal l i ne matr i x .  I t  i s  a rake samp l e  co l l ected h a l fway 
between the Wh i te Brecc i a  bou l ders and House Rock , and l acks zap p its . 

PETROLOGY : 6 7 7 1 7  i s  a heterogeneous ,  brown, po )ymict brecc i a  w i th d i s t i nct 
textural zones ( F i g . 2 ) . Stee l e  and Smi th ( 1973 ) note that " some areas appear 
mel ted in p l ace " .  The matr i x  i s  g l assy to cryptocrystal l i ne , and the f ine­
grai ned mater i a l  cons i sts of rou gh l y  equal  proportions  of  c l asts ( p l ag ioc l ase 
> rnafi cs ) and fine ly  d i v i ded mortar . Most cl asts l arger than 200 )Jm , of wh i c h  
there are few , are p l ag i oc l as e ,  b u t  some are bas a l t i c  impact mel ts . 

PROCESS I NG AND SUBD I V I S IONS : A s i n g l e  c h i p  was taken to make t h i n  sect ion , 1 .  
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Figure 1 .  S-72-49540 , mm sca l e .  

Figu re 2 .  67 7 1 7 , 1 , genera l v i e�w .  
ppl . w idth  2mrn . 



67 7 18 F I NE-GRA INED  I MPACT MELT AND FRAGMENTAL ( ? 1  BRECC IA  41 . 05 L 

I NTRODUCT I ON :  67718 con s i sts of a core of coherent ,  dark , f i ne-gra i ned brecc i a  
w1 th a th i ck r ind  of a pa l e-col ored , polym i ct brecc i a  ( F i g . l ) .  The dark 
brecc i a  i s  an impact me l t .  I t  i s  a rake samp l e  col l ected ha l fway between the 
Wh i te Brecc i a  bou l ders an d Hou se Rock and has a few zap p i ts . 

PETROLOGY : The .pal e-gray materi al does not occur i n  the th i n  secti on ( , 1 ) .  The 
dark brecc i a  i s  a heterogeneou s ,  pol ym ict ,  brown and f i ne-grai ned impact me l t  
( F i g . 2 ) .  C l asts are seri ate down to extreme ly  smal l s i zes ( few mi cron s )  and are 
bonded by about 35% cryptocrysta l l i ne mortar ; on ly  about 10% of the brecc i a  con­
s i sts of gra i n s  l arger than 100 �m . Most c l asts are p l ag i oc l ase , and amon g  the 
smal l c l asts , maf i c  mi nera l s are extremel y  rare . 

PROCESS I NG AND SUBD I V I S I ONS : Smal l c h ips  were taken to make th i n  sect i on , 1 . 

F igure l .  S-72 -51 242 , 
mm seal e .  

Fi gure 2 .  67 7 1 8 , l ,  general v i ew ,  ppl . 
width 2mm . 
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67719  F I NE -GRA I NED I MPACT MELT 2 • l. 3 ___g__ 

I NTRODUCT ION : 67 7 1 9  i s  a coherent ,  subrounded ,  homogeneous and f i ne-grained 
brecc i a  wh i ch is  partly coated wi th wh i te powder ( F i g .  1 ) .  I t  i s  an impact 
me l t .  I t  i s  a rake samp l e  co l l ected hal fway between the Wh i te Brec c i a  bou l ders 
and House Rock , and l acks z ap p i ts . 

PETROLOGY : 67719  con s i sts of about 1 5% rounded p l ag i oc l ase c l asts embedded 
in a pale-brown matr i x  of p l ag ioc l ase l aths  and f i ne c l as t i c  materi a l ( F i g .  2 ) .  
P l ag i oc l ase l aths , mai n l y  about 50 �m l on g ,  are ori ented genera l ly  i n  the 
same d i rection . The me l t  has l i tt l e  maf i c  mater i a l  and maf i c  c l asts are 
extreme l y  rare : about 95% of the rock i s  p l ag ioc l ase . Tro i l i te and Fe-
metal  are present . The p l agioc l ase c l asts are un shocked and many have 
th i n  ( 10 �m ) overgrowth rims . 

PROCESS I NG AND SUBD I V I S IONS : A s i n g l e  ch i p  was removed for th i n  sect ion , 1 .  
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Fi gu re 1 .  S-7 2 �1 248 , mm sca l e .  

Fi gure 2 .  67 7 1 9 , 1 , genera l v i ew,  
ppl . wi dth 2mm . 



67725 CRYSTALLINE  POLYMI CT BRECCIA 5 . 85 g 

I NTRODUCT ION :  67725 i s  a coherent,  l i g ht gray brecc i a  conta i n i ng pal e-col ored 
c l a sts (Fi g .  1 ) .  The matri x i s  fine-gra i ned and the samp l e  i s  partly  coated 
wi th g l as s . I t  i s  a rake samp l e  col l ected ha l fway between the l�hi te Brecc ia  
bou lders and  House Roc k and has  zap p i ts on a l l but one ( broken )  s urface . 

Fi gure 1 .  S-72- �i l 054 ,  mm sca l e . 
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67726 CRYSTALL INE POLYMI CT BRECCIA 4 . 53 g 

I NTRODUCT ION : 67726 i s  a coherent,  fi ne-grai ned , l i ght gray brecci a  conta i n ­
i ng whi te c l asts ( F i g .  1 ) .  I t  i s  a rake s amp l e  col l ected hal fway between the 
Whi te Breccia  bou l ders and House Rock ,  and has several zap p i ts .  

Fi gure l .  S -72-51 278 , mm scal e .  
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67727 F I NE-GRA INED IMPACT MELT 1 . 80 

I NTRODUCTION :  67727 i s  a dark gray, coherent,  fi ne-gra i ned brecc i a  conta i n­
i ng whi te cl asts ( Fi g .  1 ) .  The matri x  conta i n s  a few ves i c l es .  I t  i s  a rake 
samp l e  col l ected ha l fway between the Whi te Brecci a  bou l ders and House Rock 
and has a few zap p i t s .  

Fi gure l .  S-72-49565 , mm scal e .  
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67728 F I NE-GRAI NED I MPACT MELT OR GLASSY BRECCIA  9 . 25 9 

I NTRODUCTION : 67728 i s  a coherent ,  ves i cu l ar ,  f i ne-grai ned brecc i a  conta i n i n g  
a few wh 1 te c l asts . The matr i x  appears to b e  g l ass  i n  part . I t  i s  a rake 
samp l e  col l ected ha l fway between the Wh i te Brecc i a  bou l ders an d Hou se Rock . 

Fi gure l .  S-72-49545 ,  mm scal e .  
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67729 VESICULAR GLASS BRECC IA  73 . 2  

I NTRODUCT ION : 67 729 i s  a dark gray ,  i rregu l a� coherent and ves i c u l ar g l ass  
(F i g . l )  l arge ly  dev i tr i f i ed or partly crystal l i �e . . 

I t  conta ins  a fe� 
prom i nent cl asts ( F i gs .  1 , 3 , 4 )  wh i ch are bas a l t 1 c  1 mpact me l ts . I t  1 s  a 
rake samp l e  col l ected ha l fway between the Wh i te Brecc i a  bou l ders and Hou se 
Rock , and has many zap p i ts on one s i de .  

F igure 1 .  S-80-28 1 7 1 , smal l est  scal e s ubdi vi s i on 0 . 5mm . 

PETROLOG Y :  67729 i s  ma i n ly  a ves i cu l ar , brown , g l assy materi al - n o  c l ear 
glass is  present ,  a l l h av i n g  devi tr if ied or  partly crystal l i zed i nto ac i cu l ar 
p l ag ioc l ases ( F i g . 2 ) .  I n  p l aces the g l ass  i s  fl ow-banded and vei n- l i k e  and 
conta i n s  cl asts of brecc i a  and i mpact mel ts towards wh i ch the g l ass i s  
ch i l l e d .  
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67729  

a b 

c 

Fi gure 2 .  a ) 67729 , 1 6 ,  mel t matri x ,  ppl . wi dth 2mm . 
b )  6 7729 , 1 , mel t  matri x ,  pp l . \•l i dth 2mm . 
c ) 67729 , 1 4 , wh i te c l as t ,  xpl . wi dth 2mm . 
d ) 67729, 1 5 ,  gray-green c l as t ,  xpl . wi dth 2mm . 
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67729 

Three promi nent c l asts l arger than a centimeter are bas a l t i c  i mpact me l ts .  
The l arge wh i te c l ast ( , 4 )  macroscop ica l l y  conta ins � 30% ye l l ow maf i c  m i n ­
eral s .  I n  th i n  section i t  h as l athy p l ag i oc l ase as we l l  as many anhedral 
p l ag i oc l ase s ,  most l ess  than 500 �m , and maf i c  mi neral s  l ess  than 1 mm . 
Overa l l  i ts texture i s  suboph i t i c  to granu l ar ( F i g . 2 )  and i t  conta i ns i n ter­
sti t i a l Fe-meta l ,  troi l i te ,  phosphate , cryptocrystal l i ne  mater i a l  and g l as s .  
The l arge green -gray c l as t  ( , 9 )  i s  an oph i t i c  basa l t wi th a we l l -devel oped 
p l ag ioc l ase network enc l osed by o l i v i ne s  up to 3 mm i n  d i ameter ( F i g . 2 ) .  
I n terst i t i al brown g l ass  i s  consp i cuous . The th i rd c l ast ( , 6 )  h as not been 
sect i oned but i s  macroscop i ca l l y  s im i l ar to , 9 .  

Fi gure 3 .  
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67729 

PROCESS I NG AND SUBD I V I S I ONS : I n i t i a l l y ,  sma l l ch i ps of matr i x  g l ass were 
taken to make th 1 n  sec t 1 on ;1 . For the present study, further ch i ps of 
matr i x  g l ass and c l asts were taken for the secti ons ,  as shown i n  F i gures 3 
and 4 .  

Fi gure 4 .  mm sca l e .  
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67735 GLASSY I MPACT MELT BRECC IA 1 3 . 30 g 

I NTRODUCT ION : 67735 i s  a coherent ,  f i ne-grai ned brecc i a  ( F i g . l )  w ith  a 
brown gl assy or cryptocrysta l l i n e  matr i x .  I t  has a coat i n g  of var ied 
character . I t  i s  a rake samp l e  col l ected hal fway between the Wh ite Brecc i a  
bou l ders and House Rock , and l acks  zap p i t s .  

PETROLOGY : Stee l e  and Smi th ( 1 973 ) refer to 67735 as a " so i l  brecc i a ;  
some l ayeri ng  present " . 6 7735 has  a brown-g l assy or  cryptocrysta l l i ne matr i x  
encl os i n g  fragments of p l ag ioc l ase wh i ch are rounded on the corners ( F i g . 2 ) . 
Some rough ly  defi ned band i n g  i s  caused by color and gra i n -s i ze d ifferences , 
but the brecc i a  matri x  probab l y  resu l ted from a s i ng l e  i mpact i n  that i t  i s  
not patch i ly bound l i ke an aggl omerati on s uch as rego l i th .  The c l a sts are 
not shocked . Some crushed l i th i c  fragments , i nc l ud i ng aphan i t i c  brecc i as and 
crushed granul i tes ( or other coarse fe l dspath i c  rock s ) , are present . 

PROCESS I NG AND SUBD I V I S I ONS : A c h i p  from one end was d i v i ded i n to two p i eces 
to make t h 1 n  sect 1 on s  , 13 and , 14 ( potted butt , l ) and , 15 ( a second potted butt ) .  

F igure 1 .  S- 72- 51 258 , mm sca l e  .. 

F igure 2 .  6 7 735 , 1 5 ,  genera l  v i ew ,  
ppl . w i dth 2mm . 
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67736 CRYSTALL I NE I MPACT MELT 14 . 92 ...9_ 

I NTRODUCTION : 67736 i s  a dark gray, cohere n t ,  and f i ne-grai ned brecc i a  
(Fi g .  1 ) ,  simi l ar i n  appearance to known poi k i l i t i c  and f i ne-grai ned 
suboph i t i c  i mpact me l ts .  I t  contai n s  a few. ves i c l es  and some wh i te p l ag i o ­
cl ase c l asts . I t  cons i sts of about 50% p l ag i oc l ase , 45% gray mi neral 
( pyroxene?)  and 5% ye l l ow m i neral ( o l i v i ne? ) .  Consp icuous i s  a c l ast of 
sp i ne l  troctol i te conta i n i ng rough ly  equal amounts of ye l l ow ol i v i ne and 
wh i te pl agi ocl ase ,  w i th a few burgundy-col ored sp i ne l s  ( F i g .  1 ) .  The grain  
s i zes  of th i s  c l ast  are up to 1 mm . 

Fi gure 1 .  S-80-28529 , mm scal e .  
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67737 F I NE-GRAI NED IMPACT MELT OR GLASS 4 . 56 g 

I NTRODUCTION :  67737 i s  a coherent,  dark , fi ne-grai ned rock ( Fi g .  1 ) ,  proba bly 
an i mpact mel t .  C l asts are i nconspicuous but a whi te coati ng patch i ly covers 
the surface . I t  i s  a ra ke samp l e  col l ected hal fway between the Whi te Brecci a  
bou l ders and House Rock ,  and l ac ks zap p i t s .  

Fi gure 1 .  S-72-49557 , mm scal e .  
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6 7738 F I NE-GRAINED IMPACT MELT 5 . 84 g 

I NTRODUCTION : 67738 i s  a coherent , d ark , f i ne-gra i ned impact me l t  wh i ch i s  macro­
scopically homogeneous ( F i g . l ) .  Part of the surface i s  coated wi th pa l e­
col ored powder .  It  is  a rake s amp l e  co l l ected ha l fway between the Wh i te Brecc i a  
bou l ders and House Rock , and l ack s zap p i ts .  

PETROLOGY :  67738 i s  a pa le-brown polym i ct brecc i a  ( F i g . 2 ) .  I t  has a seri ate s i ze 
di stribution of c l asts and about 20-30% of the rock i s  a f i ne-grai ned mortar 
wh i ch i s  probab l y  of me l t  ori g i n .  Very l i ttl e  mafic materi al i s  present and 
opaque m i neral s and Fe-metal  grai ns are a lmost absent . 

PROCESS I NG AND SUBD I V I S I ONS : Several sma l l ch i ps were removed to make th i n  
sect1 on , . 
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Fi gure 1 .  S- 72-51 283 , mm scal e .  

Fi gure 2 .  67738 , 1  genera l  v i ew ,  
ppl . wi dth 2mm . 



..:...6 7_:_7_:_39:__._:F_:I�NE=---=GR:..:.:..A I N  ED  OR GLASSY mPACT ME::..LT.:__ _________ __;:2;_:_.�03"-"'-

I NTRODUCT ION : 67739 i s  a coherent ,  l i ght-col ored polym i ct brecc i a  ( F i g . 1 )  
with a f 1 ne-gra i ned ,  probab l y  impact mel t ,  matr i x . I t  i s  a rake s amp l e  
col l ected hal fway between the Wh i te Brecc i a  boul ders and House Rock , and 
l acks zap p i ts . 

Fi gure 1 .  S -72- 51 272 , mm scal e .  

PETROLOGY : Steel e  and Smi th ( 1973 ) refer to 67739 as ' 'brecc i a ;  numerous 
plag i oc l ase-ol i v i ne c l asts '' w i th about 60% matri x  ( defi ned as materi a l  l es s  
than 5 �m i n  d i ameter ) .  They report mi croprobe data for pyroxene s ,  o l i v i nes 
and p l agiocl ase s .  

67739 i s  a homogeneous , pa le  brown polym ict brecc i a  ( F i g . 2 ) .  About 10% of 
the rock i s  c l asts l arger than 200 �m , the rest i s  seri ate down to extreme l y  
f i n e .  The f i ne-grai ned mortar , wh i ch i s  a t  l east 30% of the rock , i s  probab ly  
i mpact me l t  or dev i tr i f i ed g l as s ,  and  b i nds p l ag i oc l ase gra i n s  ( 20 �m and 
smal l er ) . Maf i c  grains  and opaque mi nera l s  are extreme ly rare . The pyro­
xene ana lyses shown i n  F i gure 3 are for matr i x  fragments . 
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67739 

Consp i c uous are a few granob last ic  and poi ki l ob l a st i c  i mpact ite fragments 
whi c h  have a bout twi ce as  much p l ag i oc l a se as mafi c mi nera l s  ( Fi g .  2 ) .  
The mafi c m inera l s  are l es s  than 1 00 �m except for one poi ki l obl asti c 
mi neral wh i ch i s  a bout 300 �m across . P l ag i oc l ases are 1 00-200 �m, and a 
few have mafi c mi neral " neckl aces " .  S tee l e  and Smi th ( 1 973)  report that 
the mafi c mi neral i n  these fragments i s  ol i v i ne ( Fo6 8 ) ; however. the poi ki l o­
b last  ha s l amel lae  i n  i t  whi c h  are apparently  exsol ved ,and i t  coul d be aug i te .  

P l ag i oc l ase mi neral c l asts are u nshocked or l i ght ly  shocked and subangu l ar .  
Mi croprobe anal yses of p l ag i oc l ase are reported by Stee l e  and Smi th ( 19 73 ) ;  they 
range from An 9 a -An 9 o  ( Fe 0 . 2% or l es s ) but wh i ch p l ag ioc l ases were ana lyzed i s  
not reported . 

F ioure 2 .  67739 , 1  general  v i ew ,  
ppl . wi dth 2mm . 

PROCESS I NG AND SUBD I V I S IONS : A s i n g l e  ch i p  was taken to make th i n  sect i on , 1 .  
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67745 F I NE-GRAINED OR GLASSY IMPACT MELT 3 . 53  g 

I NTRODUCTION : 67745 i s  a coherent , f i ne-grai ned brecc i a  ( F i g . l )  whose matr i x  
appears t()"l)"e gl assy o r  f i ne-grai ned impact me l t .  I t  i s  a rake samp l e  col l ected 
hal fway between the Wh i te Brecc i a  bou l ders and House Rock . I t  l acks zap p i ts . 

PETROLOGY : 67745 i s  a homogeneous , f i ne-grai ned polymi ct brec c i a  ( F i g . 2 ) .  I ts 
matr1 x con s i sts of t i ny pl ag i oc l ase c l asts bound by an extreme l y  fi ne-grai ned 
mortar of g l ass or me l t ;  some p l ag i oc l ase l aths are present . Most c l asts are 
p l ag i oc l ase wi th a few l arger than ?00 11m , usual ly  un shocked . There are very 
few maf i c  c l asts . One 100 11m-d i ameter fe l dspath i c  granul i te cl ast i s  present 
in th i n  sect i on , 1 .  I n  some case s ,  the c l ast  boundar ies  are i nd i s t i nct or 
ragged . 

PROCESS I NG AND SUBD I V I S IONS : A s i ng l e  c h i p  was taken to make th i n  sect i on , 1 .  

Figure 1 .  S- 72-5 1 256 , mm sca l e .  

Fi gure 2 .  67745 , 1 , general v i ew ,  
ppl . wi dth 2mm. 

973 



67746 POI KILOBLAST I C ( ? ) IMPACTITE 3 . 47 g 

I NTRODUCT ION : 67746 ( Fi g .  1 )  i s  a l i ght  gray , homogeneous ,  poi k i l obl asti c 
neri ti c anorthos ite .  I t  has whi te powder on most of  i ts s urface . I t  i s  a 
rake samp l e  col l ected hal fway between the Whi te Brecc ia  bou l ders and House 
Rock and l ac ks zap p i ts .  

F i gure 1 .  S- 72-49567 ,  mm scal e .  

P ETROLOGY :  67746 has a coarse poi ki l obl asti c (or poi ki l i ti c ? ) texture . Some 
pyroxene poi k i l obl asts are at  l east  1 . 5 mm i n  d i ameter and encl ose rounded 
p l ag i oc l ase gra i ns l es s  than 1 00 �m i n  di ameter ( F i g .  2 ) . I n  between poi ki l o­
bl a sts , p l ag i oc l ases form a granobl asti c texture wi th grai n s i zes up to 
1 mm but mai nly  1 00-300 �m; many of the l arger gra i n s  are s tra i ned . Other 
mi nera l s present i nc l ude o l i vi ne ,  i lmeni te ,  Fe-meta l , su l f ide ,  and other 
opaque phases . P l a g i oc l a se occup i es a bout 80% of .  the samp l e . 
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67746 

Mi croprobe analyses by Hansen et �· ( l 979a , b , and unpubl i shed ) have pyrox­
enes En75_74  Wo 3-4 , o l i vi ne Fo75 ,  p l agiocl ases An94 , i l meni te 6-7% MgO , and 
Fe-metal � 7% Ni . 

PROCESS I NG AI�D SU BD IV ISI ONS :  Severa l representati ve sma l l c h i p s  were taken 
to make t h i n  sect ion , 1 .  

F igure 2 .  67746 , 1 , genera l  vi ew ,  
xpl . width 2mm . 
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67747 BASALTI C  IMPACT MELT 6 . 30 g 

I NTRODUCT I ON :  67747 
an ophi t i c  texture . 
Brecc ia  boul ders and 

i s  a homogeneous , med i um gray i mpact me l t  ( F i g .  1 ) wi th 
I t  i s  a rake samp l e  col l ected ha l fway between the Whi te 
House Rock ,  and has a few zap p i ts on one s i de .  

P ETROLOGY : Stee le  and Smi th ( 1 973 ) refer to 67747 a s  " fe l dspathi c basa l t ;  
1 0% poi k i l i ti c  o l i v i ne'' and provi de mi croprobe data . I t  conta i ns a bout 
80% p l a g i oc l ase  i n  l aths up to a bout 750 �m l ong ,  ophi t i ca l ly encl osed i n  
o l i vi ne ( F i g .  2 ) . One o l i vi ne gra i n  i s  opti cal ly conti nuous over nearly  
the enti re th i n  secti on ( , 1 )  whi ch i s  5x3 mm . Opti cal ly zoned pyroxene i s  
i nterst i t i a l  to p l agi oc l ase l aths and adj acent to mesosta s i s area s .  The 
l atter conta i n  brown g l a s s ,  i lmen i te ,  Fe-meta l , s ul fi de ,  and var i ous other 
mi nor p ha se s .  The p l a g i oc l a ses  are zoned from � An9 5 _ 7 5  ( Fi g .  4 of Steel e  
and  Smi th,  1 973 ) . Anal yses of mafic  mi nera l s  are shown i n  Fi gure 3 .  

P ROCESS I NG AND SUBD I V I S I ONS :  A s i n g l e  c h i p  was taken to  make thi n  sect i on 
, 1 .  
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F i gure 1 .  S- 72-49576 , mm sca l e .  

Fi gure 2 .  6774 7 , 1  genera 1 view ,  
xpl . wi dth 2mm . 



67748 F I NE-GRA I NED  OR GLASSY I MPACT MELT 4 . 74 a 

I NTRODUCTION : 6 7748 i s  a coherent ,  dark , homogeneous brecc i a  ( F i g . l )  wh i ch i s  
fine -grained and apparently bonded by me l t .  A wh ite powder part i a l ly coats 
the surface . I t  i s  a rake samp l e  col l ected hal fway between the Wh i te Brecc i a  
boul ders and House Rock , and l acks zap p i ts .  

PETROLOGY : 67748 i s  a f i n e-grai ned , homogeneous ,  and p l ag i ocl ase-r i ch brecc i a  
( F i g� The matr i x  i s  fi n e-grai ned b ut  p l ag i oc l ase l aths , up  t o  100 1.11n l on g  
and very rough ly  al i gned , demonstrate the presence of me l t .  V i rtual ly al l 
c l asts are s l i ght ly  rounded and unshocked p l ag i oc l ases ; nearly al l these are 
l ess  than 200 ]lm i n  d i ameter . Maf' i c  phases are rare (-v 5%? ) .  

PROCESS I NG AND SUBD I V I S IONS : A few smal l ch i ps were used to make th i n  sect i on , 1 .  

Fi gure 2 .  6 7748 , 1 , genera l  v i ew ,  
ppl . wi dth 2rr.m .  

F i gure 1 . 
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..::...67'-'-7--'-49=---_FRAGME NTAL ( ? ) . POL YMI CT BRECCIA 1 1 . 4 7  g 

I NTRODUCT ION : 6 7 749 i s  a pal e-col ored ,  heterogeneou s ,  moderate ly  fri ab l e  
breccia  (Fi g . l ) .  I t  contai ns  a d i st i nct c l ast  of basa l t i c-textured i ron­
r i ch KREEP . I t  i s  a rake sample  co l l ected hal fway between the Wh i te 
Brecc i a  bou l ders an d House Rock , and has many zap p i ts on most  of i ts surface .  

Figure l .  S- 72-49570 , mm scal e .  
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67749  

PETROLOGY : Stee le  and Smi th ( 1973 ) refer to 67749 as a "partly  recrystal l i zed 
brecci a ;  one l �rge KREEP-basa l t  c l ast '' w i th � 30% matr i x  ( defi ned a s  mater i a l  
l ess  than 5 �m i n  d i ameter ) .  

Fi gure 2 .  6 7749 , 1  a )  matri x ,  ppl . wi dth 2mm 
b )  KREEP basa l t  cl a s t ,  ppl . wi dth 2mm . 

The brecc i a  i s  heterogeneous and polymi ct wi th  severa l l arge l i th i c  c l asts . 
The matr i x  texture i s  sub-equ i granu l ar ,  tend i ng towards granoblasti c .  
There i s  l i ttle materi al  fi ner than a few mi crons and the texture i s  sugges­
t i ve of mi nor recrystal l i zat i on of a fragmental brecc i a  ( Fi g . 2 ) . Mafi c  mi ner­
al s compose about 1 0% of the matri x .  Analyses are s hown i n  Fi gure 3 .  Matri x 
p l ag i oc l ase ranges from An98- 9 3  wi th l ess  than 0 . 1 %  Fe ( F i g .  4 of Stee l e  and 
Smi th ,  1 973 ) .  L i th i c  c l asts l arger than 500 �m i ncl ude catac l ast ic  anortho­
s i te ( or s hoc ked p l ag i oc l ase ) ,  a basa l ti c  i mpact mel t , and a KREEP basa l t  
cl ast . 

F i gure 3 .  Pyroxene and ol i vi ne 
compos it i ons of  matri x ,  from 
Steel e and Smi th ( 1 9 73 ) . 

• 

E1B L---"--"---"--"---"--"---"--""---"----> Fs -
h � 

100 80 20 0 
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67749 

The KREEP basal t cl ast  ( F i g . 2 )  contai n s  35-40% p l ag i oc l ase ,  3 5 -40% pyroxene ,  
� 5% i lmen i te ,  and � 20% mesostas i s  ( g l as s  and accessory phases ) . P l a g i oc l ase 
occurs in  l aths � 50x200 �m , and pyroxene as i n terst i t i al grai n s  � 300 �m 
i n  d i ameter .  The p l ag i oc l ase ranges from An 7 o - 6 s ( Stee l e  and Smi t h ,  1973 ) 
and the pyroxenes are i ron -r ich ( F i g . 4 )  The c l ast  shows br itt le  fracture 
d i sp l acement and many pyroxenes h ave shock l ame l l ae .  The un i form , c l ast-
free texture and the Fe-r ich  maf i c  mi nera l s  and sad i e  p l ag i ocl ases s uggest 
that th i s  c l ast  i s  a fragment of vo lcan i c  KREEP , not an impact mel t .  

PROCESS I NG AND SUBDI V IS I ONS : Smal l ch i ps were taken to make th i n  sect i on , 1 .  
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Fi gure 4 .  Pyroxene compos i ti ons 
of KREEP basal t cl as t ,  from 
Steel e and Smi th ( 1 973 ) . 



67755  F I NE-GRA I NED OR GLASSY IMPACT MELT 3 . 53 g 

I NTRODUCTI ON : 67755  i s  a fa ir ly  coher·ent ,pal e-co l ored, polym ict brecc i a  w i th 
wh 1 te patches ( F i g . l ) .  I ts matr i x  i s  f i ne-grai ned and i s  apparently impact mel t . 
I t  i s  a rake samp l e  col l ected h a l fway between the Wh i te Brecc i a  bou l ders and 
House Rock , and l acks zap p i ts .  

P ETROLOGY : Stee l e  and Smi th ( 1973 ) refer to 67755  as a " f i ne-grai ned ; p l ag io­
cl ase r i ch " brecci a w i th 50% matr i x  ( defi ned as  mater ia l  l ess than 5 �m 
d i ameter ) .  I t ' i s pal e-brown and contains  on ly  scattered c l asts greater than 
200 �m d i ameter ; the rema i nder i s ser·i ate down to submi croscop i c  ( Fi g .  2 ) . Most 
of the f i ne-grained mater i al i s  p l ag i oc l ase bonded by a g l assy or cryptocrysta l ­
l i ne mortar w i th scattered s u l f i de and metal f l eck s .  The c l asts are almost al l 
pl ag i ocl ase , most un shocked but some heav i l y  shocked . The boundaries  of some 
of these c l asts are ragged and i nd i sti nct . 

PROCESS I NG AND SUBD I V I S I ONS : A s i ng l e  ch i p  was removed to make th in  sect i on . � .  

F i gure 1 .  S- 72-49556 , mm scal e .  

Fi gure 2 .  6 7 75 5 , 1 , genera l  v i ew ,  
ppl . w i dth 2mm . 
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67756  CRYSTALL I NE ( ? )  POLYMI CT BRECCIA  4 . 82 g 

I NTRODUCT ION : 67756  i s  a pale-col ored , coherent ,  po lym ict  brecc i a  ( F i g .  1 )  
wi th a crystal l i n e  matr i x  of equ i vocal  or ig i n ;  restri cted mi neral composti ons 
suggest poss i b l e  recrystal l i zati on . I t  i s  a rake samp l e  co l l ected hal fway 
between the Wh i te Brecc i a  bou l ders and House Rock , and l acks zap p i ts .  

Fi gure 1 .  S-7 2-51 27 6 ,  mm scal e .  

P ETROLOG Y :  Stee l e  and Sm i th ( 1973 ) refer to 67756  as a '' recrystal l i zed 
breccia '' w i th 10% matr i x  ( defi ned as mater i al l es s  than 5 �m d i ameter ) and 
prov i de mi croprobe dat a .  

The brecc i a  i s  p l ag i oc l ase-r i ch and polym i c t ,  and qu i te heterogeneous i n  the 
t h i n  secti on ( , 1 )  ( F i g . 2 ) .  C l asts l arger than 200 �m occupy about 20% of the 
area , and i nc l ude an gu l ar p l ag i oc l ases and maf i c  mi neral s ,  most l y  un shocked 
and unstrai ned . L i th i c  c l asts are mai n l y  l i ght gray and aphan i t i c  w ith  
equ i gran u l ar textures ; one  i s  a poi k i l ob l as t i c  i mpact i te .  
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Fi gure 2 .  67 756 , 1 , general v i ew ,  
ppl . wi dth 2mm . 

67756 

The matr ix  is coherent and crystal l i ne and contai ns about 10% maf i c  mi nera l s .  
The l ack of fi ne-gra i ned mater i al may be due to recrystal l i zat ion , a feature 
al so suggested by the restri cted mi neral compos i t ions : p l ag i oc l ase An 9 s _ 9 s 
( F i g .  4 of Stee l e  and Smi th ,  1973 ) and moderate ly  i ron -r ich  maf i c  m ineral s 
( F i g .  3 ) .  

Figure 3 .  Pyroxene a nd ol i v i n1� 
compos i ti o n s ,  from Steel e and 
Smi t h ( 1 973 ) .  

En ��--����--��--��--�� � 
h � 

� oo w ro o 

PROCESS I NG AND SUBD I V I S IONS : A s i n g l e  ch i p  was taken to make th i n  sect i on , 1 .  
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67757 F INE-GRAINED SUBOPHI T I C/PO I KI L I T I C  IMPACT MELT 4 . 83 g 

INTRODUCTI ON :  67757 i s  a dark gray, coherent,  fi ne-gra i ned impact mel t  
(F i g .  1 ) wi th a texture that vari es  from s uboph i ti c to p oi ki l i ti c .  I t  i s  a 
rake s amp l e  col l ected hal fway between the Whi te Brecc i a  bou l ders and House 
Rock ,  and has a few zap p i ts on one s i de .  

Figure l .  S-72-49568 , mm s cal e .  

PETROLOGY :  67757 i s  an i mpact mel t  wi th fi ne-grai ned s ubop h i t i c  and poi ki l i ­
t i c  textures ( F i g .  2 ) . The poi ki l i t i c  areas have a greater proporti on of 
mafic  materi a l  than the s u bophi t i c  areas . Overa l l  the rock has about 60% 
p l a g i oc l ase .  Some oi kocrysts (mafic  mi nera l s ) a re "' 200 llm across , but where 
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67757 

the textures grade i nto su boph i t i c  the oi kocrysts are much sma l l er .  P l ag i o­
c l ase l aths are rare ly  l onger than 30 Jlm .  Scattered i l men i te a l so forms 
stubby l aths 1 0- 1 5  !lm l ong . The c l asts are mai nl y  shocked pl agi ocl ase ,  but 
one c l as t  of basa l ti c  i mpact mel t and one maf i c  v i trophyre are present i n  
the thi n secti ons ( , 1  , 2 ) . 

The rock i s  somewhat sheared and broken up ,  w i th the i ntru s i on of red -brown to 
b l ack g l as s  ve ins  ( F i g . 2 ) .  

Figure 2 .  67757 , 1  general v i ew, 
ppl . wi dth 2mm . 

PROCESS I NG AND SUBD I V I S I ONS : Two th i n  sect i ons , 1  and , 2  were cut from a s i ng l e  chi p .  
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67758 CRYSTALL INE  POLYMI CT BRECCIA 4 . 06 g 

I NTRODUCT I ON :  67758 i s  a coherent,  gray brecc i a  wi th a few whi te c l asts and 
wi th  a powdery coat ( Fi g .  1 ) .  I t  i s  a ra ke samp l e  col l ected hal fway between 
the Whi te Breccia bou l ders and House Roc k and l ac ks zap p i ts .  

F i g ure 1 .  S -7 2 -49560, mm scal e .  
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67759 FRAGMENTAL( ? )  POLYM I CT BRECCIA  4 . 56 g 

I NTRODUCTION : 67759 i s  a heterogeneous gray and wh i te brecc i a  ( F i g . l )  wh i ch 
is  moderately fri abl e .  I t  i s  a rake samp l e  col l ected ha l fway between the 
Wh i te Brecc i a  bou l ders and House Rock , and has many zap p i ts .  

F i gure L S-72- 49566 ,  mm scal e .  
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67765 F I NE -GRA I NED I MPACT MELT( ? )  
--------------1 -'-. 

7
_
3-><-g 

I NTRODUCTION : 67765 i s  a coherent ,  dark gray, crystal l i ne brec c i a  wh i ch  i s  
homogeneous but wi th a wh i te rind over part of i ts surface ( F fg . l ) .  The 
matr i x  h as no obvi ous c l asts . It i s  a rake samp l e  co l l ected ha l fway between 
the Wh i te Brecc i a  bou l ders  and House Rock ,  and l acks  zap p i ts .  

Fi gure l .  S-72-4957 5 .  mm scal e .  
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67766 CRYSTALL I NE POLYMICT ( ? )  BRECCIA 5 . 47 

I NTRODUCT ION : 67766 i s  a coherent ,  p l ag i oc l ase-r i ch brecc i a  (F i g .  1 )  w ith a 
gran ular ,  fi n e-grai n ed matr i x  wh i ch  m i ght be  recrystal l i zed . The matr i x  m i ght  
be  the ground-up equ i val ent of  i ts encl osed l i th i c  c l asts . I t  i s  a rake samp l e  
col l ected hal fway between the Wh i te Brecc i a  boul ders and House Rock and has zap 
p i ts on al l faces . 

Fig ure l .  S -72 -51 257 , mm scal e .  

PETROLOG Y :  Steele  and Smi th ( 1973 ) r·efer t o  67766 a s  a " recrys t a  1 1  i zed brecc i a "  
wi th 10% matr i x  ( defi ned as materi a'! l ess  than 5 llm ) and report mi croprobe data . 
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67766 

The brecc i a  i s  sheared , contai n i ng  l arge c l asts i n  a fi ne-grained matr i x  ( F i gs .  
1 and 2 ) .  The texture of the matri x  i s  gran u l ar ,  hence poss i b l y  recrystal l i zed . 
I t  conta i ns � 80% p l ag i ocl ase . The l argest c l ast  i n  the th i n  sect ion ( , 1 )  con­
ta ins � 90% p l ag i oc l ase , the remainder i s  o l i v i ne and i l men i te ;  the sma l l er 
c l asts are s imi l ar except that one 7 mm c l ast  i s  a lmost ent i re ly  a s i ng l e  
p l ag i oc l ase grai n .  Steele  and Smi th ( 1973 ) note that the absence of pyroxene 
suggests that 67766 i s  monom i c t .  P l agi ocl ases are An 9 7 - 9 4 w i th varied Fe con ­
tents ( F i g .  4 of Stee l e  and Smi th ,  1973 ) and the o l i v i nes ( F i g .  3 )  are i ron -r ich 
l i ke  those i n  ferroan anorthos i tes . 

Fo r-�--.--.--.---�-.--.-�--,--. 
100 80 60 40 

Fi gure 2 .  67766 , 1 , general v i ew ,  
x pl . width 2mm . 

Fi gure 3 .  Ol i v i ne compos i t i on s ,  
from Steel e a nd Sm i th ( 1 97 3 ) . 

PROCESS I NG AND SUBD I V I S IONS : Of two smal l c h i ps removed , one was made i nto th i n  
sect1 on , 1 .  
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67767 FRAGMENTAL POLYMI CT ( ? ) BRECCIA  1 . 67 

I NTRODUCTI ON : 67767 i s  a whi te ,  homogeneous , fri ab le  brecc ia  ( Fi g .  1 )  whi c h  
1 s  fi ne-grai ned and l acks obvi ou s c l asts . A few yel l ow t o  gray mi neral gra i ns 
are p resent . The fragment mi ght be a pure , fri abl e catac l ast ic  anortho s i te .  
I t  i s  a ra ke samp l e  col l ected hal fway between the Whi te Brecci a  bou l ders and 
House Rock .  

Fi g�. S-72-51 27 5 ,  mm scal e .  
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67768 FRAGMENTAL POLYMICT BRECCIA  0 . 99 g 

I NTRODUCTI ON :  67768 i s  a wh i te ,  powdery , fr i ab l e  brecc i a  w i th a few 
gray incl u s i ons  ( F i g . l ) .  I t  i s  a rake samp l e  col l ected ha l fway between 
the Wh i te Brecc i a  bou l ders and House Rock , and i ts powdery surface l acks 
zap p i ts .  

F igure 1 .  S-72-49550 , mm scal e .  
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67769 PO IK I L IT IC  IMPACT MELT 3 . 05 

I NTRODUCT ION : 67769 i s  a homogeneous ,  coherent and f i ne-grai ned poi k i l i t i c  
i mpact melt ( F i g .  1 ) .  I t  i s  a rake samp l e  co l l ected ha l fway between the Wh i te 
Brecc i a  bou l ders and House Rock and h as zap p i ts .  

F i gure 1 .  S-72 -51 044 , mm scal e .  

PETROLOGY : Stee l e  and Smi th ( 1973 ) refer to 67769 as a " brecc i a  w i th poi k i l i t i c  
pyroxene a s  matr i x " ,  and report mi croprobe data . I t  i s  fi ne-gra i ned , homogeneou s 
and contai ns  few c l asts ( F i g .  2 ) . The pyroxene forms i n d i s ti nct o i kocrysts up  to 
100 �m i n  d i ameter wh i ch enc l ose 20-40 �m l ong p l ag ioc l ases . The pyroxenes have 
a narrow range of compos i t i ons  ( F i g .  3 ) ,  whi l e  p l ag i oc l ases range from An g 5 _ 8 5 

/- with a wide range Fe , up to 0 . 8  wt% ( Stee l e  and Sm i th ,  1973 ) .  Armal col i te ( ? )  i s  
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67769 

present and Fe-metal b l ebs usua l l y  �50 �m in d i ameter are common . G l ass  i s  
extremel y  rare . Most c l asts , almost a l l  l es s  than 150 �m i n  d i ameter , are 
p l ag i oc l as e ;  a s i ng l e  l i th i c  c l as t i n  t h i n  sect i on , 1  i s  1 mm acros s ,  and i s  a 
fel dspath i c  brecc i a .  

(mol. %) 

��--�������--��--�� � 
1 1 Fa 

20 0 

F i gure 2 .  67 769 , 1 , genera l  v i ew ,  
ppl . wi dth 2mm . 

F igure 3 .  Pyroxene a nd ol i v i ne 
compo s i t ions , from Steel e and 
Smi th ( 1 973 ) . 

PROCESS I NG AND SUBD I V I S I ONS : A s i n g l e  ch i p  was s p l i t  i nto three smal l er 
p 1 eces , one of wh 1 ch was used to make th i n  sect i on , 1 .  
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67775  F I NE -GRA I NED I MPACT MELT 6 . 58 g 

I NTRODUCTION : 67775 i s  a homogemeou s ,  crysta l l i ne brecc i a  ( Fi g .  l ) wi th a 
fi ne-gra i ned impact mel t  matri x .  I t  i s  a rake samp l e  col l ected hal fway be ­
tween the Wh i te Brecc ia  boul ders and House Rock . I t  has many zap p i ts on 
a l l  faces . 

F igure 1 .  S-72 -51 259,  mm scal e .  
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67775 

PETROLOGY :  Stee l e  and Sm i th ( 1973 ) refer to 67775  as a ' 'recrystal l i zed 
breccia" wi th 20% matr i x  ( defi ned as mater i a l  l ess  than 5 vm ) ,  and prov i de 
mi croprobe data . I t  contains  cl asts of p l ag i oc l ase , maf i c  m i n.eral s , and 
l i th i c  mater i a l s ,  i n c l u d i n g  fel dspath i c  granu l i te and a f i ne-grai ned basal t i c  
i mpact me l t .  The matr i x  contai ns about 60% p l a g i oc l ase a s  l aths , and pyroxene 
wh i ch i s  equ i granu l ar and tend i n g  towards po i k i l i t i c .  The gra i n  s i ze i s  10-40 
vm . The analyzed p l ag i oc l ases h ave a narrow range from An 9 s - 9 4 with l i tt l e  Fe 
( F i g .  4 of Stee l e  and Smi th ,  1973 ) and pyroxenes are al so fa ir ly  restri cted i n  
compos i t i on · ( F i g .  3 ) . Armal co l i te ,  i lmen i te ,  and Fe-meta l  are common . 

En L-�--�����h-�--��--�� � 
Fo 1 1 -, 1 1 1 1 Fo 

100 80 60 40 20 0 

Figure 2 .  67775 , 1 ,  general  v i ew ,  
ppl . wi dth 2mm . 

Fi g ure 3 .  Pyroxene a nd ol i v i ne 
compos i t ion s ,  from Steel e and 
Smi th  ( 1 973 ) . 

PROCESS I NG AND SUBD I V I S I ONS : Several smal l ch ips  were taken to make th i n  
secti on , 1 .  
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I NTRODUCT ION : 67776 i s  a wh i te ,  homogeneous , and fr i ab l e  brecc i a  ( F i g . l )  
w i th some rare , smal l ,  dark c l asts . I t  i s  a rake samp l e  col l ected ha l fway 
between the Wh i te Brecc i a  bou l ders · and House Rock ,  and i ts dusty s urface 
l acks zap p i ts .  

Fi gure 1 .  S-72-51 056 ,  mm scal e .  
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6791 5 GRAY POLYM I CT BRECCIA  2559  _g_ 

I NTRODUCTION :  6791 5 i s  a heterogeneous polymi ct brecci a  wi th two mai n  l i tho l o­
g i es ( Fi g .  l a )  both polym ict  brecc i as .  One i s  wh i te ( or l i ght gray ) , the other 
darker ·  gray . 

'r�ost  other c l asts are al so  polym ict  brecc i as but sad i e  ferrogab­
bro and ( poss i b ly )  troctol i ti c  anorthos i te c l asts are monomi c t .  G l ass vei ns  
are promi nent . 

Figure l a .  

6791 5 was col l ected , wi th 67935-7 and 6795 5-7 , from Outhouse Rock ( Fi g . l b ) . 
The samp l e  i s  coherent , and i s  b l ocky and subangu l ar .  I ts ori entation i s  known 
and many zap p i ts occur on i ts exposed s urface . 

Much of the work on 6791 5 has been coord i nated through two consort i a ,  an early 
one organi zed by Roedder and a l ater one organi zed by Marti . 

P ETROLOGY : L�e i b l en and Roedder ( 1 97 3 )  and Roedder and L�e i b l en ( 1 974 )  provi de 
a comprehens i ve descri pt ion of 6791 5 .  The former paper emphasi zes the charac­
teri sti cs  of s hock g l ass  vei ns and sad i e  ferrogabbro c l asts . Nord et �· ( 1 97 5 )  
descri be deformat i o n ,  based o n  h i gh-vol tage transmi s s i on e l ectron m icroscopy 
( HVEM ) techn i ques , Mi sra and Tay l or ( 1 97 5 )  provi de metal compos i ti ona l  data , 
Roedder and Wei bl en ( l 977a ) d i scuss i n  deta i l the g l ass ve i ns i n  6791 5 ( and 
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6791 5 
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Fi gure l b .  Samp l es col l ected from Outhouse Roc k .  

some other roc ks ) prov i d i ng m icroprobe data , and Wei bl en e t  a l . ( 1 980) provi de 
mi nor e l ement data on p l ag i ocrases i n  6791 5 .  G .  J .  Tay l or-e�a l . ( 1 979 )  and 
t�arti et  �· ( 1 978) provi de petrograph i c  descript i ons  of vari ous c l asts , and 
Ganapathy et �· ( 1 974 ) descri be a th in  secti on . The sad i e  ferrogabbro c l a st  
i s  descri bed addi ti ona l ly  i n  G .  J .  Tay l or et a l . ( l 980a , b ) . Tay l or and Mos i e  
( 1 979)  summari ze data o n  6791 5 and provi demacroscop i c  descr ipti ons o f  many 
subsamp l es of the roc k .  

Most o f  the gray c l asts are f ine-grai ned i mpact me l ts wi th a vari ety o f  tex ­
tures a nd  shoc k-features , whereas most  of  the whi te c l asts are m icrogranu l ar 

• ! 

and s imi l ar to fel d spath i c  granu l i ti c  i mpacti tes ( F i g .  2 ) . Wei bl en and Roedder 
( 1 973)  s tudied 5 d i fferent  areas of c l asts and found them a l l to be polymi ct 
brecc i a s . Desp i te the vari e ty of textures the i r  compos i ti ons are qu i te s i mi l ar .  
More c l a sts were descri bed and analyzed i n  greater deta i l by Roedder and He i b l en 
( 1 974)  who concl ude that 95% of the roc k cons i sts of brecc i a  c l asts rang i ng  i n  
compos i t i on from " gabbro i c "  ( neri t i c )  to troctol i t i c  anorthos i te ,  set i n  a 
matr ix  of s i mi l ar materi a l s .  Most are mi crobrecc i a s ,  and most  have p l a g i oc l ase 
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6791 5 

a b 

Figure 2 .  a )  6791 5 , 82 , granob l as t i c  c l ast  ( l ower) and fragmental 
matri x ( upper ) , ppl . wi dth 2mm. b )  6791 5 , 1 90 ,  sadi e ferrogabbro 
c l a s t ,  ppl . wi dth about  3 . 5mm . 

w ith  An �93-95  and maf i c  mi nera l s wi th mol ar Mg/Mg+ Fe �70-8 5 .  Among the troc ­
tol i t i c  brecc i as a granobl asti c texture i s  most  common .  One has a cumu l u s -
l i ke texture and has  p l ag i oc l ase An9 3 -9 s  and  ol i v i ne Fo5 3 - 5 6 ,  a nd  may be a rel a ­
t i ve o f  pri sti ne ferroan anorthos i tes . Several c l asts are more d i sti nct i ve ,  
for i nstance ferro-per i dot i te ( Fo62 , An8 7  and Fo6 5 ,  An90 _9 5 )  and sad i e  ferrogab­
bro . Several c l asts are basal t i c  mel ts ( " cri ss -cross texture " ;  Roedder and 
\<Je i b l en 1 974 ) ;  al t hough most are a l umi nous i mpact mel ts ,  one observ_ed by Roedder 
and We i bl en ( 1 974 ) had the petrograph i c  c haracteri st ics  of a mare basa l t .  Poi k i ­
l i t i c  i mpact me l t  brecc i a  ( l i ke 6501 5 etc . )  c l asts have not been observed i n  6791 5 .  

Nord et a l . ( 1 97 5 )  state that the matrix  of 6791 5 shows no evi dence of recrysta l ­
l i zati oni9l though many c l asts are shocked . Al l a reas have abundant thetomorph i c  
g l ass accord i ng t o  the HVEM study . Thi s g l ass i s  not read i l y  v i s i b l e  opti cal l y  
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but the l i thi ficat i on of the rock i s  l argely due to i t .  Mi sra and Tayl or 
( 1 97 5 )  made 20 analyses of 1 2  metal gra i n s  which  have a fa i rl y  rest�i cted 
compos i ti onal range ( F i g .  3) and average 6 . 43% Ni and 0 . 46% Co . P 1 s  ex­
tremely l ow i n  the grai ns compared wi th most other metal s i n  polymict rocks . 

Fi gure 3 .  Compos i ti ons  of metal s from 
the matr ix ,  from Mi s ra and Tay lor  ( 1 97 5 ) . 

67915 

2 4 6 8 
Wt. \ Nickel 

The sod i c  ferroga bbro c l asts were di scovered by Wei b l en and Roedder ( 1 973 ) . 
They are characteri zed i n  part i cul ar by sodi c ( and potas s i c )  p l ag i oc l ases 
(An6 � 0r3 to An540r9 ) ,  i ron-r ich  exsol ved pyroxenes , and i l meni te (�5% of the 
rock ;  ( Wei b len and  Roedder 1 973 ;  Roedder and Wei bl en 1 974;  G .  J .  Tayl or et  al . 
1 979, l 980a , b ) . The d i sti ncti ve chemi stry i nd i cates that i t  i s  a pri s ti ne ­
l u nar' l i thol ogy desp i te the fact that i ts ori g i nal texture has been destroyed 
by catacl asi s ( Fi g .  2 ) .  Wei bl en et� a l . ( 1 980 ) ded uce from the i r  analys i s of 
mi nor el ements i n  p l ag i oc l ase that a�pyroxene and p l agi ocl ase equ i l i brated 
at �1 333° C ,b )  the l i q u i d  from whi c h  sad i e  ferrogabbro crystal l i zed had 2 . 4  
wt% Ti 02 ,and c )  the sod i c  ferrogabbro c l asts d i d  not equi l i brate at al l wi th 
the 6791 5 matri x .  G .  J .  Tayl or et al . ( 1 980b) concl ude from petrograph ic  and 
chemi cal  studi es that fracti onafcr·ysta l l i zati on , not l i q u i d  immi sci bi l i ty ,  
was respons i bl e  for the compos i ti on of the sod i c  ferrogabbro . 

Wei b l en and Roedder ( 1 973)  and Roedder and Wei bl en ( 1 977a ) descri be the gl ass  
vei n s  i n  6791 5 .  The vei ns are s imi l ar ,  but not i dent i ca l , i n  compos i t i on 
(�30 . 5% Al 20 3 ) to the bul k roc k .  They have features suggesti n9 the i nj ect i on 
of extremely hot mater i a l  ( rather than i n  s i tu gl ass -formati on )  poss i bly at  
severa l thousand degrees of superhe!at ,  but the phys i ca l  nature of the p rocess 
is  debatabl e .  

CHEM ISTRY : Severa l ana lyses of matri x (� bul k roc k )  and i nd i v i dual c l asts 
ha ve been made (Tabl e  1 ) .  These are s ummari zed in  Tabl es 2 and 3 .  Rare earth 
abundances for matrix and for the sod i c  ferrogabbro are s hown in Fi gure 4 ;  
other parti a l  analyses o f  matri x by Has k i n  et al . ( 1 973 )  and Garg and Ehmann 
( 1 976 ) are roug hly s imi l ar to those i l l us tratedwi th the exception of the 
very hi !Jh Lu va 1 ue of the 1 atter . t4ost  of the references 1 i sted i n  Tab 1 e 1 
have l i tt le  speci fi c d i scu s s i on of the chemi stry of 6791 5 .  

Al l matr i x and polymi ct brecci a c l asts are a l umi nous and have l i tt l e  vari ati on 
i n  compos i ti on ,  despi te the heterogeneous appearance of the brecci a ( Fi g .  1 ) .  
They al l have h i g her Al 20 3 than typi ca l  Apo l l o  1 6  soi l s  and have posi t i ve Eu 
anomal ies  ( Fi g .  4 ) . Only the sod i c  ferrogabbro l i thol ogy appears to be s i g ­
n i fi cantly di fferent .  The l i ght c l ast analyzed by Moore e t  al . ( 1 973) , Cripe 
and Moore ( 1 974) and Moore and Lewi s ( 1 976)  is  l ow i n  vol atiles ( C , N ,  and S)  
but has not been analyzed for other e lements . 
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TABLE 1 .  Chemical work on 6791 5 0'1 ...... TABLE 2 .  Summarl Chemi strl <D 
of 67915 matrix and sadie ferrogabbro 

� 

Reference Spl i t  Description E lements anahzed 
U1 

1 ..L _L Duncan et !!_. ( 1973 ) ,53 -L l i ghter matrix  Majors , some trace 
" ,53 0 ·darker matrix • 

Sio2 44 .4  ( 57 . 3 )  56 . 7  Janghorbani et !!_. (1973 ) ,56 matrix �1ajors 
Ti02 0. 43 6 .0  4 .7  Nakamura et  !!_. ( 1973 ) ,57 matrix Majors , rare earth 
Al 203 29 . 2  8 . 4  1 1 . 1  Taylor and Bence ( 1975 ) , 49 matrix Rare earths 
Cr2o3 0 .06 0 .03 0 .03 Wanke et !!_. ( 1976 ) , 116 matrix Majors,minors , traces 
FeO 3 .4  13 . 6  12 .8  ("- 50  e l ements)  

MnO 0 .05 0 .20 0 . 2  Haskin et !!_.  { 1973 ) ,52 matrix Sm, Eu ( approximate) 

MgO 4 . 7  3.8 3.0 Garg and Ehmann ( 1976 ) ,56 matrix Zr,Hf,Fe ,Cr,Sc,Co ,Eu ,Lu 

·CaO 16.6 8.9 8 . 9  Rancite l l i  e t  al . ( 1973 b )  , 1 1  bulk rock · K ,U ,Th 

Na2o 0 . 50 1 .35 1 . 1  Kr�henbUhl et al . ( 1973 ) ,63 a 50% dk .mx , meteorit ic  s ideroph i l e s  
and volati les 

K2o 0.07 0 .46 0 .6  " ,63 h 80% wh .c l . " 
P205 0 .05 0 . 1  

>--' Ganapathy et !!_. { 1975 ) , 63 a ,b  Corrects Ir va lue  of 0 185 0 Sr KrlihenbUh 1 et !!_. ( 1973) 
N La 5 . 0  26 . 7  Rose e t  al . ( 1975 ) ,3 { -4 )  gray bx .c last Majors 

Lu 0.26 1 . 5& , 12 {-1 )  trocto l itic  
Rb 0 .9 c l ast " 

Sc 7 .0  34 ,45 ( -1 ) gray bx .c l ast " 

Ni  88 ,45 { -3)  wh .bx .c l ast " 

Co 11 6 . 6  Moore et  !!_. ( 1973 ) ,54 l t .  c l ast c 

lr ppb 7 .3  Cripe and Hoare ( 1974 ) , 54 l t .  c l ast s 
Au ppb 1 . 9  Moore and Lewis ( 1976) , 54 l t .  c l ast N 

c Taylor et 2.!_. ( 1 980b) , 163 Sadie ferro-
gabbro Majors , REEs , some other trace 

N 
s <600 
Zn 6 . 5  
Cu '1.5 

1 )  Matrix 
2 )  Sodic ferrogabbro : 67915,163 by INAA. Tayl or et !l- { 1 9aOb) 
3 )  Sadie ferrogabbro : best estimate Taylor et 2.!_. ( 1 980b) 



-�------

... 

Table  3 .  Chemical composi tions 
Rose � _!} .  { 1 975)  

(wt.  %)  of cl asts i n  6791 5 .  Al l analyses by 

A 8 c 0 
Si02 43 . 9  44 . 4  44 . 4  43 .4 
Ti02 0 . 26 0 . 26 0 . 29 0 . 1 5  
Al 203 32. 2  27 . 2 ·  31 . 4  29 .2  
Cr203 0 . 02 0 .05 0 . 02 0 . 02 
FeO 2 . 7  3 .0  3 . 6  6 . 0  
MnO 0 . 02 0 .05 0 .03 0 .05 
MgO 2 . 3  9 . 0  2 . 6  4 .8  
CaO 1 7 . 9  1 5 . 0  1 7 . 6  1 5 . 9  
Na20 0 . 57 0.38 0 . 44 0 . 38 
K20 0 . 06 0 .07 0 . 04 0 .04 
P20s 0 .02 0 .04 0 . 03 0 . 02 

Total 99. 95 100 .05 1 00 . 45 99 . 96 

A )  ,3-4;  weakly recrystal l i zed ANT (wh i te c l ast) . 
B) ,45-3; fine grained,  hornfelsic  troctol i tic .anorthosi te breccia  

(whi te c lasts ) .  
C) ,45-1 ; gray c l ast 
D )  , 1 2- l ;  troctol itic  anorthosite with cumulate texture ( Fi g .  8A) .  

67915 

Figure 4 .  Rare earths . 
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The s i derophi l es i n  two brecci a subsp l i ts are h i gh  and simi l ar ( Krahenbuhl 
et a l . ,  1 973 ;  Ganapathy et al . ,  1 974) . They were p l aced i n  meteor i t i c  Cl ass 
A(asma 1 1  group ) by Ganapathy et �· ( 1 973 ) , revi sed to Group, 5 by Ganapathy 
et a l . ( 1 974 ) and to Group 5H by Hertogen et al . ( 1 977 ) . A Nectar i s  o ri g i n  
for-rhe group was s uggested by Krahenbuhl et al . ( 1 973 )  and e i ther Cri s i um or 
Necta ri  s by Hertogen et �· ( 1 977 )  

GEOCHRONOLOGY :  40Ar- 39Ar i sotop i c  data are presented for several cl asts by 
Kirsten et �· ( 1 973 ) ,  Venka tesan and Al exander ( 1 976 ) , and Marti et �· ( 1 978) . 

Ki rsten et al . ( 1 973)  analyzed four d i s t i nct l i thol og i es ( F i g .  5a and Tab l e  
4) , two o f  wh ich  gi ve reasonabl e p l ateau ages o f  3 . 9 1 and 3 . 99 b . y .  The 4 . 3  
b . y .  p l ateau "age" may be ei ther a true ol d age o r  be the res u l t of impl anted 
argon ( note that thi s l i thol ogy i s  apparently a fe l dspathic  granul i ti c  impac ­
t i te ,  some othe rs of whi c h  have a l s o  g i ven o l d  ages ) . 

Venkatesan and Al exander ( 1 976 )  provi de an argon re l ease d i agram ( Fi g .  5b )  
for the troctol i ti c  anorthos i te ( " cumu l us " )  descri bed by Roedder and Wei bl en 
( 1 977a ) .  The p l ateau age i s  4 . 03±0 . 04 b . y .  and the rel ease pattern es sent i a l ly 
i denti cal to  the matr ix  samp l e  ( , 4l d )  analyzed by K irsten et �· ( 1 973 ) . 

Marti et a l . ( 1 978 ) report 3 9Ar-4 0Ar rel ease data for severa l descri bed cl asts 
and matrix-( Fi gs . 5c , d , e , f) .  The patterns show substant i a l  d i ffusi on l osses . 
C l ast  W defi nes the best apparent age of 4 . 00 b . y . , and a l ower age l im it  of 
3 . 98 b . y .  i s  ass i gned to c l ast  DW.  It  appears unl i ke ly ,  despi te d i ffus i on l os s ,  
that c l a s t  B cou l d  be ol der than 3 . 6  b . y .  The p l a g i oc l ase separate from the 
sad i e  ferrogabbro shows an  exceed i ng ly  l arge d i ffusi on l oss , and only a l ower 
age l imi t of 3 . 2  b . y .  can be ass i gned . 
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Figure 5 .  Ar rel eases for vari ous c l a s t  and matri x sampl es , 
see text for di scu s s i on .  a )  from Ki rsten et al . ( 1 973 ) , 
b )  from Ven katsan and Al exander ( 1 97 6 ) , cT=fr-from Marti 
et �. ( 1 978 ) . 

TABLE 4- Summary of 3 9Ar-'"Ar results from Ki rsten et al . (1973 ) .  

Sampl e Description Total Ar age 
(b.y. ) 

Pl ateau age 
(b_y. ) 

67915,4la lt . gy_ polymict 1 .57 ± o _ o8 
67915,41b v. l t . gy. , fine- 3 . 80 :!: 0 . 08 ( 4 . 3  � 0 . 1 )  

grain 
67915,41c v. 1 t. gy. ,  coarser 3 . 26 + 0 - 08 3 .9 1  + 0 . 05 
67915,41d matrix 3 - 53 + 0 .08 3 - 99 � 0 . 05 
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RARE GASES AND EXPOSURE AGES : Severa l s tudi e s  concern i ng rare ga s contents 
and exposure ages have been made . Behrmann et �· ( 1 973 )  report Ne and Kr 
i sotop i c  data for re l ea ses at  500°C and 1 500° C ,  and total re l ease .  The krypton 
spa l l ati on spectrum has no prom i nent neutron effects . The B 1 Kr-B 3 Kr exposure 
age i s  50 . 6± 3 . 8  m .y . ; a 22Na-2 1Ne expos ure age of 45 . 3± 9 . 5  m .y .  i s  a l s o  cal ­
cul ated . Track product ion rates at  the deepest po int  i n  a s amp l ed col umn of 
6791 5 g i ve a l ower expos ure age of 29±4 m . y .  

Drozd e t  a l . ( 1 974)  report Kr i sotop i c  data ( l 500°C rel ease )  and Kr spal l at ion 
spec tra-for 6791 5 .  Al though thi s i s  the same analyti cal group as  Behrmann 
et a l . ( 1 973 )  the data appear to be d i s ti nct .  An 8 1 Kr-8 3 Kr exposure age i s  
50 . 6± 1 . 5  m . y .  and 2 1Ne  and 38Ar exposure a ges  of 2 1 . 0±4 . 9  and 1 6 . 0± 1 0 . 0  m .y . , 
respecti ve ly ,  are a l so reported . The -v50 m .y .  age i s  a s s i gned to North Ray 
Crater . Crozaz et a l . ( 1 974) , d i scuss i ng the Drozd et a l . ( 1 974) and Behrmann 
et a l . ( 1 973 )  resu l ts state that 6791 5 has a s i ng l e-stage exposure h i story and 
tha�a l mm/m . y .  eros i on rate can g i ve agreement between the rare-gas and the 
Kr ages . 

Marti et a l .  ( 1 973 ) report Kr i sotop i c  data from three samp l e s  at d i fferent 
depths-rTabl e 5 )  whi ch are not s i gn i fi cantly d i fferent from each other or 
from the expos ure age gi ven by Drozd et �· ( 1 974 ) or  Ki rsten et �· ( 1 973 ) . 
They ass i gn th i s  age to North Ray Crater . 

TABLE 5 .  Summary of 8 1 Kr-8 3Kr exposure ages from r·larti et al . (1973)  

Spl it 

,13 
,34 
,36 

Depth 

60 mm 

30 11m 

10 11m 

Exposure age 
(m .y. ) 

49 . 7  + 3 . 5  
48 . 6  + 4 .0 
46.4 + 3 . 7  

Xenon i sotop i c  data are provi ded by Li ghtner and  Marti ( 1 974b ) and Marti et al . 
( 1 978 ) for the same sp l i ts analyzed for Kr by Marti et a l . ( 1 973 ) . Thesetwo 
sets of Xe i sotopi c  data appear to be separate analyses--. The data are con­
s i s tent wi th a s i n�l e-stage , near-�urfac� i rrad iati on h i s tory . Eugster et �· 
( 1 977 )  quote (Xe 1 3 /Xe 1 26 ) cosmogen l c rat1 os of 2 . 6 ,  2 . 7 ;  and 2 . 9  for , 34 , 36 
and , 1 3  respecti vely ,  from Mart i t pers . comm . ) .  

Ranc i tel l i  et al . ( 1 973a) report 2 2Na and 26Al count data fo r , 1 1 ,  a l arge 
p iece of 67915--. Yokoyama et al . ( 1 974 ) i n  di scuss i ng s uch  data note tha t the 
samp l e  was s h i e l ded from sol ar-flare s ;  thus 22Al s aturati on expos ure res u l ts 
are i ndetermi nate . I n  another so lar  fl are study ,  Fi reman et a l . ( 1 973 ) report 
tri ti um data for an exteri or ch i p  ( , 37 )  and an i nteri or ch ip  

-�30) . 

PHYSI CAL P ROPERTIES :  Col l i nson et �· ( 1 973 )  and  Runcorn et  �· ( 1 974) re­
port magneti c res ul ts for , 47 and , 49 both polymi ct brecci a  chi ps . The ch ip  
, 47 had an  anoma l ous  i nten s i ty vari ati on duri ng al ternati ng f ie ld  demagneti ­
zati on whi c h  was not of repeatab le  d i recti on i n  the same demagneti z i ng f ie l d .  
The i n i ti a l  i nten s i ty was 3 . 2x l 0-6 emu g- 1 • , 49 had a s i mi l ar i n i t ia l  i nten­
s i ty ,  but became too wea k  to measure i n  demagneti z i ng  f i e l d s  above 30 Oe . 
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The di fference i s  probably a resul t of di fferent amounts of i ron . The i n i ti a l  
sucepti bi l i ti es ( Runcorn e t  �l· • 1 974)  were 59 . 0xl o-6 ( , 47 ) and 1 9 . 2x l o-5 ( , 49 ) 
emu g- 1 oe- 1 .  A second spl i t  of , 49 had a saturati on I RM of 8 . 6x lo-3  emu g- 1 ,  
whi ch reduced to 1 . 9xl 0- 3 i n  a 5000 Oe demagneti z i ng f iel d .  Thi s  suggests the 
presence or i ron gra i n s  capab le  of reta i n i ng a hard remanent magneti zati on . 
The magneti zati on h i s tory of 6791 5 i s  obscure . 

Tsay and Baumann ( 1 975 )  i nfer an annea l i ng temperature fo r , 1 1 0  ( polymi ct 
brecc i a )  of 700-900°C from ferromagneti c resonance spectra l features . 

PROCESS I NG AND SUBDI V I S IONS : The rock has been substanti a l ly subdi v i ded and 
many of the spl i ts are i l l ustrated i n  Tay l or and Mos i e  ( 1 979 ) , together wi th 
a generi c chart .  

A l engthwi se s lab  was cut  ( 1 972 )  for the Roedder Consorti um study and a sec­
ond s l ab ( , 223 )  was cut ( 1 979)  duri ng the Marti consorti um s tudy as shown i n  
Fi gure 6 .  The first s l ab was extens i vely  d i ssected , the second has not yet 
been spl i t .  Several sp l i ts have a l so been made from the l arge end-pi ece , 2 .  

F igure 6 .  Cu tting di agram . 
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67935 BASALT IC  I MPACT MELT 108 . 9  g 

I NTRODUCTI ON : 67935 i s  a moderate ly coherent , l i ght gray , bas a l t i c  impact 
melt that i s  cut by many penetrat i ng fractures and g l as s  v e i n l ets ( F i g .  1 ) .  

Th i s  s ampl e  was col l ected , a l ong  w i th 67936 and 6793 7 ,  from w ith i n  the s pal l 
zone of a sh atter cone on Outhouse Rock ( see 679 1 5 ,  F i g .  1 ) .  Its  preci se  
l unar or i entat ion is  unknown , but many zap p i ts are present on  the B surface . 
I n  contrast ,  zap p i ts are absent from al l other surfaces ,  wh i ch are fresh 
fracture faces . 

Fi gure 1 .  

PETROLOGY : 67935 i s  a f i ne-gra ined impact mel t  of s omewhat varied gra i n  
s i ze and texture . The coarser-grai ned areas tend to be basa l t i c  wi th a sub­
oph i tic texture ( F i g .  2 ) .  Many of the p l agiocl ase l aths are hol l ow and a 
f l ow-al i gnment i s  apparent i n  some areas . I l men i te and g l assy mesostas i s  are 
mi nor,  i nters t i t i a l  components . In f i ner-gra i ned ( down to a few mi crons ) areas 
the rock takes on a vaguely po i k i l i t i c  texture with  o i k ocrysts general l y a few 
tenths of a mm acros s .  Fe-metal /tro i l i te i ntergrowths are randomly d i stri buted 
through the rock ,  l ocal l y  in assoc i at i on w i th a smal l amount of phosph i de and/or 
i lmen i te ( ? ) .  Cl asts of p l ag i oc l ase and anorthos i te ,  show i ng var i ed degrees of 
shock arid recrysta l l i zat ion , make up �10% of the roc k .  
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Fi gure 2 .  67935 , 2 5 ,  basal ti c mel t ,  
ppl . wi dth l mm. 

67935 

CHEMISTRY : Hertogen et a l . ( 1977 ) report meteor i t i c  s i deroph i l e and vol at i l e 
abundances and Cl ark andKe i th ( 1973 ) present natural and cosmogen i c  rad io ­
nucl i de abundances . O n  the b as i s  of  these l i mi ted data , 67935 appears to  be 
un i que among rocks from the North Ray Crater area . I t  h as h i gh Rb and K20  
contents (Tab le  1)  . .  Ge ( 633 ppm, Hertogen et al . ,  1977 ) i s  a l so qu i te h i gh ,  
al though vol at i l e/ i nvol ati l e  rati os , e . g . T17ts;- are not part i cu l arly  h i gh 
( compare to d i agrams i n  KrahenbUhl  et a l . ,  1973 ) . S i deroph i l e el ements are 
a l so present at very h i gh ·l eve l s  ( Tabfe1 )  and are c l as s if ied as meteor i t i c  
group 1H  ( a  group  l arge ly  restri cted t o  Apo l l o  1 6 )  by Hertogen e t  �- ( 1 977 ) .  

TABLE 1 .  Summar� chemistry of 67935 

K20 wt% 0 . 196 

Rb ppm 6 . 07 

Ni  ppm 659 

Ir ppb 12 . 9  

Au ppb 12 . 3  

Zn ppm 3 . 98 

1009 



67935 

RARE GAS/EXPOSURE AGE : C l ark and Ke i th ( 1973 ) and Fruchter et a l . ( 1978 ) 
prov i de cosmogen i c  rad i onuc l i de abundances . These authors and YOkoyama et a l . 
( 1974 }  agree that 67935 i s  uns aturated i n  abso l ute amounts of 2 6Al  but -- --­

Fruchter et a l . ( 1978 ) contend that the samp l e  can be cons i dered essent i a l l y  
saturated-rf-rts part i a l l y  sh i e l ded pos i t ion  on the l unar surface i s  taken 
i nto account .  From a compar i son of 5 3Mn and 2 6Al  act i v i ty ,  Fruchter et a l . 
( 1 978 ) conc l ude that the sh atter cone from wh i ch 67935 was taken formed �2 m . y .  
ago , pos s i b l y  dur i ng  the South Ray Crater even t .  

PROCESS ING  AND SUBD I V I S I ONS : In  1972 , 67935 was sp l i t  i nto f i ve subsamp les 
( , 1 - , 5 ;  F i g .  1 ) .  A l l  allocat i ons h ave been f i l l ed from , 1  and , 5 .  The rock 
separates eas i ly a l ong fractures and sp l i ts have a lways been made by pry i n g .  
The l argest s i n g le  p i ece rema i n i ng i s  , 5  ( 70 . 22 g )  at  JSC . 
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67936 F I NE -GRAINED  BASAL T IC  IMPACT._M:..:.:E::.::L:..;.T-'-, �G-=-LA'-'S'-"S_V.c...E __ I_N.:..-S ----------'-61� 

I NTRODUCTION : 67936 cons i sts mai n ly  of a med i um-gray, f i ne-grai ned , suboph i t i c  
impact mel t w i th th i ck g l ass veins  and a few wh i te c l asts ( F i g .  1 ) .  I t  i s  
coherent and s l abby . It  was ch i pped from Outhouse Rock ( see 679 1 5 ,  F i g .  1 )  to 
samp l e  a shatter cone , as were 67935 and 67937 . Its ori entat i on i s  unknown and 
zap p i ts are absent .  

67936 

1 cm 
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Figure l .  
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PETROLOGY : Roedder and We i b l en ( 1977a ) descr i be ,  analyze , and d i scuss the ori g 1 n  of the g l ass  ve ins , and a l so report a defocussed beam an a lys i s  and some m ineral chemica l  data purported l y  from the host rock . 

67936 i s  mai n ly  a bas a l t i c  impact me l t  with  a fi ne-grai ned suboph i t i c  to i nter­
gran u l ar texture ( F i g .  2 ) .  P l ag i o c l ase l aths l ess than 100 �m l ong  have 
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67936 

Fi gure 2 .  67936 ,20 ,  basal ti c mel t ,  
glass vei n i n  upper r ight  corner, 
ppl . wi dth 0 . 5mm . 

i nterst i t i al maf ic  and opaque mi neral s .  Mi nor res i dua l  g l ass ( or s i l i ca or K­
fel dspar? ) is  present .  I n  p l aces there are c l asts of p l a g i oc l ase-r ich brecc i a  
wh i ch h ave a fi ne-grai ned mortar of mel t but are mai n l y  c l as t i c  p l ag ioc l ase . 
A defocussed beam ana lys i s  of " brecc i a  matr i x "  by Roedder and We i b l en ( 19 7 7a )  
i s  reproduced i n  Tab l e  1 .  However , our i nspecti on of the mater i al ana lyzed 
shows that i t  was i n  fact a p l ag ioc l ase-r i ch brecc i a  c l as t ,  not the general 
bas a l t i c  matr i x  of 67936 . The analyses of o l i v i ne ( Fos o ) and p l ag i oc l ase 
( An 9 4 )  reported for the matri x  by Roedder and We i b l en ( 1977a ) a l so  app ly  to 
the brecc i a  c l ast ,  not the basa l t .  

The g l ass  ve ins  ( d i scussed i n  deta i l  by Roedder and We i b l en ,  1977a ) are 
anastomos i n g  masses of banded gray g l ass ( F i g .  2 ) .  The g l ass  contains  abundant 
metal spheres and a few mi neral c l asts . The mi neral c l asts i n c l ude p l a g i oc l ase , 
o l i v i ne  ( Fo 7 7 ) ,chrom i te ,  and p l eonaste s p i ne l . The l arger metal  spheres (�7 �m ) 
conta in  �7% N i , 5% S and are compo s i t e ;  the sma l l er spheres ( <0 . 1  �m ) have �3% 
N i  and l ack s u l fur ( Roedder and We i b l en ,  1977a ) . An average ana l ys i s  of the 
c l e ar g l ass i s  g i ven i n  Tab l e  1 .  Roedder and We i b l en ( 1977 a )  note that the 
Al 20 3 content i s  much l ower than the host brecc i a , but i n  fact the val ue of 
25 . 13% is i n  accord wi th the mode of the bas a l t i c  i mpact mel t wh i ch  h as �70% 
p l ag i oc l ase ; hence the g l ass cou l d  be a shock me l t  of the bas a l t i c  impact me l t .  
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TABLE 1 .  �1i croprobe ana lyses of glass veins and brecc i a  c l as t  i n  67936 

Jltom Roedder and We i b l en ,  l977 a )  

Wt% *Gl CISS Brecc i a  c]ast 

Si02 46 .. 1 46.4 

Ti02 0 .. 20 <0 .05 

A1 2o3 
25 .. 1 3 1 . 5  

Cr2o3 <0 .05 

FeO 5 .. 74 2 . 77 

MnO 0 .02 <0 .05 

MgO 7 .08 2 . 1 1  

CaO 1 5 . 28 1 6 . 7  

Na2o 0 . 21 0 . 39 

K20 0 .03 <0.05 

P205 <0 . 05 <0 .05 

* Average of 4 c l ear g l as s  areas . 

67936 

CHEMI STRY : C l ark and Ke i th ( 1973 ) report K ( K20 0 . 193% ) ,  U ( 0 . 9 1  ppm ) and Th 
( 3 . 12 ppm ) abundances for , 18 ,  a l arge p i ece of the b u l k  rock . 

RARE GASES AND EXPOSURE AGES : Roedder and We i blen ( 1977 a )  report rare gas data 
(by C .  Alexander} for both g l ass vei n s  and matr i x .  The ve ins  h ave l es s  Kr , H e ,  
and X e  than the matr ix , and both v e i n s  and matr i x  h ave 2 - 3  orders of  magn i tude 
l ess  rare gases than typ i cal  regol i th .  The 4 0Ar/ 3 6Ar rat i o  of 220 ( so i l s  are 
�1 . 0 )  shows that v i rtua l ly al l the Ar i s  radi ogen i c .  These data al l show that 
there i s  no so l ar wi nd gas i n  the g l as s  vei ns . 

Yokoyama et  al . ( 19 74 )  note that the cosmogen i c  rad i onucl i de data of Cl ark and 
Ke i th ( 1973)-rndi cate that 67936 is  unsaturated in 2 6Al . 

PROCESS ING AND SUBD I V I S I ONS :  67936 has  been s ubstanti a l ly subd i v i ded . The 
ma i n  pi eces are shown i n  Fi gure 1 .  An undocumented c h i p  { , 1 )  was made i nto 
thi n secti ons , 2 ;  , 1 3 ;  , 1 4 ;  , 22 ;  , 23 and , 24 and two sma l l  c h i ps of matri x 
and g l as s  were made i nto th in  secti ons , 20 ( from , 3 )  and  , 2 1  ( from , 4 ) . 
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67937 F I NE -GRA INED BASALTI C  IMPACT MELT, GLASS V E I NS 59 . 7 __g_  

I NTRODUCT ION :  6 7937 i s  a med i um gray, fi ne-grai ned i mpact mel t  cut  by g l a s s  
ve i n s  ( Fi g .  1 ) .  I t  i s  coherent and  s l abby .  Sharp variati ons i n  gra i n  s i ze 
are apparent macroscop i cal ly .  I t  was ch i pped from Outhouse Rock ( see 6791 5 ,  
F i g . 1 )  to samp l e  a shatter cone,  as were 67935 and 67937 . Its  or i entat ion  
i s  not  prec i se ly  known but  a few zap  p i ts on one surface i n d i cate the  exter i or .  

Fi gure 1 .  S -72-3777 1 . 

P ETROLOGY : 67937 i s  a fi ne-gra i ned , s uboph i t i c  to oph i ti c  i mpact mel t wi th  
p l ag i oc l ase l aths up to 300 �m l ong embedded or partly embedded i n  mafi c  
mi neral s 300 �m across (Fi g .  2 ) . A sma l l amount of mesostas i s  g l a s s  and 
opaque mi nera l s  fi l l s  angu lar  i nters ti ces . Fe-metal is present .  A l arge 
c l as t  (4 mm) i n  th i n secti on , 1 3  i s  a crushed anorthos i te .  Other c l asts 
are ma i n ly pl ag i oc l as e ,  but a p i nk spi nel  gra i n  i s  present .  

CHEMI STRY : E l dr i dge et a l . ( 1973 )  report K ( K20 0 . 1 9% ) , U  ( 0 . 9 1  ppm ) and Th 
(3 . 12 ppm) abundances-ror-the  who l e  rock . 

EXPOSURE : E l dr i dge et a l . ( 1973 ) report 2 2 Na and 2 6Al data for the who l e  rock . 
The values i n d i cate-rhat the samp l e  is unsaturated w i th 2 6Al acti v i ty 
( Yokoyama et �- , 1 974 ) . 
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Fi gure 2 .  67937 , 1 3 ,  basal ti c  mel t ,  
ppl . wi dth 2mm • 

67937 

PROCESS I NG AND SUBD I V I S I ONS : A sma l l  c h i p  was used up to make th i n  sect i ons  , 4 
�nd , 13 - , 1 6 . Most of th� �ema i nder of the roc k occurs as  two l arge p i eces 
wh i ch make up , 0  ( 55 . 98 g ) .  
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67945 F I NE-GRAINED BASALTI C  IMPACT MELT 4 . 37 g 

I NTRODUCTION :  67945 i s  a l i ght  gray , fi ne-gra i ned i mpact mel t (Fi g .  1 )  wi th 
a su boph i t i c  to poi k i l i ti c  texture and a sma l l p i ece of adheri ng g l ass coat ( ? )  
and vei ns .  I t  was col l ected from the regol i th at the east-west spl i t  of House 
and Outhouse Rocks ( see 679 1 5 ,  F i g .  1 ) .  I t s  ori entat i on i s  un known and i t  
1 acks zap p i t s .  

F IGURE 1 . S -72-38977 . 
Sca l e i n  e m . 

F IGURE 2 .  67 945 , 1 4 .  
pp 1 . wi dth  3mm . 

PETROLOGY : 67945 i s  an i mpact me l t  wi th a m i cropo i k i l i t i c  to m i crosuboph i t i c  
texture ( F i g . 2 ) .  P l ag i oc l ase l aths are mai n ly � 30 �m l ong w i th pyroxenes 
partly  enc l os i ng them . Some i nterst i t i a l  g l ass , l a ths of i lmeni te , and 
Fe-metal are present . A few p l ag ioc l ase c l asts ( l ess  than 200 �m ) and a 
400 �m d i ameter p i nk sp i ne l  c l as t  are presen t .  

PROCESS I NG AND SUBD I V I S IONS : A s i n g l e  ch i p  ( , 1 ) ,  typ i ca l  except that i t  l acks  
glas s ,  was taken to make thin sect i ons  , 13 - , 1 5 .  
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67946 VAR IOL IT IC  I MPACT MELT OR DEVITR I F I E D  GLASS 3 . 20 q 

I NTRODUCT ION : 67946 i s  a coherent ,med 1 um dark gray , impact me l t  ( F i g . 1 }  wh i ch i s  
ves i cular and e i ther dev i tr i f i ed or crysta l l i zed i nto vari o l i tes . I t  was col l ected 
from the rego l i th at the east-west spl i t  of House and Outhouse Rocks ( see 67915 , 
F i g . 1 ) . I ts ori entat i on i s  unknown and i t  has a few zap p i ts on one face . 

PETROLOGY : Sp herul i t i c  or var i o l i t i c  structures are v i s i b l e  macroscop ica l l y .  
I n  thin sect ions they can be seen as bund les  up to 1 mm across  ( F i g . 2 ) ,  em-
bedded i n  a g l assy or dev i tr i f i ed groundmass . The var i o l i tes are i ntergrown 
p l ag i oc l ase and s ubordi nate maf i c  m i neral s .  One l i th i c  c l ast  i n  , 13 and , 14 i s  
a pure p l ag i ocl ase brecc i a .  The ves i c l es are perfect ly  spheri cal . 

PROCESS I NG AND SUBD I V I S I ONS : , 2 ,  a l ocated ch i p ,  was made i nto th i n  sect ions  
, 13  and , 14 .  Most of  67946 exi sts a s  , 0  ( 2 . 46 g ) , but a documented ch i p  , 1  
( 0 , 66 g )  a l s o  ex i sts . 

F IGURE  1 .  S-n-38977 . Sampl e 
i s  a bou t 2 . 5  em l ong . 

FIGURE 2 .  67946 , 1 4 .  
pp 1 . width 3mm . 

P ROCESS I NG AND SUBD I V I S I ON S :  , 2  was made i nto thi n secti ons , 1 3  and , 1 4 .  
Most  of 67946 exi sts  a s  , 0  ( 2 . 46 g ) ,  but a documented chi p , 1  ( 0 . 66 g )  a l so 
exi sts . 
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67947 BASALTI C  I MPACT MELT( ? )  2 . 43 9 

I NTRODUCTION : 67947 i s  a l i ght gray ,  s l abby , coherent fragment ( F i g . 1 )  wh i ch 
may h ave glass vei ns . The bu l k  matr i x  h as d i s t i ngu i sh ab l e  gray and wh i te 
( p l ag i oc l ase? ) and brown i sh gray ( mafi c? ) mi nera l s  and may be a basal t i c  i mpact 
mel t .  A sma l l amount of fi ne-grai ned wh i te mater i al i s  embedded in the me l t .  
I t  was col l ected from the rego l i th a t  the east-west  spl i t  of Hou se and Out­
house Rocks  ( see 6 7915 ,  F i g . 1 ) . I ts ori entat i on i s  unknown and it l acks 
zap p i ts . 

F I GURE 1 .  S-7 2 -38 97 7 . Sampl e 
i s  a bout 2 . 5 em l ong . 
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6 7948 BASALTI C  IMPACT MELT 1 . 59 g 

I NTRODUCT ION :  67948 i s  a yel l owi sh-gray, artgu l ar ,  coherent ,  ba sa l ti c. i mpact 
melt l acking  obvi ous c l asts ( F i g . l ) .  I t  was col l ected from the rego l 1 th at 
the east-west sp l i t  of House and Outhouse Rocks ( see 67915 , F i g . l ) .  Its  
ori entati on is  unknown and it  l acks  zaps  p i ts .  

F IGURE 1 .  S-7 2 -38977 . Sampl e 
i s  a bout 1 . 5 em across . 

FIGURE 2 .  67948 , 1 4 .  
ppl . width  2mm . 

PETROLOGY : 67948 has a fa ir ly  heterogeneous oph i t i c  to suboph i t i c  texture 
(Fi g . 2 )  :-There are abundant anhedral p l ag i oc l ase s ,  some of whi ch  are opt ica l ly zoned around an unzoned core . Most of the p l ag i oc l ase occurs as l aths 300 to 
600 ]lm ·l ong,  embedded or partl y  embedded i n  maf i c  m i nera l s '\, 500 ]lm across .  
Many pyroxenes are opt i ca l l y  zoned and some are twi nned . A brown g l assy 
mesostas i s  w ith i l men i te l aths and cristobi l i te i s  present . 

PROCESS I NG AND SUBD I V IS I ONS : 2 ch i ps ( , 1 )  from one end were made i n to th in  
sections , 13- , 1 5 .  
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67955 CATACLAS IZED PO I K I LOBLASTIC  NOR IT IC  ANORTHOS ITE 1 63 g 

INTRODUCTION : 67955 i s  a gray , nori ti c anorthos i te whi ch  has experi enced 
exten s i ve subsol i dus  annea l i ng and equi l i brati o n ,  fol l owed by 'mi l d  brecc i at i o n .  
The sampl e breaks a part eas i l y  al ong the many fractures but i nd i v i dual  p i eces 
are coherent .  Several gl ass  vei ns cut  the rock ( Fi g .  1 ) . 

67955 was col l ected to s ampl e  a l arge wh i te c l as t  i n  Outhouse Rock on the east 
rim of North Ray Crater ( see 6 79 1 5 ,  F i g .  1 ) .  The l unar ori entati on j s  unknown . 
Many zap p i ts are present on ori g i na l  s urfaces but  are poor ly  preserved due to 
the fri ab i l i ty of the roc k .  

S -72 .,- 37609 

Fi gure 1 .  cube i s  l cm.  

PETROLOGY : 67955 i s  a coarse-grai ne d ,  po i k i l ob l as t i c  rock that has been 
exten s 1 ve ly  anneal ed and subsequently brecc i ated .  Warner et al . ( 1 9 7 7 ) c l ass i fy 
i t  as a "fel dspath i c  granu l i t i c  i mpact i te " . Petrograph i c  descriptions  are g i ven 
by Hol l i ster ( 1 973 ) ,  Ashwal ( 1 97 5 ) and Nord et al . ( 1 975 ) .  Textural ly 67955 i s  
dom i nated by coarse-gra i ned c l asts o f  nor i t1C anorthos i te ( u p  t o  1 . 5 em ) that 
grade to a matri x  of f ine ly  comminuted mi neral gra ins  ( F i g .  2 ) .  These l i th i c  
c l asts typ i ca l l y  show l arge ( some >1 mm ) pyroxene po i k i l ob l asts surround ing  
subhedral to  anhedral p l ag i oc l ase and  o l i v i ne .  Brown g l as s  ve i n s  penetrate the 
matri x _ but do not cut l arger c l asts . Roedder and We i b l en ( 1 97 7 a )  d i scuss these 
g l ass  ve i n s  in detai l .  

A mode
. 

9 i ven by Hol l i ster ( 1 9 73 )  i s  78. 5% pl ag i oc l a se ,  1 4 . 5% pyroxene ( l ow-Ca > 
hi gh-Ca ) ,  6% ol i v i ne and 1 %  opaques . Mi neral s i n  both the l i thi c cl asts and i n  
the matr i x  are compos i t i onal l y  i dentical  and very homogeneous ( Fi g .  3 ) .  Together 
wi th  the seri ate texture thi s suggests that the l as t  brecc iat ion  event i nvo l ved 
s impl e crus h i ng of the precursor wi thout the i ntroducti on of s i gn i fi cant forei gn 
materi al . 
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Fi gure 2 .  a) 67955 , 6 ,  granob l asti c 
cl ast in  fragmenta l  matri x ,  ppl . 
wi dth 2mm . 
b )  same v i ew as a )  but xpl . 
c )  67955 ,47 , coarse-gra i ned  area , 
ppl . wi dth 2mm . 
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Figure 3. Pyroxene and 
ol i v i ne compos i ti ons , 
from Ashwa l ( 1 97 5) . 

P l ag i oc l ase i s  An 9 2 - 9 7 ( F i g .  4 ) .  Ashwal ( 1 9 75 ) notes a weak but percepti b l e  
norma l  zon i n g  ( up to 2 mol % An ) .  Shock effects i n  p l ag i oc l ase range from 
fracturi n g  and twi nn i ng through compl ete v i tr i f i cat i on . The l arge o i kocrysts 
are ch i ef ly  l ow-Ca pyroxene w i th h i gh -Ca pyroxene restri cted to i nteroi kocryst 
reg i ons . Nei ther of the pyroxenes i n  67955 appear to be exso l ved , but a sma l l  
amount o f  opt i cal l y  i n v i s i b l e  exsol ut i on may account for some o f  the compos i ­
t i onal  var i a t i on i n . the h i gh-Ca  pyroxenes ( Ashwa l , 1 9 75 ) .  W i th i n  the l i thi c 
c l asts ,  o l i v i ne occurs e i ther as rounded , i n terst i t i a l  gra i n s  or as i nc l us i ons  
w i th i n  p l ag i ocl ase and pyroxene . I n  some p l aces , o l i v i ne i n c l us ion s  are 
concentrated near the r ims of l arger p l ag i ocl ase gra i ns produc i ng  a ' 'nec k l ace '' 
structure . M i nor e l ements i n  o l i v i ne are very l ow ( CaO 0 . 06%, Cr20 3 0 . 04% , 
T i Oz 0 . 04% ) ( Ho l l i ster , 1 97 3 ) . .  Trace phases i n  the l i th i c  c l asts i n c l ude co­
ex i st i n g  l ow-Ni and h i gh-N i  metal ( F i g .  5 ) ,  i l men i te , tro i l i te ,  phosphate , 
sp i ne l  and r�re rad i at i n g  oxi de-anorth i te comp l exes . Hol l i ster ( 1 973 )  reports 
a s i n g l e  l arge ( 0 . 5  mm ) o l i v i ne c l ast ,  weak l y  zoned from Fo1 s - s l ·  Th i s  gra i n  
h as n o  apparent counterpart i n  any o f  the l i th i c  fragments . 
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Fi gure 4 .  P l agiocl ase compo­
s i ti ons , from As hwa l ( 1 97 5 ) . 



67955 

-� Temperatures o f  equi l i brati on of 1 000- 1 1 00° C have been cal cul ated from the 
compos it ion  of the mafi c s i l i cates i n  67955 (R i dl ey and Adams , 1 97 6 ;  Hol l i ster , 
1 973 ) .  Cons i deri �g such h i g h  temperatures i t  i s  l i ke ly  that some s i l i cate mel t 
wa s i nvol ved i n  the petrogenes i s  of  thi s rock ( Hol l i s ter ,  1 973 ) .  I n  a n  el ectron 
petrographi c study Nord et a l . ( 1 975 )  concl ude that 67955 was not l i th i fi ed by the 
North Ray Crater event . -- --

x BRECCIATED MATRIX 
• IGN EOUS C LASTS ______-�e_oRiiiC 67955 

• � 
-

-

-

-

� �==--
---- � ·-� 

-� 

Compositions of coexisting low- and hlgh-Ni metallic phases from 67955 showing 

chemical simi]arity between grains in the anorthositic norite clasts and the granulated 

matrix. The circle indicates estimated pre-unmixing composition assuming 5 vol.% of 

high-Ni phase. 

----

Wt. l Nidtel 

iJJLure 5 .  Metal compos i ti ons . a )  from As hwal ( 1 975 ) , b )  from 
Mi sra and Tayl or ( 1 97 5 ) . See a ·l so Hol l i ster ( 1 973 ) . 

J.__ 

CHEMISTRY : Major and trace e l ement analyses of the bu l k  rock are reported by 
Rubbard et al . ( 1 974 ) ,  Boynton et a l . ( 1 976 ) ,  Wasson et al . ( 1 977 ) ,  Palme et 
a l . ( 1 978} and LSPET ( 1 973 } .  Mefeori t i c  . s i deroph i l e  andvo l atil e  abundances 
ar�e g i ven by Ganapathy et a l . ( 1974 ) .  Ran c i te l l i  et al . ( 1 973a , b ) prov i de 
natural and cosmogen i c  rad10nuc l i de abundances . .  Roedder and We i b l en ( 1 97 7a )  
g i ve e l ectron mi croprobe ana lyses of the g l ass ve i n s .  

The an a lyses show that 67955 i s  a very homogeneous rock w i th "-27% Al 20 3 and 
rare earths "-1 5  t imes chondri tes ( Tab l e  1 ,  F i g .  6 ) .  S i deroph i l e  e l ement 
abundances i nd i cate that there is s i gn i fi cant meteor i t i c  contaminat ion . Hertogen 
et a l . ( 1 977 ) ass i gn the meteor i ti c  s i gnature to Group 5H , common among North 
R:ayiCrater rocks . The g l ass ve ins  are d i sti nct ly  more al uminous and l ess  
magnes i an than the bu l k  rock ( Tab l e  1 ) ,  and therefore must  represent i nj ected 
fore i gn mater i al rather than mob i l i zed bu l k  rock . 

RAD I OGENIC  ISOTOPES AND GEOCHRONOLOGY : 
RD-Sr isotopic data and calculate model 
5 . 0 1 ±0 . 46 b . y .  ( TLUN I ) ( Tab l e  2 ) .  

Nyqu i st et �· ( 1 974 ) g i ve whol e  rock 
ages of 4 . 70±0 . 46 b .y .  ( TBAB I ) and 

U-Th- Pb i sotopi c data are reported by Oberl i et al . ( 1 979) . 67955 conta i ns excess 
U rel ati ve to i ts Pb content and pl ots s l i ghtly above the 3 . 9- 4 . 45 b .y.  " catacl ysm" 
l i ne . 



67955 

TABLE 1 .  Summary chenist�� of 67955 1 i tho1ogies 

Bul k Rock Glass Veins 

10 

Si02 45.2 
Ti02 0.30 
Al 2o3 2 7 . 3  
cr2o3 0 . 1 2  
FeO 4.2  
MnO 0.06 
MgO 7 . 7  
CaO 1 5. 3  
NatJ 0.45 
KtJ 0. 060 
P tJ 5 0 .05 
Sr 1 70 
La 4 . 9  
Lu  0.27 
Rb 0 .9  
Sc 7 . 2  
Nf 1 73 
Co 1 7  
Ir  ppb 6 . 9  
Au ppb 2 �0 
c 
N 

s 1 00 
Zn 6 .6  
Cu 1 .28 

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

Palme et a/., 1978 
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46 . 3  
0.21 

29.8 
<0. 05 
3.0 

<0.05 
4 . 9  

1 5 . 5  
0 .23  
0.06 

<0.05  

F i gure 6 .  
Rare earths . 
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TABLE 2 .  Rb-Sr data for 67955 ,56 ( Nyqui s t  et  a1 . ,  1 974 ) - -

Rb ppm Sr ppm 87Rb!" •sr 87Sr!" 6Sr TBAB I ( b.y. ) \UNI (b .y. )  

0.885 1 69 . 1  0 .01 51±3 0 . 70012±8 4 .70± . 46 5 .0 1 ± . 46 

RARE GASES/EXPOSURE AGES : Dr·ozd et al . ( 1 974)  g i ve Kr i sotopic  data and cal cul ate 
8 1 Kr- Kr , 2 1Ne  and  3 8Ar exposure a9 es

·-;;-f 50 . 1 ±1 . 6 ,  1 7 . 9±4 . 2  and 32 . 0±1 2 m .y . , 
respecti vel y .  Pepi n et a l . ( 1 974)  note that 2 1Ne and 3 BAr ages tend to be system­
a ti cal l y  l ower than 8Tf<rages , and cal cul ate a s h i el d i ng  depth of 4 . 8  g/cm2 for 
whi ch  al l ages are concordant at  �so m .y .  These data are cons i s tent wi th the 
excavati on of Outhouse Rock from a we l l -sh i e l ded area to i ts present l ocat i on i n · 
a s i ng l e  event .  

2 2Na and 26Al data are gi ven by Ranci tel l i  � �· ( 1 973a ) . From these data 
Yokoyama et al . ( 1 974 )  concl ude that 67955 1 s  probabl y saturated i n  26Al acti v i ty • . - --

PROCESS ING AND SUBDIV IS IONS : I n  1 972 , 67955 was removed from i ts Documented Bag 
as four p 1 eces , whi ch were numbered ,1 - , 4 ( Fi g .  1 ) . Al l ocati ons were fi l l ed mostly 
from chi ps from the l arges t p i ece ( , 1 ) .  The sampl e has never been sawn . , 1  i s  
t he l argest s i ngl e pi ece rema i n i ng ( 1 03 . 07g ) .  
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67956 BASALTI C  IMPACT MELT 3 . 70 

INTRODUCT ION :  67956 i s  a coherent ,  gray, ba sa l ti c  i mpact mel t  lack i ng 
obvi ous c l asts and conta i n i ng i rreg u l ar vugs ( Fi g .  1 ) .  I t  was col l ected 
from Outhouse Rock ,  adjacent to 67955 and 67957 ( see 6791 5 ,  F i g .  1 ) . I ts 
orientati on i s  unknown , but i t  has a few zap p i ts on one surface i nd i ca t i ng 
the exposed s i de .  

F I GURE 1 .  S -7 2-37 547 . Wi dth 
of  sampl e a bout 1 . 5 em . 

PETROLOG Y :  67956 i s  homogeneou s ,  w i th a subop h i t i c  me l t  texture, Most  
p l ag i oclase l aths are � 500 �m l on g  wi th a max imum around 1 mm ; some anhedral 
p l ag i oc l ases are a l so � 1 mm i n  d i ameter . Maf i c  m i nera l s  partly  enc l ose the 
p l ag ioc l ase l aths, and i ntersti ces are fi l l ed w i th a g l assy mesostas i s .  

PROCESS I NG AND SUBD I V I S I ONS : A ch i p  ( , 1 )  was made i nto th i n  secti ons , 1  , 1 3  
and , 14 .  I nter1 or ch 1 ps were a l l ocated for meteor i t i c  s i deroph i l e  and vo lat i l e  
e l ement ana lyses . , 0  rema ins  as 5 ch i ps ,  one con s i derab ly  l arger than the 
others , total l i ng  3 . 20 g .  
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67957 GLASSY t4ELT BRECC IA  l .  73  

I NTRODUCTI ON :  67957 i s  a grayi sh  o l i ve to  dark gray coherent rock whi c h  
conta i n s  a few ves i c l es or cav i t i es ( F i g .  1 ) .  The matri x i s  comp l ex , brown , 
and poss i b ly l argely  p l ag i oc l ase-r ich  devi tr i f i ed g l ass . I t  was co l l ected 
from Outhouse Rock adjacent to 67955 and 67956 ( see 6791 5 ,  Fi g .  1 ) .  I ts 
ori entati on i s  unknown but many zap p i ts on  one s i de i nd i cate the exposed 
surface . 

F I GURE 1 .  S-72 377 93 . Sampl e 
i s  a bout 1 em wi de . 

F IGURE 2 .  67 957 , 5 .  
ppl . wi dth  3mm . 

PETROLOGY : 67957 i s  a brown , g l assy or m icrocrysta l l i ne ,  heterogeneous 
brecc i a  ( F i g . 2 )  contai n i ng a few brown , ragged, "mi crocrysta l l i ne "  p l ag i oc � ase 
c l asts wh i ch may be dev i tr i fied  maskelyn i te .  A few maf i c  and shocked p l ag l O­
c l ase c l asts are a l s o  present .  

PROCESS I NG AND SUBDIV I S I ONS : A representati ve c h i p  ( , 1 )  was made i nto th i n  
sect1 0n , 5 - , 7 .  
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67975 FRAGMENTAL POLYM ICT BRECCIA ,  GLASS COAT 447 g 

I NTRODUCTION : 67975 i s  an i rregu l ar ly  sh aped rock wh i ch has rough l y  equal  
amounts of a pa le  gray, fragmental , fr i ab l e  brecc i a  and a coat i n g  of frothy , 
c l ast-rich  g l ass  ( F i g .  1 ) . I t  was pi cked off the rego l i th near Outhouse 
Roc k ,  on the east r im  of North Ray Crater . I ts orientat i on i s  unknown . 
Zap p i ts are present on the N and W s urfaces of the brecc i a .  

S - 75 - 24528 

67975 

Figure 1 .  

PETROLOGY : Two l i tho l og i es make up  67975 i n  approx i mate ly  equal  proport ions : 
a fragmental , pa le  gray brecc i a ,  and a g l assy coat i ng .  P l ag i oc l ase m i nera l 
fragments domi nate the brecc i a  ( F i g .  2 )  w ith subord i nate amounts of maf i c  
mi nera l s ,  Fe-metal ( some rusty ) and troi l i te ,  and rare i l men i te and sp i ne l . 
L i th i c  c l asts ( F i g .  2 )  are not common and i n c l ude b as a l t i c  i mpact me l t ,  
granob l ast i c  troctol i t i c  anorthos ite , and c atac l as t i c  anorthos i te ,  at l east 
one c l ast  of wh i ch i s  pr i s t i ne . A few dark , i rregu l ar ,  meta l -r ich g l ass  
ve i n s  penetrate the brecc i a .  

1 028 
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Fi gure 2 .  a ) 6797 5 , 81 , 
b ) 6797 5 , 62 ,  
c ) 6797 5 , 6 5 ,  
d ) 6797 5 , 5 5 ,  

67975 

d 

fragmental brecc i a ,  ppl . wi dth 2mm 
fragmental brecc i a ,  basal t cl asts , xpl . wi dth l mm 
granobl asti c c l ast,  partly xpl . wi dth l mm .  
granobl asti c c l ast  i n  g l ass  coat,  ppl . wi dth 2mm . 
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67975 

The g l as s  coat i ng ( up to �5 em th i ck i n  p l aces ) i s  genera l ly c l ean g l ass w i th 
a few mi neral and l i th i c  c l asts ( F i g .  2 ) .  Very f i ne-grained '' quench '' crysta l s  
o f  p l ag i oc l ase common ly  radi ate from the g l ass/brecc i a  contact and from the 
exter i or surface of the coat . 

CHEMI STRY : Major and trace e l ement  analyses of representat i ve c h i ps of g l ass 
coat and fragmental brecc i a  are g i ven by Chr i st i an et a l . ( 1976 ) ( s p l i ts , 3  
and ,43  respecti vely ) . Hertogen e t  a l . ( 1977 ) report meteor i t i c  s i deroph i l e 
and vo l at i le e l ement abundances for the g l ass coat , the fragmenta l  brecc i a ,  a 
pri s t i ne catac l asti c anorthos i te c l as t ,  and a dark , aphan i t i c  c l as t .  Total N 
and C abundances of the g l ass and the brecc i a  are prov i ded by Moore and Lew i s  
( 1976 ) .  C l ark and Kei th ( 1 973 ) measured n atural and cosmogen i c  rad i onuc l i de 
abundances i n  the who l e  rock . Uh l mann et a l . ( 1977 ) report an average mi cro­
probe major e l ement analys i s  of the g l ass coat . 

S i 02 
Ti02 
Al203 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K2o 
P205 
Sr 
La 
Lu 
Rb 
Sc 
Ni 
Co 
Ir ppb 
Au ppb 
c 
N 
s 
Zn 
Cu 

TABLE 1 .  Summary chemistry of 67975 l ithologies 

Fragmenta l , gray brecci a  

44 . 23 
0 .40 

29 . 12 
0 .05 
4 . 61 
0 .06 
4 .09 

16 .70 
0 . 42 
0 . 13 
0 . 20 

130 
<10 

0 . 5-1 
8 . 7  

20 
4 . 6  
0 .493 
0 .046 

51 
42 

1 .44 

Glass coat 

45.33 
0 . 49 

27 . 50 
0 . 08 
4 . 27 
0 .06 
5 . 58 

15 .90 
0 . 52 
0 . 1 1  
0 .1 1  

150 
1 1  

"-1 .8  
6 . 8  
95  

6 
5 . 14 
1 .48 
31 
54 

2 . 44 

Anorthosi te 
C l ast  

0 . 58 

d1 

0 .091 
0 .0084 

4 . 25 

Oxi des in wt%; others in ppm except as noted . 
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Aphan it i c  
C l ast 

2 .46 

44 

1 .66 
0 .98 

7 .49 



.� A summary chem i stry for each <ma lyzed l i tho l ogy i s  g i ven i n  Tab l e  1 .  The 
major e l ement data for the g l as s  coat are those by Chri sti an et a l . ( 19 76 ) .  
The mi croprobe ana lys i s  of the g l ass  coat by Uh lmann et a l . (I9t7) i s  
s i gn i f i cant ly  more a l umi nous ( 30 . 4% A] z03 ) ,  poss i b l y  1nd i cat i ng  some heter­
ogene i ty i n  the g l ass . S i gn i fi cant compos i t i ona l  d i fferences between the 
g l as s  coat and the fragmental brecc i a  are apparent ,  especi a l l y  for Al 203 
and Fe/Mg . Except for the pr i st i ne  anorthos i te c l as t ,  a l l samp l e s  are 
contam i nated w i th meteor i t i c  mater i a l . 

67975 

PHYS ICAL PROPERTIES : Uh lmann et a l . ( 1 9 7 7 , 1978 ) exper imental l y  and theo­
retically stud 1 ed var i ous aspectsof the g l as s  form i ng process for a 
compos i ti on match i ng the i r  m i croprobe analys i s  of the 67975 g l ass  coat 
( F i gs .  3 , 4 , 5 ) . The re l at i ve l y  l ow l i qui dus temperature ( 1 21QOC ) and the h i gh 
v i scos i ty of th i s  compos i t i on make i t  a good g l ass -former . Uh l mann et al . 
( 197 7 )  est imate the cool i ng rate of the 67975  g l ass  coat to h ave been- -­
O . Q60C/m i n  and conc l ude that i t  d i d  not form as an i sol ated body but as 
p art of a l arger coo l i n g  un i t .  

Fi gure 3. From Uhl mann et �· ( 1 978 ) .  

Time-temperature-transformation (TTT) and continuous cooling (CT) curvet 
for matrix composition of lunar breccia 67975. Nucleation barrier • 43 kT at 

aT, � 0.2. 

Fi gure 4. From Uh l mann  et �. ( 1 977 ) . 

1031 

Viscosity ver�us temperature relation for 
lunar composition 67975. 



67975 

10"1..--�----,----,---.----�-� 1 I I I I o-o• 

•• A- .. �o-Gso16 
60095 •. �·· /"0 ...... :···-"70 -

�7_,. ...... , 

-
,'!- ,' \ 

" 10·4, 
c> 

/ I •, / I \67975 _ 

; , ' 
.Q i I 1 I I 

. -
I • 

I0-6 '---..l-' --L-' -..l-' --L-' -...1'---l 
700 900 1 100 1300 

Temperature (C)  
Crystal growth rate versus temperature relations for lunar compositions 67'.175, 

60095, and 65016. 

Figure 5 .  From Uh l mann et �- ( 1 97 7 ) . 

PROCESS I NG AND SUBD I V I S IONS : I n  1972 a few ch i ps of g l ass  coat were pr i ed 
off for a l l ocation s .  I n  197 5  the rock was extens i ve ly subd i v i ded by c h i pp i n g  
and pryi n g .  The samp l e  h a s  never been s awn . Dur ing  the 1975 process i n g  the 
rock was broken i nto two l arge pieces ( F i g .  1 )  represent i ng  the bu l k  of the 
fragmental brecc i a  ( , 21 ) and a l arge porti on of the g l as s  coat ( , 22 ) .  , 21 
( 172 . 55 g )  i s  stored at the Brooks Remote Vau l t .  , 2 2  ( 227 . 59 g )  remains  at 
JSC . 
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68035 POLYMI CT BRECC IA  �J ITH CATACLASTI C  ANORTHOSITE ,  PARTLY 2 1 . 0  g 
GLASS-COATED 

I NTRODUCTION :  68035 i s  a coherent polymict  brecci a ,  con s i sting of aphan i ti c  
gray i mpact  mel t  and catac l asti c anorthos i te i n  a p l ag i ocl a se-ri ch  matri x 
( Fi g .  1 ) .  G lass  both coats one s i de and i ntrudes the brecc i a (Fi gs .  l ,  2 } ;  
i ts col or ranges from bl ues to turquoi ses to yel l ow browns . 

68035 was col l ected on the north r im  of a 1 0- 1 5  m crater .  Its  ori entat ion 
i s  known , and zap pi ts occur on most si des . 

F I GURE l .  S -7 2 -405 1 8 . 
Scal e i n  e m .  

P ETROLOGY :  Two unl ocated c h i ps ,  one whi te and  one gray , were thi n  secti oned . 
The whi te fragment i s  a catac l ast ic  anorthos i te ( Fi g .  3 )  cons i sti ng mai nly  of 
deformed p l ag i oc l ase gra i n s ,  wi th  conti nuous rel i cs up to 3 mm across preserv­
ed . The anorthos i te contai n s  a few percent of mafi c m i neral s ,  at l east most 
of whi c h  are pyroxene,  and some are exsol ved . The mafi c mi nera l s  range up to 
500 �m l ong . The gray ch i p i s  a coherent fi ne-gra i ned , p l ag i oc l ase-ri ch  i mpact 
mel t  ( Fi g . 3}  conta i n i ng mi neral and l i th i c  ( aphan i t i c  mel t )  fragments . I ts 
matrix  i s  mi cropoi ki l i ti c  i n  p l aces , and i ts pl ag ioc lase  c l asts are ragged . 
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68 035 

F IGURE 2 .  S-72-405 1 6 .  Sca l e  i n  em .  
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68035 
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.... ·:c· . • • 
. .  .. • � .ll 

FI GURE 3 .  68035 , 6 .  a )  anortho s i te ,  xp l . width 2mm . b )  brecc ia  matr i x ,  ppl . 
wi dth 2mm . 

CHEMISTRY : Ranc i te l l i  et  a l . ( 1 973b) provi de who l e roc k K ( K20 0 . 073% ) , 
U (0 . 23 ppm ) and Th ( 0 .91 ppm ) a bundance s ,  measured by y-ray spectroscopy . 

EXPOSURE AGE :  Ranc i te l l i  et al . ( 1 973a )  provi de cosmogen i c  rad i onuc l i de data, 
measured by y-ray spectroscop� Yokoyama et a l . ( 1 974 ) tabu l ate the samp l e  
as undec i ded i n  terms of saturati on or non�aturat i on i n  2 6Al  act i v i ty .  

P ROCESS I NG AND SUBD I V I S I ONS : 68035 rema i ns essent i al ly i ntact as , 0 .  Sma l l 
c h i ps and fi nes have been numbered , 1  ( 0 . 020 g ) .  2 sma l l unl ocated c hi ps ( , 2 )  
were potted together to make thi n secti ons , 6  and , 7 .  
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68115  GLASSY GRAY POLYMI CT BRECC IA 1 1 90__Jl 

I NTRODUCT ION : 681 15 i s  a heterogeneous po lym ict brecc i a  ( F i g .  1 )  wh i ch i s  
heavily shocked . The event form i ng the brecc i a  me l ted mater i al , apparently 
mai n l y  ferroan anorthos i te ,  wh i ch then f l owed between c l asts . These l atter 
are ma i n ly aphan i t i c  and basal t i c  i mpact me l ts .  The g l ass i s  f l ow-banded , 
ves i cu l ar ,  and conta ins  re l i ct wh i te mater i a l  ( F i g .  1 ) .  

The sample  was the on ly  s amp l e  ch i pped from the 1 m bou l der on the southeast 
rim of a 10-15  m crater . The l ocat i on and the exposure ages suggest that the 
boul der i s  ·south Ray ejecta .  68115  i s  med i um to med i um dark gray ,  subangu l ar ,  
and tough . I ts ori entati on i s  known and zap p i ts occur on al l surfaces except 
that fresh ly  exposed by i ts break from the bou l der . 

681 1 5 , 0 

FIGURE 1 . 
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FI GURE 2 .  a ) q81 1 5 , 3 .  
b ) 681 1 5  ' 3 "  
c ) 681 1 5 , 3 .  
d ) 681 1 5 . 98 .  

d 

genera l gl as sy brecc i a ,  ppl . width 2mm . 
general gl a s sy brecc ia , ppl . wi dth 2mm . 
ba sal t ic  mel t c l a s t , ppl . width 2mm . 
gl a s sy basal t i c  impact mel t c l a s t ,  ppl . 
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68 1 1 5  

1.5 
] 0 u 1.0 
" 

� 0.5 

68115 

Wt. 1. Nickel 

F IGURE 3 .  Heta l s ;  from 
H isra and Tayl or ( 1 97 5 ) .  

PETROLOGY : Gri eve et a l . ( 1 974 ) g i ve a petrograph i c  descr i pt i on ,  w i th mi cro­
probe ana lyse s ,  of gTasses and i mpact mel t  fragments . M i sra and Tay l or ( 1975 ) 
g i ve a br ief  petrograph i c  descr i pt i on i n  the i r  study of metal  and schre i bers i te 
gra i n s . L . A .  Tay l or et a l . ( 19 76 ) ,  descr i b i ng heat i n g  experiments on 68 1 1 5 ,  
prov i de an analys i s  or-glass . 

681 1 5  i s  a heterogeneous brecc i a  ( F i g .  2 )  wh i ch i s  we l ded together by f l ow-
banded g l ass . The g l as s  var i es from co lor less  to brown , i s  extreme ly  ves i cu l ar ,  
and i s  al umi nous ( ana lyses i n  Tab l e  1 ) .  P l agi ocl ase rel i cts , shocked and .part ly  
i sotropi zed,  merge i n to the  g l as s ,  commonly  wi th i nd i sti nct boundar i es ; " cumu l ate" 
textures occur rare ly  where maf i cs are presen t .  The a l uminous nature of the 
g l ass  and the s i ze of the p l ag ioc l ase rel i cts ( up to two mi l l imeters ) su ggest a 
ferroan anorthos i te precursor . Most of the c l asts , apart from p l ag i oc l ase , are 
aphan i t i c  or f i ne-gra i ned bas a l t i c  i mpact me l ts ( F i g .  2 ) ;  some are over 1 em i n  
d i ameter .  They are var i ed i n  texture . The me l ts contai n var ied  amounts of 
c l ast i c  mater i al , ma i n ly  p l ag i oc l ases , but some l i th i c  c l asts . These melts 
contai n  2 1 -26% Al 20 3  ( Gr i eve et �- · 1 9 74 ) .  

Metal  gra i n s  ana lyzed by M i sra and Tay l or ( 19 7 5 )  h ave features suggesti ve of 
crysta l l i zation  from me l t s . The i r  compos i t i on s  show some spread i n  Ni val ues 
( F i g .  3 )  w i th an average of 5 . 4% Ni and 0 . 4% Co .  Schre i bers i te is a l so present ;  
meta l -schre i bers i te t i e - l i nes d o  not match exper imental l y  determi ned tie- l i nes  
in  the Fe- N i -P system . Fe-meta l /tro i l i te i ntergrowths are common . Kerri dge 
et a l . ( 1975b ) report three va l ues of total Feo i n  6811 5 :  0 . 39 ,  1 . 0 7  and 1 . 62 
wt%-. 

CHEMI STRY : S . R .  Taylor et a l . ( 1974 ) and Fruchter et a l . ( 1974 ; ana lys i s  
erroneous l y  tabu l ated as�7455 , 1 3 )  analyzed some major-and trace e l ements 
( i n c l u d i ng rare earth s ) ;  Ran c i te l l i  et a l . ( 1 973b ) prov i de U ,  Th , and K abun­
dance data ;  and Ganapathy et al . ( 1 974 )-prov i de meteor i t i c  s i deroph i l e and 
vo l at i l e  e l ement abundance� -orozd et �· ( 1 974 ) l i st a U  abundance and 
Kerri dge et al . ( 1975b ) provi de C ano-s abundances as we l l  as analyses for 
carbon compounds . Al l these analyses are of bu l k  rock or matr i x ,  and the 
d i fferences between the analyses (Tab l e  1 )  demons trate the heterogene ity of 
the rock a l though the two rare earth patterns ( F i g .  4 )  are s im i l ar .  Remarkab l e  
i s  the d i fference between the s i deroph i l e  and a l k a l i contents measured by 
S . R .  Tay l or et a l . ( 1974 ) and Ganapathy et a l . ( 19 74 ) on two c h i ps wh ich  were 
s im i l ar i n  appearance ; the ana lys i s  of Ganapathy et  a l . ( 1974 ) corresponds to a 
meteori te-free , pr i st i ne l i tho l ogy ( Hertogen et a�,-r9 77 ) .  
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681 1 5  

TABLE 1 .  Chemical An alyses of ch ips  of 68115 

A B f. Q I 
SiOz 44.8 44. 2 

TiOz 0. 34 0 . 1 0  

Al 203 27 . 6  31 . 6  34.4 

Cr203 0 . 1 0  0.09 0.01 

FeO 5 . 1 0  3. 2 1 . 1 8  

MnO 0.04 

MgO 5.79 0.86 

CaO 1 5. 4  1 8 . 7  
Na20 0.47 0.45 0.47 
K20 0.06 0.06 

P20s 
Sr 
La 1 4. 3 9 . 8  
Lu 0.7  0.5  

Rb 2 . 6  0.043 
Sc 9 5. 2 

Ni 2000 �7 

Co 105 1 9 . 4  

I r  ppb 0.04 

Au ppb 0 . 005 
c 1 3- 1 1 2 

N 
s 600-800 

Zn 
Cu 1 7  

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

A ) ,80 S.R.  Tayl or et al . ( 1 974) 

�l 
,78 Fruchter et aT.-rl 974 ) ( erroneously  l i sted as 67455 , 1 3 )  
,67 Kerri dge et aT. ( 1975b ) 

D) ,77 Ganapathyetal . ( 1 974) 
E )  

F 
44. 5  

0. 22 
29.4 

0 .06 
3 . 3  
0 . 00 
3 . 6  

1 7 . 5  
0 . 68 
0 . 1 2 

F) 
L .A .  Taylor etii"l-:-(1976 ) -mi croprobe data : glass 
Grieve � al-:-(�4)-mi croprobe data : average gl ass matrix and i nject i on vein  

STABLE I SOTOPES : Kerr i dge et a l . ( 1975b ) report a o 1 3 C val ue of -25 . 8  and a 
8 3 4 S value of +1 . 9 ,  wh i ch contrast wi th val ues for l ocal  rego l i th of +11  and 
+9 respect i ve ly .  

RARE GASES AND EXPOSURE AGES : Drozd et a l . ( 19 74 )  report Kr i sotop i c  and 
spal l at i on spectra and give a spal l atTOn-si Kr-Kr age of 2 . 08±0 . 14 m .y .  2 1 Ne 
and 3 8Ar ages of 1 . 75±0 . 41 and 1 . 63±0 . 67 m . y .  respect i ve l y  are tabu l ated . 
Bogard and G i bson ( 19 7 5 )  report 2 1 Ne ages of 2 . 2  and 2 . 1  m . y .  and 3 8Ar ages of 
1 . 3  and 0 . 9  m .y .  Ranc i te l l i  et a l . ( 1973 a )  report 2 2 Na  and 2 6Al d ata but 
because the samp l e  was s h i e l ded from sol ar f l ares the i nformat i on i s  not 
relevant to exposure ( Yokoyama et �. , 1974 ) .  
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681 1 5  

Bogard and Gi bson ( 1975 ) report Kr and Xe i sotop i c  abundances for d i fferent 
temperature rel eases . The data are unusua l  i n  that the concentrat i ons  rel eased 
were . h i gher th an expected and were associ ated w i th the rel ease of chem ica l l y  
acti ve spec i es i nc l ud i ng  hydrocarbons . H 20 and C02 were a l so  re l eased and 
suggest terrestr i al contami nat i on . I t  i s  probab l e  that the h i gh Kr and Xe 
rel eases can be exp l a i ned as strong l y  adsorbed atmospher i c  gases i ntroduced , 
wi th other spec i e s ,  at an unknown t ime . 

PROCESS I NG AND SUBD I V I S IONS : Fol l ow i n g  removal  of a few c h i ps , a s l ab was cut 
from 681 1 5  in  1973 l eaving two l ar9e end-pi eces , 10 ( 760 g )  and , 1 1 ( 252  g )  
( F i gs .  1 , 5 ) . The s l ab and , 1 1  have been extens i ve ly  subd i v i ded ( F i g .  5 )  but 
, 10 remai ns  i ntact . 

681 1 5  
Spl its of 

,1 7.� .  

FIGURE 5 .  
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6841 5 BASALTIC  IMPACT MELT 3 7 1  Jl. 

INTRODUCTION : 6841 5 i s  a fa i rl y  homogeneous basal t i c  impact mel t but wi th a 
patchy d 1 s tri bution of l i ght and dark col ors suggest ive  of resorbed cl asts 
( Fi g .  1 ) .  I t  conta i ns 75-80% p l a g i ocl ase in an i nterl ocki ng network ,  i s  
contami nated wi th meteori t i c  s i derophi l es ,  and has a prec i s e  Rb-Sr age of 
3 . 84±0 . 01 b .y .  (Papana sta s s i ou and Wasserburg , l 972a ) .  The Rb-Sr i sotop i c  
data strongl y  suggest that 6841 5 was tota l ly mol ten at 3 . 84 b .y . , l eavi ng no 
rel i cs .  

Both 6841 5 and 6841 6 were ch i pped from the top of a 0 . 5  m angul ar boul der 
( Fi g .  2 )  on the outs i de rim of a 5 m crater .  The sampl es were ta ken �20 em 
apart . 6841 5 i s  green i s h-gray , coherent and has many zap p i ts on i ts l unar 
exposed ,  rounded face .  

F IGURE l a .  

1 042 

.. 





a 

6841 5 

b 

F IGURE 3 .  a )  6841 5 , 1 33 .  x pl . wi dth  2mm .  b )  6841 5 , 1 41 . xp l . width  2mm . 

PETROLOGY : Petrograph i c  descr i pt i ons w i th mi croprobe analyses are g i ven by 
Gancarz et a l . ( 1972 ) ,  He l z  and App l eman ( 19 73 ) ,  Wal ker et a l . ( 1 973 ) and 
Van iman andiPapike  ( 1981 ) .  A brief descr i p t i on is g i veniDyiMcGee et al . ( 1 979 ) .  
Nord et al . ( 1973 ) report h i gh vo l tage e l ectron mi croscope ( HVEM ) Stud i es of 
mi neraT PKases , and Takeda ( 1973 ) g i ves some mi croprobe and x-ray data for 
pyroxenes . Studies of opaque phases , parti cu l ar ly  Fe-metal and schre i bers i te ,  
are reported by L . A .  Tay l or et al . ( 1 973a) , Mi sra and Taylor ( 1975 ) ,  and Pearce 
et al . ( 1976 ) .  Meyer et al .-r1974 ) report trace e l ement abundances i n  p l ag i o ­
CTases ,  from i on probe-analyses . Stud i es on crack poro s i ty ( S i mmons et al . ,  
1974 ) , o l i v i ne-au g i te equ i l i brati on temperature ( R i d l ey and Adams , 1 976 ) -and 
i l men i te paragenes i s  ( Eng l ehardt ,  1 978 , 1979 ) h ave been reported . Jagodz i n s k i  
and Korekawa ( 1973 ) stu d i ed d i ffuse x-ray scatter i n g  of p l ag i oc l ases , ma i n l y  
t o  understand rad i at i on defects . Hew ins  and Go l dste i n  ( 1975a ) mode l l ed the 
metal compos i t i ons  reported by L . A .  Tayl or et a l . ( 1 973a ) u s i ng frac t i onal  
crystal l i zation schemes . -- --

TABLE 1 .  Ion mi croprobe data for trace e l ements i n  684 1 5 , 131 

{from Heyer et al . ,  1974) ( wt�' and ppm ) 
# analyses tla20 L i  �1g K Ti S r  

Large grains 27 0.29 1 . 5  790 1 1 0  75  1 77 

Sma 1 1  grains 3 0 .22 1 . 0 490 55 83 1 80 

Gra i n  A 4 0 . 31 1 . 8 570 1 00 68 1 92 

Ba 

1 1  

1 7  

1 3  

G ra i n  8 6 0.27 1 . 5 680 71 62 1 88 1 1  
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68415  has a n  ophi t i c -subophi t ·i c  texture wi th  a few phenocrysts ( Fi g .  3 ) ; al though 
some authors h ave referred to the texture as i nterserta l , there i s  so l i tt le  
g l as s  ( <1% ) that the  term i s  i n appropr i ate . Accord i ng to He l z  and App l eman 
( 1 973 )  the gra i n  s i ze i s  ser i ate , w i th rare phenocrysts . The dominant  texture 
i s  of i nter l ock ing  p l ag i oc l ase l aths w i th i ntersti ti al maf i c  m ineral s ,  but 
grades to phenocryst- l i ke  p l ag i oc l as e ,  somet imes in rad i al c l usters , and fi ne­
grai ned patches wh i ch are poss i b l y  cognate i n c l us i on s  ( Gancarz et �· · 19 72 ) .  
Nei ther Wal ker et al . ( 19 7 3 )  nor He l z  and Appl eman ( 1 973 ) observed obv i ous  xeno­
cryst i c  p l ag i oclase-and suggest that there i s  l i tt l e  accumu l ated p l ag i oc l ase ;  
i n  contrast Gancarz et al . ( 1972 ) suggest that the samp l e  contains  5 to  25% 
accumu l ated p l ag i oc l ase--. Wh i l e He l z  and Appl eman ( 1973 )  and Wal ker et al . ( 1973 ) 
suggest that an impact mel t  ori g i n  i s  most  l i ke ly ,  Gancarz et al . ( 1 972)l eave 
open the poss i b i l i ty of a part i a l  me l t  of a source even more alUminous than 
68415  i tse l f .  

Groundmass p l ag i oc l ases are mai n ly  An9 8 _ 92 , but ri ms range to An 7 1  ( F i g .  4 ) . 
The phenocrysts and l arge gra ·i ns  have cores wi th the same compos i ti on s  as  the 
groundmass and the l arge gra i n s  frequently s how a reversal  of  zon i n g  at the i r  
outer edges (Gancarz e t  a l . ,  "1 972; Hel z  and App l ema n ,  1 97 3 ;  Wal ker e t  a l . ,  1 973 ) .  
Nord et �· ( 1 973)  deta i--l ant·i phase doma i n s  i n  p l ag i oc l as e .  r�eyer et al . ( 1 974)  
s how that p l ag i ocl ases do not d i ffer s i gni fi cantly in the i r  trace e l ement con­
tents (Tab le  1 ) ,  thus there is no evi dence that any of the p l a g i ocl ases they 
analyzed are rel i ct .  The i nteri ors of gra i ns are c hemi ca l ly homogeneous .  Py­
roxenes show two mai n  compos i ti onal  cl usters , of wh i c h  l ow-Ca vari et ies are 
domi nant ( Fi g .  5 ) . Orthopyroxene i s  not present .  Pyroxenes are zoned , bu t 
not i n  any systemati c fash i on ,  a l though the most i ron-ri ch  gra i ns occur only 
i n  mesostas i s  reg i ons . Exsol ut i on i s  not apRarent wi th  the petrograph i c  mi cro­
scope, but Nord et  a l . ( 1 973)  observed 1 000 A-wi de aug i te l ame l l ae in p i geon­
i te ,  us i ng HVEM techni ques , and Takeda ( 1 973 ) a l so found x-ray evi dence for 
aug i te exsol uti on . The sma l l , i n tersti t i a l  ol i v i ne crysta l s  have restri cted 
compos i ti ons wi th the total reported range of Fo6 7 _ 7 3 .  Ri d l ey and Adams 
( 1 976 )  ca l cu l a ted an o l i vi ne-aug i te equi l i brati on temperature of 998 ° C .  

The mode by Gancarz ·et al . { 1 97 2 )  ha s 82% pl agi ocl ase ,  8% pi geon i te ,  4% aug i te ,  
3% ol i vi ne ,  2% mesostasTS ("'1 % i l meni te , chrom i te ,  u l vospi nel , troi l i te ,  Fe­
metal , cri stobal i te , and gl ass ) .  Othel' modes are fai rl y  s i mi l ar ,  d i fferi ng 
ma i n l y  i n  the pl agi ocl ase  and ol i v i ne contents . Other phases observed i ncl ude 
armal col i te ( Hel z and Appl eman , 1 97 3 ) , schrei bers i te (Mi sra and Tayl or ,  1 975  and 
others ) ,  and phosphates and Y-Zr phases (Anderson and Hi nthorne , 1 97 3 ) . 

Metal  grai ns h ave compo s i t i ons spann i n g  a wi de range ( F i g .  6 )  (Gancarz et al . ,  
1972 ; L . A .  Tay lor et al . ,  1 973a ; M i sra and Tayl or , 1975 ; Pearce et  al . ,  1976}, 
and appears to have-formed throughout the crystal l i zation  sequence--, occurr i n g  
i n  l arge p l ag i ocl ases through to mesostas i s  areas . Schrei bers i te i s  fa ir ly  
common i n  metal -schre i bersi te-tro i l i te part i c l es ( l ess  than 20  )1m i n  d i ameter )  
encl osed i n  p l agi ocl ase ;  the compos i t4 ons  of coex i st i n g  metal and tro i l i te 
suggest an equ i l i brat i on temperature of "'6500C ( M i sra and Tayl or ,  1975 ) .  
Res i dua l , mesostas i s  g l asses conta i n  64-85% S i 02 and 0 . 2-5 . 0% K20 ( Gancarz 
et al . ,  1972 ) .  Anderson and H i n thorne ( 1973 ) report i on-probe analyses of 
rare-earth e l ements i n  a Y-Zr phase and phosphates , as we l l  as Th/U ratios . 
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68415, 8 - SI NGLE PHENOCRYST 
PLAGIOCLASE GRAIN 

4 3 2 

100 150 
Distance J.Lm 

CORE 

200 

An95 

68415, 8 - PHENOCRYST PLAGIOCLASE 

I I I 1 
68415,8 - GROUNOMASS PLAGIOCLASE 

68415,8 - SHOCKED PLAGIOCLASE 

ISOTROPIC 1 
Pl..AGIOCI..ASE • 

'-J . : 

LOW� BIREFRINGENT 
PLAGIOCLASE 

'!! �ill ! 

68415,8 PYROXENE AND OLIVINE 

1 1 '!' NaAISi206+ CoTiAI206 
/_ ..:-� +CaCrAISi06 + CoAIAISi� 
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F IGURE 4 .  Pl agioc l a se 
compos i tions ; from 
Gancarz et �· ( 1 972 ) .  

F IGURE 5 .  Ma fic mi neral 
compo s i t1ons ; from 
Gancarz et �- ( 1 97 2 ) .  
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F IGURE 7 .  Exper imenta l resul ts ; 
from Wa l ker et !!]_. ( 1 97 3 ) .  

EXPER IMENTAL PETROLOGY : Resu l ts of phase equ i l i bri a s tud i es are reported by 
Walker et al. ( 1973 ) ,  Ford et �- ( 1974 ) ,  and Muan et �- ( 1974 ) .  

Wal ker et al . ( 1 97 3 )  conducted crystal l i zat ion experiments on a 68415 compo­
s i t i on ilf several pres sures ( F i g .  7 ) .  The compos i t i on i s  not rel ated to any 
l ow pressure saturat i on curves . I f  the compos i tion  was a . resu l t  of part i a l 
mel t i ng ,  the experiments s uggest that the source wou l d  h ave con s i sted of 
anorth i te+sp i ne l +corundum at 18 kb . Such a l unar i nter i or i s  unl i ke ly ,  and 
Wal ker et al . ( 1973 ) prefer to i n te rpret 68415  as a total impact me l t .  Ford 
et al . Tl974 ) conducted atmospher i c  pressure exper iments ; p l ag i oc l ase  i s  the 
TfqUTdus phase fo l l owed by sp i nel , wh i ch i s  not ,  however ,  stab l e  be l ow the 
sol i dus . They state that h i gh water pressure suppresses pl ag iocl ase and that 
a water pressure over 5 kb  wou l d  cause o l i v i ne to be the l i qu i dus phase , and 
suggest that 68415 cou l d  have been produced by part i a l  me l t i n g  under h i gh 
water pressure i n  the l un ar i nter ior .  Muan et al . ( 1974 ) bri efly report on 
l ow-pressure equ i l i br i um exper iments on 6841� -rhe sequence of crystal l i ­
zation w ith decreas i ng pressure i s  p l ag i oc l ase , sp i ne l , ol i v i ne .  O l i v i n e ,  
pyroxene and pl ag i oc l ase coe x i s t  w i th l i qu i d  a t  some unspec i fi ed temperature 
between 1080 and 1 150 C .  
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CHEMISTRY : A l i s t  of references to chemi cal  work i s  g i ven i n  Tab l e  2 ,  a 
summary chemi cal compos i t i on i n  Tab l e  3 ,  and rare-earth e l ement abundances 
in F i gure 8 .  
Few o f  the references conta i n  much s pec i fi c  di s cuss i o n .  The rock i s  both 
more al umi nous and poorer i n  i ncompati bl e el ements , tran s i t i on meta l s ,  and 
vol ati l e  el ements than l ocal soi l s .  Ph i l potts et al . ( 1 973 ) remark on the 
homogene i ty of  the sampl e at the 0 . 1  g l evel ; the REE a bundances s hown i n  
Fi gure 8 for ,79 i s  for two near- i denti cal compos i tions . The l evel of 
s i deroph i l es (KrahenbUhl et al . ,  1 97 3 ;  Was son et · al • •  1 97 5 )  demonstrates 
s i gn i fi cant meteori ti c contaiiiTnati on . The meteoriTi c s i gnature was cl ass ed 
DN by Ganapathy et al . ( 1 973), Group 2 by Gros et al . ( 1 976 ) .  and eventua l l y  
cons i dered ( unreTTabTy) Group l H  and pos s i bl y  hybri di zed by Hertogen et al . 
( 1 977 } .  

- -

TABLE 2 . Chemical work on 68415 

Reference Spl i t  A 
Rose et !}_. (1 973) ,85 

LSPET ( 1 973) ,6  

Bansal et al . (1 972) } 
Hubbard eta'! . ( 1 974) •1 0 

Ph1l potts � !}_. ( 1 973 )  ,79 
Nava ( 1 974) ,79 
Jovanovic and Reed (1 973) , 107 

Krahenbuhl � !}_. (1 973 )  ,67 
Jovanovi c  and Reed {1976a) ,26 
Wasson et !}_. (1 975) ,68 
Jovanovic and Reed ( 1 977)  ,26 

Reed � !}_; (1 977) ,26 

Papanastassiou and 
Wasserburg ( 1 972 a )  , 1 0  

Nyquist  et !}_. ( 1 973) ,1 0 

Nunes et !}_. (1 973 ) ,63 

Tera � !}_. ( 1 973,  1 974) , 10  
Stettl er et !}_. ( 1 973) ,49 
Huneke � !}_. ( 1 973) , 1 0  
Kirsten � !.!.· (1 973) ,50 
Rancitel l i  et !.!.· (1 973b) ,1  

Drozd � !.!.· (1 974) 1 

Elements Analyzed 

Majors , some trace 

Majors , some trace 

Majors , REEs , other trace 

*REEs , other i ncompa t i bl e s  
Majors 
Halogen s ,  Li , U 
Meteori tic siderophi l es and vol ati l es 
Ru , Os  
**Meteori ti c siderophi les and vol a ti l es 
Hg 
Tl and Zn (vol ati l i zed) 

Rb, Sr, K, Ba 
Rb, Sr 
U, Th, Pb 
U, Th, Pb 

K, Ca 
K, Ca 
K, Ca 
K, U ,  Th 

u 

*incl udes pyroxene and plagiocl ase as wel l as two whole-rock repl i cates 
**three repl i cates 
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TABLE 3.  Summary chem i s try of 68415 

45. 5  Sr 
0.31 La 

28 . 6  Lu 
0 . 1  Rb 

4 . 1  Sc 
0.05 tli 

4.4  Co 
1 6 . 3  I r  ppb 

0.48 Au ppb 

0.07 c 

0.07 N 

s 

Oxides in wt%; others i n  pp•n except as not2d. Zn 

Cu 

1 80 

6.8 

0.3  

1 . 7 

3. 2 

"'1 35 

1 1  

"'5 

2.65 

400 

1 . 5 

1 2  
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STABLE I SOTOPES :  C l ayton et a l . ( 1973 ) analyzed , 7 5  for oxygen i sotopes . 
Typical l unar values  for oOT8UJ00 for p l agi oc l ase (+5 . 69 )  and ol i v i ne 
( +4 . 91 ) i n d i cate equ i l i brat i on at about 1 100°C .  Tay l or and Epste i n  ( 1973 ) 
�ound that , 74 who l e  rock h ad oS i 3 00/00 of +6 . 08±0 . 06 { two determinat i ons ) 
wh i ch ,  when adj usted for i nterl aboratory b i a s ,  i s  s i mi l ar to the C l ayton 
et al ( 1 97 3 )  p l ag i oc l ase va l u e .  The who l e  rock oS i 3 0 of -0 . 05±0 . 02 ( two 
determ inat i ons ) i s  a l so fai rl y  typ i ca l  for l unar samp l e s  (Tayl or and 
Epste i n ,  1973 ) .  

GEOCHRONOLOG Y :  Papanastass i ou and Wasserburg ( 1 972a ) report a Rb -Sr i nterna l  
1 sochron for i nter i or ch i ps (wi thout saw cuts ) from , 10 ( F i g .  9 ) .  A prec i se 
age of 3 . 84±0 . 0 1  b . y .  w i th i n i t i al 8 7 Sr/ 8 6 Sr of 0 . 69920±3 was obta ined . 
Mi neral separati ons  were made u s i n g  both heavy l i qu i ds and a Frantz separator ; 
the whol e-rock ch ip  was not contam i nated . The i n i ti a l 8 7 Sr/8 6Sr i s  qu i te 
primi t i ve .  The TBAB I model  age of 4 . 3±0 . 2  b . y .  cal cul ated by Papanastas s i ou 
and Wasserburg ( l 972a )  i s  s im i l ar to that ca l cu l ated from who l e-rock data for 
a second sp l i t  of , 10 ana l yzed by Nyqu i st et �· ( 1973 ) ,  4 . 44±0 . 20 b . y .  

APOLLO 16 
0.730 68415 

0.720 

0.2 0.4 
07Rb/06sr 

0.6 

APOLLO 1 6  
4 68415 AT "4� 

•o 
� 

i 'Kt!-t -
.... -2 

-4 

0 

F IGURE 9 .  Rb-Sr data ; from Papa na stass iou 
and Wa sserburg ( 1 97 2a ) . 

4 0Ar- 3 9Ar data are presented by Stettl er et a l . ( 1 973 ) ,  Huneke et al . ( 1973 ) 
and K i rsten et a l . ( 1973 ) and the i r  re l ease dTagrams are shown Tn flgure 10 . 
The der i ved-ages are summar i zed i n  Tab l e  4 .  These ages are con s i stent w i th 
the i nterna l  Rb-Sr i sochron age except for that of the p l ag i o c l ase separate 
( Huneke et a l . ,  1973 ) .  Th i s  p l ag i oc l ase separate is unusual i n  that i ts 
apparent-age-i s greater than that of the who l e  rock , the reverse of the 
res u l ts usual ly  obta i ned from l unar rock s . Th i s  feature i s  not understood 
( Huneke et �· , 1973 ) .  

TABLE 4. Summary of 4 9Ar- 3 9 Ar ages ( b .y . ) 

Stettl er !!_ !]_. { 1 973 ) 

Huneke !!_ !]_. ( 1 973 ) 

Ki rsten et al . ( 1 973)  

Uho l e  rock 

�lhol e rock 
Plagiocl ase 

Who l e  rock 

3 . 70±0 , 1 0  {pl ateau ) ,  3 . 80±0. 0 4  ( i ntermedi ate rel ease )  

3. 85±0 , 04 ( i ntermediate rel ease )  
4 . 09 ( i n termediate release ) ,  4 . 51 ( fi na l  rel eas e )  

3. 85+0, 06 { pl atea u )  
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c )  

APOLLO 1 6  68415 

WHOLE SAMPLE 

0 1.0 

et a 1 . ( 1 97 3 ) .  b )  Stettl er et a 1 .  - - - -

Nunes et a l . ( 1973 ) report who l e  rock U ,  Th , and Pb i sotop i c  dat a .  These 
fa l l  o·nconcord i a  at 4 . 47 b .y .  and ,by def i n i t i on ,  a l so  on a 3 . 99 to 4 . 47 b .y .  
d i scord i a  l i ne . These data cannot by themsel ves  spec i fy the crysta l l i zat ion  
age . Tera et a l . ( 1973 ) report U ,  Th , and Pb i sotop i c  data for bu lk  rock and 
mi neral separates . The l arge d i fference i n  2 0 7 Pb/2 0 6 Pb between the bu l k  rock 
and the p l ag i oc l ase separate shows that there i s  i n i t i a l  radi ogen i c  Pb  in the 
rock . Thus the essent i al l y  concordant who l e  rock U-Th-Pb ages of 4 . 47 b . y .  
do not correspond to the crysta l l i zat i on age but ref l ect the poss i b i l i ty that 
the rock was an ear l y  l unar d i fferent i ate ,  not s i gn i fi cantly altered isoto­
p i cal l y  dur ing  i ts mel t i n g  at �3 . 9  b .y .  An i sochron through the p l ag i oc l ase 
and who l e  rock data i ntersect concord i a  at 3 . 94±0 . 05 and 4 . 47±0 . 02 b . y .  
( F i g .  1 1 ,  where the i sochron drawn i s  for comb i ned 650 15 and 684 1 5  data ) .  I n  
Tera et a l . ( 1974 ) the same data are presented but w i th more di scuss i on . The 
who l e-roCI concordant age i s  rev i sed down to 4 . 42 b . y .  because of the use of 
d i fferent U decay constants , but the mai n  conc l us i ons  are the same as those 
of Tera et �· ( 1973 ) .  
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68415 INTERNAL I SOCH<ON 
APOLLO 14 ANO APOLLO 16 TOTAL ROCK ISOOfiOH 

T • ).9S �O.�.cE r..· 1.45 t0.02 

FIGURE  1 1 . U -Pb  i sochro n ;  
from Tera et �· ( 1 973 ) . 

Anderson and Hi nthorne report Pb 2 0 7/Pb2 0 6  ages of 3 . 96±0 . 1 8  b .y .  for a 
p hos phate and 3 . 96±0 . 28 b .y .  for a Zr- phase  i n  6841 5 .  The i sotop i c  data 
were acqui red wi th  the i on probe . 

RARE GASES AND EXPOSURE AGES : Ar i sotopi c data are reported by Stettl er 
et al. (1 973) , Huneke et al. ( 1 973 )  and Ki rsten et al . ( 1 973 ), wi th cal cul a ted 
STAr-exposure ages of 90 m .y . , 1 05±1 5 m . y . , and 88±�m . y .  res pectively for 
whol e rock data . Huneke et a l . ( 1 973 )  a l so calcul ated an exposure age of 
95±1 5 m .y .  for a pl agi oclase-separate . Drozd et  a l . ( 1 974)  report Kr i sotopi c 
and s pa l l at ion  s pectra for who l e rock , and cal cUTate an 8 1 Kr- Kr exposure age of 
92 . 5±5 . 9  m .y . , as  wel l as 2 1Ne ( 32 . 5±7 . 8  m .y . ) and 3 8Ar ( 1 1 3 . 0±42 . 0  m .y , )  ages . 
Because the cosm i c  ray track ages ( bel ow) are of the order of a few mi l l i on  
years , Drozd et a l . ( 1 974)  co ncl ude that t he  rare gas data i ndi cate a pre­
surface exposure-ror 6841 5 .  

Behrmann e t  al . ( 1 973 ) , from s i ng l e  poi n t  cosmi c ray track s tudi es , concl ude that 
6841 5 resi de�at the surface for �4 m . y .  ( th i s  data quoted by Crozaz et al . ,  
1 974, as Yuhas , unpubl i s hed � . The cosmogeni c rad i onuc l i de data of Ranc i tell i 
et a l . ( 1 973a ) shows that 6Al i s  saturated ( Yo koyama et al . ,  1 974 )  demonstrati ng 
a-surface exposure of at l east  a few mi l l i on years . MorrTSon et al . ( 1 973 ) 
suggest a surface exposure age of  �2 m .y .  from mi crocrater a bundances . 

M I CROCRATERS : Morr i son et a l . ( 1 973 ) and Neukum et al . { 1 973 ) present fre ­
quency v .  d i ameter data forlmi crocraters ( F i g .  1 2� -wh i l e  the crater popu­
l at i on i s  probably in product ion , the data are not defi n i ti ve .  Morri son e t  
al . ( 1 9 73 ) and Neuk um et  a l . ( 1 973 ) a l so t abul ate data o n  t h e  d i ameter of-­
the spal l zone/d i ameter-or-the p i t  ( Ds /Dp ) for both N and S s urface s . Harz 
et al . ( 1 9 74 )  note the con s i derab l e  over l ap of mi crocraters , hence cal c u l ated 
product i on rates are m 1 n 1ma .  ( Harz et al . ,  1 974 erroneou s ly  s tate that the 
cosmi c ray track and 8 1 Kr-Kr exposure-ages are concordant ) .  
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PHYS I CAL PROPERT I ES : Nagata et a l . ( 1 973 )  and Pearce et al . ( 1 973 )  tabu l a te 
ba s 1 c magneti c propert i es for"liuiT rock sampl es .  The resUlts are not i n  
agreemen t , s howi ng the roc k  to be magneti cal l y  i nhomogeneous compared wi th 
other l unar crysta l l i n e  rocks such  as mare basa l ts .  Nagata et al . ( 1 97 3 )  

" i l l ustrate the thermal hysteres i s  of the thermomagneti c curve and demonstrate 
i ts i nvers i on i n to four components ( Fi g .  1 3 ) . The cool i ng curve (of thermo­
magnet i c  curve ) i s  more compl i cated than for other Apol l o  1 6  rocks , hav i ng at 
l east  three transi ti on poi nts ( 3950C , 6820C , 781 0C ) and the heati ng curve a l so 
appears to h ave at l east two tran s i t i on poi nts ( 700°C ,  781 °C ) .  Nagata et al . 
( 1 973 ) tabu l ate coerc i ve force v .  temperature , coerc i ve force , saturat i on -­
remanent magneti zati on , saturati on  magenti zation ( at  4 . 20K  and 3QQO K ) , and the 
natura l  remanent magneti zation (NRM )  and i ts stabi l i ty agai nst  al ternati n g  
fiel d demagneti zati on . Nagata et  �· ( 1 975 ) di scuss some of these data . 

Pearce et al . ( 1 97 3 )  i l l us trate the demagneti zati on of two chi ps ( Fi g .  1 4 ) 
whi ch are qui te di fferent .  ,41  i s  s tabl e whereas , 1 7 has a pronounced soft 
component whose di rect ion i s  di fferent from that of  the s tabl e di rect ion , whi ch 
i s  the same i n  both chi ps . They note that the resu l ts are more appropri ate for 
a recrys tal l i zed brecci a than for an i gneous  rock . Pearce et al . ( 1 976 ) report 
part ial thermoremanent magneti zation ( PTRM ) and NRM for these-same two chi ps 
,41 and , 1 7  as  part of a study of the compl exi t i es i nvol ved i n  determi n i n g l unar 
pal eoi ntens i t i es ; the resul ts are s hown on several d iagrams i n  thei r paper .  
There appears to be  no textural control on  the magneti c features and  the  NRM i s  
o f  thermal ori gi n .  ,41 has no stabl e NRM after al ternati ng fi el d demagnet i zati on 

TEMPEAATUR£ 

FIGURE 1 3 .  Therma 1 hysteres i s ;  
from Nagata � �· ( 1 97 3 ) .  

tN'flHSI1'T, 
-¥/t• 

10�. 

• 

61415 

100 200 JOO 
H, Oe PIAl( 

o c SO 0• DtMAG 6 � SO 0• 

FIGURE 1 4 .  Demagneti zation ; from 
Pearce et i!l_. ( 1 973 ) .  
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to 400 Oe , and the data are not of use  for pal eoi ntens i ty determi nat i ons . I n  
contrast , 1 7  g i ves an anc i ent f i e l d  va l ue of �5000y, wh i ch i s  substant i a l ly 
l ower than the va l ue g i ven for 684 1 6  ( from the s ame bou l der ) by Stephenson 
et al . ( 1 974 ) .  Pearce and S imonds ( 1 974 ) tabu l ate i ron va lenc i es and i ron 
metaT contents deduced from magnet ic  measurements . 

Brecher ( 1 977 ) found the NRM of ch i p  , 54 to be rather weak but unusua l ly stab l e  
i n  both i nten s i ty and d irect ion .  The NRM d i recti ons l i e c l ose to and between 
two promi nent petrograph i c  p l anes , contrary to the concl u s i ons of Pearce et a l . 
( 1 97 6 )  for ch ips  , 4 1  and , 1 7 .  

Mos s bauer spectral ana l yses for 6841 5 both "a s-recei ved" and anneal ed at ;;.aoo oc 
in a He-H2 atmosphere are reported by Schwerer et al . ( 1 97 3 ) . The "as recei ved" 
cond i ti ons s u ggest an abs ence of metal l i c i ron .-HUffman et al . ( 1 974)  report 
the same data and note the d i fference of metal content as-compared to magnet i c  
resu l ts , a d i fference they attri bute to sampl e i n.homogeneity .  

El ectrical  conducti v i ty measurements are reported by Schwerer et al . ( 1 974) . 
The trend of conducti v i ty v .  temperature has an  unus ual break at lo1·1 temperatures 
( Fi g .  1 5 )  whi ch i s  reproduc i bl e  but not wel l unders tood . 

Todd et al . ( 1 97 3 )  meas ured several phys i cal  properti es , i ncl uding  e l a st ic  
wave vel oci ti es , den s i ty ,  and crack  poros i ty for , 54 (Tabl e 5 ) , as wel l a s  
therma l expansi on coeffi ci ents .  They a l so p l ot the rat io  o f  the wave vel oci ti es 
at atmospheri c pressure and at 1 0  kb aga i nst  the crack poros i ty .  Maxwel l ( 1 978 )  
used Todd e t  a l . ' s  ( 1 973 ) data to ca lcu l ate Lame e l ast ic  constants . �lang et a l . 
( 1 97 3 )  report-rhe same vel oci ty data a s  Todd et �· ( 1 973) . - -

> 

� :.  
i= § u ,  
:::l E � -a  o ­u 

A direction 

B di recti on 

Densi ty 
(g/cc ) 

2 . 78 

F IGURE 1 5 .  El ectr ical  cond uct i v i ty 
v .  Temperature ; from Sc hwerer et a l . 
( 1 974 ) .  

- -

TABLE 5.  Phys ical properties of 68415 ,54 (Todd et ,1 , ,  1973 ) 

Confi ning Pressure ( bars ) 
Crack Elastic 

Porosity Property* 1 1 00 250 500 750 1 000 1 500 2000 3000 

0.83 p 4.70 5 ,02 5 ,29 5 ,63 5 .89 6.09 6 . 37 6 , 54 6 , 76 
5 2 , 59 2.69 2 .80 2 . 94 3.05 3 , 1 3  3 , 26 3 ,35  3 ,43 

ll 22,0 1 5. 2  1 1  . l  7 .7  5.8 4 , 7  3 .8  3 , 4  2 . 7  
p 4.95 5 . 25 5 .57 5 . 92 6 . 1 1  6 , 27 6,49 6 ,64 6,80 

5 2.40 2 , 60 2 . 73 2 . 88 3 ,00 3 ,09 3,23 3, 31 . 3 .41 

4000 5000 

6 ,85 6 , 94 
3 . 47 3 .54 
2 .6 2.5 
6 , 92 7 .04 
3 .46 3 ,54 

* p = compressional vel oci ty ( km/sec ) ,  5 = shear velocity ( km/sec ) ,  ll = static compress i bi l i ty 
(Mb" 1 ) .  A and B are mutua l ly perpendicular. 
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PROCESS ING  AND SUBDIV I SI ONS : 6841 5 was recei ved as two p i eces l abel l ed , 1  ( 202g ) 
and ,2 (169g) both of which were subsequently total ly  s ubdi v i ded wi th s everal 
saw cuts ( Fi g .  1 6 ) . The l argest pieces now rema i n i ng are , 30 ( l l 3g )  , 1 63 (85g ) 
and , 1 64 ( 78g ) .  Al l other pi eces are l ess  than 7 g • 

FIGURE 1 6 .  Cutti ng d iagram . 
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68416 BASALT IC  I MPACT MELT 179  g 

I NTRODUCT ION : 68416 i s  a suboph i t i c-oph i ti c  i mpact me l t  wh i ch i s  fa ir ly  homo­
geneous but conta ins  a few l arge p l ag i oc l ase xenocrysts ( F i g .  1 ) .  I t  i s  s im i l ar 
i n  chem i stry and petrography to , but s l i ght ly  coarser-grained than , 684 1 5 ,  wh i ch 
was taken from the same bou l der ( see 68415 , F i g .  2 ) . I ts Rb-Sr i sotop i c s  agree 
we l l  wi th those of 68415  but an Ar-Ar age of 4 . 00±0 . 0 5  b . y .  ( K i rsten et a l . ,  
197 3 )  i s  o l der .  - -

68416 was sampl ed a few centimeters 
i s  pal e gray and tough l i ke 68415 .  
exposed face . 

from 68415 and i ts or i entat i on i s  known . I t  
Zap p i ts are present on i ts rounde d ,  l u nar 

PETROLOGY : Petrograph i c  descr i pt i ons  w i th mi croprobe data are g i ven by Brown et 
al . ( 1973 ) , Hodges and Kush i ro ( 1973 ) ,  and V an iman and Pap i k e  ( 1981 ) .  Juan et aT. 
\1973 ) g i ve a petrograph i c  descr i pt i on w i th compos i t i ons  of mi neral phases deduced 
from the opt i ca l  character i st i cs . Mi sra and Tay l or ( 1975 ) report ana lyses of 
metal gra ins , and Engl ehardt ( 1978 , 1979 ) br i ef ly  notes the i l men i te paragenes i s .  
Nash and Hasel ton ( 19 7 5 )  used the data of Hodges and Ku sh i ro ( 1973 ) to cal cu l ate 
the s i l i ca  acti v i ty as a funct i on of temperature . 

68416 h as a suboph i t i c-oph i t i c  texture ( F i g .  2 )  wh i ch i s  s l i ght ly  coarser-grai ned 
than 68415 . Brown et a l . ( 1973 ) note a weak preferred or i entat i on of p l ag i oc l ase 
l aths and the presenceof phenocrysts , and Juan e t  a l . ( 1973 ) report anhedra·l ­
subhedral megacrysts wh i ch h ave wavy extinct i on ,lbu�note an absence of any pre­
ferred or i entat i on . Pub l i shed modes have 73-79% p l ag i oc l as e ,  16-20% pyroxene ,  
and 2-4 . 5% o l i v i n e .  Other reported phases i n c l ude i l men i te ,  u l vDsp i ne l ,  tro i l i te ,  
cri stobal i te ,  Fe-metal , and mesostas i s  g l ass . Mi sra and Tay l or ( 1975 ) note that 
schre i bers i te i s  present but i s  l e s s  common than i n  684 1 5 .  

P l ag i oc l ase phenocrysts and l aths are mai n l y  An 9 s - 9 a  with  m i cro l aths much more 
sod i c  ( F i g .  3 )  ( Hodges and Kush i ro ,  1973 ; Brown et a l . ,  1973 ; and Van iman and 
Pap i k e ,  1981 ) .  Pyroxene and o l i v i ne compos i t i ons are shown in F i gure 4 .  Brown 
et a l . ( 1 973 ) ,  Hodges and Kus h i ro ( 1973 ) ,  and Vaniman and Pap i ke  ( 1981 ) a l l  report 
STmTTar compos i ti on s ,  and these papers and that of Juan et a l . ( 1 973 ) report the 
presence of rare orthopyroxene in contrast to 684 1 5  for wh iCh no orthopyroxene 
has been reported . Brown et a l . ( 1973 ) report that aug i te i s  more common than 
l ow-Ca pyroxene ,  a l s o  i n  contrast to 68415 , but th i s  feature i s  not apparent i n  
the data of Hodges and Kush i ro ( 19 7 3 )  ( F i g .  4 )  or V an iman and Pap i ke ( 1981 ) .  
Metal s contain 4-16% N i  ( F i g .  5 )  (M i sra and Tayl or , 197 5 ;  Brown et a l . ,  1973 ; and 
Hodges and Kush iro ,  1973 ) .  - -

EXPER IMENTAL PETROLOG Y :  Me l t i ng  exper iments a t  5 k b  pressure o n  6841 6 , 2 1 ,  a 
homogeneous powder ,  show phase re l at i onsh i ps very s im i l ar to those of 684 1 5 .  
P l ag i oc l ase i s  the h i gh temperature ( > 14000C )  l i qu i dus  phas e ,  fol l owed by s p i ne l  
( 1300-1250°C ) ,  then o l i v i n e  ( 1250-1225°C )  ( Hodges and Kush i ro ,  1973 ) .  The res u l ts 
are cons i s tent wi th a p l ag ioc l ase cumu l ate or i g i n  of 684 16 or impact me l t i ng of a 
p l ag i oc l ase cumu l ate . The s i l i ca  act i v i ti es i n  excess of 1 ,  cal cu l ated by Nash 
and Hasel ton ( 197 5 )  from the data of Hodges and Kushi ro ( 1973 ) ,  support the 
textura l ev i dence that 68416  is a rap i d ly  quenched , not an equ i l i br ium ,  assemb l age . 
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F IGURE 1 . 

b 

FIGURE 2 .  a }6841 6 , 6 .  xp1 . wi dth  2mm . b ) 6841 6 ,7 0 . xp1 . wi dth 2mm . 
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68416 
L,_.:._��--�::':' ':-"'_: _' -='',_" _'"_' '::;:--� lj6•0 ' An 95 90 85 80 

mol.'/o 

Co 

Pyroxenes a:�rJ. 
• olivines in 68416 
• 

•• •• • 
If •  • 
• •  

��: 
... . .. . 

• 

(from Hodges and 
Kushiro 1973 ) 

hvll'le 50 
Atomic per cent 

F IGURE 4 .  Mafic m i nera l compo s i t i on s ;  from 
Hodges and Ku sh iro ( 1 973 ). 

F IGURE 3 .  Pl a gi oc l ase  compo s i t i on s ;  
from Hodges and Ku sh iro ( 1 973 ) .  

68416 
1.5 

1.0 
· -

0.5 ...... �. . .. . . . . -. 
2 6 IU 

Wt. I Nickel 

FIGURE 5 .  Metal s ;  
from Mi sra and Tay l or 
( 1 975 ) . 

CHEMI STRY : Major and some trace e l ement ana lyses are reported by Juan et al . 
(1973 ) ,  Rose et al . ( 1973 ) and Hubbard et al . ( 1973 ,1974 ) .  Parti al  analyses 
are reported by Ranc i te 1 1  i et  a 1 .  ( 19731i"; K,"u , Th ) ,  Moore et a 1 .  ( 1973 ; C ) ,  
K i rsten et al . ( 1973 ; C a , K )-an�Compston et a l . ( 19 7 7 ; Rb�r� The data are 
summar i zed Tn Tab l e  1 and F i gure 6 ,  and are very s imi l ar to those for 68415 . 
The compos i t i on i s  more a l umi nous and l ower i n  rare-earth ,  tran s i t i on metal , 
and vo l ati l e  e l ements than are l ocal  so i l s .  

GEOCHRONOLOGY : Rb-Sr i sotop i c  dat� for p l ag i oc l ase and ' 'qui ntessence '' 
separates reported by Papanastas s i ou and Wasserburg ( 1975 ) agree we l l  w ith 
the i sochron drawn for 68415 ( F i g .  7 ) .  Th i s  shows an age of 3 . 84±0 . 0 1  b .y .  
w i th i n i t i a l 8 7 Sr/8 6 Sr o f  0 . 69920±3 . Compston e t  al . ( 197 7 )  obtai ned an 
i n ternal  Rb-Sr i sochron age of 3 . 79±0 . 03 b . y .  (FTg--. 8 )  in good agreement wi th 
the data of Papanastas s i ou and Was serburg ( 1 975 ) .  The i n i t i a l  8 7 Sr/ 8 6 Sr rat i o  
of 0 . 69940 i s  al so i n  good agreement after. adju st i ng  for i n terl aboratory b i as . 

The 4 0Ar- 3 9Ar p l ateau age of 4 . 0±0 .05  b . y .  ( K i rsten et a l . ,  1973 ) ( F i g .  9 )  i s  
d i st i nct ly  h i gher than the Rb-Sr age for 68416  ( and 68415) and the Ar-Ar 
who le-rock age for 6841 5 .  K i rsten et al . ( 1973 ) attempt to exp l a i n  the age 
d i fference by i n terpret i n g  68416 as-a xenol i th i n  68415 ; however , th i s  "ex p l a­
nati on '' does not account for the i dent ica l  Rb-Sr resu l ts nor for the near- i den­
t ica l  petrograph ic  and chemica l  n ature of  68415  and 684 1 6 .  
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TABLE 1 
/---� Summary chemi stry of 68416 

Sio2 · 45 .3 Sr '1.160 
Ti02 0.31  La 7 . 2  
A1 2o3 28 . 5  L u  
Cr2o3 0 . 1 1  Rb 1 .8  
FeO 4·.3 Sc 9 . 2  
MnO 0 .06 Ni '1.180 
MgO 4 . 6  Co 10-40 
CaO 16.2  Ir ppb 
Na2o 0 . 43 Au ppb 
K20 0 .07 c 5 
P205 0 .08 N 

s 500 
Oxides i n  wt%; others in ppm except as noted . Zn 30 

" 
Cu '1.10 

50 I I J J I I _l J _l _L _l _l _l 
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F I GURE 6 .  Rare earths . 
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FIGURE 7 .  Rb-Sr data ; from 
Papana stass iou and Was ser burg (1 975 } .  

- 68415,50 
--- 68416,34 

2.5 
0 02 0.4 0.6 1.0 

Fraction of 3�Ar Released 

F I GURE 9.  Ar rel ease ; from Ki rsten 
et a l . ( 1 97 3 )  . - -
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FIGURE 8 .  Rb-Sr data ; from Compston 
et !L· ( 1 977 ) .  
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F IGURE 1 0 .  Microcraters ; from 
Morri son et a l . ( l 973 } .  

RARE GAS AND EXPOSURE AGES : The on ly  rare gas data are the Ar i sotop i c  data 
reported by K i rsten et al . ( 1973 ) from wh i ch they ca l c u l ated an exposure age of 
39±4 m . y .  ( i dent ica ltothe i r  87±5 m .y .  age for 68415 ) .  

Yokoyama et a l . ( 1974 ) note that the cosmogen i c  nuc l i de data of Ranc i te l l i  et 
a l . ( 1973a} Show that 68416 i s  saturated wi th 2 6Al , thus the exposure age TS 
at l east a few mi l l i on years . 

M I CROCRATERS : Morri son et a l . ( 1 973 ) report mi crocrater frequency v .  d i ameter 
data ( F i g .  10 ) wi thout specTTi c di scuss i on .  
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PHYS I CAL PROPERTIES : Co l l i nson et  a l . ( 1973 ) report that , 23 h as an i n i t i a l 
n atural  remanent magneti zat i on ( NRt�)-of 2 . 0x1Q- 6 emu · g- 1 •  There appears to be 
a h ard NRM near l y  opposed i n  d i rect i on to the soft one . Stephenson et a l . ( 1 974 ) 
report a l ternat i n g  f i e l d  ( AF )  demagneti zat i on resu l ts for the same chTp--, 23 
( F i gs .  1 1 , 12 ) .  The hard component corresponds to a p a l eof i e l d  of 1 . 2  Oe- -the 
i nterpretati on i s  col ored by the K i rsten et a l . ( 1 973 ) i n terpretat i on of 684 1 5  
a s  a xeno l i th ,  i . e .  two heat i n g  events occurrin g w i th samp l e  movemen t  i n  between 
them at 3 . 84-4 . 0  b . y .  can exp l a i n  a rel at ive ly  hard secondary component .  ( In 
rea l i ty ,  because 68416 i s  a l most cer·tai n l y  not a xeno l i th ,  the expl anat i on must 
be more comp l ex ) .  Brecher ( 1977 ) notes thatthe d i rect i onal  data presented by 
Stephenson et d l . ( 1974 ) l i e on a sma l l c i r c l e  of constant i n c l i n at i on , demon ­
s trat i n g  some klnd of p l anar contro l . 

Abu -E i d  et a l . ( 1973 ) i nc l ude 68416  i n  a l i st of samp l e s  stud i ed by Mossbauer 
and e l ectron-absorpt i on spectroscopy i n  wh i ch 1 )  r i ms of pyroxenes contai n T i +3 
2 )  o l i v i nes and p i geon i te cores conta i n  Cr3+ , and 3 )  o l i v i nes and pyroxenes 
conta i n  no Fe3+ and probab l y  no Cr2+ .  The spectral measurements i n d i cate that 
the o l i v i nes are "magnes i an var i et i es " .  Weeks ( 1 973a) reports el ectron 
paramagneti c  resonance data perta i n i n g  to the presence of Fe3+  i n  p l ag i oc l ases . 

Tsay and L i ve ( 1976 ) and Tsay and Bauman ( 1977 ) a l so report the presence of 
Fe 3+ in p l ag i oc l ase u s i n g  data deri ved from e l ectron s p i n  reson ance spectra . 
The fe3+/FeO of 684 16  ( and  other p l ag i oc l ase -r i ch rocks ) i s  h i gher than soi l s .  
Some of the Fe3 + may be terrestr i a l  but  some may a l so be i n d i genous . 

N 

I I t I I I I 

5 

F I GURE 1 1 . Demagneti zati o n ;  from 
Stephenson et �. ( 1 974 ) . 
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6841 6 

PROCESS I NG AND SUBD I V I S IONS : 68416  was s awn i nto the two h a l ves  , 8  ( 102 g )  and 
, 9  (71  g ) . , 8  is i ntact and i n  remote s torage . , 9  h as been ent i re l y  s u bd i v i ded 
( F i g .  13 ) .  The l argest p i eces rema i n i ng are , 10 ( 8 . 9  g )  and , 27 ( 1 5  g ) ;  no 
other s p l i ts are over 5 g .  

F IGURE 1 3 .  Cutt i ng diagram . 
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68505 POI K I L ITIC  IMPACT MELT 1 . 30 

I NTRODUCTION : 68505  i s  a coherent,  dark gray ,  po i k i l i t i c  i mpact . me l t  ( F i g .  1 ) .  
Vugs are common . Th i s  rock was taken from a soi l samp l e  i n  the v i c i n i ty of a 
v i s i b l e  ray from South Ray crater . A few zap p i ts are present on one surface . 

PETROLOGY : 68505 i s  a f i ne-gra i n e d ,  p o i k i l i t i c  i mpact me l t  ( F i g .  2 ) .  C l asts 
of p l ag1 ocl ase  and more rare l y ,  maf i c  s i l i cates are present . B l ebs of Fe-metal 
( some rusty ) w i th associ ated troi l i te occur as c l asts and i n  i nterst i ces wi th 
l aths of i l men i te .  O i kocrysts are general l y <0 . 2  mm . 

PROCESS I NG AND SUBD I V I S IONS : I n  1973  a ch i p  ( , 1 )  was removed for th i n  sect i on s .  
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FI GURE 1 .  Sca l e  i n  e m . 
S-72-4052 0 .  

FIGURE 2 .  68 505 , 7 .  pp1 . 
w idth  0 . 5  mm . 



68515  D I L ITHOLOG IC  OR POLYMI CT BRECC I A ;  PARTLY GLASS-COATE D  236 g 

I NTRODUCTI ON : 685 1 5  con s i sts  of wh i te ,  anorthos i t i c  brecc i a  wh i ch l oc a l l y  
1 s  m 1 xed w 1 th angu l ar aphan i t i c  t o  basal t i c  i mpact me l t  fragments ( F i g . 1 ) .  
Part of the s amp l e  i s  coated w i th g l as s  ( F i g . 2 ). 68515  i s  a rake samp l e  and 
fai r l y  tough . Zap p i ts are mos t  prom i nent on the anorthos i t i c  brecc i a  area, 
but a few are present on the g l ass-coated surface . 

FIGUR E 1 . 

PETROLOGY : Stee l e  and  Smi th ( 1973 ) refer to 68515 as a compl ex,  b l ack and 
white brecc i a  w i th some dev i tr i f i ed g l as s ;  they do not pro v i de probe data . 
The i r  th i n  sect ion  ( , 1 )  con s i sts  of a catac l as t i c  anorthos i te w i th few maf i c  
mi nera l s  b u t  contai n i n g  angu l ar aphan at i c  and g l assy i mpact me l t  fragments 
wh i ch have p l ag i oc l ase l aths  ( F i g . 3 ) . One edge of the secti o n  i s  a c l ear or 
gray g l as s ,  dev i tr i f i ed adjacent to the brecc i a  and probab l y  the g l ass  coat . 
Th i n  sect ions  of g l as s  coat ( , 13 ) ,  po lym i ct materi al ( , 14 )  and wh i te mater i al 
( , 15 )  were cut from undocumented ch i ps for the present study .  
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6851 5 

F IGURE 2 .  

The gl ass coat ( , 1 3 )  is ves i cu l ar and l arge l y  dev i tr i fi e d  ( F i g . 3 ) ;  undev i tr i ­
f i ed patches show f l ow band i n g .  A few l i th i c  c l asts , i n c l u d i n g  bas a l t i c  and 
po i k i l i t i c  impact mel t  fragments , are presen t .  The po l ym i c t  area cons i sts of 
catac l asti c  anorthos i te and a vari ety of brown g l assy and basal t i c  fragments 
( F i g . 3 ) .  The wh i te c h i ps are a l l s imi l ar catac l ast i c  anorthos i tes  ( F i g . 3 )  
wi th mi nor maf 1 c  m1 nerals wh i ch appear to be orthopyroxene . 

The macroscopi c  and th i n  sect i on stud i es i n d i cate that 6851 5  may be s i m i l ar 
to other Apo l l o  1 6  " b l ack --and -wh i te "  rocks- a fai rl y  pure l i ght phase w i th 
fragments of dark materi al of fai r l y  restricted l i thol ogy were mob i l i zed 
together ,wi th the dark materi al acti ng more coherentl y .  I n  the case of 
685 1 5 ,  a g l ass coat was s p l ashed on l ater . 

PROCESS I NG AND SUBD I V I S I ONS : 6851 5  h as not been sawn or substant i a l l y  s u b ­
d i v i ded , though several sma l l fragments of undocumented l ocat i on have been 
produced dur i n g  hand l i n g .  From some of these the th i n  secti ons h ave been made . 
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a 

c 

6851 5 

FIGURE  3 .  a )  685 1 5 , 1 3 . 
b )  6851 5 , 1 3 .  
at top ,  ppl . 
c )  68 51 5 '  1 . 
d )  6851 5 '  1 5 .  

b 

d 

g l a ss coa t ,  ppl . width 2mm . 
gl a s s  coat and brecc ia  c l a st ( l eft } ;  cl ear g l a ss 
wi dth  l mm .  
pol ymict or di l i thol og ic  brecc i a ,  ppl . width  2mm . 
anorthosi te c l a s t ,  xpl . wi dth 2mm . 
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6851 6  SHOCK GLASS AND F I NE-GRAI NED  IMPACT MELTS 34 . 0  g 

I NTRODUCTI ON : 68516  con s i sts  of a dark ves i cu l ar g l as s  conta i n i ng l arge 
cl asts of fine-gra i ned or g l assy i mpact mel ts ( F i g .  1 )  . . The ves i cu l ar g l ass  
cons i sts at l east in  part of maskelyni te gra i n s  wh i ch have cores of re l i ct  
shocked p l ag i oc l ase . The  s amp l e  i s  coherent and  i rreg u l ar l y  s hape d .  I t  i s  
a rake s amp l e  and l acks  zap p i ts .  

,1 

FIGURE 1 . 

1 em 

6851 6, 0 

from 
this side? 

Approximate 
locat ions of 
spl i ts shown 

S - 77- 29898 

P ETROLOGY : A s i ng l e  th i n  sect i on covers a c l ast/ g l as s  boundary ( F i gs . 1 , 2 ) .  
The clast  i s  an i mpact me l t  w i th �60% p l ag i oc l ase crystal l i tes set  i n  �0% 
opaque ,  brown g l ass . The g l ass  i s  a heav i ly shocked mater i al conta i n i ng 
mas k e l yn i te gra i n s ,  the l arger ones hav i ng shocked p l ag i oc l ase cores . Both 
the maskel yn i te and the cores h ave s hock l ame l l ae .  These grai n s  are set i n  
a f i ne-grai ned mater i a l  con s i st i n g  of both maske l yn i te and cryptocrystal l i ne 
mater i a l ; the bu l k  g l assy l i thol ogy i s  extremel y  p l ag i oc l ase-r i ch .  A few 
sma l l  basal t i c  c l asts occur i n  th i s  zone . 
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6851 6 

FIGURE 2 .  6851 6 , 1 .  
bas a 1 tic  mel t ( 1 eft ) 
a nd shocked pl a g i o ­
c l a se (ri ght ) ,  ppl . 
width 3mm . 

TABLE 1 .  Summary Chemistry of cl asts from 68516 

Si02 
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 

mixed c l asts and g l ass 
(Laul and Schmitt, 1973 ) 

0.35 
28 . 1  
0 .09 
4.8  
0.06 
7 

15 .9  
0 .43 
0.08 

8 .2  
0 .36 

6.8 
520 
34 
10 
11 

gray c l ast 
( P alme et al . , l978 ) 

45 .8 

22 . 6  

8 . 2  

10 . 5  
13.0  
0 . 49 
0 . 1 7  
0 . 31 
165 

26 . 7  
1 . 16  
5 . 23 

1 1 . 1  
1385 
83 .2  
35 .0  
32  

1000 
4 . 05 
7 . 2  

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

1068 



(/) 
Q) 

-
... "C c 0 J: 0 

-...... 
Q) 
Q, 
E as 
fJ) 

La 
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F I GURE 4 .  J\r rel ea se ; 
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Sc haeffer ( 1 977 ) .  
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CHEMISTRY : Laul  and Schmi tt ( 1973 ) report major and trace e l ement abundances 
for some undocumented ch i ps ( , 3 )  wh i ch i n c l u de g l ass  but are mai n l y  gray c l ast 
mater i a l . Pa lme et a l . ( 1978 ) report major and trace e l ement anal yses for a 
gray c l ast ( , 6 ) .  These are s ummari zed i n  Tab l e  1 and F i gure 3 .  Sch aeffer and 
Schaeffer ( 197 7 )  report K and Ca  abundan ces for m i xed  g l as s  and cl ast c h i ps . 
The analyses s uggest that the gray c l asts are f i ne-grai ned i mpact me l ts ( contam­
i n ated w i th meteor i t i c  mater i al ) and the g l ass  i s  much more a l uminous  ( and 
probab l y  a l s o  contam i n ated w i th meteor i t i c  materi a l ) .  

RAD I OGE N I C  I SOTOPES : Schaeffer and Schaeffer ( 1 97 7 )  report argon i sotop i c  
data for 68516 , 2 ,  wh i ch i s  mai n l y  shocked g l ass . The extracti ons  (wi th two 
except i on s ) between 1300°C and 1 600°C g i ve a p l ateau age of 3 . 80 ± 0 . 05  b .y .  
( F i g .  4 ) .  

RARE GAS AND EXPOSURE AGE : Schaeffer and Schaeffer ( 19 7 7 ) report argon i sotop i c  
data for 68516 , 2 ,  wh i ch 1 s  mai n l y  shocked g l as s . An Ar cosm i c  ray exposure 
age of 50 m . y .  i s  a m i n i mum exposure age as the samp l e  contai n s  excess 3 8Ar , 
probab l y  from ch l or i ne i rrad i at i on . 

PROCESS I NG AND SUBD I V I S I ONS : The appro x imate l ocat i ons of the main s p l i ts are 
shown i n  F 1 gure 1 .  
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685 17  POLYMI CT BRECC IA ,  LARGELY GLASS-COATED 13 . 13 g 

I NTRODUCT ION : 685 17  con s i sts of a moderate ly  coherent ,  gray , polym ict brecc i a  
encl osed 1 n  a s h i ny ,  ves i cu l ar ,  green i sh g l ass  ( F i g .  1 ) .  I t  i s  a rake samp l e  
and l acks  zap p i ts .  

PETROLOG Y :  Stee l e  and Smi th ( 19 7 3 )  refer t o  68517 a s  a '' v i tri fied soi l 
brecc i a" .  The core of 68517  i s  a p l ag i oc l ase-r ich  brecc i a  ( F i g .  2 ) ,  w i th 
l i th i c  c l asts i n c l ud i ng poi k i l i t i c  i mpact me l ts .  I t  i s  wrapped by a ves i cu l ar ,  
c l ear to part ly-dev i tr i fed g l ass ; dur i ng  th i s  coat i ng the encl osed brecc i a  
seems to h ave f l owed , and the brecc i a- g l as s  contact i s  i nd i st i nct . A few 
str i n gers of gray g l ass  cut the brecc i a ;  the re l at i onsh i p  of th i s  g l as s  to the 
coat i ng  g l ass  i s  unknown . 

PROCESS I NG AND SUBD I V I S I ONS : A s i ng l e  ch i p  was removed to make t h i n  sect i on , 1 .  
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F IGURE 1 . Sma 1 1  est 
sca l e  d i v i s i o n  i n  
mm . S -72 - 51 260 . 

F IGURE 2 .  6851 7 , 1 . 
ppl . \�i dth  3mm . 



68518 VES ICULAR SPLASH GLASS 29 . 8  9 

I NTRODUCTION : 68518 i s  a coherent, b l ack�ves i cu l ar g l as s  w i th a smooth exteri or 
surface on one s i de ( F i g . 1 ) .  I t  contai ns  c l asts of pl agi oc l ase-r ich brecc i a  
and may be coat i ng a gray polym ict  brecc i a .  I t  i s  a rake samp l e .  Zap p i ts are 
present on al l surfaces .  

107 1  

F IGURE l a .  Sma l l est scal e 
d i vi s i on i n  mm . S-7 2 -51 240 . 

F I GURE 1 b .  Sca l e  d i vi s i on i n  
mm . S-80-24740 .  



68519 F I NE-GRA INED BASALT IC  IMPACT MELT, PARTLY GLASS COATED 10 . 56 g 

I NTRODUCTION : 68519  i s  a coherent , fi ne-gra i ned , i n tergranu l ar to po i k i l i t i c  
impact melt wh ich h as a part i al g l ass  coat ( F i g .  1 ) .  I t  i s  subangu l ar and 
dark gray. I t  i s  a rake samp l e  and h as many zap p i ts .  

PETROLOGY : 68519 i s  a c l ast-r i ch i mpact me l t  ( F i g .  2 ) .  The matr i x  cons i sts of 
about 7 5% p l ag i oc l ase l aths , l es s  than 150 �m , w i th i n terst i ti a l maf ic  m inera l s  
wh i ch i n  p l aces poi k i l i t i ca l ly  enc l ose the p l ag i oc l ases . Opaque phases are 
sma l l and not we l l -devel oped and i n c l ude armal col i te ( ? ) ,  Fe-metal , and tro i l i te .  
The angu l ar c l asts ( F i g .  2 )  are a l l strai ned p l ag i oc l ases and compr i se 10-15% 
of the total rock . 

PROCESS I NG AND SUBD I V I S I ONS : A few smal l p i eces h ave been ch i pped off . , 1 , 
con s 1 st 1 n g  of many ch i ps wh i ch are mai n ly  b as a l t ,  was a l l ocated for geochrono­
l og i cal  ( Ar-Ar ) studi es . A s i ng l e  ch i p  was u sed to make th i n  section , 2  and 
l acks the g l ass coat . 

F IGURE 1 .  Smal l est sca l e d i vi s ion  
i n  mm . S-7 2 -4 9569 . 
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F IGURE 2 .  6851 9 , 2 .  ppl . wi dt h  2mm . 



68525 PO I K I L IT IC  I MPACT MELT 39 . 0  

I NTRODUCT ION : 68525 i s  a fi ne-gra i ned , poi k i l i t i c  impact me l t .  
gray ,  angul ar , and ves i cu l ar ( F i g .  1 ) .  I t  i s  a rake samp l e  and 
p i ts on one surface ; the other s i de i s  broken . 

I t  i s  dark 
has many zap 

PETROLOGY : Stee l e  and Smi th ( 1973 ) refer to 68525 as a " p l ag i oc l ase-r i ch 
brecc i a ;  -matr i x  of poi k i l i t i c  pyroxene " . I t  i s  homogeneous w i th stubby , ""'30 
�m p l ag i oc l ase chadacrysts encl osed i n  200-300 �m maf i c  o i kocrysts ( F i g .  2 ) .  
Many of the o i kocrysts are compos i te--o l i v i ne or c l i nopyroxene with l ow-Ca 
pyroxene . I ntero i kocryst areas cons i st of i lmen i te ( or armal col i te ) ,  phos ­
phates , Fe-metal , and g l ass . No l i th i c  c l asts are present i n  t h i n  sect i on , 1  
but about 20% of the area con s i sts of p l ag i oc l ase fragments ( F i g .  2 ) . One 
other fragment  i s  a p i n k  spi nel . 

PROCESS I NG AND SUBD I V I S I ONS : A s i n q l e  representat i ve ch i p  was made i nto th i n  
sect1 0n , 1 .  
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FIGURE 1 .  Smal l ­
est scal e  d i v i s i o n  
i n  mm . S-72-51 255 .  

F I GURE 2 ,  68 525 , 1  . 
xp l . width 3mm . 



68526 CLAST-R ICH ,  F I NE -GRA I NED , PO I K I L IT I C  I MPACT MELT 7 . 2 1 g 

I NTRODUCTI ON : 68526 i s  a coherent,  c l ast-r ich  i mpact me l t  wi th a poi k i l i t i c ­
textured matr i x .  I t  i s  gray and angu l ar ( F i g .  1 ) .  I t  i s  a rake samp l e  and 
h as a few zap p i ts . 

PETROLOGY : 68526 con s i sts of abundant p l ag i oc l ase c l asts up  to 1 . 5 mm across 
1n  a crystal l i ne ,  po i k i l i t i c  matrix  ( F i g .  2 ) .  Chadacrysts of p l agiocl ase are 
about 20 � l ong ,  maf i c  o i kocrysts are 200-400 �m i n  d i ameter . I n  i ntero i kocryst 
areas p l ag i oc l ase l aths are up  to 100 �m i n  l ength . Opaque phases are not 
common and are genera l ly at the edge of o i kocrysts . P l ag i ocl ase cl asts l arger 
than 100 �m account for �30% of the rock . 

PROCESS I NG AND SUBD I V I S I ONS : A s i ng l e  representat i ve ch i p  was taken to make 
th i n  sect1 on , 1 .  

F IGURE 1 .  Smal l est scal e d i v i s i on 
i n  mm . S-72-51 048 . 
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F IGURE 2 .  68526 , 1 . xpl . wi dth 3mm . 



68527 CRYSTALL INE POLYMI CT BRECCIA (PO I K I L I T I C  I MPACT MELT? ) 3 . 03 g 

l NTRODUCTION : 68527 i s  a l i gh t  gray, coherent brecc i a  ( F i g . l )  con s i st i n g  of 
plagi oclase fragments i n  a f i ne-grai ned crystal l i ne  groundmass of equ i vocal 
ori g i n .  I t  i s  a rake s amp l e  and h as few zap p i t s .  

PETROLOGY : Steel e  and Smi th ( 1973 ) refer to 68527 as a ''p l ag i oc l ase-r i c h  
breccu;  matr i x  o f  poi k i l  i t i c  pyroxene" . I t  i s  homogeneous and con s i sts of 
a p l ag i oc l ase-r i ch brecc i a  wi th  abundant  c l asts ; probab l y  � 30% i s  gra i n s  of 
p l ag i oc l ase l arger than 100 �m . These are unshocked to b ad ly  shocked , i n ­
c l ud i n g  dev i tr if ied g l asses . One l i th i c  c l ast i s  a brecci ated troctol i te ( ? ) .  
The matr i x  i s  fi ne-grai ned and tends to have poi k i l i t i c  pyroxenes � 150 �m 
across encl os i ng  t i ny p l ag ioc l ases . I t s  or i g i n  i s  probabl y  an impact mel t  but 
recrystal l i zati on cannot be exc l uded . 

PROCESS I NG AND SUBD I V I S I ONS : Smal l representati ve ch i ps were taken to make t h i n  
sect1 0n , 1 .  

F IGURE 1 .  Smal l est  scal e 

d i v i  s i  on i n  mm . S-7 2.-5353 6 .  
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F I GURE 2 .  68 527 , 1 . x pl . wid t h  2mm . 



68528 POLYMI CT BRECC IA ,  PARTLY GLASS-COATED 1 . 08 g 

I NTRODUCTION : 68528 con s i sts of a gray and wh i te , coherent , po lymict brecc i a  
which i s  coated and i n truded by a ves i cu l ar b l ack g l ass ( F i g . 1 ) .  I t  i s  a 
rake samp l e  and l acks z ap p i ts .  

PETROLOGY : Th i n  sect ions  of the gray and wh i te brecc i a  do not ex i st .  The 
vesicular g l as s  i s  brown i s h ,  and devi tr i f i ed i n to "bow-t ie "  arrangements and 
rare spheru l i tes  ( F i g . 2 ) .  There i s  a gradation  i n  s i ze of the dev i tr i f i c at i on 
products over the th i n  secti on . The bow-t i es are th i n l y  banded p l ag i oc l ase­
maf i c  mi neral i ntergrowths ,  some of wh i ch are nucl eated on p l ag i ocl ase frag­
ments . 

PROCESS I NG AND SUBD I V I S IONS : A s i n g l e  ch i p  of ma i n ly  b l ack g l ass , wi th some 
adhering  white material , was taken to make th i n  sect i on , 1 ;  however the wh i te 
materi al i s  not represented i n  the th i n  sect i on . 

1 em 

S -72 - 49552 

F I GURE l . 

68528 

breccia 
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F IGURE 2 .  68528 , 1 . g l a s s  coa t ,  
ppl . width 2mm . 



68529 VES ICULAR GLASS 

I NTRODUCTI ON : 68529 i s  a coherent ,  c i ndery, 
and conta i n 1 ng a few wh i te c l asts ( F i g .  1 ) .  
few zap p i ts on one corner . 

7 . 03 

dark g l ass  wi th some ves i c l es ,  
I t  i s  a rake samp l e  and h as a 

PETROLOG Y :  68529 cons i sts mai n ly  of brown , opaque g l ass  wh i ch  i s  patchy and 
i rregular and contai ns  some Fe-meta l .  Th i n  secti on , 1  i s  atyp i cal i n  
conta i n i ng  one of the consp i cuous wh i te c l asts , wh i ch  i s  a shocked and sheared 
p l ag i oc l ase or catac l ast i c  anorthos i te .  

PROCESS I NG AND SUBD I V I S IONS : Some smal l c h i p s ,  atyp i cal l y  conta i n i n g  a wh i te 
clast as well  as  dark gl ass , were taken to make th i n  sect i on , 1 .  
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F I GURE 1 .  Smal l est sca l e  
d i vi s ion i n  mm . S-7 2 - 51 049 . 

F IGURE 2 .  68529 , 1  . 

g l a s s  (l eft )  and 
shoc ked p l ag i oc lase  
( r i ght ) ,  partl y xpl . 
wi dth  3mm . 



68535 GLASS W ITH F I NE-GRA I NED  I MPACT MELT CLASTS 8 . 04 9 

I NTRODUCT ION : 68535 cons i sts of about equal proport i ons  of gray , f i ne-grai ned 
impact mel t( ? )  c l asts and b l ack g l ass  matri x .  A few smal l p l ag i oc l ase c l asts 
are a l s o  present ( F i g .  1 ) .  The g l ass  contai ns sma l l ves i c l es and i s  coherent . 
68535 i s  a rake samp l e  and l acks zap p i ts .  

FIGURE 1 .  Smal l est scal e d i vi s ion  i n  mm . 
S -72-4957 2 .  
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68536 F I NE-GRAI NED BASALTI C  I MPACT MELT AND VESI CULAR GLASS 1 . 85 g 

I NTRODUCTI O N :  68536 cons i sts o f  fi ne-grained ,  l i ght gray , basa l t i c  impact me l t  
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  and l acks zap 
p i ts .  

PETROLOGY : Stee l e  and Smi th ( 1 973 ) refer to 68536 as '' part i a l l y  devi tr i f i ed 
gl ass 11 •  I t  cons i sts o f  fi ne-gra ined ,  brown , bas a l t i c  i mpact i n truded by c l ear 
g l ass ( F i g .  2 ) .  The i mpact me l t  h as p l ag i oc l ase l aths 20-30 �m l ong (�65% ) ,  
s im i l arly-s i zed i n tergranu l ar maf i c  mi nera l s  (�25% ) ,  and i n terst i t i al g l ass 
(�10% ) .  Fe-metal and other t i ny opaque phases are present , as we l l  as a few 
shocked p l ag i ocl ase c l asts . The g l as s  i s  c l ear to brown , partl y  f l ow-banded , 
and carries  maskelyn i te fragments , opaque aphan i t i c  l i th i c  mater i a l s . and other 
debri s .  

PROCESS I NG AND SUBD I V I S I ONS : A s i ng l e  fragment was taken to make t h i n  sect i on 
, 1 .  

F I GURE  l .  Sma l l e st scal e d i v i s i o n  i n  mm . 
S-72-51 253 . 
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68536 

a b 

FIGURE 2 . a b )  6853 6 , 1 . genera l v i ews , ppl . wi dt hs 2mm . 
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68537 F I NE-GRAI NED I MPACT MELT AND GLASS 1 . 41  g 

I NTRODUCT ION : 68537 i s  a polym i ct brecc i a  cons i st ·i ng of f i ne-gra i ned , gray 
impact me l t ( ? ) c l asts and g l ass  ( F i g .  1 ) .  The g l ass may be a coat on the 
impact mel t  and conta ins  wh i te fragments . I t  i s  a rake samp l e  and l acks zap 
p i ts . 

F IGURE 1 .  Smal l est sca l e  d i v i s i on  i n  mm .  
----

S-72-51 277 . 
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68815  GRAY GLASSY POLYMICT BRECC IA 1789 g 

I NTRODUCTION : 688 15  i s  a po lym ict brecc i a  ( F i g .  1 )  cons i s t i n g  of a vari ety 
of clasts i n  a fl ow-banded , heterogeneous , and partly  dev i tri f i ed g l as s .  
The g l ass  i s  extreme ly ves i cu l ar l ocal l y .  Most c l asts are sma l l ( 1 -2 mm ) 
but two pal e col ored l i th i c  c l asts ( f i ne-grai ned granob l ast i c/po i k i l ob l ast i c ,  
and fe l dspath i c )  are prom i nent ( F i g .  2 ) .  

The med i um dark-gray samp l e  was ch i pped from a 1 m boul der wh i ch was macro­
scop i ca l ly  s im i l ar to most other rocks  in the area .  The bou l der l ay east of 
the LRV . The samp l e  i s  coherent and fa i r ly  angu l ar where broken , but sub­
rounded on i ts exposed l unar surface , on wh i ch zap p i ts are common . 

S -72 -40986 

FIGURE 1 . 
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a 

F IGURE 2 .  

b 

F I GURE  3 .  a )  6881 5 , 1 8 .  genera l gl assy brecc i a , ppl . width  2mm . 
b )  6881 5 , 1 50 .  C l a st  I I ,  ppl . wi dth  l mm .  
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PETROLOGY : An overal l petrograph i c  descr i pt i on i s  g i ven by Brown et al . 
(1973)  and descr i pt i ons of the two prom i nent l i ght-col ored c l asts TT and I I ,  
F i g .  2 }  are g i ven by D i xon and Pap i ke ( 1978 ) .  Analyses of metal gra ins  are 
g i ven by M i sra and Tay l or ( 1975 ) .  

Much of 68815 cons i sts of l obes of g l ass ( F i g . 3 ) rang ing  from colorless  to 
brown/ye l l ow in co l or and frequently banded ,  such that Brown et al . ( 1973 ) 
descri bed i t  as a "f l u i d i zed l i th i c  brecc i a" .  The colorless  gTasses are 
anorthos i ti c  whereas the brown/ye l l ow g l asses h ave 26-30% A l 20 3 • The c l asts 
are prominently fi ne-grai ned , brown i mpact me l ts ,  most of wh i ch h ave 22-23% 
Al 20 3 ( Brown et al . ,  1973 ) .  Most such c l asts have sharp , frequently angu l ar 
boundar i es ana-some are several  cent imeters i n  d i ameter . Some c l asts are 
aphan i t i c  brown brecc i as ,  others are p l ag i oc l ase v i trophyres . Rare mi neral 
fragments ana lyzed by Brown et a l . ( 1973 ) i nc l ude o l i v i ne ( u p  to Fo9 1 ) ,  mag­
nes i an orthopyroxene ( up to tn8;}, magnes i an i lmen i te and p l eonaste s p i ne l . 
Schrei bers i te was observed i n  a trocto l i t i c  c l as t .  

Metal gra i ns i n  the g l asses h ave an average 6 . 3% N i  and 0 . 4% C o  ( Mi sra and 
Tayl or , 1975 ) .  They occur part i cu l ar ly  as spher i ca l  i n c l u s i ons , up to 20 �m 
acros s ,  wh i ch are part icu l arly concentrated i n  the dark bands of f l ow-banded 
g l as s .  Metal /troi l i te i ntergrowths are common . 

C l ast  I conta i n s  60% pl ag i oc l ase and 40% maf i c s ,  and a sma l l amount of Fe­
metal , Cr-spi n e l , and i l men i te .  I n  general i t  h as a fi ne-grai ned granob l ast i c  
or  hornfe l s i c  texture , b ut  several po i k i l ob l as t i c  areas are present . In  these , 
orthopyroxene ( 100-200 �m ) encl oses ch adacrysts of p l ag i oc l ase , o l i v i n e ,  and 
aug i te .  C l ast  I I  i s  l ess  maf i c  ( 30% ) but has a s im i l ar mi nera l ogy to C l ast I .  
Its texture 1 s  mai n ly poi k i l ob l ast i c  ( F i g . 3 ) .  D i xon and Pap i ke ( 1978 ) 
prov i de mi neral ana l yses showing  that the groundmass p l ag i oc l ases i n  these 
c l asts range from An 9 G . s - a 9 . s and the chadacrysts are An 9 7 - 9 1 · The chada­
crysts contain  more FeD and are deemed to be, on average , more sodi c .  Most 
pyroxenes are in the En 6 5 _ 7 5  range ( F i g .  4 )  and o l i v i nes vary from �Fo 6 g i n  
groundmass t o  Fo1 3 chadacrysts . 

o ..... , ....... u••1 ° '"''" 
Dixon and I 
Papike , 1978 

I 

I X 
. 
, 

. .  

F IGURE 4 .  Pyroxenes i n  C l a sts  I and I I .  
from D i xon a nd Pa pi ke ( 1 978 ) .  
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F IGURE 5 .  Rare earths . 
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CHEM I STR Y :  Chemi cal  analyses are l i sted i n  Tab l e  1 and a summary of the 
chemical -compos i t i on of the b u l k  rock i s  g i ven i n  Tab l e  2 .  Add i t i ona l  
i nformat ion on  Ca and  K i s  provi ded i n  the  Ar-Ar work on  matr i x  and cl asts 
( refs . be low ) . Chem ica l  ana lyses of cl asts I and I I  h ave not been made . 

Desp i te the heterogeneou s n ature of i n d i v i dua l  g l asses as der i ved by mi cro­
probe analyses , four ana lyses for bu l k  rock Al are remarkab ly s imi l ar (A l 20 3 
26 . 8-27 . 6% )  and the REE abundances of two sp l i ts not remarkab ly  d i s s imi l ar 
( F i g .  5 ) .  The yol at i l e  e l ements are much l ower i n  abundnace than i n  l ocal 
soi l s  al though the major e l ement  and rare-earth e l ement compos i t i on i s  
fa ir ly  s im i l ar to such soi l s .  The bu l k  rock i s  greatly enri ched i n  meteor i t i c  
s i deroph i l e e l ements ( KrahenbUh l e t  a l . ,  1 973 ) .  The meteor i t i c  s i gn ature was 
pl aced marg i nal l y  i n  Group LN ( possl6Ty Imbr i um )  by Ganapathy et a l . ( 1973 ) 
and rev i sed to I H ,  though 1 abe 1 1  ed an unre 1 i ab l e  ass i gnment , byHertogen et 
a l . ( 19 7 7 ) .  

TABLE 1 .  Ctlemi c a  1 work on 68315 

Refe� �l i t # 

KrlihenbUhl � �· (1 973 }  , ' 124 
LSPET (1 973} , 9 
C l ark and Keith (1 973} , 2  
Jovanovic and Reed ( 1 973}  , 1 07 

Wanke et �· ( 1 974}  , 1 30 

Fruchter et �· ( 1 974} ,220* 

Fruchter et �· (1 974 } ,21 9** 

Rees and Thode ( 1 974} , 1 01 

Jovanovic and Reed ( 1 976 a) , 1 07 
Jovanovic and Reed ( 1 977}  , 1 07 

Reed et �· ( 1 977 } , 1 07 

Description 

bul k rock 

bul k rock 

bul k  rock 

bul k rock 

bul k  rock 

bulk rock 

white cl ast 

bul k rock 

bul k  rock 

bul k rock 

bul k  rock 

Wanke et �· ( 1 977} 

Becker � �· (1 976} 

G raf et �. ( 1 973}  

, 1 30 bu 1 k rock 

Goel et �· ( 1 975}  
Moore and Lewis ( 1 976} 

Modzeleski et �· ( 1 973} 

Moore et �· (1 973} 

C ri pe and Moore (1 974} 

Scoon ( 1 974 } 

L ei ch � �· { 1 973} 

Padawer et �· (1 974) 
Kohl et �· (1 978} 

D rozd et �. ( 1 974} 

, 66 bul k rock 

? bulk rock ? 
? 
' 1 29 
, 1 2 2 ;  , 1 2 3  bul k rock 

, 7 ;  , 1 29 bul k  rock 
, 1 2 9  bul k rock 

,1 20 bul k rock 

,27 bul k '=ock 

, 25 bul k rock 

,234 bul k rock 

? bul k rock 

*tabu l ated erroneously  as , 6 1  
**tabu l ated erroneously as , 1� 
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El ements Ana l yzed 

meteori t i c  s i 1erophi l es and vol a ti l es 

majors , some trace 
K, U, Th 

F, Cl  , B r ,  I ,  L i , U 
major,  mi nors , trace <�so el ements } 

Al , Fe , REE s ,  other trace 

Al , Fe , REEs , other trace 
s 
Ru and Os 
Hg 

20 4Pb,  Tl , Zn 

v 
N 
u 
N 
N ,  C 

C and C compounds 

c 
s 
majors 
H ,  F wi th depth 

H wi th depth 

Al , Fe, Mn 

u 
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Si02 
Ii02 
A1 2o3 
Cr2o3 
feO 
MnO 
MgO 
CaO 
Na2o 
�0 

PzOs 

TABLE 2.  Summary chemi stry of 68815 bu l k  rock 

46 Sr 
0.49 La 

27 Lu 
0 . 10  Rb 
5.0 Sc 
0.06 Ni 
5 . 9  Co 

1 5. 4  Ir ppb 
0.48 Au ppb 

...0. 1 5-0.20 c 
0. 18  N 

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

Cu 

1 70 
1 5-22 
0 . 9  
2-9 
7 . 2  

"-300 
"-40 

1 1  
8-1 5  
6-17 
2-53 

55o· 

2 .45 
7 .8  

STABLE ISOTOPES : C l ayton et  al . ( 1973 ) report a who l e  rock 80 1 6 val ue of +5 . 72 
for , 121 . This i s  a typ i caT TUnar va l ue . 

Rees and Thode ( 1974 ) report a who l e  rock 8S 3 � val ue of +0 . 4  for , 101 , wi thout 
d i scuss i on .  Th i s  val ue is s im i l ar to other l unar brecc i as and much l ower than 
the rego l i th val ues of +8 to +10 . 

Becker et a l . ( 19 76 ) report a 8N 1 �  val ue of +10 . 4±1 . 5 .  Tech n i cal prob l ems - - aw 
caused the  samp l e  to  be exposed to  a i r ,  and  i f  any of the N an a lyses was atmos-
pher i c , .  then the i n d i genous l un ar 8N�ir val ue is even h i gher . 

GEOCHRONOLOGY : Schaeffer et a l . ( 1976 ) and Schaeffer and Schaeffer ( 19 7 7 ) 
report 4 oAr- 3 9Ar data for gTassy matri x and c l asts i n  68815 . The resu l ts 
are summar i zed i n  Tab l e  3 and rel ease d i agrams are g i ven i n  F i gure 6 .  I n  
general good p l ateaus were not  attai ned . The  g l assy matr i x  appears to be 
ol der than 3 . 76 b . y . , c l ast I I  ( , 41A ) h as a p l ateau age of 4 . 12 b .y . , and 
t l ast I ( , 608 ) y i e l ds an age �4 . 0 7  b . y .  Even the 4 . 1 2 b .y .  age appears to 
be unre l i ab l e  because the p l ateau i s  con s i derab l y  d i sturbed . Schaeffer et 
a l . ( 19 76 ) and Schaeffer and Schaeffer ( 1977 ) deta i l  the comp l ex i t i es 
assoc i ated w i th the i nterpretat i on of each ana l ys i s . 
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TABLE 3,  Summary of 4 0Ar-3 9Ar Results from 68815 

Samol e Oescrfotfon 
Pl a tea�

) 
Age 

!b·l· 

,41A Lt. cl ast CII 4. 1 20±0,040 

,41 B Gy. cl ast 4. 020±0. 024 

,41C Glass 3. 630±0,054 

,60A Glass 3 .692±0. 037 

,608 Clast I 4.073±0.027 

, 141 B Glass 

,1 338 Glass 

,1 33C Wh. cl ast 3.81 1 ±0.01 2 

,670 Wh . clast 

a )  
1600· 

.-:.'-:..-----.--·fl 
1360' 1450" 

1300" 
� ':,-:;. J IS

O

QI' 15!50• 15�• 
1200· :1400• 1="'..:=-..:t:::.: 

;p. 130rr-:r40" f14w 1!100" 16001 
Q 3.0 I I '==='-=--d 
-;; : 

I 

1400" 

; soo• 12oo-: 
e> uoo• l •  
< 2 0  f� -- 68815, 41 Ugh< Closl C II 

· 

:I
IZ

�O
" 

-- 68 815, 41 Block Glo11 

: - - - - - 68 815, 41 Groy Ciosl 

1 0 ud Schaeffer � .l!].. l9'f6 
• IOOC>- I 

0 
I 
0.2 0.4 0.6 0.8 

CUMULATIVE FRACTION OF 119Ar 

FIGURE 6 .  Ar rel ea s e .  a }from 
Sc haeffer et a l . ( 1 976 ) . b )  from 
Sc haeffer andSc ha effer ( 1 97 7 ) .  
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K-Ar Age (b ,y.  \ 

4 .01 ± , 01 

3 , 66±,04 

3 ,05±, 01 

3 .30±.01 

3 .76±.01 

2. 681 ±0.003 

3.01 5±0.003 

3. 686±0. 007 

3 .54±0,02 

b )  

Reference 

Schaeffer !! !.!.· (1 976) 

Schaeffer et !.!.· ( 1 976) 

Schaeffer et !.!.· ( 1 976) 

Schaeffer £! !.!.· ( 1 976) 

Schaeffer !!_!l. ( 1 976) 

Schaeffer & Schaeffer ( 1 977 

Schaeffer & Schaeffer ( 1 977 

Schaeffer & Schaeffer ( 1 977 

Schaeffer & Schaeffer ( 1 977 

68815,67 .o 
WHTE CLAST 

6881S. 141 ,8 
BLACK GLASS 

04 
FRACTION OF •Ar 

. .. 
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RARE GASES AND EXPOSURE AGES : Rare gas i sotop i c  data i s  presen ted by Behrman n 
et al. (1973 ) ,  Drozd e t  al. ( 1974 ) ,  Schaeffer et  a l . ( 1976 ) ,  and Schaeffer and 
Sch aeffer ( 1977 ) .  Behrmann et �· ( 1973 ) report Ne ,  Kr ( i nc l ud i ng  spa l l ati on 
spectra data , and con c l ude that 6881 5  contai n s  a sma l l concentrat i on of so l ar 
rare gases as compared w i th s o i l s .  8 1 Kr- 8 3 Kr and 8 1 Kr - 7 8Kr  exposure ages are 
both 2 . 0±0 . 2  m . y .  A 2 2 Na-2 1 Ne age , c a l c u l ated d i rect l y ,  i s  1 . 5±0 . 4  m . y .  (when 
normal i zed to 67 195 = 50 . 6  m .y . , age i s  1 . 7±0 . 4  m . y . ) .  The absence of promi ­
nent neutron effects imp l i es that p r i or to eject i on 6881 5  must have been b u r i ed 
deeper than 7 m .  Drozd et a l . ( 1974 ) report Kr i sotop i c  data ( i nc l ud i n g  spal l ­
at i on spectra ) and ca lcuTate-a 8 1 Kr-Kr age of 2 . 04±0 . 09 m .y .  ( 2 1 Ne age , 1 . 21±  
0 . 29 m . y .  and  3 8 Ar , 2 . 18± . 98 m . y . ) .  Pep i n  et a l . ( 1974 )  u sed  the Drozd et a l . 
( 1974 ) data to c a l c u l ate cosm i c  ray expos ureages u s i n g  effec t i ve producffon­
rates v .  depth expres s i on s ,  and f i nd that the i r  deri ved 2 1 Ne age ( 1 . 9 7±0 . 32 ) 
and 3 8Ar,  1 . 98±0 . 26 )  are i n  agreement w i th the Kr ages . They a l so f i nd that an 
i rrad i at i on h i story of �70 m . y .  at �6 . 5  m depth , fol l owed by a 2 m . y .  res i dence 
at the surface i s  con s i s tent wi th spa l l a t i on Ne and Ar concentrat i on s . 

Sch aeffer et a l . ( 1976 ) tabu l ate Ar exposure ages , but  note i n  the text that 
such ages are-actu a l l y  i n va l i d  because of the producti on of 3 8 Ar from C l  dur i n g  
i rrad i a t i on . The c a l cu l ated ages of 34 t o  201 m . y .  are i n deed tota l ly  out of 
agreement  w i th those deri ved by other methods .  Schaeffer and Schaeffer ( 1977 ) ,  
to overcome th i s  prob l em ,  measured argon i sotopes on 5 u n i rradi ated s amp l es . 
One s amp l e  requ i res  a l arge correct i o n  for trapped 3 8Ar ; the other four g i ve 
exposure ages ran g i n g  from 1 . 51 to 2 . 43 m . y .  ( average 1 . 83±0 . 24 m . y . ) i n  
agreement w i th other pub l i shed exposure ages . 

Yan i v  et a l . ( 1980 )  report that the i r  8 1 Kr-Kr data confi rm a 2 m . y .  exposure 
age for-68815  but do  not tab u l ate data . They a l so  d i scuss  observed i ncreases 
i n  3 He and 8 1 Kr i n  the s urface of 688 1 5  due to so l ar cosm i c  ray effects . 
Hohenberg et a l . ( 1978 ) cal cu l ate the cosmogen i c  contr i bu t i on to 2 1 Ne ,  3 8Ar , 
8 3 Kr and 126xe-i n , 1 1 3 ,  but do not s pec i fy the data sources . 

Cosmogen i c  rad i onuc l i de  data are presented by C l ark and Ke i th ( 1 973 ) ,  Fruchter 
et a l . ( 1977 , 1978 ) and Koh l et a l . ( 1978 ) .  Fruchter et a l . ( 1977 ) measure 
53Mn-at 2 em depth and der i ve- a-5 3 Mn age of 1 . 9  m . y .--The 2 6Al  data su ggest 
85% s aturat i on ,  in agreemen t  w i th th i s  age . The data i n d i cate that no  subs tan­
t i al exposure at a depth l e s s  than 60 em occurred pr ior to the 2 m .y .  
excavat i on .  I n  Fruchter et a l . ( 1978 ) the s ame data are presented but  a�es 
of 2 . 1±0 . 3  m . y .  ( 2 6A l ) and1J±0 . 2  m . y .  ( 5 3 �1n ) are tab u l ated .  Data for 3 Mn 
and 2 6Al  i n  14 s amp l e s  from the upper 1 . 5  em of 6881 5  reported by Koh l et a l . 
( 1978 ) are fa ir ly  constant,  agree w i th other data , and are con s i stent wTth-a· 
2 m . y .  exposure age . Act i v i ty v .  depth for three d i fferent faces shows that 
surface acti v i ty i s  near l y  i ndependent of i nc l i na t i on . 

Yuhas and Wal ker ( 1973 ; quoted i n  Crozaz et  a l . ,  1 974 ) deri ved a track den s i ty/ 
depth exposure age of 2 . 0  m . y . , and Dust  and!Crozaz ( 1977 ) found track den s i ty/ 
depth data to be con s i s tent w i th the 2 m .y .  age . 
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,� MICROCRATERS , TRACKS , AND SURFACES : Behrmann et a l . ( 1 973 ) counted 30 to 50 
p i ts 1 arger than 30 11m diameter on· a 0 .  5 cm2 surface area of 6881 5 .  

Wal ker and Yuhas ( 1973 ) used  688 15  to der i ve an "emp i r i ca l  track product i on 
energy spectrum " wi th a track prof i l e .  3 samp l es from depths of 0-5 mm ( , 74 ) ,  
2 . 8±0 . 3  em ( , 109 ) and 5 . 5±0 . 3  em ( , 1 13 ) were used and o n l y  tracks >2 11m i n  
l en gth were measured . The average for these was 4 . 9  11m and the l argest was 
9 11m .  Yuhas and Wa l ker ( 1 973 ) and Dust and Crozaz ( 197 7 )  a l so stud i ed track 
dens i ty prof i l e s ;  the so l ar f l are track profi l e  i s  typ i c a l . Graf et a l . 
( 1 978 ) used a t�ack method to determ i ne the U concentration  of the-samp l e .  

Chemi cal  studies  of surface and near-s urface reg i ons for l i ght  e l ements were 
reported by L e i ch et a l . ( 1973 , 1974 ) ,  Padawer et a l . ( 1 974 ) ,  and Stauber et 
a l . ( 1 9 73 ) . Go l dberget a l . ( 1976 ) stud i ed F on ves i c l e  surfaces . Lei chet -

- -- 0 -
�· ( 19 7 3 , 1974 ) stud i ed H and F to 2000 A depth from the surface for a ch i p  
exposed on the l unar surface . A peak of 700 ppm H near the surface fal l s  to 
150 ppm i n  the i n ter i or .  F a l so shows a s urface peak . I n  Le i ch et a l . ( 19 73 ) ,  
the res u l ts are i n terpreted as i n d i genous H i n  the i nter i or and terrestri al 
contami nation on the exter i or ,  but Le i ch et  a l . ( 1 974 ) apparent l y  re i n terpret 
the surface H to be from the so l ar w i n d .  Padawer et a l . ( 1 974 ) Q got s i m i l ar 
resu l ts (�00 ppm H at surfac e ,  to l ess  than 50 ppmlar-10 , 000 A depth ) for a 
ch i p _ of i nteri or mater i a l ,  not exposed at the l un ar surface . Th i s  stron g l y  
su ggests that such H peaks are from terres tri a l  contam i n at i on , not from the 
so l ar wi nd . Stauber et a l . ( 1973 ) ,  u s i ng n u c l ear mi croprobe analys i s  on a 
c l ast  embedded i n  the-l unar exter i or surface of the rock , a l so found  a H peak 
(�1 50 ppm )  near the surface . 

Gol dberg et al . ( 1976 ) found a d i sti nct F peak on ves i c l e  wal l s ,  but  i n ter ­
ves i cu l arareas a l so showed F peaks ( the samp l es were processed w i thout 
exposure to Tef l on ) mak i n g  equ i voca l  the i nterpretation  of the ves i c l e  F peaks 
as l unar vo lat i l e  depo s i ts . 

PHYSI CAL PROPERT I ES : Nagata et a l . ( 1973 ) tab u l ate the bas i c  magnet ic  
propert1 es of  , 7 0 ,  a b u l k  rockchfp ,  tab u l ate the coerc i ve force , the 
saturat i on remanent magneti zati on , and saturat i on magnetizat i on at 4 . 2°K , 
300oK ,  and tabu l ate the natural  remanent magneti zation  and i ts stab i l i ty 
agai nst  a l tern at i n g  f i e l � de�agn�t i �ation . An acqu i s i t i on e�per � ment on 
the p i ezoremanent magnet 1 zat 1 on 1 nd 1 cated the amb 1 ent  magnet 1 c  f 1 e l d  to be 
about 200 y. C i sows k i  et a l . ( 1974 ) p l ot Fe0 v .  Fe0 + Fe2+ ;  Fe2+ (� . 5% )  
i s  from pub l i shed paramagnet i c  suscept i b i l i ty measurements and Fe0 ('\.() . 06% ) 
i s  from the val ue of saturati on magneti zat i o n .  Schwerer and Nagata ( 1976 ) 
tab u l ate magneti c  data rel evant to the characteri z at i on of superparamagnet i c­
ferromagnetic  components , wi thout d i scus s i on . 

Mossbauer s pectroscop i c  data are presented by Schwerer et �· ( 1 973 ) ,  
Huffman et a l . ( 1974 ) and Huffman and Dunmyre ( 1975 ) ( aTT same group ) .  The 
data showthat the rat i o  of o l i v i ne : pyroxene i s  about 2 : 1 .  7% of the total 
i ron presen t is Fe0 ( Schwerer et al . ,  1973 ) .  Huffman et a l . ( 1974 ) reproduce 
the data of Schwerer et a l . ( 1973).--but from magnet ic  anal ys i s  a l s o  deduce 
that Feo tota l = 0 . 62wt%'and Fe2 - total = 6 . 28 wt% . Approx i mate ly  2% of 
the tota l  Fe i s  i n  an u n i dent i f i ed phase ( poss i b ly chrom i te )  wh ich  is not 
ordered at room temperature . Huffman and Dunmyre ( 197 5 )  note that no Fe 
occurs i n  superparamagneti c c l usters i n  o l i v i ne i n  68815 . 
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688 1 5 

Katsube and Co l l ett ( 1973a , b )  report e l ectr i ca l  data : real re l at i ve perm i t­
t i v i ty ,  para l l e l  res i s t i v i ty ,  and d i s s i pation factor ( F i g .  7 ) .  Schwerer  et 
a l . ( 1974 ) measured e l ectr i cal conducti v i ty as a funct ion of temperature -­
Tfi g .  8 )  and tabul ate conduct i v i ty parameters . 

Charette and Adams ( 19 7 7 ) i l l ustrate spectral ref l ectance v .  wave l ength for 
powders made from 6881 5 .  On ly  weak pyroxene and p l ag i oc l ase bands are 
present . 

•a 
CONDUCTIVITY 

Coh.rn-cm)-1 

lata 

1a'2 

TEMP C 

400 300 

ApOllO 16 
Brecci.l 68815 

-tr 
· j  

(lo'/TIK'' 
2 

F IGURE 7 .  El ectri ca l  
d ata ; from Ka tsu be 
a nd Co 1 1  et t ( 1 97 3a ) . 

FIGURE 8 .  El ectr ical  data ; 
Sc hwerer et .a 1 .  ( 1 97 4 ) .  
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6881 5 

PROCESS I NG AND SUBD I V I S IONS : 68815  h as been substant i al l y  subd i v i ded . A 
fracture spl i t  the samp l E�nto two mai n p i eces , one of wh i ch ( , 20 ,  545 g )  
rema i n s  i ntac t .  The other ( , 19J or i g i n al ly 1235 g )  has been total ly  sub­
d i v i ded w i th exten s i ve ch i pp i ng and saw ing  ( F i gs .  2 ,  9 ,  10 ) to produce s l abs 
and col umn s .  Con s i derab ly  more subd i v i s i ons  occur than are apparent i n  the 
i l l ustrations . Th i n  sec t i ons occur for c l ast  I and I I  and for several 
matr i x  areas . 

r..u.u . 
exterior 

155(chips and tines) 

FIGURE  9.  Cutt i ng d i agram .  
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,187 ,191 

F I GURE 1 0 . 
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68825 GLASSY IMPACT MELT 8 . 66 9 

I NTRODUCTION :  68825 i s  a dark ,  coherent ,  i rregul arly shaped fragment of  
g l as sy i mpact mel t  (Fi g .  1 ) .  At l east  one s i de apparently preserves a smooth 
exter ior surface of a once-mol ten mas s .  The other s i de i s  coated by a thi c k  
l ayer o f  adheri ng soi l .  68825 was taken from a so i l col l ected adjacent to 
the boul der whi c h  y ie lded 6881 5 .  
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FIGURE 1 .  Sampl e i s  a bout 3 em . 
acros s .  



68845 FI NE-GRAINED IMPACT MELT 4 . 56 9 

I NTRODUCTION :  68845 i s  a coherent ,  med i um gray , crystal l i ne rock , probably  
an  i mpact mel t , wi th  several smal l ( < 1  mm ) whi te c l asts ( Fi g .  1 ) .  It  was 
taken from a so i l  samp l e .  
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FIGURE 1 .  Sampl e i s  a bout 
2 . 5 em . acros s .  



68846 FI NE-GRAINED IMPACT MELT 2 . 28 

I NTRODUCTION : 68846 i s  a coherent,  medi um gray , crysta l l i ne rock , probably 
an impact mel t , wi th several smal l ( < l  mm ) whi te cl asts . I t  was taken from 
a soi l samp l e .  
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FIGURE 1 .  Sampl e i s  about 1 . 5 c� 
across . 



68847 F I NE-GRAI NED OR GLASSY IMPACT MELT(?)  2 . 85 g 

I NTRODUCTION :  68847 i s  coherent , medi um dark gray, and conta i ns sma l l  whi te 
cl asts (Fi g .  1 ) .  The presence of ves i c l es suggests that i t  i s  an i mpact me l t ,  
and i t  i s  e i ther fi ne-grai ned or g l a ssy . I t  was taken from a regol i th samp l e  
col l ected a few meters north o f  a sma l l bou l der ( from which  688 1 5 was taken )  
a nd  a bout 40  m east of  the two sma l l  craters at  the stati o n .  Zap p i ts are 
present on some surfaces . 
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FIGURE 1 .  smal l est u pper 
scal e d i v i s i ons  i n  mm . 



68848 BASAL T1  C ( ? )  IMPACT �1ELT,  PARTLY GLASS COATED 1 .  77 g 

I NTRODUCT ION :  68848 i s  a coherent ,  med i um dark gray fragment ( Fi g .  1 ) .  I t  
conta i ns p l ag i oc l ase l aths ( not parti cul arly e l ongated ) about 500 �m t o  1 mm 
l on g ,  and i s  ves i cu lar .  Some meta l i s  apparent ,  but the sampl e  contai n s  no 
obv i ous cl asts . A ves i cu l ar ,  bl ack g l ass coat i s  attached to one s i de .  

68848 wa s taken from a regol i th samp l e  col l ected a few meters north of a smal l 
bou l der (from wh i ch 688 1 5  was taken ) and a bout 40 m east of the two sma l l cra ­
ters at the stat i o n .  The dusty s urface appears to l ac k  zap p i ts .  
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F IGURE l .  Smal l est sca l e  d i v i s ions  
in  mm . 
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69935 GLASSY AND F I NE-GRA I NED MELT BRECC IA 127 . 6  g 

I NTRODUCT ION : 69935 i s  a coh(�rent , dark gray ,  g l assy brecc i a .  Comp lex re l at i ons  
among  a vailety of l i thol og i es mark th i s  rock ( F i g .  1 ) .  

At Stat i on 9 ,  two samp l es were taken from a dark boul der �60 em i n  d i ameter . 69935 
was removed from the very top of the boul der and 69955 was ch i pped from the bottom 
s i de after the bou l der was overturned by the Apol l o  16 crew ( F i g .  2 ) .  Lunar orien­
tat i on of 69935 i s  not  prec i se ly  known due  to  i ts smal l s i ze .  Many zap  p i ts are 
present on the T surface ; the B surface i s  a fracture face . 

69935 

FIGURE 1 . 
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6993 5  

FIGURE 2 .  

PETROLOGY : 69935 i s  a c l ast-ri ch , dark gray brecc i a  that i s  textura l ly i nhomogeneous .  
Most of the rock i s  chaot i c ,  g l assy , and non -porou s ,  w i th a d i verse cl ast popu l at i on 
( F i g .  3 ) .  Ves i c l es are apparent macroscop i c al l y  ( F i g .  1 ) .  Th i s  l i thol ogy probably 
represents the matr ix  of the bou l der . C l asts of basal t i c  i mpact me l t ,  g l assy matr i x  
brecc i a ,  l i ght ly  shocked p l ag i oc l ase , rusty metal  and g l ass  beads and fragments are 
abundant . One l arge ( 8 mm ) c l ast of catac l as t i c  anorthos i te i s  a l so present i n  one 
th i n  sect ion ( F i g .  3 ) .  Several brown gl ass ve i n s  cut th i s  port ion  of the rock 
( F i g .  3 ) .  
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a b 6 9935 

c 

,- I . 
{ '  

FIGURE 3 .  a )  69935 , 65 .  d ar k ,  gl assy brecc i a , anorthos ite cl a st to r i g ht ,  
ppl . wi dth a bout 1 em .  
b ) 6993 5 , 64 .  dar k ,  g l assy brecc i a ,  ppl . wi dth 2 mm .  
c ) 6993 5 , 60 .  fi ne-gra i ned mel t regi o n ,  ppl . width about 1 e m .  
d ) 69935 , 60 .  barred o l i v i ne c l a st i n  basal t ic  mel t porti on , xpl . 
width 2 mm .  
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69935 

The l i ght gray area of the rock ( F i g .  1 )  has a l i neated cl ast popu l at i on in a f ine­
gra i ned ,  probab ly mel t ,  matr i x  ( F i g .  3 ) .  Th i s  l i thol ogy i s  probab ly a l arge c l ast 
in  the rock . Most of the l i neated gra i n s  are angu l ar fragments of heav i ly s hocked 
p l agi ocl ase w i th rounded corners . Many of these grai ns  are maskelyn i te .  Maf i c  
m i neral  c l asts are very rare . Fe-meta l , tro i l i te and schre i bers i te are common ; 
metal compos i t i ons  are g i ven i n  F i gure 4 ( M i sra and Tayl or , 1975 ) .  Rock fragments 
are v i rtua l ly  absent except for a few catacl ast ic  anorthos i tes . One barred o l i v i ne 
fragment w i th i n terfi n ger i n g  fel dspath i c  g l ass i s  a l s o  present ( F i g .  3 ) .  The matr i x  
of th i s  l i thol ogy i s  n on - porous and crystal l i ne  w i th b l ocky p l ag i ocl ase gra i n s  
surrounded by mafi c m i nera l s .  

No  th i n  sect i ons  of the l arge , wh i te ,  anorthos i t i c  area ( Fi g .  l )  have been made . 

- 1.5 
0 "' 0 v 1.0 

� 0.5 -

69935 

Wt. 1 Nickel 

F IG URE  4 .  Meta l s i n  l i ght gray area ; from 
M i s ra and Tayl or ( 1 97 5 ) .  

EXPER IMENTAL PETROLOG Y :  L . A .  Tay l or et a l . ( 19 76 ) observed s i gn i f icant changes i n  
metal compos i tion foll ow i n g  per i ods or-sUbsol i dus  annea l i ng ( F i g .  5 ) .  

6 9 9 3 5  

0 Unheated Sample 
* 6 Day Anneal 
* 10 Day Anneal 
• 20 Day Anneal 

* 

F I GURE 5 ;  from L .A .  Tayl or et �· 
(1 976 ) . 

CHEM I STRY : Maj or and  trace el emen t  a na lyses of c l as t-ri ch  fragments from the g l assy 
porti on of the rock are provi ded by Rose et �· ( 1 97 3 )  and Laul  and Schm i tt ( 1 97 3 ) . 
Meteor i t i c  s i derophi l e  and  volati l e  e l emen ts from s im i l a r  fragments  a re g i ven by 
Ganapathy � �· ( 1 974 ) .  Ranci te l l i  g �· ( l 97 3a , b )  report who l e  rock natura l and 
cosmogen i c  rad i onuc l i de abundances . 
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69935 

The analyzed sp l i ts of 69935 are very a l uminous ( Tab l e  1 )  aod resembl e some Stat i on 
1 1  rocks i n  th i s  respect .  Un l i ke most of these rock s ,  however , 69935 conta ins  
l eve l s  of REEs  s i m i l ar to  the l oca l  mature so i l s  ( Tab l e  1 ,  F i g .  6 ) .  S i deroph i l es 
are a l so  enri ched in 69935 i nd i cati ng a s i gn i f i cant meteor i t i c  component .  Hertogen 
et a l . ( 1977 ) ass i gn the s i deroph i les  in 69935 to meteor i t i c  group l H ,  a group 
liirge ly  restr i cted to Apo l l o  1 6 .  

VJ Q) -
·o::: 
"C 1: 0 .r:. 
(.) 

Q) 
Q. 
E 
Ill 

C/) 

Si02 
Ti02 
A12o3 
Cr2o3 
FeO 
MnO 
MgO 
cao 
Na2o 
K20 
P205 

TABLLL_ 
Summary chemistry of 69935 

44 . 7  Sr 
0.29 La 

30. 0  Lu 
0 .06 Rb 
3 . 2  Sc 
0 .04 Ni 
3 . 3  Co 

17 .6  Ir  ppb 
0.42 Au ppb 
0.08 c 
0.15 N 

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

69935, 9 
Laul and Schmitt , 1973 

FIGURE 6 .  Rare earths . 

125 
1 1 .2  
0.52 
3 . 9  
5 . 6  
408 
19 

12. 7  
1 1 . 9  

0 .88 
3 . 6  



69935 

RARE GASES/EXPOSURE AGES : Surface exposure ages by a vari ety of methods are 
cons istently �2 m .y .  (Tab l e  2 ) ,  i nd i cat ing  that the 69935/55 boul der was ex­
cavated by the South Ray Crater event . 

From a " soft" component i n  t he Kr spal l ati on spectrum , Behrmann et a l . ( 1 97 3 }  
a nd  Drozd et a l . ( 1 974}  con c l ude that the 69935/55 bou l der must  have-exper ienced 
s i gn i fi can�near-surface exposure prior to i ts emp l acement  i n  i ts present con ­
fi gurati o n .  Behrmann et a l . ( 1 973}  i nfer that the bou l der was buried � 1 -5 m 
be l ow the surface pr iortoexcavation .  Drozd et  �· ( 1 974} note s i gni f i cant 
d i fferences between the apparent exposure ages of 69935 and 69955 and concl ude 
that the bou l der must have been i nverted re l at i ve to i ts present posi ti on dur ing  
i ts subsurface res i dence ( see 6995 5 ) . 

TABLE 2 . 

Surface exposure ages of 69935 

Method 
1 1Kr- 1 3Kr 
1 1Kr- 71Kr 
2 2Na-2 1 Ne ( d i rect)  
22Na-2 1Ne 
{normal ized ) 
1 1Kr-78Kr 

2 1 Ne 
a•Ar 

Cosmic ray tracks 

Age (m.x. l 

3.3!(J.3 
1 .9+0. 2 
2 .0+0 .3  

2 .2+0 .3  
1 .99!(J . 16 
1 . 40t0 .33 
4.0:!;1 . 7  

2. 3  

Reference 

Behrmann et a 1 .  ( 1973 ) 
• 

• 

• 

Drozd et al . ( 1974) 
• 

u 

Yuhas (unpub l i shed , 
referenced in Crozaz 
et !!_. , 1974 ) 

Who l e  rock 2 2 Na and2 6 Al data are g i ven by Ranc i te l l i  et a l . ( 1 973a ) . From these 
data Yokoyama et �· ( 1974 ) conc l ude that 69935 i s  s atUrated i n  2 6 Al acti v i ty .  

2 6 Al  data and a cosmi c ray track profi l e ( F i g .  7 )  are provi ded by Bhandari ( 1977 ) .  
r � l r , l rl h > rl Pxoosure aqes from these data {0 . 4:t0 . 3  m . y .  and 0 . 5  m . y . , respect i ve ly )  

� m . y .  exposure ages di scussed above . Bhandari 
�ographs show a l arge crack i n  the 69935/55  

. r - � a face of  69935 exposed al ong th i s  crack . 
� i n  a fragmentat ion event � 0 . 5  m . y .  ago . 

' ic  ray track profi l e ; 
�n ) .  



69935 

� - MICROCRATERS :  S i ze-frequency d i str i but i on data ( F i g .  8 )  are g i ven by  Morri son 
et al. (1973) ,  Neukum et �· ( 197:! ) and Fech t i g  et �· ( 1974 ) .  Nage l et �· 
Tf975) report d i ameter/depth rat i os ( F i g .  9 ) .  An exposure age. of 2 . 8  m . y .  
based o n  an emp i r i cal l y  ca l i brated constant  f l ux i s  cal cu l ated by Morr i son 
et �· ( 1973 ) .  

FIGURE 8 .  Microcrater s ;  from 
Morn son � �· (1 973 ) .  

.. '! 1,000 - •• = .24 

i 0 
2 

� 
� 
i u 

10 
CllA TEl OJAME fU, p.m 

FIGURE 9 .  Mi crocraters ; from 
Nagel et �. ( l 97 5 )  . 

69935)8 

on 

PROCESS I NG AND SUBD I V I S IONS : In  1 97 2 ,  69935 was s l abbed and several other 
p i eces removed by s awing and ch i pp i n g .  Th i n  secti ons that s amp l e  the l i neated 
and the g l assy l i tho log ies  were made from , 1 9  ( secti ons  , 5 9 - , 63 )  and , 25 
( secti ons , 64- , 67 ) ,  respecti ve ly  ( F i g .  10 ) .  Many ch i ps remain  i n  s tock at JSC ; 
the l argest s i ng l e  p i ece i s  , 1  ( 66 . 12 g )  wh i ch contains  a l l  major l i tho l og i es 
i n  the rock. , 3  ( 1 5 . 55 g ,  s p l i t  from ,2 i n  F i g .  10 ) i s  s tored at the Brooks 
Remote Storage Vau l t  and i s  l argely the l i neated l i thol ogy . 

69935 

1 em r-----1 

S-73- 22567 

F IGURE 1 0 . 
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69945 PO I K I L IT IC  I MPACT MELT 6 . 88 g 

I NTRODUCT ION : 69945 i s  a coherent , med i um gray, po i k i l i t i c  impact me l t  ( F i g .  1 ) .  
Th i s  rock was taken from a soi l samp l e  from near the 69935/55 bou l der . A few 
zap p i ts and a sma l l amount of sp l ash g l ass are present on the S surface . A 
patch of wh i te mater i a l  ( adher i n g  soi l ? )  coats a port i on of the W s urfac e .  

PETROLOGY : 69945 i s  a f i ne-gra i ned , poi k i l i t i c  i mpact me l t  ( F i g .  2 ) .  P l ag i o­
clase clasts are common ; one c l ast of bas a l t i c  impact me l t  was a l so observed . 
O i kocrysts are genera l ly <0 . 2  mm and tend to be nec k l aced by i l men i te l aths . 
Suboph i t i c  patches i n  i nteroikocryst regions are scattered throughout the rock . 

PROCESS I NG AND SUBD I V I S I ONS : I n  197 3 ,  69945 was sawn and the W end p i ece sub­
di vided for al l ocat i ons . 

1106 

FIGURE 1 .  Sca l e  i n  
em . S -7 2 -401 37 . 

FIGURE 2 .  69945 , 1 1 .  
g enera l  v i ew ,  ppl . 
w idth  1 • 5mm . 



69955 CATACLASTIC  ANORTHOS ITE 75 . 9  

I NTRODUCT ION : 69955 i s  a catac l ast i c  anorthos i te that has been heav i ly  
shocked (F1 g .  1 ) .  Much o f  the p l ag ioc l a�e i s  tran s l ucen� and app�ar� 
g l assy . At l east a port i on of the rock 1 s  probab l y  chem1 cal ly  pr 1 st 1 ne . 

69955 was col l ected from the bottom s i de of the same bou l der that yi e l ded 
69935 ( see 6993 5 ,  F i g .  2 )  on the l ower s l ope of Stone Mountai n .  Its l un ar 
ori entati on i s  unknown , and z ap p i ts are absent from a l l surfaces . 

F IGURE 1 . 

PETROLOGY : 69955 i s  a nearly monom ict , catac l ast i c  anorthos i te ve i ned by 
a smal l amount of dark , ves i cu l ar g l ass  ( F i g .  2 ) .  The anorthos i te has been 
exten s i vely recrystal l i zed and some maske lyn i te is present . Maf i c  mi nera l s  
are rare and occur as i nters t i t i a l  gra i ns and a s  i n c l u s i ons w ith i n  p l ag i o­
c l ase . The pl agiocl ases are up to "-5 mm across .  ��eyer ( 1979 ) reports i on 
probe analyses of m i nor e l ements i n  p l agioc l ase (Tab l e  1 ) ,  and Mi sra and 
Tay l or ( 1975 ) prov ide compos i t i ona l  data for metal  gra i ns i n  a dark g l ass  
ve i n  ( F i g .  3 )  • 

1 107  



. 69955 

a b 

FIGURE 2 .  a )  6995 5 , 27 . catac l a stic anortho s i te ,  part ly  xpl . width 2mm . 
b )  69955 , 28 .  catacl a st ic  anortho s i te a nd g l a s s  coa t ,  partl y xpl . 
wi dth 2mm . 

TABLE 1 .  

Minor elements i n  69955 21 agioclase 
Li !:Is Ti Sr Ba 

a )  1 . 0  750 12 

b )  1 . 7  781 200 275 14 

(ppm) - 1.5 
-a 
-g 
u 1.0 
.. 
3 05 

' ' M e l t  1 1 R�cks 
69955 

. i 
-

I 

-

2 6 10 14 IB 2 2  
Wt. l, Nickel 

FIGURE 3 .  Meta l s ;  from 
M i sra and Tayl or ( 1 975 ) . 

CHEMISTRY : Major and trace e l ement ana lyses of the anorthos i te are provi ded 
by Rose et al . ( 197 3 )  and L au l  aod Schmi tt ( 1973 ) .  KrahenbUh l et a l . ( 1973 ) 
g i ve meteorTtic s i deroph i l e  and vo l ati l e  e l ement  abundances , an�Ranc i te l l i  
et al . ( 1973a , b )  report who l e  rock abundances of natural and cosmogen i c  
rad1onuc 1 i de s .  
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The bu l k  ana lyses (Tab l e  2 )  i n d i cate that 69955 i s  a ferroan anorthos i te w i th 
l ow l evel s  of i ncompat i b l e  e l ements ( F i g .  4 ) .  Some port ions  of the rock are 
probab l y  meteor i te-free as i n d i cated by the l ow Co and REE contents of one 
spl i t  ( Laul  and Schm itt ,  1973 ) .  The ent i re anorthos i te i s  not chemi cal l y  
pr i st i n e ,  however , a s  data by Rose et a l . ( 1973 ) and KrahenbUh l et  al . ( 1973 ) 
show a detectabl e  amount of meteor itTcsi deroph i l es . Hertogen etal. ( 1977 ) 
ass i gn the s i deroph i l es i n  69955 to meteor i t i c  group 1L  wh i ch they1nterpret 
to represent Imbri um ejecta .  

Sio2 
Tio2 
A12o3 
Cr2o3 
FeO 
MnO 
MgO 
CaO 
Na2o 
K20 
P205 

TABLE 2 .  Summary chem i s try of 69955 

44 . 1  Sr 
0 .01 La 

35 . 3  Lu 
0 .005 Rb 
0 .42 Sc 
0 .01 Ni 
0 .23 Co 

19 . 1  I r  ppb 
0 .41 Au ppb 

'\.().01 c 
0.01 N 

s 
Oxides in wt%; others in  ppm expect Zn as noted. 

Cu 
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135 
0 . 27 
0.01 
0 .4  
0 .8 

9 .8-43 
0 .8 
0 . 289 
0 . 307 

0 . 37 
1 . 1  

F I GURE 4 .  Rare earths ; 
fran Laul and Sc hmi tt 
( 1 973 ) . 
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RARE GASES/EXPOSURE AGES : Drozd et  a l . ( 1 974 ) report Kr  i sotopic  data and 
exposure ages of 4 . 23±0 . 2 1 m .y .  (81Kr-Kr ) and 2 . 13±0 . 5 1  m .y .  ( 2 1 Ne ) . These 
authors note that a l though both 69935 and 69955 came from the s ame bou l der , 
the i r  Kr exposure ages vary by a factor of 2 .  Th i s  i s  taken as further 
evi dence for the comp l ex exposure h i story of the bou l der ( see 69935 ) .  
From the apparent d i fferences i n  s h i e l d i ng between 69935 and 69955 ,  Drozd 
et a l . ( 1974 ) conc l ude that the 69935/55 bou l der was buried in the l unar 
regOTi th for �1 -6 m .y .  unt i l  i t  was excavated and i n verted by the South Ray 
Crater event ( F i g .  5 ) ,  where i t  has  rema i ned i n  i ts present confi gurat i on 
s i n ce .  

T •2J m.y. 
a 

T•2.0 m.y. 
b 

F IGURE 5 .  Sc hematic 
hi story ; from Drozd 
( 1 974 } .  

ex posure 
et 'a 1 • - -

Pep i n  et a l . ( 1974 ) d i scuss  the resu l ts of Drozd et a l . ( 1974 ) and ca l cu l ate 
a subsurface res i dence t ime of 2 . 1  m . y .  u s i ng an emp i r i ca l ly deri ved spal l a­
t i on Ne product ion rate profi l e .  

2 2 Na and 2 6Al data are g i ven for the who le  rock by Ranc i te l l i  et a l . ( 1973a ) .  
From these data Yokoyama et a l . ( 1974 ) conc l ude that 69955 i s  saturated i n  
2 6Al act i v i ty .  Fruchter et aT. ( 1978 ) prov ide 2 6A l  and  5 3 Mn data for a sur­
face ch i p .  These data a lso Tnd i cate saturation i n  2 6Al and yi e l d  exposure 
ages of >3 m . y .  ( 2 6A l ) and 5±1 m .y .  ( 5 3 Mn ) .  

TRACKS : Yuhas ( pers . comm . , quoted i n  Drozd et a l . ,  1 974 ) f i nds no s o l ar 
fl are tracks  in 69955 ,  i nd i cati n g  that it has-recei ved no d i rect exposure 
to the sun s i nce i ts l atest excavat i on . 

PROCESS I NG AND SUBD I V I S IONS : I n  1973 , 69955 was exten s i ve ly  subd i v i ded by 
chipp i ng ( F i g .  6 ) . Th i n  secti ons were cut from , 9 .  The l argest s i n g l e  
p i ece rema i n i ng i s  , 1 7  (46 . 40 g )  a t  JSC . 
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69965 FRAGMENTAL POLYMI CT BRECC IA ,  GLASS V E I NED , PARTLY GLASS-COATED 1 . 12 g 

I NTRODUCT ION : 69965 i s  a fr i abl e ,  med i um gray , c l asti c brecc i a  vei ned and 
parti al l y  coated by dark g l as s  ( F i g .  1 ) .  I t  was separated from the soi l 
samp l e  taken from beneath the 69935/55 bou l der . Zap p i ts are absent .  

1 1 12 

F I GURE l .  Sca l e  i n  em . 
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