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I NTRODUCTI ON 

As a resu l t of the Apol l o  1 4  mi ss i on ,  approximately 42 ,285 grams of l unar 
materi al  were returned .  The samp l es i ncl ude part i cl es rangi ng from dust-s i ze 
to " Bi g  Bertha " ( samp l e  1 4321 ) ,  wi th a mass of a l most 9000 grams . Thi s 
book let i ncl udes petrograph ic  descri ptions of a l l  Apol l o  1 4  samp l es l arger 
than 1 em i n  any d imen s i on . I t  has been prepared as an i ntermedi ate step 
i n  the compi l at ion of a new Apol l o  1 4  samp l e  cata l o g .  

The format i s  di fferent from that i n  catal ogs previ ously prepared by the 
curatori a l  s taff because many of the samp les  i n  thi s  col l ecti on have been 
extensi vely i nvesti gated . Consequentl y ,  rock descri pti ons were compi l ed 
from many sources . F i rst of a l l ,  we l ooked at the ori gi nal  notes taken 
by members of the prel i mi nary i nvesti gation  team ( PET ) . Natura l l y ,  these 
descri pti ons were found to be wi dely  vari a bl e ,  both i n  deta i l and i n  use 
of termi nol ogy .  We have attempted to i mpart uni formi ty wherever pos s i bl e ;  
however ,  words used by di fferent members of PET such as l i ght and dark , 
coarse- , medi um- , and fi ne-gra i ned , etc . , may not be used as cons i stently 
as we wou l d  have l i ked.  In  addi t ion ,  we have attempted to summa ri ze the 
petrograph ic  l i terature , and agai n ,  we are faced wi th non-uni form termi 
nol ogy . A di scus s i on o f  general nomencl ature a s  app l i ed to l unar breccias  
by various i nvesti gators has been i ncl uded .  Al though we have adhered to 
commonly accepted usages of geo l ogi c terms , we have i ncl uded a l i s t  of 
petrograph ic  terms frequently used in rock descri pti ons for conven ience . 

When poss i bl e ,  we exami ned at l east one representat i ve th i n  secti on for 
each generi c .  Each secti on we descri bed was photographed ( l l Ox )  i n  trans
mi tted l i ght  and is  i ncl uded here i n .  At l east one photograph of each 
samp l e  was sel ected from among those on fi l e  to provi de a representati ve 
pi cture of the hand specimen. 

The samp l e  
parts : 

descri ption format we fol l ow i n  thi s  book let cons i sts of fi ve 

1 ) An i ntroductory sect·i on whi ch i ncl udes i nformation 
l ocat ion ,  ori entati on , and return conta i ners taken 
by Swann et �· ( 1 977 ) ; 

on l unar samp l e  
from the paper 

2) A secti on on phys i ca ·l characteri sti cs , wh i ch conta ins  the samp l e  
mass ,  d imens i ons , a n d  a brief descri pti on ; 

3 )  Surface features , i nc l ud i ng zap p i t s ,  cavi t i es , and fractures as 
seen i n  bi nocul ar  view ; 

4) Petrograph i c  descri pti on , con s i s ti ng of a bi nocul ar descri pti on 
and ,  if poss i bl e ,  a thin  secti on description ( Un less  otherwi se 
noted ,  the description i s  of the b i nocu l a r  v iew . ) ;  

5 )  A di scu s s i on of 1 i ter ·ature rel evant to samp l e petro l ogy i s  i n
cl uded for samp les whi c h  have previ ously been exami ned by the 
sci enti fi c commun i ty .  
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Because the book let was prepared i n  t h i s  fas h i on , some samp l es wi l l  be 
seen to have recei ved more attention than others . Al ong these same l i nes , 
model s and geneal ogi es have been made for a few samp les  and have been i n
cl uded here i n  accord i ng to the i r  ava i l ab i l i ty .  We wel come any constructi ve 
comments on these efforts , and they wi l l  be cons i dered i n  the preparation  
of the forthcoming  Apol l o  14  samp l e  cata l o g .  

Havi ng compi l ed thi s  bookl e t ,  we wi sh to emphas i ze that there i s  n o  sub
sti tute to actua l ly l ooki ng at the rock ,  and ask that i nvest i gators re
port a l l new or confl i cti ng i nformation on these (or any other ) samp l es 
to the curator ' s  offi ce for i ncorporati on i n  data packs kept on each generi c .  

i i 
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Geol ogic Setti ng 

After the s uccessful return of n umerous basa l t  samp l es from the mare regi ons 
by the Apo l l o  l l  and 1 2  mi ss'i ons ,  i t  was des i rab l e  to samp l e  a di fferent ki nd 
of a rea,  For thi s  reason a major objec ti ve of the Apol l o  1 4  mi s s i on ,  was to 
samp le  materi al compri s i ng the Fra Mauro Forma ti on , which had been i n ter
preted as bei ng a porti on of the ejecta b l an ket depos i ted duri n g  the i mpact
formati on of the Imbri um Bas·i n {Gi l bert , 1 893; Egg leton , 1 964;  Wi l he l ms ,  
1 970 ) .  Thi s event was bel i eved to preda te mare formati on , and i t  was hoped 
that an age for the Imbri an event cou l d  be es tab l i shed through successful 
return of these samp les , 

The geol ogic a l  formati ons i n  the area of the l andi ng si te are shown i n  
fi g ure 1 .  The formati ons shown on the map are s ubdi vi ded i nto four age 
groups: pre-Imbri an ( o l dest) ,  Imbri an , Era tostheni an ,  and Copernican 
(youngest ) , i n  accordance with U . S .  Geol ogical Survey usage . Imbri an forma
ti ons predomi nate the regi on of the Apo l l o  1 4  l andi ng s i te, Thi s  area i s  
known as the Fra Mauro reg i on , and i s  a l i ght-col ored ,  topographical ly hi gh  
area s urrounded by mari a .  

The Fra Mauro reg i on and the Fra Mauro Formati on are named for the c rater 
Fra Mauro , an anc i ent ,  eroded,  and parti a l ly  buri ed crater 70 km south of 
the l andi ng s i te .  The Fra Mauro Formati on i s  a di sti ncti ve ri dged and fur
rowed uni t surroundi ng the Imbri um Bas i n . Thi s  formati on had tradi ti onal ly 
been i nterpreted as fragmental ejecta from the Imbri um Bas i n  s i nce the i dea 
was fi rst proposed by G .  K.  G i l bert i n  1 893 .  In recent years , however ,  th i s  
i dea has met wi th s ome chal l enge by i nvesti gators who poi nt out that much 
l ocal  materi a l  excavated by secondary crateri ng i s  admi xed wi th the Imbri um 
Bas i n  materi a l  (Morri son and Oberbec k ,  1 975 ) . 

The thi ckness of the Fra Mauro Formati on i s  not known , and es ti mates vary by 
an order of magni tude . Offi e l d  ( 1 970)  esti mates the thickness to be between 
1 00 and 200 meters based on i ts rel ati on to t�e l oca l  topography , whi l e  
Kovac h ( 1 971 ) fi nds i t  to be only 20 - 70 meters thick ,  us i ng res ul ts from 
the ac ti ve sei smic experi ment by the Apol l o  1 4  astronauts , I t  i s  seen to 
cover 26 , 000 km2 i n  the region of the l andi ng s i te ,  featheri ng to a th i n  
edge i n  the vic i n i ty of the crater Bonp l and approxi mate ly 1 50 km to the 
s outh .  A northwest- trendi ng ri dge ,  radi al  to the Imbri um Basi n  l i es about 
600 meters east of the smooth terrai n of the 1 andi ng s i te ,  At the c rest of 
thi s  ri dge i s  Cone Crater ,  a rel ati vely young crater 340 meters deep, 
Here , i t  becomes i mportant to know the thickness of the Fra Mauro Formati on ,  
for s ome of the materi a l  col l ected at stati on C1 ( fi gure 2 )  i s  i nterpreted 
to be Cone Crater ejecta . The q uesti on i s  whether thi s materi a l  i s  from the 
Fra Mauro Formati on , or from the underlyi ng materi a l . The re l i ef of the 
ri dge i s  90 meters . If  Cone Crater i s  on ly 70 - 80 meters deep , chances are 
the ejec ta represents Fra Mauro materi al . 
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Figure Ia. Fra Mauro region. 

2 



0 50 
km 

Dark Mantling Materlaj 
·Copernican 

Crater Material 

Mare Material 

Plains Material 

Crater Material ·lmbrian 

Alpes Formation 

� Em Mare Material 

� Ec Crater Material 

· IpltJt Terra Material 

� plr 

§ pic 

Rugged Material 

Crater Material 

Pre-lmbrian 

Fra Mauro Formation 
Figure lb. Geologlc!�_l formations of the Fra Mauro region. 

(Simplified from Wilhelms and McCauley, 1971, 
after Marvin, 19761 

3 



The Cone Crater  event has been dated by Turner et a l . ( 1 97 1 ) .  They show 
that the surface of the Cone Crater ejecta b lanketlhas been i n  p l ace for 
only 26-40 mi l l i on years . The Imbri an event has been dated as be i ng be
tween 3 . 75 bi l l i on years ( Sutter et a l . ,  1 971 ) ,  and 3 . 94 bi l l i on years 
o l d  ( Nyq u i s t  et a l . ,  1 972 ) . On the bas i s  of terrestri a l  crater ana l ogs , 
Gaul t  et a l . Tf968 ) s uggest that ejecta cl osest to the ri m of  Cone Crater 
must be-deri ved from the greatest depth s ,  and that a mi xture of ej ecta 
from di fferent depths occurs i n  rays extend i n g  outward from the crater. 
Doubl et and Tri p l et c raters are s i tuated between the l andi ng s i te and Cone 
Crater,  and may have penetrated i nto Fra Mauro materi al . Samp l es from 
Stati on G and G1 , as wel l as from the Comprehens i ve samp l e ,  may be re
presentat i ve of  ejecta from these events (Tabl e 1 ,  fi gure 2 ) . More de
ta i l ed i n format ion i s  avai l abl e i n  a recent di scus s i on by Hawke and Head 
( 1 977 ) , i n  summaries by the Imbri um Consorti um ( 1 976 ) , and Swann et a l . 
( 1 972 , 1 977 ) . - -

The Apol l o  1 4  Lunar Module  ( LM )  l anded i n  the Fra Mauro reg i on of  the moon 
on February 5 ,  1 971 , at l ati tude 3° 40 ' 24 " S ,  l ong i tude 1 7° 27 ' 55 "  W .  
The l andi n g  s i te i s  l ocated 1 , 230 km south o f  the center of  the Imbri um 
Bas i n  and 550 km south of  the southern r im  crest of the bas i n  (Swann et a l . ,  
1 977) . F i gure 2 s hows a map of the traverses ·taken duri ng the Apol l ol4-
mi s s i o n .  

Three photogeo l o g i c  map uni ts were traversed duri ng the two EVA ' s :  
1 )  a smooth terra i n  uni t on whi ch the LM l anded , 
2) a cratered ri dge of the Fra Mauro Format ion whi c h  has s l ope ang l es 

of 1 0° - 1 5° ,  and 

3) the bl ocky r im  depos i t  of Cone Crater ,  densely strewn wi th bl ocky 
ejecta 1 - 1 5  meters i n  s i ze .  

The smooth un i t  was ori g i na l ly  thought to be e i ther hi ghl ands vol ca n i c  
mater ia l  or a smooth fac ies o f  the Fra Mauro Format ion that had been ponded 
i n  l ow areas between ri dges ( Eggl eton and Offi e l d ,  1 970 ) .  A primary objec
ti ve of  the mi s s i on was to samp l e  the Fra Mauro Format ion . Other objectives 
were the samp l i ng of Cone Crater ejecta and the sampl i ng of the smooth 
terra i n  around the LM . Duri n g  the fi rst EVA , the as tronauts set up the 
Apo l l o  l unar s urface experi ment package (ALSEP ) ,  col l ected the Conti ngency ,  
Comprehens i ve ,  and Bul k Samp l es , and two " footbal l s i ze "  rocks ( FSR )  
(Tabl e 2 ) .  On the  second EVA , they trave l l ed to  the r im  of Cone Crater ,  
tak i ng cores and  grab  samp l es enroute . Duri ng thei r return to the LM ,  more 
grab samp l e s ,  cores , and trench samp l es were col l ected (Tab le  2 ,  fi gure 2 ) . 
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Tabl e 1 

Samp l e  Locations ( Swann et �·· 1 977 )  

SAMPLE  NUMBER 

14001 to 1401 2 
1404 1  to 14046 
14047  and 14048 
1404 9  and 14050 
14051 and 14052 
14053 and 14054 
14055 to 14 062 
14063 to 14065 
14066 and 14067 
14068 to 14 072 
14073 to 14 081 
14 082 to 14084 
14140 to 14 144 
14 145  to 14 1 56 
141 60 to 14 1 63 
14 1 65 to 14 1 89 
14 1 90 to 14204 

142 1 0 and 1421 1 
14220 , 14230,  14240 
14250 to 14289 
14290 to 14297 

14301 
14 302 
14 303 
14 304 
14 305 
14 306 
14 307 
14 308 
14 309 
1431 0 
1431 1 
1431 2 
1431 3 
14314 to 14 320 
14321 
144 1 1 
144 14 
14421  
14222 - 14453 
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TRAVERSE STATION 

Conti ngency samp l e .  EVA 1 
A 
B 
Bg 
C' 
C2 
E 
Cl 
F 
C '  
G 
C l  
C '  
G 

Bul k Sampl e  
Comprehens i ve Samp l e .  EVA 1 
Unknown . Res i due i n  wei g h  bag 

1 03 1 , EVA 2 
A 
G 

Comprehensi ve samp l e ,  EVA 1 
H ( ? )  Res i due i n  wei gh  bag 

1 038 , EVA 2 
Gl 

EVA 1 ,  part of 14305 FSR 
EVA 1 ,  part of 14304 FSR 
EVA 1 .  FSR 
EVA 1 ,  FSR 

G 
G 

Dg part of 1431 1 
EVA 2 ,  unknown s tati on 

G 
Dg 
H 
Gl 
H 
C l  

A ,  core bi t 
G ,  core bi t 
Comprehens i ve Samp l e  
Bul k Sampl e  



STAT ION 
EVA 1 

A 

B 

C' 

C l  

Gl 

G 

H 

Tabl e 2 

TRAVERSE  STAT ION LOCATIONS AND 
DESCRIPTIONS 

( Swann et a l _ . , 1 977)  

LOCATION 
BETWEEN LM AND ALSEP 

1 50 m NW of LM and 90 m 
N of North Tri p l et Crater 

330 m NE of LM and 65 m 
NNW of rim of Wei rd Crater 

1 . 28- 1 . 29 km ENE of LM and 
approximately 95- 1 00 m 
SE of rim of Cone Crater 

1 . 24 - 1 . 25 km ENE of LM and 
1 7-30 m SE of Cone Crater rim 

1 50 m E of LM on north  rim 
crest of North Tri p l et Crater 

230 m ESE of LM and 50 m E of 
50 m E of North Tri p l et rim 
crest 

Turtl e Rock area , North Bou l der 
F i e l d  70-80 m NW of LM 
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DESCRIPTION 
SMOOTH UN IT  

Fi ne gra i ned 
fri abl e brecc i a  

F i ne gra i ned 
c l asti cs 

F i ne grai ned 
polymict brecci a 
( Cone Crater ejecta ) 

Whi te Rock a rea , 
brecc ia  

Coherent c l asti c 
brecc i a  

Coherent c l asti c 
breccia  

Coherent cl asti c 
breccia  



GENERAL PETROLOGY 

Al though systems of rock c l as s i fi cati on shoul d not be based on samp l e  genesi s ,  
the i r  i nterpretati on genera l ly i s  based on some underlyi ng model of how sam
p l es were formed . I n  the case of l unar samp l es ,  thi s model i s  rel at i vely 
s imp l e ,  but the resul t i ng  samp les  can  be  extremel y  comp l ex .  Primi ti ve l unar 
crust i s  assumed to have been coarse-grai ned i gneous materi a l . Coarse
gra i ned i gneous l unar samp l es have o l d ages (most have crysta l l i zat i on ages 
ol der than 4 . 0  bi l l i on  years ago ) , hypi d i omorphi c-granul ar texture wi th a 
gra i n  s i ze general ly greater than 1 mm, anorthos i t i c  compos i t i ons or h i gh 
Mg/Fe rat i os suggesti ve of a cumu l ate ori g i n ,  l ow rare-earth val ues and 
pos i t i ve Europi um anoma l i es ,  and have l ow-s i derophi l e  el ement concentra-
tions  (Warner et � . •  1 974) . 

Thi s pr imi t i ve coarse gra i ned materia l  i s  ass umed to be o l der than most of the 
fine-gra i ned i gneous materi a l . Th i s  fi ne-grai ned materi a l  i ncl udes mare fl ood 
bas a l ts and vo l can ics wi th as soci ated pyroc l a st i c s .  These samp les  have i g
neous textures , l ack mi neral  and l i th ic  c l asts , have l ow-s i deroph i l e  concen
trat i ons , and conta i n  rel at i ve ly  l i ttl e meta l l i c i ron ( Warner et �·, 1 974 ) . 

The prima ry geo l og ic  p rocess acti ng on thi s prim i ti ve materi a l  has been 
meteroi d  bombardment . The major  phase of thi s bombardment was accomp l i shed 
before the emp l acement of the fl ood basa l ts ,  but has conti nued up to present 
t imes . Meteoroi d  bombardment consti tutes the major weatheri ng and rock 
formi ng agent act i ng on the l unar surface . Lunar soi l s  and breccias  form 
as a resu l t of meteoroi d  impact ,  but there has been much debate over the 
actual l i th i fi cation  proces s .  Because of the c l ose chemi cal and mi nera l og ic  
resembl ance LSPET ( 1 969)  bel i eved l unar brecc ias  to  be shock l i th i fied soi l . 
Two schoo l s of thought emerged , wi th i nvesti gators such as Ki ng et a l . ( 1 970) , 
Mason et a l . ( 1 970 ) ,  Quai de and Bunch ( 1 970 ) , Shoemaker et a l . (19 70) , Wood 
et a l .""T l 970) favoring  shock wel d i ng  and Smi th et a l . ( 1 970). McKay et a l . 
11 970 ) , and McKay and Morri son ( 1 971 ) p referri ng- therma l wel di ng as the--l i thi 
ficat ion p rocess respon s i b l e  for breccia formation . Chao et al. ( 1 971 ) be
l i eved brecci as formed by l ow l evel shock compacti on of the-sOT l  near the 
base of the regol i th .  He fel t  that thi s wou l d  occur at some d i s tance from 
the impact . Studi es of Apol l o  1 4  breccias  i ndi cated therma l metamorph i sm 
to be the most reasonabl e model for brecc i a  l i th i f i cation ( Warner , 1 972 ; 
Jackson and Wi l sh i re ,  1 972 ; Wi l s h i re and Jackson , 1 972 ;  Chao et a l . ,  1 972 ) .  
More recently ,  usi ng SEM techn i ques , S i monds et al . ( 1 977 ) ana-Phi nney et al . 
( 1 976 ) suggested that breccias  form when hot Sf lTCate mel t  wel ds the reTative
ly  cool c l ast ic  fragments together duri ng  meteori te impact . 

The col l ecti on of rocks returned by the Apol l o  1 4  mi s s i on con s i s ts of brec
c ias , most of whi ch are compound ( or polymi ct )  i n  the i r  nature , and a few 
basa l t  samp l e s .  Thi s i s  cons i stent wi th the i dea that the Apol l o  1 4  l andi ng 
s i te was on the Fra Mauro Formati on .  A brecc ia  i s  a rock cons i st i ng of angu
l ar coarse-gra i ned fragments i n  a fi ne grai ned matri x .  Commonly ,  i n  the 
case of l unar  brecc ias , there i s  no defi n i te di st i ncti on between "matrix"  and 
"c l asts " because of the seri ate texture of the roc k .  I n  these cases , we re
fer to fragments l arger than 1 mm as cl asts and those sma l l er  than 1 mm as  
matri x to  be  consi stent wi t h  the practi ces of the curatori a l  staff . 
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Brecc i as have a h i gher s i deroph i l e  el ement concentrati on than do l unar rocks 
of i gneous ori gi n implyi ng that they conta i n  some admi xed meteor iti c  materi al . 
They contai n both mi neral and l i th i c  c l asts and have more metal l i c i ron than 
do ei ther the fi ne-gra i ned or coarse-gra i ned i gneous rocks . 

The return of so many breccia s as a resul t of the Apol l o  1 4  miss i on made i t  
important  to devise  a breccia c l a s s i fi cat i on scheme, and many i nvesti gators 
have done s o .  Wi l s hi re and Jackson ( 1 972 )  chose a s i mp l e  descri pti ve means 
of c l a s s i fi cation whi ch enables  the rocks to be p l aced in categories ( Fl -F4 )  
pr imari ly  o n  the bas i s  o f  the col or i ndex of thei r cl asts and the samp l e ' s  
coherence , a useful c l as s i fi c ati on a l l owing  the rocks to be categori zed on 
the basi s of hand spec imen exami nation (Tabl e 3 ) . 

TABLE 3 

Bas i c  Brecci a  C l a ss i fi cat i on Scheme 
of Wi l s h i re and Jackson ( 1 972 ) 

L IGHT 
CLASTS 
DARK 
CLASTS 

FRIABLE COH ERENT 

Fol l owi ng more extens i ve observati ons , i t  was poss i b l e  to i nvent more el abor
ate schemes , and a debate arose over the cl ass i fi cati on as wel l  as over the 
ori g i n  of these brecci as . Much of the debate stemmed from the l ack of agree
ment  on the strati graph i c  h is tory of the l andi ng s i te ( see General Geol ogy) . 
Most researchers had accepted the Fra Mauro Formation as  be i n g  an ejecta 
bl anket associ ated wi th the Xmbrian event ,  and , there i s  undoubtedly a 
s i zabl e contri buti on of mate1· i a l  from the many post- Imbrian crateri ng events . 
Thi s contri bution cou l d  be merely a thi n veneer·mi xed wi th Imbri um ej ecta or 
i t  coul d even be a thi ck regol i th devel oped on Fra Mauro basal ts as was sug
gested by Schonfe l d  and Meye1· (l 973 ) . Many workers now accept the arguments 
of Chao ( 1 972 ) ,  Morri son and Oberbeck ( 1 975 ) ,  and Head and Hawke ( 1 975 ) that 
the h i g h  degree of thermal eff ects in the rocks i s  more cons i s tent wi th thei r 
ori g i n  by nearby sma l l e r ,  prE�- Imbri an  events . Th is  has recently been re
vi ewed by Hawke and Head ( 1 97 7 )  . 

Almost as many methods of c l a s s i fi cat ions of these breccias  were devel oped 
as there were arti c l es wri tten about them. Some , s uch as Chao et al . ( 1 972 ) , 
formed groups on teh bas i s  of the cl asts , thereby deri v i ng genet icrel ation
s h i p s .  Chao 's  c l a s s i fi cation system i s  based o n  fragment popul ati on , nature 
of matr i x ,  grai n  s i ze and poros i ty ,  metamorph ic  h i s tory ,  and bul k chemi cal 
compos i ti o n .  He  d i vi ded the Apol l o  1 4  brecci as i nto regol i th mi crobreccias , 
Fra Mauro brecci as , and spheru l e-rich  mi crobrecc ias  ( Tabl e 4 ) . 
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TABLE 4 

Brecci a  Cl assi fication System 
of Chao et al . ( 1 972 )  

1 .  Rego l i th mi crobrecc i as 
a .  Unshocked , porous 
b .  Compact , nonporous 
c .  Shocked 

2 .  Fra Mauro brecc ias  
a .  Unanneal ed or sl i ghtly annea l ed ,  

fel dspath ic  breccias  
b .  Moderate ly anneal ed brecci a s  
c .  S trongly annea l ed ( therma l l y  metamorphosed)  

brecci as 
Unshocked 
S hocked 

3. Spheru l e-ri c h ,  transported microbrecci as 

Thi s cl assi fi cat i on i s  roughly comparab le  to that of Jackson and Wi l s hi re 
( 1 972 ) . The i r  F 1 i s  equ i val ent to the unshocked , porous rego l i th mi cro
breccia  of Chao et al . ( 1 972 ) ; F2 resembl es the compact or shocked rego l i th 
mi crobrecci a ;  F 3-r sia nal ogous to unannea l ed ( Fra Mauro )  fri abl e fe l dspathi c  
mi crobrecci a ,  and F4 resembl es the strongly annea l ed ( Fra Mauro ) brecc ias  
of  Chao et  �· ( 1 972 ) .  

The di sti ncti on between shocked and unshocked samp l es i n  the c lass i fi cat ion 
of Chao et �. ( 1 972)  i s  mai nly  on the bas i s  of the presence or absence 
of mi crof ractures that cause the microbrecci as to break across , rather than 
around , gra i n  boundaries .  Other shock features i ncl ude shock-i nduced 
l amel l ar twi nni ng i n  i l men i te gra i ns , l ow poro s i ty ,  and g l as s  coati ng on 
the mi crobrecci a  chi ps .  Compact rego l i th microbrecci a s  that show no evi 
dence of s hock features were a l so observed ( 1 431 3 ) .  

The gradati on between unannea l ed to annea l ed brecc ias  i s  anal ogous to that 
of Warner ' s  ( 1 972)  l ow to h i gh metamorph i c  grades . Th i s  model i ncl uded three 
metamorp h i c  grades , l ow ,  medi um , and h i g h .  H e  was a b l e  t o  form ei ght groups 
( l -8 )  correspondi ng to these grades . These were formed on the bas i s  of 
abundance of matri x g l a s s ,  abundance of gl ass c l asts , and matrix  texture . 
I t  was s uggested that wi th i ncreas i n g  temperature , g l ass cl asts and spher
ul es dev i tri fy and l ose i dent i ty, whi l e  pyroxene and fel dspar recrysta l l i ze 
deve lop ing  more euhedral crysta l s ,  unti l ,  at  the h i ghest temperatures , the 
matri x mel ts .  These 8 groups were corre l ated wi t h  temperature by Wi l l i ams 
( 1 972 ) who found the range from 500° - l l 00°C to be suffi cient to produce the 
observed features . Magnetic propert i es of the Apo l l o  1 4  samp l es corre l ate 
we l l  wi th the metamorph i c  c lass i fi cation  of Warner ( 1 972 ) . Al l observed 
magneti c characteri sti cs can be attri buted to the i ncrease i n  gra i n  s i ze 
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of i ntersti t i al i ron from the 1 00 A range i n  Warner ' s  l owest metamorph i c  
grade samp l es t o  gra i n s  l arger than 1 urn i n  the h i ghest grade samp l es ( Gose 
et �., 1 972 ) 

Q ua i de and Wri g l ey ( 1 972 )  saw three groups : regol i th brecc i a s , wh i te 
rock brecci a s ,  and annea l ed brecc i as . Others bel i eved the matrix  p rovi ded 
a good c l ass i fi cation standa rd .  Von Enge l hardt et al . ( 1 972 ) ,  us ing  g l ass  
content as a cri teri on , d i vi ded brecci as i nto 3 groups , each matched by a 
p roposed ori gi n : 

I .  Gl ass-ri ch brecci as - produced by meteori te impacts on rego 1 i th 

I I .  Gl as s-poor brecci as - produced by impacti ng sol i d  rock 

I I I .  G l as s-poor brecci as wi th a crystal l i ne matri x - produced by 
recrystal l i zati on of a base surge depos i t  or an i mpact me l t  

Chri sti e et al . ( 1 973)  emphas i ze textura l features, formi ng two groups 
(A & B )  on- the bas i s  of the presence or absence of evi dence of recrystal l i 
zati on , and Li ndsay ( 1 972 )  formed two groups , I and I I ,  on the bas i s  of the 
presence or absence of g l ass .  

Later ,  more deta i l ed s tudi es of the matri ces of the Apol l o  1 4  breccias  us i ng 
the SEM i ndi cated that the texture of Warner ' s group 1 -7 i s  '' heterogeneous 
and i ntermi ngled on a sca le  of mi l l i meters " ( S imonds et a l . ,  1 977) . Based 
on these studies S imonds et �· (1977 ) have i dent i fi ed 3b recc i a  groups , 
wh i ch bear some resembl ance to the groups of von Engel ha rdt et al . ( 1 972 ) . 
The three groups they propose are: -- --

Crystal l i ne matr ix  brecci as ( CMB ) - those with coherent ho l ocrysta l 
l i ne matri ces , a t  l east vesti ges of c l asts , and meteori te contami nati on 
(evi denced by h i gh s i de roph i l e  content ) .  

V i tr ic  matri x brecci a s  ( VMB) - i mpacti tes wi th a defi n i te fragmental 
texture and a bundant glass , gl ass-beari ng cl asts , and l ow mel t i ng  poi nt 
c l asts . 
L i gh t  matri x brecc i as ( LMB)  - fri abl e ,  porous , fragmenta l brecc ias , 
wi th l i ttle  gl ass , l ack i ng  i n  recrystal l i zation  effects , and more 
fe l dspath i c  than the other two categories . 

S imonds et a l . ( 1 977)  further subdi v i de the i r  crysta l l i ne matri x brecci a s  
i nto 3 subgroups : 

( 1 ) Cl ast-free i mpact mel ts ( 1 43 1 0 ,  1 4276 )  

( 2 )  C l ast-beari ng  i mpac t  mel ts - 1 - 1 5% cl asts ( 1 4068 ) 

( 3 )  Fra Mauro brecci as - more than 1 5% cl asts ( a l l other Apol l o  1 4  CMB ' s )  

I ndeed ,  many of the Apo l l o  " 1 4 brecci as are descri bed by them as bei ng crysta l 
l i ne matri x brecci a s  of the Fra Mauro type . 

Tabl e 5 conta i n s  a l i st  of J\ pol l o  1 4  rocks and the i r  cl ass i fi cation  by vari 
ous i nvesti gators . The fol l owi ng  observat ions can be made based on samp l es 
c l ass i fied by the vari ous schemes suggested : 
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Mas s  
SamE l e  
14006 i�· 
1 4066 5 1 0  

14 169  78 . 66 
1 41 71 37 . 79 
141 72 32 
1 4270 25  
1 4274 1 5  
1 4303/304 3397 

N 1 4305/302 2497 
1 431 1 /308 3200 

1 4312 299 
1 43 1 4  1 1 6  
1 431 9 2 1 1  
1 4320 64 . 9  

1 432 1 9000 

1 4306 8 72 

1 4063 1 35 

14064 1 07 
1 4083/82 79 

TABLE 5 
COMPARISON OF VARIOUS BRECCIA CLASS I F I CAT ION SCHEMES 

F4 h i g h  (7) 
F4 
F3 med (4) 
F4 
F4 high (7) 
c 
F4 hi gh ( 6) 

F4 
F4 

F4 h i g h  7 
F4 h i gh 7 
F4 h i g h  7 
F4 hi gh 6 

F4 med ( 4) 

F4 med (4) 

F3 med (3) 

F3 
F3 med (3) 

Quai de and 
Wri g ley 

1 972 
Annea l ed 
Brecc ia  

2c  shocked An nea l ed 
Brecc ia  

2c shocked 

2c  unshocked 

2c  shocked Annea l ed 
Brecci a  

2c  · shocked 
2c unshocked Annealed 
:c s oc e recc 1 a  2 h k d B . 
2c shocked 
2c  shocked 
2c shocked 
2c  shocked Annea l ed 

Brecci a  
2 b  Anneal ed 

Brecci a  
2c  shocked Annea l ed 

Brecci a 

Fra Mauro White Rock 
Brecci a  2a Brecci a  

2 a  

von Engel hardt 
et al . 

1 972) 
Gl ass poor crys-
tal l i ne matri x 
Gl ass poor crys-
ta l l  i ne matri x 

a 1 ne rna n x  
Gl ass poor crys
t 1 1 . t . 

G l ass  poor crys-
tal l i ne matri x 
Gl ass poor crys-
ta l l i ne matri x 

Gl ass p oor wi th 
fragmental matri x 

Gl ass poor wi th 
fragmenta l matri x 

S imonds 
et a l . 
\1977 ) 

CMB 

CMB 

CMB 
CMB 
CMB 
CMB 
CMB 
CMB 

CMB 
CMB 

CMB 
CMB 
CMB 
CMB 

CMB 

CMB 

LMB 

LMB 
LMB 



von S imonds 
Warner et a l . 

Sam l e  ( 1 972 97/) 
1 4041 /42 l ow 1 VMB 

14045 65 F l  VMB 
1 4047 242 F l  l ow ( 1 ) Regol i th mi cro- VMB 

brecci a uns hock-
ed l a  Porous 

1 4049 200 Fl l ow (2) Rego l i th micro- Gl ass r ich  rego- VMB 
breccia uns hock- 1 i th brecci a  
ed l a  P orous 

14055 1 1 1  Fl l ow ( 1 ) R egoli th micro- Regolith Glass rich rego- VMB 
brecc i a  unshock- Brecc ia  1 i th brecci a  
ed l a  Porous 

1 4255 22 F2 VMB 
w 1 4264 1 1 7  F4 VMB CMB 

cl asts 
1 42 65 66 F2 VM B 
1 42 69 1 7  F2 VMB 
1 4271  97 F2 VMB 
1 4275 1 3  F2 VMB 
1 4301 1 360 F2 1 0\'1 (2) Regol i th mi cro- VMB 

brecc i a  unshock-
ed 1 a Porous 

1 4307 1 55 F2 l ow (l) l c  s hocked Gl ass r ich  rego- VMB 
l i th brecci a  

1 431 3 144 F2 l ow ( 1 ) l b  compact Rego l i th VM B 
Brecc ia  

1 431 5 115 F 2  med ( 3) 3 spherul e  VMB 
1 4318 600 F2 med ( 3) 3 ri ch Rego l i th Glass rich rego- VMB 

Brecci a  1 i th brecci a  



Al l CMB ' s are F4 except 1 41 7 1 ( F3 ) 

Al l LMB ' s  a re F 3 
Al l VMB ' s  are Fl or F 2 except 1 4264 ( F4 )  

Twi ce as many VMB ' s  are F2 as F 1 
Al l CMB ' s  are Warner ' s  grade 4 or hi gher except 1 41 71 ( 3 )  
Al l LMB ' s  are Warner ' s  grade 3 
Al l VMB ' s  are Warner ' s  grade 3 or l ower 

In  fact ,  the groups formed by von Engel hardt et a l . ( 1 972 ) contai n  the same 
members as the groups p roposed by S imonds et a l .-r l 977 ) wi thout exception 
(Tabl es 5 and 6 ) .  

TABLE 6 
Compari son of the Cl a s s if i cat ions 

S i monds et �· ( 1 977 )  and von Engel hardt et �· ( 1 972 ) 
S imonds � �·, 1 977 von Engel hardt � �·, 1 972 

CMB G l as s  poor wi th crysta l l i ne matri x 
LMB G lass  poor wi th fragmenta l matri x 

VMB G lass  ri ch regol i th breccia  

I t  is  not  so  easy to  re l ate the  cl ass i fi cation of Chao et a l . ( 1 972 ) to  the 
others because h i s  was based on cl asts , but a l l CMB 's stud i ed by Chao were 
p l aced i n  h i s  group 2c except 1 4321 , which was c l ass i fied as a 2b .  Moreover ,  
a l l the 2 c  brecc ias  are CMB ' s  and F4 ' s  except  1 41 71 wh i ch i s  a F 3 . An i n 
terest ing  feature noted by our group i n  observi ng c l ast  popul at ions i s  the 
associ ati on of chondrul es or chondru l e- l i ke bodi es wi th the l arger samp l es 
of the 1 4300 seri es . Smal l er samp l es contai n  more amorphous "g l assy"  masses 
and matri x g l ass . 

I t  i s  i n teresting  to note the numerous s i mi l ari t ies  that must exi st among 
those groups of breccias  for there to be so few except i ons when attempts 
are made to corre l ate di fferent c l a ss i fi cation schemes . Th is  suggests that 
there are natural groupi ngs of breccias  and/or there might be someth i ng  
fa i rly unusual a bout samples  that are except i ons  to these groupi ngs , s uch 
as 1 41 71 , 1 4264 , and 1 4321 . For the purposes of  th i s book let , we wi l l  rel y  
o n  cri teri a recogni zed by von Engel hardt e t  a l . ( 1 972 )  and S imonds e t  a l . 
( 1 977 )  as  bei ng effecti ve i n  formi ng groups among the l unar brecci a�-
Di fferences among these groups are rel ati vely uncomp l i cated and d i s ti ncti ve .  
I n  add i t i on ,  the sma l l but i mportant di fference i n  chemi cal compos i t i on ( Mg 
and Al ) noti ced by S imonds et a l . ( 1 97 7 )  ( fi gure 3 )  for CMB , VMB and LMB 
types i s  persua s i ve e1vi dence ofthe i r  bas i c  di fference . Unl i ke S i monds 
et a l . ( 1 977 ) ,  however, we wi l l  tend to refer to samp l es such as 1 43 1 0  and 
14276 as mel t  rocks rather than "c l ast-free impact mel t  crysta l l i ne matri x 
brecci as . "  
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Figure 3. MgO vs AI203 plot for Apollo 14 samples. 
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A basa l t  i s  a fi ne gra i ned ,  usua l ly  dark col ored , i gneous rock whi ch common
ly i s  extrusi ve i n  ori gi n .  I t  i s  composed primari ly of ca l ci c  p l agiocl ase , 
pyroxene ,  and other mafi c mi nera l s  such as o l i vi ne .  Lunar basal ts di ffer 
from terrestri a l  basal ts ch iefly i n  the i r  mi nor el ement compos i ti on .  Lunar 
ba sal ts typi cal ly  conta i n  more Ti02 , rare earth el ements , and z i rcon i um ,  
and l es s  n ickel than the i r  terrestri a l  counterparts . The p l ag iocl ase i s  
more ca l ci c  i n  l unar basa l ts ,  bei ng  An 8 0 or more i n  compos i ti on whi l e  terres
tri al  basal ts are more l i kely to be i n  the l abradori te range of p l agi ocl ase 
compos i ti on .  

I t  was anti ci pated from early data on the l a rge i on l i thophyl e ( L I L )  
el ement- ri ch o r  KREEP basa l ts from the Apol l o  1 2  s i te that Fra Mauro samp l es 
wou l d  have s imi l ar characteri st ics . Hubbard et a l . ( 1 972 ) establ i sh the 
s imi l ari t ies among other KREEP basal ts and ApOT lo- 1 4  basa l ts .  Us i ng 
Al 20 3 and FeO as di scrimi nat i ng factors , Hubbard et al . ( 1 972 ) show that 
mare basal ts are d i s ti ngui shed from non mare basal ts-r KREEP and l ow-k )  by 
hi gher FeO ( > 1 4% )  and l ower Al 203 ( < 12%)  concentrati ons . 

Some di sagreeme nt exists regarding the c l a s s i fication of crysta l l i ne l unar 
rocks . Of the crysta l l i ne rocks returned duri ng the Apo l l o  1 4  mi s s i o n ,  
very few are regarded as  basa l ts by vi rtua l ly  al l i nvesti gators . As we 
poi nted out prev ious ly ,  samp l es 1 431 0 and 1 4276  are c lass i fied  as crystal 
l i ne matri x brecci a s  of the c l as t-free impact mel t vari ety by S i monds et a l . 
( 1 977 ) . - -

When we can recogni ze remnant cl asts or other  criteri a suggesting  that a 
samp l e  was once a soi l or a brecci a ,  we wi l l  s imp ly  refer to i t  as  a mel t 
rock .  Obvi ous ly ,  many samp l es dupl i cati ng basa l t i c  texture and composi ti on 
may have had the i r  ori gi ns as  someth i ng other  than extrus i ve or i ntru s i ve 
mel ts , but we do not feel that the name " basa l t" must necessari ly  carry 
geneti c connotati ons . These samp l e s  are referred to merely as crystal 
l i ne rocks . 
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Glossary of Terms Used i n  Petrographic  Descri pti ons 

anorth i te - tri cl i n i c  p l agi oclase fel dspar wi th the compos i ti on (Ca9 0 - 1 0 0 , 
Nalo -o ) Al 2S i 20s 

anorthos i te - rock name for an i gneous rock (or l i thi c fragment)  composed 
a l most enti rel y  of p l agiocl ase ( usua l ly cal c i c  p l ag i ocl ase ) . Lunar 
anorthos i tes have a gran ul i ti c  texture . 

basa l t - a fi ne gra i ned , usua l l y  dark col ored , i gneous rock wh i ch commonly 
i s  extrusi ve in  ori g i n .  Compos i ti on of basa l t ,  ordi nari l y ,  i ncl udes 
pr imari ly ca l ci c  p l ag i ocl ase , pyroxene , and other mafi c mi neral s ,  such 
as o l i vi ne .  

brecci a - a cl asti c rock wi th angu l ar  and  broken rock fragments i n  a fi ner 
gra i ned matri x .  For purposes of thi s cata l og ,  breccia  fragments l arger 
than 1 mm are des i gnated as cl asts , and those sma l l er than 1 mm are re
ferred to as matri x .  

c l ast  - fragmental part of a brecci a  l a rger than 1 mm . A cl ast may be l i th i c ,  
mi neral , or g l as s  i n  l una r brecci as . 

coherent - consol i dated ;  not fri abl e ;  doesn ' t  crumb le  eas i l y  

crysta l l i te - a broad term appl ied t o  gra i ns o r  crystal s wh i ch are too sma l l 
for i denti fi cation  

dendri ti c - mi nera l s  that have crystal l i zed in  a branch ing  or feathery 
pattern , commonly i n  a gl assy matri x 

devi tri fi ed - sa id of a gl ass whi ch has converted to a crysta l l i ne texture 
after i ts sol i di fi cati on 

fragmental rock - any c l ast ic  rock ;  rock composed of fragments of other rocks , 
mi nera l s ,  or g l a s s ;  i ncl udes brecci as and mi crobreccias  

fri abl e - sai d of  a rock that crumbl es natura l l y  or i s  eas i ly broken ; poorly 
consol i dated ; poorly cemented ; not coherent 

gabbro - coarse grai ned equi va l ent of basa l t ,  commonly i ntrus i ve i n  ori g i n  

" g lass "  - a term used i n  opt ical  petrograph i c  descripti ons to denote 
amphorous and/or cryptoc rysta 1 1  i ne materia  1 

l eucocrati c - l i ght co l ored ; appl i ed to a l i ght-col ored i gneous rock rel ati ve
ly poor i n  mafi c mi nera l s  
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matrix  - sma l l er or fi ner grai ned mater ia l  fi l l i ng i ntersti ces between the 
l arger gra i ns or part i cl es of a rock;  for purposes of thi s  cata l o g ,  
port i on o f  a breccia  sma l l er than 1 mm i n  s i ze 

mel anocrati c - dark col ored ; usua l ly app l i ed to dark col ored i gneous rock 
r ich  i n  mafi c mi neral s  

mel t rock - i gneous rock whi ch i s  nei ther i ntrus i ve nor extru s i ve i n  ori g i n ,  
but formed by mel ti ng dur i ng meteoroi d  i mpact. These rocks resembl e 
basal ts ,  but have ''g host c l asts , '' or sma l l areas of textural homogene
i ty encl osed i n  a fabr i c  of a d i fferent texture ; occas i onal ly these ex
h i bi t  remnant cl asts , which appear as xenocrysts 

mesocrati c - composed of s ubequal amounts of l i ght and dark consti tuents ; 
appl i ed to i gneous rocks i ntermedi ate i n  col or between l eucocrat ic  
and mel anocratic  

mesostas i s - the l ast-formed i nterst i t i a l  materi al , e ither g l assy or apha
n i ti c ,  of an i gneous rock 

mi crobrecci a  - a breccia  w i th no cl asts l arger than 1 mm; a c l ast of a 
brecci a  from previ ous generation withi n another brecci a  

nori te - a coarse gra i ned p l utoni c  rock conta i n i ng cal c i c  p l agioc l ase  and 
orthopyroxene 

oph i ti c  - texture of a hol ocrystal l i ne ,  hyp i d i omorphi c rock i n  whi ch l ath
s haped p l ag i ocl ase crysta l s  are parti al ly or comp l etely encl osed by 
pyroxene crystal s 

phenocryst - a term used for a l arge crystal i n  a porphyri t i c  i g neous rock 

poi k i l i ti c  - i gneous rock texture i n  whi ch sma l l  crysta l s  of one m i neral 
(e . g .  p l ag i oc l ase )  are i rregul arly scattered wi thout common orientation 
i n  a l arger crystal of another mi neral ( e . g .  pyroxene ) 

polym ict - sa id  of  a breccia  conta i ni ng fragments of d i fferi ng compos i ti on 

s eriate - texture in  whi ch gra i n  s i ze var i es gradual l y  or i n  a cont inuous 
ser i es from l arge to sma l l  

subophi ti c - s a i d  of the oph i t i c  texture o f  a n  i gneous rock i n  whi ch the 
fel dspar crystal s  are approximately the same s i ze as the pyroxene and 
are only partia l ly enc l osed by them 

trocto l i te - a coarse grai ned p l uton i c  rock conta i n i ng cal c i c  p lag i ocl ase 
and o l i vi ne ,  w i th l i ttl e or no pyroxene 

zap p i t  - m i crometeoroi d  impact crater on a l unar samp l e ;  commonly l i ned 
wi th g l ass 
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14006 

S-71-25297 

14006, 5  1.1mm1 14006, 21 

Note: Variation 1n glao;s content. 
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Samp l e  14006 was col l ected as part of the conti ng ency samp l e  during t he first 
EVA i n  the vi c i n i ty of the lunar modu l e .  I t  was returned i n  wei gh bag 1 039 
al ong wi th the rest of the cont i ngency sampl e .  

PHYSICAL CHARACTERISTICS 

Mass D imens i on s  

1 2 . 1 3  g 3 . 0  x 2 . 0  x 1 . 3  em 

Thi s rock i s  a coherent,  dark med i um gray brecci a wi th l eucocrat ic  c l a s ts com
pri s i ng l ess  than one percent of the samp l e .  Th i n  secti on exami nation re
vea l s the sampl e to be i nhomogeneous wi th respect to g l as s  co� tent . 

SURFACE FEATURES 

Sampl e  1 4006 is pi tted wi th one fresh  s urface . The p i ts are gl as s  l i ned and 
vary i n  s i ze from 0. 3 to 0 .7 rrm. P i t  dens i ty is very l ow .  

Vugs are present,  coveri ng  l es s  than 5% o f  the s urface of the samp l e .  They 
range i n  s i ze from 0 . 1 to 0"5 mm and are spaced approximately 4 mm apart. 
They are i rregul ar to s ubci rcular i n  shape , and are homogeneous in d i s tr i bu
ti o n .  P l ag i ocl, ase crystal s  project i ng from the wal l s  are cl ear to gray , 
but were not observed i n  t h i n  secti on . One non-pl anar fracture cuts the 
rock .  The fracture s urface texture appears typi cal of that of the rest  of 
the sampl e .  

PETROGRAPHIC  DESCRIPTION 

In  thi n section 1 4006 i s  a f i ne gra i ned , textura l l y  heterogeneous , fragmental 
rock .  Less than one percent of the rock i s  composed of 1 mm cl asts . These 
are composed of p l ag ioc lase cumu l ates wi th mi nor o l i vi ne (40% ) , pal e yel l ow 
pyroxene ( 1 0% ) , gray pyroxene ( 50% ) , and scattered opaque mi neral s .  The 
matri x i s  very fi ne gra i ned wi th some g l ass . There are sma l l masses of a 
reddi sh-orange gl ass present as  d i st i nct uni ts i n  the matri x .  The matri x 
i s  nearly opaque and shows gradat ion of s i ze from very fi ne-gra i ned up to 
rather coarse- gra i ned . The gra i ns that compri se the matri x materi a l  appear 
to be si ngl e crystal fragments to sma l l l i th ic  fragments . 

Vugs are round to i rregul a r  and compri se approximately 5% of the secti ons . 
The s i ze of the vugs vary from 0 . 1 mm up to 0 . 5  mm . There are no crysta l s  
project i ng  i n to any of the vugs . 

The c l asts ( >  1 mm fragments )  con s i s t  of a wi de variety of l ith ic fragments 
as wel l  as  s i ng le  mi neral grai ns . Among the l i th ic  cl asts present are the 
fol l owi ng : p l ag ioc l ase cumul ates wi th ol i vi ne ;  fi ne-grai ned polymi ct brec
cias ; and a few devi tri fied g l ass  fragments . The rema i nder of the cl asts 
con s i s t  of s i ng l e  crysta l fragments of p l agiocl ase and pyroxene . Many of 
the pyroxene gra i ns show react i on rims . Most of the mi neral  gra ins  show 
wel l  devel oped cleavage patterns . Many of the l a rger p l agi ocl ase gra i n s  
are mu l ti -twi nned . 
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The fragments throughout the sections show l i tt l e  to no shock effects . Some 
of the p l ag i ocl ase forms radi ating  bund les  wh i ch may be a devi tri fi cat i on 
feature . Severa l  " ghost" cl asts are present which are cl asts that bl end i n  
wi th the matrix i n  s uch a manner a s  to make the i r  d i st i ncti on very d i ffi cu l t .  
These cl asts , however , ·are di st i nct i n  texture and compos i . t ion a s  to di st in
gu i sh  them one from another. Loca l i zed pods of fi ne grai ned matri x occurs 
i ntermi ng led  wi th stri ngers of coarser gra i ned matri x surroundi ng i t .  

DISCUSS ION 

Samp l e  1 4006 i s  one of the rocks studied by Warner ( 1 972 ) , Wi l shi re and 
Jackson ( 1 972 ) ,  Chao et a l . ( 1 972 ), Qua i de and  Wri gl ey ( 1 972 ) , von Engel hardt 
et a l . ( 1 972 ) ,  and Simonds et a l . ( 1 977) . They agree that i t  i s  a gl ass poor 
brecc ia  wi th a crysta l l i ne matri x .  Chao e t  a l . ( 1 972 )  c l a s s i fy i t  as unshock
ed strongly annea l ed Fra Mauro brecc ia  ( 2C} .--Warner ( 1 972)  and Chao et a l . 
( 1 977 )  l i s t  i t  as  havi ng been therma l ly metamorphosed . S imonds et al -- . (T9 77 )  
c l a s s i fy i t  as a CMB ( see Tabl e 4 ,  p .  ) .  S imonds et  g]_. ( 1 9 77)studied 
samp l e  1 4006 , 5 .  Our group exami ned 1 4006 , 7  and 1 4006 ,2 1  and found the matri x 
to cons i st of 5 - 6% g l a s s .  These secti ons appear to be more l i ke the LMS ' s  
of S imonds et a l . ,  or the g l ass-poor wi th a fragmenta l matri x rocks of 
von Engel hardtlet  a l . ( 1 972 ) .  T hey do not have enough g l a s s  to be cl as sed as 
a VMB , but nei ther

-sampl e 1 4006 , 7  nor samp l e  1 4006 , 21 i s  a CMB . On the 
other hand , the th i n  sections show the c l ear cut di fference from one thi n 
sect i on to another -- 1 4006 , 5  appears to have a crysta ll i ne matri x with l i tt le  
or no g l ass vi s i bl e .  

Phi nney et al . ( 1 976)  s tudi ed samp l e  1 4006 , 6  and descri bed i t  as a tough , 
crystal lTneiDrecc i a  wi th 1 5  - 20% vugs and ves i cl es .  The matrix i s  des
cri bed as cons i s t i n g  of 1 0  - 20 �m p l ag ioc lase  and cl i nopyroxene , wi th 5 �m 
i l meni te and smal l er than 5 �m i nterst i t ia l  potass i um fel dspar .  Gra i ns are 
mostly equi granul ar and i nterl ocki ng , but some are s ubhedral i n  s hape . 

Sampl e  1 4006 i s  sa id  to have the typi ca l  major and trace e l ement chem i stry 
of Apol l o  1 4  basal ti c  brecci as of KREEP compos i ti o n  (Hubbard et a l . ,  1 972 )  
except that both have l ow K and  Rb  concentrations accompani ed!Jy-rncreases 
i n  K/Rb rati os (G i bson and Hubbard , 1 972 ) . 

Scann i ng e l ectron m i croscope studi es ( McKay et �·· 1 972 )  reveal  that 1 4006 
has vapor phase depos i ted m i nera l s  l i ni ng cav i ti es .  A l im i t  at 1 050°C has 
been p l aced on the temperature to whi ch thi s  samp l e  was heated , because the 
sampl e  has been depl eted i n  K and Rb but not Na , and because of the vapor 
phase depos i ti on ( Gi bson and Hubbard , 1 972 ) . 

22 



14007 

,0 

r· 1 cm 

S-71-25324 

Sampl e 14007 was col l ected as part of the conti ngency sampl e dur i ng the fi rst 
EVA i n  the v i ci ni ty of  the lunar modu l e .  I t  was returned i n  wei gh bag 1039 
a l ong wi th the other conti ngEmcy samp l es (14001-14012). (Samp l e  14012 con
s i s ts of res i due  fi nes from 14001-14011.) 
PHYSICAL CHARACTERISTICS 

Mass : D imens i ons : 

3.67 g 2.4 x 1.1 x 0.6 em 

Thi s  sampl e  i s  a moderately coherent ,  gray , polymi ct brecc i a .  

SURFACE FEATURES 

Sampl e  14007 conta i ns no zap p i ts and has a bl ocky , rel at i vely smooth surface . 

A poss i bl e  remnant of a gl ass sheet i s  present i n  a fracture. Thi s p l anar 
fracture transects cl asts . 
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PETROGRAPHIC DESCR IPTION 

The sampl e  i s  fine-grained wi th an average gra i n  s i ze of 0.1 mm . I t  appears 
to be textural ly homogeneous , but mi nera l og i ca l l y  i nhomogeneous . The samp l e  
cons i sts of 20% cl asts l arger than one mm, and 80% matri x .  Of these c l asts , 90% are l eucocratic  and 10% mesocrat ic  l i th i c  fragments . The mesocrati c  frag
ments con s i s t  mai nly  of o l i v ine , wi th pos s i b l e  accessory pyroxene . The l euco
crat ic  c l asts are of two vari eti es . One i s  60% p l agioclase  and 40% browni sh 
gray pyroxene , and the other i s  90% p l ag ioc l ase and 10% o l i vi ne .  The l argest 
l eucocrati c c l asts are 8 mm in s i z e .  

The matri x consi sts of 65% med i um gray pyroxene and 35% p l agi oc l as e .  The 
p l ag ioc l ase seems to be somewhat l a th-shaped . Traces of opaques and a p ink
i sh orange mineral ( s p i ne l ? ) are a l so present i n  the matrix .  

D ISCUSSION 

Samp l e  1 4007 is  cl assified by Wi l shi re and Jackson ( 1 972 ) as an  F2. 
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14008 

1 cm I 

S-71 -25325 

Samp l e  1 4008 was col l ected from the LM v i ci ni ty duri ng the fi rst EVA as part 
of the conti ngency samp l e .  I t  was returned i n  wei gh bag 1 039 a l ong wi th the 
rest of the conti ngency samp les  ( 1 4001 -1 401 2 ) .  

PHYS ICAL CHARACTER IST ICS 

Mass D imens i ons 

4 . 35 g 2 . 3  x 1 . 4  x 0 . 9 em 

Sampl e 1 4008 i s  a medi um gray , fri abl e ,  brecci a  wi th only one v i s i b l e  cl ast 
l arger than 1 mm . 

SURFACE FEATURES 

Some deep zap p i ts are present wi th an average s i ze of 0 . 6  mm. No vugs or 
fractures can be seen on thi s  fragment . The l unar top cannot be accurately 
determ i ned because the sampl e  appears to have been broken ( probably i n  tran
s i t ) . 
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PETROGRAPHIC DESCR IPT ION 

Samp l e  1 4008 i s  a f ine grai ned fragmental rock wi th an average gra i n  s i ze 
l es s  than 0 . 1 mm .  I t  i s  textural ly and mi nera l ogi cal ly homogeneous . 

The one cl ast  l arger than one mm i s  a bl ack angul ar fragment . V i s i bl e  com
ponents of the matr ix  i ncl ude p l ag i ocl ase ,  ol i vi ne ,  pyroxene ,  g l ass , and 
l i th i c  fragments . L i th i c  fragments are mesocrati c wi th a l arge proporti on 
of fel ds par . Pyroxene accounts for up to 50% of the fragments , whi l e 1 0% 
are composed of pyroxene and ol i vi ne .  Gl ass i s  present both as s pheres and 
angul ar fragments . 

D ISCUSSION 

Wi l shi re and Jackson ( 1 972 ) tentati vely i dent ifi ed i t  as an F 1 , but i t  i s  too 
sma l l  to chi p  for thi n  secti on determi nati on . 
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1 4009 

,0 

S-71-2 5329 

Sampl e  1 4009 was col l ected as part of the conti ngency sampl e dur i ng the fi rst 
EVA . I t  was col l ected , a l ong w i th the other contingency sampl es ( 1 4001 -1 401 2 )  
from the vi c i n i ty of the LM and these were returned i n  wei g h  bag 1 039 .  

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

1 .  09 g 0 . 7 x 0 . 9  x 1 . 3 em 

Thi s i s  a medi um gray , fri abl e ,  polym ict breccia w i th 3-5% c l asts l arger than 
1 mm .  

SURFACE FEATURES 

There are no zap p i ts or cav i ti es present . Two p l anar fractures occur paral 
l el to one another spaced 1 mm apart . 

PETROGRAPH IC  DESCR I PTION 

Thi s polym i ct brecc i a  i s  textural l y  and mi neral ogi ca l ly  i nhomogeneous .  I t  i s  
fi ne grai ned with an average gra i n  s i ze o f  l ess than 0 . 1  mm .  C l asts l arger 
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than 1.0 mm compri se 3-5% of the rock and are al l l eucocrati c .  The l a rgest 
cl ast i s  3 mm across and conta i ns mi l ky fel dspar and an uni denti f ied yel l ow 
mi nera l . Thi s  c l ast  may exhi bi t  s hock features but no th in  secti on i s  ava i l 
abl e due to the smal l s i ze of the sampl e .  Both angu l ar and spheri cal dark 
brown gl ass fragments account for 2-3% of those i n  the 0.2-1 . 0  mm s i ze  range .  
Four percent of  the fragments i n  th i s  range are ci nnamon brown pyroxene ,  and 
45% are l eucocrati c l i th i c  fragments .  The rest appears to be  o l i vi ne .  
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1 40'1 0 

1 cm 

S-71-2533 7 

Sampl e 1 401 0 i s  one of those col l ected as part of the conti ngency sampl e dur
i ng the fi rst EVA i n  the vi c i n i ty of the LM . I t  was returned i n  wei g h  bag 
1 039 al ong w ith the rest of the conti ngency sampl e ( 1 4001 - 1 401 2 ) . 

PHYSICAL CHARACTER I ST ICS 

Mass Dimens i ons 

1 . 00 g 2 . 4  x 2 . 5  x 0 . 5 em 

Thi s sampl e  i s  a fri abl e ,  gray ,  polym ict brecci a wi th 1 0% cl asts l arger than 
1 mm .  
SURFACE FEATURES 

No zap p i ts are present on the s urface , but there are sma l l spl as hes of 
yel l ow i s h  whi te g l as s  cover ing  l es s  than 1 %  of the s urface. One non-pl anar 
fracture cuts thi s  samp l e .  

PETROGRAPHIC DESCR I PTION 

Sampl e  1 401 0 i s  a fri abl e f·i ne-grai ned polymi ct brecc ia  wi th an average gra i n  
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s i ze of  0 . 05 mm. 

Ten percent of the fragments are l arger than 1 mm and 90% are matr i x . 
Mi neral fragments of fel dspar ,  pyroxene , and pos s i bly o l i v i ne compri s e  70% 
of these cl asts .  Thi rty percent are l i t h i c  fragments o f  crysta l l i ne rocks . 
The l argest c l ast  i s  1 0  mm i n  s i ze .  Whi te c l asts cons i s t  of 60% fel dspar ,  
1 0% greeni sh-yel l ow mi neral (o l i v i ne? ) , 2%  i l meni te ,  and  25% brown mi nera l 
( pyroxene? ) . The matr ix  conta i ns sma l l er fragments of the c l as t  components 
and s ome g l ass . 
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1 401 1 

1 cm 1 

S-71 -26096 

Samp l e  1 40l l was col l ected dur i ng the fi rst  EVA from the v i c i n i ty of the LM 
as part of the conti ngency samp l e .  I t  was returned i n  wei g h  bag 1 039 a l ong 
wi th the rest of the conti ngEmcy samp l e  ( 1 4001 - 1 401 2 ) . 

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

0 . 68 g 0 . 6  x 0 . 8  x 1 . 2  em 

Thi s  i s  a med i um gray , b l oc�· .  fri abl e ,  polymi ct brecci a wi th 1 %  cl asts 
l arger than 1 mm .  

SURFACE FEATURES 

Dust fi l l ed zap p i ts are very sparsely d i s tr i buted over the s urface . They 
average 1 mm i n  s i ze and do not appear to be g l ass- l i ned . 

PETROGRAPHIC  DESCRIPT ION 

Thi s fri abl e ,  polym i ct brecci a has 1 %  c l asts l arger than 1 mm and 99% matr i x .  
Cl asts cons i s t  of  both l i th i c  fragments and m i neral fragments i n  s u bequal 
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proporti ons . One c l a st  i s  1 . 5  mm i n  s i ze and cons i sts of s ubangu l ar cha l ky 
whi te pl ag iocl ase whi ch conta i ns a cross -cutti ng g l ass vei n .  One 1 . 0  mm 
fragment i s  angu l ar ,  deep brown pyroxene which shows s ome c l eavage . One 
mel anocrati c c l ast  conta i ns 1 0% wh i te p l ag i oc l as e ,  5% brown pyroxene and 1 %  
l eucocrati c rock fragments .  The matr ix  conta i n s  5%  g l ass , 1 0% pl agi oc l ase , 
5% brown pyroxene , 1 %  l eucocrat i c  l i th i c  fragments , and the remai nder i s  too 
fi ne to reso lve .  
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1 404 1 

,0 

S-71-33224 

1 4041 , 6 
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1 4042 

,0 

I 1 cm 

S-71 -19485 

1 4042 , 1 8  
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1 4045 

S-71-291 75 

1 4045 , 8  

35 



1 404 3 

No photo avai lable 

Samp l es 1 4041 - 1 4046 are fragments from a fractured c l od that broke apart 
when i t  was col l ected by Astronaut Mi tchel l .  They were co l l ected from Sta
ti on A, 1 50 m NW of th LM and 90 m N of North Tri p l et crater .  Samp l es 1 4041 , 
1 4042 , 1 4043 ,  and 1 4045 are l arge enough to be consi dered rocks . Samp l e  1 4044 
i s  res i due and samp l e  1 4046 i s  composed of ch ips and fi nes . They were p l aced 
i n  documented bag 3N and returned i n  ALSRC 1 006 . 

PHYS ICAL CHARACTERISTICS 

Mass 

1 4041 
1 4042 
1 4043 
1 4045 

1 66 . 3 g 
1 03 . 2 g 

5 . 9  g 
65 . 2  g 

D imensi ons 

8 . 0  x 5 . 0  x 4 . 0  em 
5 . 5  x 4 . 0  x 4 . 2  em 
3 . 5  x 1 . 8 x 1 . 8 em 
7 . 0  x 4 . 0  x 3 . 0  em 

These rocks are a l l part of a friabl e fi ne-gra i ned cl asti c rock wi th l ess than 
5% cl asts .  Samp l e  1 4043 has a consi derably h i gher proporti on of c l asts but i s  
otherwi se s imi l ar .  
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SURFACE FEATURES 

Gl ass- l i ned mi crocraters cover the exteri or faces of the rocks . Gl ass spatter 
covers 5% of the surface on one end of samp l e  1 4041 . A sma l l c l od (4  x 5 mm) 
i s  wel ded to thi s g l ass coati ng . Some zap p its  are vi s i b l e  i n  the g l a s s  coat
i n g .  Gl ass coati ng i s  a l so present on 1 - 2% of the surface of 1 4042 . Samp l e  
1 4042 has p i ts from 1 - 6 mm i n  s i ze wi th a dens i ty of  1 o r  2 p i ts per square 
centi meter, which i s  approxi mately 1 0  t imes the abundance on samp l e  1 4041 . 
P i ts are a l so present on samp l e  1 4043 and 1 4045 , occurring  on rounded sur
faces . 

Numerous fractures are present on a l l these rocks . 

P ETROGRAPH IC  D ESCRIPTION 

These rocks are very fri abl e and have an average gra i n  s i ze of l ess than 0 . 1 
mm wi th very few cl asts . Mi nera l as wel l as l i th i c  fragments occur , wi th 
whi te fel dspar ,  c i n namon brown pyroxene , and pal e ye"l l ow ol i v i ne fragments 
recogn i zabl e i n  a l l but 1 4043 . Opaques are rare ( l ess  than 1 % )  wi th i l men i te 
and metal l i c  i ron present up to 1 00 �m i n  di ameter . L i thi c c l asts contai n 
i l men i te ,  b l ebs of meta l , and one or two conta i n  troi l i te to about 1 5  �m 
d i ameter as observed under the b i nocul ar mi croscope . 

Th in  secti on 1 4041 , 6  i s  g l ass ri ch , and woul d be cl ass i fi ed as a VMB us i ng  
the cl ass i fi cati on of S imonds et  a l . ( 1 977 ) . There are on ly two cl asts 
( > 1 mm) present i n  the secti oil:- Both cl asts are p l agi ocl ase-ri ch brecci as 
wi th a partly g l assy matri x .  The fi rst type has d i sti nct p l a g i ocl ase crystal 
fragments and shows only mi nor s hock effects . The second type has no di sti nct 
p l a g i ocl ase fragments and the crystal s  a l l  show moderate to strong shock ef
fects . In the second type thE! py.roxene crysta 1 s show some mi crofaul ti n g .  

The matri x o f  the rock cons i sts o f  approxi mately 50% o f  a yel l owi sh brown 
g l ass whi ch i s  nearly opaque . There are numerous· gray g l ass spherul es 
scattered throughout .  There are a l so severa l l arge bl ocky masses of g l ass  
present which  show mi nor devi tri fi cati on . The rema i nder of the matri x i s  
composed of crysta l fragments of p l a g i ocl ase and pyroxene wi th mi nor l i th i c  
fragments . Most o f  the crystal fragments conta i n  abundant i ncl usi ons . Approx
i mately l / 3 of the matri x i s  ·1 i th i c  fragments and 2/3 ,  crystal fragments . 
Most of the l i th i c  fragments l"esemb le  the second type of c l ast  descri bed 
previ ous ly .  A few scattered chondru l e- l i ke bodi es are a l so present .  A lmost 
a l l of the matrix  materi a l  shows some s hock effects . 

Samp l es 1 4042 , 1 8  and 1 4042 , 1 9  are s i mi l ar to 1 4041 , 6 .  These thi n secti ons 
conta i n  abundant spher ica l  g l assy cl asts and are VMB ' s  us i ng the cl ass i fi cati on 
of S imonds et al . ( 1 977 ) .  on ·ly  sma l l mi nera l and l i th i c  c l asts are present i n  
these sect i ons-.- Samp l e  1 4042 , 1 8  has a much h i gher g l ass content and fewer 
c l asts than does 1 4042 , 1 9 . C l asts are a l l sma l l and most are l i th i c .  Rock 
types recogn i zed i ncl ude basa 'l t wi th an i ntersertal texture , anorthos i ti c  
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brecci a ,  and devi tr i fi ed rock fragments . One basa l t  c l ast wi th a coarse 
gra i ned di abas ic  texture i s  p resent i n  1 4042 , 1 9 .  Several pyroxene cl asts 
are present and are scattered throughout the samp l e . Al l of the pyroxene 
gra i ns have many i ncl usi ons . More g l as s  cl asts are present i n  samp l e  1 4042 , 1 8  
than i n  1 4042 , 1 9 .  Samp l e  1 4042 , 1 2  was stud ied by Ph i nney e t  a l . ( 1 976 } who 
descri be i t  as conta i ni ng 2 - 3% matri x gl ass  wi th 35% poros i ty .  I t  i s  des 
cri bed a s  fri abl e ,  with some shattered gra i n s . Matrix gl ass  has a fi l amental 
texture wi th many 5 - 1 0  �m s i ze grai n s .  Most matri x gra i n s  fa l l  i n  the 
1 - 5 �m s i ze range , wi th many sma l l er than 1 �m . Grai ns are angul ar to sub
angu l ar i n  shape . 

Samp l e  1 4045 a l s o  conta i ns g lass  i n  the matri x .  Th i n  secti on 1 4045 ,8 conta i n s  
approximate ly  20% matri x " g l as s " .  I n  addi t i on , there are l arge areas of de
vi tri fi ed gl ass p resent and some very sma l l crysta l l i ne fragments . A few 
gl ass masses exhi b it  s i gns of fl owage . 

A lmost al l the fragmenta l g l as s  occurs as shards , with few spheres and 
s pherical  fragments vi s i bl e .  One sma l l  crystal l i ne brecci a  cl ast i s  p resent .  
I t  i s  composed of pyroxene wi th mi nor pl agi ocl ase .  Al l c l asts are m icro
brecci a  fragments wi th i ncl uded mi neral fragment shards and 5% amorphous 
materi al  i n  the matri x .  

DISCUSS ION 

Samp l es 1 4041 , 1 4042 , and 1 4045 have recently been c l a ss i fi ed as VMB ' s  by 
S imonds et al . ( 1 977 ) , and were c l a s sed as F 1 ' s  by Wi l sh i re and Jackson ( 1 972) . 
Sampl e  1 404"2-was p l a ced i n  Warner ' s ( 1 972)  metamorph i c  grade l and c l a ss i fi ed 
by Chao et al . ( 1 972)  as a regol i th mi crobrecci a whi ch i s  unshocked and porous 
( l a ) .  - -
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1 4047 

S-76 -23341 

40 



1 4047, 53 

Samp l e  1 4047 was col l ected at s tation B ,  330 m NE of LM and 65 m NNW of 
the rim of Wei rd Crater .  It  was pl aced in documented bag 5N and returned 
i n  ALSRC 1 006 . 

PHYSICAL CHARACTER ISTICS 

Mass D imerrs i ons  

242 . g 5 . 0  x 5 . 5  x 1 0  em 

Th i s  samp l e  i s  a brown i s h-gray, bl ocky ,  subangul a r ,  fi ne-gra i ned c l asti c rock 
wi th a hackly surface . One si de i s  concave . The rock i s  very fri able  and 
frag i l e .  

SURFACE FEATURES 

Approximately  30% of  the i rre!gu l a r  s urface of samp l e  1 4047 i s  covered wi th 
gl ass spatter ,  wh i ch appears to be the cementi ng agent of the hack ly frag
ments on the surface . There a re no microcraters on the gl assy spatte r ,  but 
they are present el sewhere on the surface , rangi ng ·i n s i ze from l es s  than 
0 . 1 to 1 . 5 rrm. Glass  l i ned zap p its  have smal l rai sed ri ms . 

.The rock i s  h i ghly fractured ,, wi th approximately  twenty non-pl anar fractures 

4 1  



occurri ng i n  two sets . The fractured segments are hel d together i n  part by 
gl ass  spatter .  

On ly  the p i ts on the rounded s i de of the rock have a g l ass  l i n i n g .  The frac
tured s i de may be the bottom of the rock .  

PETROGRAPH IC DESCRIPTION 

Thi s rock crumbl es eas i ly when handl ed . It has a homogeneous texture wi th 
an average gra i n  s i ze of l ess  than 0 . 1  mm . One of the l eucocrati c l i th i c  
c l asts o n  the N face i s  1 4  mm i n  s i ze { S-76-23341 ) .  

Th i n  section 1 4047 , 53  shows two mai n  types of c l asts . The fi rst i s  a crys
tal l i ne brecci a  wi th l arge pyroxene and p l ag i ocl ase shards . The second 
type i s  l a rge shards of partly devi tri fi ed to fresh yel l owi s h  g l ass . Where 
devi tri f i cati on has taken p l ace the crystal s  are dendri ti c and scattered 
a l ong fractures  and near the boundary of the g l ass . One l arge mas s  of 
g lass  shows res i dual  pyroxene granul es showi ng a s kel etal pattern i so l ated 
i n  the g l a ss . I n  hand spec imen there appears to be no g l ass or mi nera l 
fragments present ,  however ,  i n  thi n secti on t hey are abundant . I n  the 
th in  secti o n ,  there i s  approximatel y  30% g l ass  i n  the matri x .  The gl ass 
is  a "di rty" yel l ow brown and di scont i nuous . Severa l spheres of yel l ow 
g l a ss  are a l so present . The unusual  feature of the sect i on i s  the l a rge 
amount of fresh g l a s s .  

Megascopi ca l l y ,  1 %  o f  the fragments are greater than 1 mm . Leucocrat i c 
l i th i c  fragments compose 20% of the rock . These whi te fragments have 
ol i ve brown spots . ( Not so a bundant i n  thi n secti on . )  The opaque content 
i s  extremely  l ow ,  cons i st ing  of angu l ar  to s ubrounded cl asts of i l men i te 
wi th subord inate meta l l i c i ron i n  a fi ne grai ned s i l i cate matri x .  I n  order 
of decreas i ng a bundance , i l men i te ,  meta l , tro i l i te and a few sma l l ( 1 0  �m) 
gra i ns of chromian  sp i ne l  are present . 

D ISCUSS ION 

Samp l e  1 4047 was descri bed as fri abl e wi th l eucocratic  c l a sts  and p l aced 
i n  thei r F 1  category by Wi l sh i re and Jackson ( 1 972 ) .  I t  was descri bed as 
bei ng l ow grade metamorph i c  and p l aced i n  group 1 of Warner ( 1 972 ) . Chao 
et a l . ( 1 972)  descri bed i t  as an unshocked porous regol i th mi crobrecci a ,  
Placi ng i t  i n  h i s  l a  category . S i monds et a l . ( 1 977 )  c l ass i fy i t  a s  a 
VMB . Si l ver  { 1 972) , Laul  et a l . ,  ( 1 972 )--, ana Wak i ta et a l . ,  ( 1 972 )  
s uggest that 1 4047 i s  merelY compacted soi l ; however ,-rhe-aggl uti nate content 
i s  very l ow for even a submature surface soi l ( S i monds , 1 978 , Persona l Com
mun i cat ion ) . 
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1 4049 

I 1 e m  I 

S-71-20985 

1 404 9, 40 
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Samp l e  1 4049 was col l ected duri ng  the second EVA from station  Bg .  I t  was 
pl aced i n  bag 6N by the astronauts who sai d  they col l ected i t  from a crater 
rim. The l unar l ocati on and ori entati on are not documented by l unar surface 
photographs . 

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

200 . 1 3  g 8 . 0  x 5 . 0  x 4 . 0  em 

Thi s fragmental rock has l ess  than 1 %  s ubrounded l eucocrati c cl asts i n  a 
medi um gray matri x and i s  extremel y  fri abl e and soft . 

SURFACE FEATURES 

Samp l e  1 4049 is l acki ng i n  zap pi ts and has no cavi ti es or fractures 
vi s i b l e  on the s urface . 

PETROGRAPH I C  DESCRIPTION 

The rock i s  very f ine grai ned and appears homogeneous . M i neral gra i n s  that 
were i denti fi ed i ncl ude transparent fel dspar ,  green i sh and brown i s h g l as s , 
and one dark brown spherul e .  No fragments are greater than 1 mm. There 
are no opaques i n  the matri x except for severa l ragged metal gra i ns up to 
1 00 �m i n  di ameter . 

Thi n secti on 1 4049 , 0  i s  somewhat s i mi l a r  to 1 4047 , 53 i n  that there i s  a 
l a rge amount of fresh gl ass shards i n  the matri x .  There i s  approximately 
20% yel l ow g l ass i n  the bond ing  materi a l  that hol ds the c l asts and fragments . 
There i s  one l arge el ongate g l ass g l o b  wi th severa l rounded and eroded pyrox
ene crystal s  i n  i t .  There are no l i th i c  or mi nera l  cl asts present . There i s  
a t  l east two di fferent matri x fabrics present wi th a sharp di vi d i ng l i ne be
tween them. Unl i ke 1 4047 , 53 ,  some of the g l ass  has undergone some devi tri fi 
cati on .  The only l i th i cs present are p l agi ocl ase -ri ch mi crobreccias  and 
pyroxene-ri ch mi crobreccias . The mi nera l  fragments are about equal amounts 
of pyroxene and p l agi ocl ase . 

D ISCUSS I ON 

Thi s i s  one of the softest  rocks of the Apo l l o  1 4  mi s s i on .  A shocked basa l 
ti c fragment cons i st ing  of d·i a p l ecti c p l agi oc l ase g l as s  and pyroxene wi th 
l amel l ae were found in  samp l e  1 4049 and reported by von Enge l hardt et a l . 
( 1 972 ) , who c l ass i fy the samp l e as  a g l ass ri ch rego l i th brecci a .  IT TS  
c l a s s i fi ed as an F 1  by Wi l s hi re and Jackson ( 1 972 )  a nd as Warner ' s group 2 
( Warner, 1 972 ) . Chao et a l . ( 1 972) , descri be i t  as an uns hocked porous 
rego l i th mi crobrecc i a . --Simonds et a l . ( 1 977 ) , c l ass i fy the rock as a vi tri c 
matri x brecc i a  ( VMB ) .  Samp l e  l 4049lhas the greatest agg l uti nate content ( 3% 
by vo l ume ) of any Apo l l o  1 4  brecci a  that they stud i ed .  
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1 4051 

S -77-23487 
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1 4051 , 6 

Sampl e  1 4051 was col l ected at s tation C '  whi ch  was l ocated 1 . 29 km ENE of LM 
and approximately 95 m SE of the rim of Cone Crater. The samp l e  was col l ect
ed on a gentl e southward s l ope and was part ly  buried .  The  area was charac
teri zed by abundant fragments rang i ng from the l imi t of resol ution up to 1 . 5  
m bl ocks . The sampl e was rE!turned i n  documented bag 7N i n  ALSRC 1 006.  

The general area where the sampl e  was col l ected is c haracteri zed by abundant 
5 to 70 em craters . Most ar·e moderately subdued and have abundant ejecta 
around several of the 50 - 70 em craters .  

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

1 91 . 3  g 3 x 3 . 5  x 6 em 

The sampl e i s  a pal e  brown , b locky to subrounded , fragmental rock .  

SURFACE FEATURES 

Approximately 1 %  of the rock s urface i s  covered wi th 0 . 5 to 2 . 0 mm p i ts .  They 
are i rregu l ar,  el ongate , hemi s pheri cal and c i rcu l ar .  Few p i ts are rectangul ar,  
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and these appear to be hol es whi ch ori gi nated when fel dspar c l eavage frag
ments fel l  out . P i t  den s i ty i s  about equal over the enti re surface of the 
roc k .  Pi ts are s paced about 5 t o  2 0  mm apart . Seventy-fi ve percent of  the 
S 1 surface conta i n s  vugs up to 3 mm i n  s i ze (Twedel l  et �· · 1 978 ) .  

There are no apparent fractures and there are no obvi ous shock features . 
The rock i s  moderate ly  coherent wi th a softer surface . S i nce the orientation 
of the p i ts seem random , the rock is  not ori entabl e .  

The gra i n  s i ze i s  predomi nate ly  sma l l er than 1 mm and the texture and mi ner
a l ogy are homogeneous ( except for scattered c l asts ) . 

PETROGRAPHIC  DESCRI PTION 

1 4051 i s  a pal e brown to tan , very fi ne gra i ned , c l asti c rock with scattered 
c l as ts .  The rock  i s  po lymi ct , wi th fragments l a rger than 0 . 5  mm i n  s i ze 
mak ing  up l ess than 1 %  of the rock .  The matri x i s  composed a lmost enti rely 
of l eucocrati c ,  very fine gra i ned , crystal l i ne fragments . Thi s  represents 
a typ i ca l  crysta l l i ne matri x brecc i a  ( CMB ) ( S i monds et �· · 1 977) . 

C l asts l a rger than 0 . 5 mm are whi te and appear to have been deri ved from a 
f ine gra i ned ,  fel dspar-ri ch rock .  Matri x grai ns are mos tly c l ear and very 
pa l e brown . Some cl ear gra i ns have good cl eavage up to 0 . 5  mm i n  s i z e .  

In  t h i n  section the rock appears nearly hol ocrystal l i ne wi th sma l l scattered 
c l asts . The rock  i s  rather vuggy wi th 1 - 2 mm vugs . The mi nera l c l asts 
cons i s t  primari ly  of s i ng l e  crysta l s  of pyroxene and p l a g i oc l ase wi th some 
devi tri fied materi a l . Some secondary growth i s  present on many of the p l ag i o
c l ase crysta l s .  Some free g l ass  i s  present as spherul es . 

D ISCUSS ION 

Swann et a l . 
Cone Crater.  
rocks in  the 

( 1 977 )  feel  that thi s rock represents an ejecta fragment from 
They a l so feel that the rock was not as deep ly  buri ed as  other 

same area because of i ts heavi ly p i tted and rounded nature . 

Wi l s h i re and Jackson ( 1 972)  tentati vely  grouped 1 4051 i n  the i r F2 c l ass i fi 
cati on . 

Samp l e  1 4051 i s  one of those mapped by Twedel l et al . ( 1 978 ) .  
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1 4053 

S-75-33972 
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1 4053 

1 cm 

S-75-33971 
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1 4053 , 6 

1.1 mr� 

Sampl e  1 4053 was co l l ected at s tati on C2 approx imately 1 . 21 km ENE of LM 
and approximately 1 30 m south of the rim of Cone Crater. The area where 
the sampl e  was col l ected i s  characteri zed by a 1 0- 1 5° southward s l ope away 
from Cone Crater .  The area i s  moderately  covered by b l ocks rangi n g  from 
the l i mi t of resol ution up to 2 . 5  m .  The l arger boul ders are rounded 
whi l e  the smal l e r  ones are more angu l ar to rounded . 

Abundant smal l i rregu l ar craters ( <  1 0  em ) are present i n  the general 
area of the samp l e l ocal e .  Very few di st inct 1 5  to 30 em craters are pre
sent .  The whol e area appears to be i n  the continuous ejecta b l anket of 
Cone Crater .  

The samp l e  was returned in  documented bag 1 4N i n  ALSRC 1 006 . 

PHYS I CAL CHARACTERISTI CS 

Mass Dimens i ons 

251 . 3  g 8 . 0  x 6 . 0  x 3 . 0  em 

The sampl e is s l abby , wi th rectangul ar to rounded corners . One s i de has 
been freshly broken and unweathered . The exposed s urface di s p l ays roundi ng 
and microcraters . 
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SURFACE FEATURES 

The fl at ,  rel ati ve ly  fresh  s urface i s  unpi tted . The convex surface has 
gentl e re l i ef wi th some promi nences of approximate ly  1 -3 mm i n  hei ght .  
These features a re not abrupt but rounded . P i ts appear on the convex 
surface but not on the f lat  surface . P i ts are g l ass l i ned and have a s i ze 
range from 0 . 5-3 . 0 mm . Average p i t  s i ze i s  1 to 2 mm .  Dens i ty o f  p i ts 
i s  approximately 1 0  p i ts per square centimeter . 

Cavi t ies are both ves i cu l a r  and vuggy .  I rregul a r  vugs range from 1 -2 mm 
i n  s i z e .  Sma l l  vugs ( 0 . 5 mm di ameter )  and ves i cu l es ( 1  mm i n  di ameter) 
conta i n  fe l dspar and orthopyroxene crysta l s .  

There are three p l anar and four  non-p l anar fractures appea ri ng i n  two sets . 
Fractures have an  i rregul a r  orientati on . There are numerous hai r- l i ke 
cracks a few mi l l i meters l on g .  The ent i re fracture pattern i s  somewhat 
i rregul ar .  

There a re fragments of what appears to  be  soi l c l i ng i ng  to  the B 1 surface 
( NASA photo # S-75-33972 ) .  

PETROGRAPH IC  DESCR I PTION 

1 4053 - i s  a hol ocrysta l l i ne ,  f ine -gra i ned , eq u i gran ul ar mare basa l t .  Approxi 
mately 30% of section 1 4053 , 6  cons i sts of p l ag i ocl ase l aths , and the rema l n
der i s  pyroxene . There are ,  as  i s  seen i n  hand specimen , two types of 
pyroxene present .  The h i gher va l ue ass i gned to fel dspar ( 60% ) in hand 
specimen may be due to the i nhomogeneous nature of the roc k .  I n  texture 
and mi nera l  proporti on thi s  rock appears di fferent from Apo l l o  1 1  and 1 2  
basa l ti c  rocks . There i s  abundant cri stobal i te ( 5 - 1 0% )  and a sma l l amount 
of ol i vi ne present i n  the thi n sect i on .  

Upon cl ose exami nation the rock appears to be i nhomogeneous i n  hand 
specimen . Some areas d i s p l ay rel at i ve concentration of ol i vi ne and pyroxene . 
These i nhomogeni ties  are on a 1 -2 em sca l e .  

DI SCUSSION 

Samp l e  1 4053 is  l i sted as a basa l t  by Wi l sh i re and Jackson ( 1 972 ) and by 
Quai de and Wri g l ey ( 1 972 )  and as a mare basa l t  by S imonds et a l . ( 1 977 ) .  
Many , i nc l udi ng Swann et al . ( 1 977 ) , bel i eve that 1 4053 i sii CTast from a 
l arger brecci a  boul der--. Crysta l l i ne rocks are rare i n  the Apo l l o  1 4  col l ec
ti on . In  a 1 97 1  memo D .  Morri son notes that fragments of soi l c l i ng i n g  to 
the bottom may actua l ly  be the remanents of breccia  matrix  wh i ch once en
cl osed the rock . 

Samp l e  1 4053 i s  descri bed by Hubbard et a l . ( 1 972)  as a mare- l i ke basa l t ,  
wi th FeD > 1 4% ,  but the Al 20 3 concentratTOn i s  more l i ke that of KREEP 
bas a l ts ( > 1 2%) , mak i ng  1 4053 i n termedi ate i n  compos i ti on .  Samp l e  1 4053 
a l so has l ow REE va l ues , but an i ntermedi ate K/U rati o .  Ri d l ey ( 1 97 5 )  
concl uded that the sources of a l umi nous mare basa l ts such as 1 4053 ,  are 
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not s i gni fi cantly di fferent from the sources of the common mare basa l ts .  
He fel t  that s l i ght chemical  changes i n  the l unar mantl e was more important 
i n  produci ng  al umi nous mare basal ts than pressure . 

Papanastas s i ou et a l . ( 1 971 ) determi ned the Rb-Sr age to be 3 . 96 : 0 . 04 x 
1 09 years for sample 1 4053 .  The 3 8Ar 0; 3 7Ar thermal re l ease patterns a l l owed 
Husa i n  et a l . ( 1 972 ) to as s i gn an exposure age of 21  � 5 x 1 06 years to samp l e  
1 4053 , 34:" :wh i l e  the age of formati on i s  g i ven by them a s  3 . 92 � 0 . 08 x 1 09 
years based on 4 0Ar/ 3 9Ar p l ateau . Age data a l so suggest that format i on of 
a l umi nous mare basal ts was not a un i q ue even t ,  but occurred over a 0 . 5  b . y .  
peri od .  During thi s time the  zone of i nci p i ent mel t i ng moved to progressi ve
ly hi gher pressures , but the compos i t i on of a l umi nous mare basal ts occupies  
a rel at i vely narrow range , support i ng  R i d l ey ' s  ( 1 975 )  c l a im  that the chemi 
cal changes i n  the heterogeneous mantl e i s  the si gni fi cant factor i n  
a l umi nous basa l t producti o n .  

Wenk et a l . ( 1 972 ) determi ned the average p l ag i oc l a se compos i t i on to be 
An9 1 ;-in-samp l e  1 4053 u s i ng  thi n  secti ons 1 4053 , 1 1 ;  1 4053 , 1 9 ;  and 
1 405� , 61 . Czank et a l . ( 1 972)  found An content of 1 4053 , 45 to be 89-94 
u s i n g  the U-stage--, and 85-93 us ing  i n dex of refracti on . 

Ghose et a l . ( 1 972 ) s tudi ed cl i nopyroxenes of samp l e s  1 4053 , 44 . They found 
that the samp l e  had been quenched qu i ck ly at a temperature h i gher than 
l 000°C .  Morgan � a l . ( 1 972 ) i ndi cate that 1 4053 has a l ow si deroph i l e  
content (Au 0 . 1 1  ppb}. Fi nger e t  a l . ( 1 972 ) , on the bas i s  of the i r  pyroxene 
studi es , concl uded that the ori gi nal cool i ng rate of samp l e  1 4053 , 1 1 6  must 
have been very s l ow ,  and that i t  had been reheated afterwards to a tempera
ture greater than 840°C and then coo l ec down rap i d ly . 
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1 4055 

S-77-2 3605 
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1 4055 , 1 1  

r:lmm 1 

Samp l e  1 4055 was co l l ected at Stati on E on the second EVA . The samp l e  was 
col l ected a l ong wi th 1 4056- 1 4061 near a 40 to 50 m crater .  The rocks are 
very fri abl e and fa l l  apart . It  i s  poss i b l e  that 1 4056-1 4061 may a l l be 
pi eces of 1 4055 ( Swann et �: , 1 977 ) .  

Samp l e  1 4055 was returned i n  documented bag 1 5N i n  ALSRC 1 006 . Because the 
rocks were very fri ab le  27 . 50 gm or res ·i due were generated ( 1 4062 ) . 

PHYSICAL CHARACTERISTICS 

Mass Di mensi ons 

1 1 1  g 2 . 0  x 5 . 0  x 4 . 5  em 

The samp l e  i s  a b l ocky suban gu lar  to s ubrounded rock l i ghtly covered wi th 
g l as s - l i ned zap p i ts .  The samp l e  i s  a very fri ab le  fi ne-grai ned cl astic  
rocks wi th 5 to 1 5% of the samp l e  cons i st ing  of subrounded l i ght-col ored 
cl asts i n  brown i sh-gray matr·i x .  

SURFACE FEATURES 

Approximately one-th i rd of the samp l e  i s  g l as s-coated . Th i s  coat i ng i s  
1 - 5 mm thick  and exh i b i ts fl ui da l  and vesi cu l ar texture . 
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P i ts are g l ass l i ned and range i n  s i ze from 0 . 1 to 0 . 75 mm . P i ts cover 25% 
of one s i de of the roc k .  There i s  a l ow p i t  den s i ty i n  the g l ass coat i ng .  
The on ly  cavi ties p resent i n  the g l ass spatter  are col l apsed ves i c l es which 
range from 0 . 1 mm to 1 . 5 mm and are hemi spheri cal  in  s hape wi th a homogeneous 
di stri buti on . G l ass  covers 30% of samp l e  1 4055 . 

There are two sets of non-p l anar fractures . The fi rst has an  ori entat i on 
of 40° to the l ong axi s .  The second set i ncl udes many randomly ori ented 
member wi th spa l l ed surfaces . These i rregul ar fractures are adjacent to the 
g l ass spatter .  One surface of 1 4055 i s  a fracture surface . 

PETROGRAPH I C  DESCR IPTION 

1 4055 i s  a medi um gray c l a st i c  rock wi th 5% cl asts l a rger than 1 mm and 95% 
matri x .  The matri x contai ns mi l ky whi te fel ds pa r ,  c i n namon brown to redd i sh 
pyroxene ,  and  severa l other mafic mi nera l s .  

Th i n  secti on 1 4055 , 1 1  shows that the rock i s  i nhomogeneous i n  that there are 
two di sti nct textures i n  the matri x as  i n  1 4049 , 40 .  There are abundant 
gl ass fragments , both shards and spheres , many of wh i ch have unde rgone some 
devi tri f ication . There i s  approximately 20% g � ass  i n  the matri x .  There are 
no c l asts , but numerous mi neral fragments . Most of the mineral fragments a re 
pyroxene . C l asts a re a l l l i th i c  l eucocrat ic  crysta l l i ne rocks . �1ost cl asts 
have assoc iated traces of g l ass . There are no dark l i th i c  c l asts . The 
average gra i n  s i ze i s  l es s  than 0 . 1 mm . 

DISCUSS I ON 

Only l i m i ted work has been done on th is  samp l e .  Wi l sh i re and Jackson ( 1 972 )  
descri be sampl e  1 4055 as an  F 1  brecci a ( friabl e wi th l i ght cl asts ) . I t  was 
p l aced i n  Warner ' s  ( 1 972 ) group 1 ( l ow grade metamorphi c )  and c l a s s i fi ed 
as a porous unshocked regol i th mi crobreccia by Chao et a l . ( 1 972 ) , and as  a 
g l ass  ri ch rego l i th wi th brecc i a  ( von Enge l hardt et aT. --, 1 972 )  and a vi tri c 
matri x breccia  ( VMB ) by S imonds et a l . ( 1 977 ) .  Th i s-rs one of the samp l es 
mapped by Twedel l et a l . ( 1 978 ) .-- --

-- --
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1 4056 

1 cm 

5�1-26100 

Sampl e 1 4056 was col l ected from station E duri ng the second EVA . I t  was re
turned i n  bag 1 5N a l ong wi th s ampl es 1 4055-1 4062 . 

PHYSICAL CHARACTERISTICS 

Mass D imensi ons 

6 . 38 g 2 . 2  x 2 . 1  x 1 . 5 em 

This  s amp l e  i s  extremely friabl e and appears to be a coherent soi l  cl od .  I t  
i s  medi um browni s h  gray i n  col or . 

SURFACE FEATURES 

Sampl e 1 4056 i s  a soi l c lod wi th no vi s i b l e  p i ts ,  cavi ties , or fractures . 

PETROGRAPHIC DESCR I PTION 

Samp l e  1 4056 i s  fragmenta l , composed of l es s  than 2% fragments l arger than 
1 mm and 98% matri x l es s  than 1 mm. C l asts are l eucocrati c l i th i c  fragments 
wi th s ubrounded shapes . No th i n  s ections have been made of 1 4056 due to its 
extreme fri abi l i ty .  
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1 405 7 

1 em 

S-71-26088 

Sampl e 1 4057 was col l ected from stati on E duri ng the second EVA . I t  was re
turned i n  bag l 5N i n  ALSRC 1 006 a l ong w i th sampl es 1 4055-1 4062 

PHYS ICAL CHARACTER I STICS 

Mas s  D imens ions 

5 . 51 g 2 . 5  x 1 . 7  x 1 . 2  em 

The sampl e i s  very fri abl e  and i s  browni s h  gray i n  col or. 

SURFACE FEATURES 

A few g l ass- l i ned zap pi ts are vi s i b l e .  

PETROGRAPHIC DESCR I PTION 

Thi s rock i s  so soft and fri abl e that depress i ons caused by hand l i ng are 
present.  I t  is composed a l�ost enti rely of matrix  grai ns sma l l er than 1 mm . 
The few c l asts l arger than 1 mm are l i ght col ored l aths of p l ag iocl ase .  Some 
l eucocrati c l i th i c  fragments smal l er than 1 mm are v i s i bl e .  Dark g l ass  
spheres are v i s i b l e  in  the matrix .  
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D ISCUSSION 

Thi s samp l e  is very fri abl e and i s  noteworthy for the gl ass spheres present 
i n  the matri x .  It  i s  s i mi l ar to 1 4056 and 1 4055 . 
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1 4058 

S -71 - 2 6092 

Sampl e  1 4058 was col l ected from stati on E duri ng  the second EVA . I t  was 
p l aced i n  bag 1 5N and returned i n  ALSRC 1 006 a l ong  wi th 1 4055- 1 4062 . 

PHYS I CAL CHARACTER ISTICS 

Mass D imens i ons 

4 . 53 g 2 . 5  x 2 . 0  x 1 . 5 em 

Th i s  samp l e  i s  a subangul ar ,  e l ongate rock whi ch i s  tapered at one end . I t  
i s  o l i ve gray i n  col or a nd  i s  fi ne-grai ned wi th fragments l arger than 1 mm 
compri s i ng 1 5% of the rock .  

SURFACE FEATURES 

I rregul ar c l a sts form sharp poi nts above surface l evel . No zap p i ts were 
observed .  

PETROGRAPHIC DESCRI PTION 

Samp l e  1 4058 is a polymi ct fragmenta l rock wi th 1 5% cl asts l arger than 1 mm . 
Crysta l l i ne rock fragments which a re l i ght gray i n  col or account for the 
maj ori ty of c l asts . These cl asts are composed of 70% whi te powdery mi neral 
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(fel dspar? ) , 20% l ath-shaped fel dspar crystal s  wi th a l b i te twi nni ng ,  and 1 0% 
opaques ( probably i lmeni te ) . The fel dspar crystal s  exhi bi t a preferred ori en
tation  para l l el to the l ong axi s  of the cl asts . 

C l asts of  equant bl ack fi nely crysta l l i ne materia l  are present i n  l esser 
amounts . Fel dspa r  cl asts and s pher i ca l  as wel l as  angu l ar bl ack gl ass frag
ments are al s o  present . A powdery browni sh-red mi neral i s  present i n  patches . 
Bl ack gl ass  fragments compose 20% of the rock ,  l i th i c  fragments compose 60% , 
and mi neral fragments compose 20% . 

D I SCUSSION 

The sampl e  i s  extremely fri ab"l e and cannot be cut for th i n s ecti oni ng wi thout 
i mpregnation . I t  i s  probably a p i ece of 1 4055 . 
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1 4059 

S-71-26080 

Samp l e  1 4059 was col l ected duri ng the second EVA from station E .  I t  was 
p l aced i n  bag 1 5N by the astronauts , and returned i n  ALSRC 1 006 al ong wi th 
samp l es 1 4055-1 4062 . 

PHYS I CAL CHARACTERI STICS 

Mass D imensions 

8 . 68 g 1 . 2 x 1 . 2 x 1 . 0 em 

Thi s  samp l e  cons i s ts of two p i eces , the l arger of whi ch i s  very i rregul ar 
i n  s hape and the sma l l e r ,  subrounded . The d imens ions g i ven are those of the 
l arger p i ece . 

SURFACE FEATURES 

Al l s urfaces are p i tted ,  but only one g l as s - l i ned p i t  was seen . The p i ts 
range from 0 . 1 to 1 . 0  mm i n  s i ze .  

I 
PETROGRAPHIC  DESCRI PT ION 

Samp l e  1 4059 i s  fi ne-gra i ned , wi th an average gra i n  s i ze of 0 . 05 mm . I t  i s  
extremely  fri abl e and i s  homogeneous i n  texture and mi nera l ogy .  I t  i s  
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medi um gray i n  color and resembl es 1 4056 and 1 4057.  Al l gra i ns are sma l l er 
than 1 mm . The matr ix  con s i sts of p l agioc l ase l a ths , mi neral fragments , 
brown and green g l as s ,  and l eucocrati c l i thi c  fragments . The l argest l i th i c  
fragments are 0 . 4  mm i n  s i ze .  A pos s i bl e  g l as s  vei n  cuts one of the samples . 

D ISCUSS ION 

The samp l e  i s  too fri abl e for cutting and can only be sectioned by impreg
nati on .  
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1 4060 

1 cm 

Sampl e  1 4060 was col l ected from station E duri ng the s econd EVA . I t  was 
pl aced i n  bag 1 5N by the astronauts and returned i n  ALSRC 1 006 a long wi th 
1 4055- 1 4062 .  

PHYS ICAL CHARACTERIST ICS 

Mas s  D imens ions 

2 . 5  g 1 . 0  x 1 . 5  x 1 . 5 em 

Sampl e  1 4060 i s  a wel l rounded ( a lmost s pher ica l ) ,  fri ab l e ,  fragmental rock 
and i s  med i um gray i n  col or . 

SURFACE FEATURES 

Two ki nds of p i ts are present. One type , with a dens i ty of approximately 2 
p i ts/cm2 , i s  smal l but deep ,  w i th d i ameter to depth rati os of 1 : 1 or 1 : 2 .  
The second type i s  more abundant ,  w ith  3 p i ts/cm2 • These are l arge ( 1 -4 mm 
i n  s i ze )  but s hal l ow ,  with  d i ameter to depth rati os of approximately 3 : 1 .  
These p i ts overlap  and probably have steady s tate d i s tr i buti on accordi ng to 
Harz , who was the PET member descri b i ng th is  sampl e .  The p i ts are not g lass
l i ned . 

64 



PETROGRAPH IC  DESCR I PT ION 

Thi s  samp l e i s  a fi ne-grai ned , fri ab l e ,  al most spheri ca l , fragmental rock .  
I t  has l ess  than one percent c lasts greater than 1 mm in  s i ze .  Angu l ar 
bl ack gl ass fragments 1 mm i n  s i ze are pr·esent .  Fel dspar fragments account 
for l ess  than 1 %  of the rock .  
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1 4061 

1 em 

S -71 -26087 

Sampl e  1 4061 was col l ected duri ng the s econd EVA from s tation E .  I t  was 
p l aced i n  bag 1 5N by the astronauts and returned i n  ALSRC 1 006 al ong with  
1 4055-1 4062 . (Sampl e  1 4062 i s  res i due . ) 
PHYS ICAL CHARACTER ISTICS 

Mas s D imens ions 

3 . 1 1  g 1 . 5 x 1 . 7 x 1 . 2  em 

This  samp l e  i s  fri abl e and appears gray i s h  brown i n  col or .  It  is  an equi 
dimens i ona l , s ubrounded bl ock . 

SURFACE FEATURES 

The s urface features are obscured by a heavy dust  cover . 

PETROGRAPHIC DESCR I PTION 

Sampl e 1 4061 i s  a fri abl e ,  fi ne-gra i ned fragmental rock w i th a 1 mm th i c k  
dust cover . I t  appears to be polym i ct wi th more than 99% of the gra i ns l es s  
than 1 mm . One vi s i b l e  mi neral gra i n  appears to  be a euhedral pl agi oc l as e  
crysta l  5 mm l ong . 
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1 4063 

,0 

r· 1 cm 1 

S-71-35866 

1 4063, 56 

1.1mm 1 
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Samp l e  1 4063 i s  one of the hand- s i ze grab samp l es col l ected duri ng the 
second EVA at stat ion Cl i n  the Whi te Rocks area . I ts exact l unar l oca
ti on and ori entati on are unknown and there are no l unar surface photographs 
i n  whi ch th i s  sampl e  is i denti f ied .  It  was returned a l ong wi th 1 4064 and 
1 4065 in bag 1 6N in ALSRC 1 006 . 

PHYS ICAL CHARACTERISTICS 

Mas s Di mens i ons 

1 35 . 55 g 6 . 0  x 4 . 0  em 

Thi s samp l e  i s  s haped l i ke a s l i ghtly fl attened s phere , broken across one 
edge . I t  i s  a l i ght  gray fragmental rock wi th 20-25% cl asts . I t  i s  moder
ately fri abl e .  

SURFACE FEATURES 

Pi ts cover 25% of the surface and are < 0 . 1 to ·2 mm i n  s i ze .  G lass  l i ni ng 
the p i ts i s  dark brown and bubbly . The matri x i s  very whi te fel dspar-ri ch 
so i t  i s  di ffi cu l t  to exp l a i n  why the zap p i t  l i n i ngs are dark . 

Cavi t ies present are c last  mol ds rang i ng i n  s i ze from 0 . 2  to 8 mm and occur 
over 1 5% of the surface area on one s i de .  

One fracture set  wi th p l anar and  i rregu l ar fracture s urfaces i s  present wi th 
random orientat ion . 

PETROGRAPH I C  DESCRI PTION 

Samp l e  1 4063 i s  a fi ne gra i ned ,  l i ght gray , i nhomogeneous , fragmental rock 
composed of 20-25% cl asts and 75-80% matri x gra i n s . Fi fty percent of the 
fragments greater than 0 . 1 mm i n  s i ze are mi neral fragments and 50% are 
l i th ic  fragments . A trace of gl ass i s  present .  

Th i n  secti on 1 4063 , 59 shows one l arge g l ass  c l ast that i s  h i gh ly fractured 
and has undergone part ia l  devi tri fi cat i on . Scattered  throughout the sect i on 
are shards of gl ass , most  showi ng  some sma l l  degree of devi tri fi cat i on . Occa
s i ona l , a l most tota l ly devi tri fied masses are seen . The on ly c l asts p resent 
are g l ass-rich  breccias  wi th rema i nder bei ng mi neral fragments and one anor
thos i ti c-type rock wi th mi nor pyroxene . There i s  approximate ly  1 %  " g l ass " 
i n  the matri x .  Mi nera l fragments i ncl ude transparent to cl oudy ,  anhedral to 
s ubhedral p l a g i ocl ase and pyroxene ( to 0 . 9  mm) ; opaques such as i l meni te 
present as  c l asts and i n  l i th i c  fragments ( to 1 0  �m) ; i ron metal present as 
cl asts and bl ebs wi thin l i thi c fragments ( < 1 0  �m) ; and m i nor troi l i te ;  red
di sh-brown pyroxene ( l ess  than 0 . 1 mm) , ye l l ow-green equant crystal s  of 
ol i vi ne ( to 0 . 2 mm) . The l i th i c  fragments seen in  th i n  secti on cons i s t  of 
shocked crysta l l i ne rocks conta i n i ng sma l l amounts of gl ass , g l ass-ri ch 
microbrecci a ,  nearly hol ocrysta l l i ne mi crobrecci a ,  and fe l ds par granu l i ti c 
rock s .  
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DI SCUSSION 

Samp l e  1 4063 i s  one of the so--ca l l ed  " Wh i te Rocks " .  I t  has been descri bed 
as fri abl e wi th dark cl asts ( F 3 )  by Wi l s h i re and Jackson ( 1 972 ) , pl aced 
Warner ' s ( 1 972)  group 3 ,  Chao et �- ( 1 972 ) l i s t  i t  as an annea l ed ,  or 
s l i ghtly annea l ed ,  fel dspathi c Fra Mauro brecci a , and Qua i de and Wri gl ey 
( 1 972 ) formed a new group for i t ,  cal l i ng i t  a "whi te rock brecci a " . 
Von Engel hardt et a l . ( 1 972) and S imonds et a l . ( 1 977 ) p l ace i t  i n  a 
category i n termedi ate between the i r  g l ass-rich  and crysta l l i ne matri x 
brecc i a s ,  cal l i ng i t  g l a ss -poor wi th a fragmental matri x ,  and a l i ght 
matri x brecc i a  ( LMB ) , respect·i vely .  It  was a l so studied by Anderson et a l . 
( 1 972 ) . 

- -

Meyer et �- ( 1 974) bel i eve that there may be a KREEP component i n  1 4063 . 

R i d l ey ( 1 975 ) poi nts o ut that a g roup of crystal l i ne cl asts i n  samp l e  1 4063 
are a l umi nous mare basa l ts wi th h i gher concentrations of T i02 , Na20 , Mg , Fe , 
and l ess  FeD t han other a l umi nous mare basa l t s .  

One t h i n  secti on o f  1 4063 was obta i ned by the Imbri um Consorti um duri ng thei r 
prel imi nary work , and Marvi n ( 1 976 ) descr·i bes the whi te rocks as conta i ni n g  
gray t o  dark gray aphan i t i c  c·l asts . I n  secti on 1 4063 , 1 7 ,  c l asts are l ess  
common than in  1 4064 , and are descri bed as compri s i n g  l es s  than 5% of the 
secti on ( Ryder and Bower ,  1 976) . Ryder and Bower ( 1 976 ) studied the series 
of cl as ts i n  the Apo l l o  14 whi te rocks ( 1 4063 ,  1 4064 , and 1 4082/83) whi ch 
show poi ki l i ti c texture and KREEP compos i ti on .  These are i nterpreted to 
form as the resul t of crysta l l i zation of s i l i cate me l ts rather than from 
metamorph i sm of brecc i a s .  (Most of the i r  data come from samp l e  1 4064 , 
however ) . 

Stee l e  and Smi th ( 1 976)  found samp l e  1 4063 , 1 4  to conta i n  at l east four di s
t i nct l i thol ogies . Contri but i ng mi nera l og i c  or rock  types were i denti fied 
as : 1 )  duni te wi t h  mi nor chrom ite , very h i gh Mg i l meni te (MgO > 8 . 2  wt % )  , 
and bronzi te ;  2 )  sp i nel trocto l i te w ith  ol i vi ne ( Fo7g ) and Mg-Al sp i ne l ; 
3 )  h i gh-Ti , mare-l i ke basal t  wi th h i gh-Mg i l meni te and coarse (exol ved? ) 
pyroxene ;  4 )  l ow-KREEP nori ti c brecci a ;  5 )  anorthos i te ( ? ) ; 6 )  very Ni - ri ch 
(40 wt % )  Fe metal . They a l so i denti fied a mare basal t component as wel l as 
other rock types s i mi l a r  to those previ ous ly recogn i zed . They bel i eve that 
the N i - ri ch metal poss i bly formed i n  equHi bri um wi th o l i vi ne early i n  
l unar hi story .  They bel i eve 1 4063 to be a pos s i b l e  samp l e of pre- Imbri um 
rego l i th bases on the a bsence of Ti -rich  spi nel  and troi l i te , the rari ty of 
metal , and the l ack  of metamorph i sm suff·i c i ent  to have devi tri fi ed g l ass 
or recrysta l l i zed dark-matri x cl asts . 
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1 4064 

,0 

1 1 cm 

S-71 -32451 

14064, 34 
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Samp l e  1 4064 was col l ected i n  the Wh i te Rocks area at Stati on Cl and was 
returned i n  bag 1 6  al ong with 1 4063 and 1 4065 ( resi due) i n  ALSRC 1 006 . 
There was a strong fee l i ng a t  the LRL that 1 4064 and 1 4063 are parts of  the 
same rock because not only do they l ook very much al i ke ,  but 1 4064 has a 
protrud i n g  1 em cl as t ,  whi l e  1 4063 has a 1 em cl ast mol d .  Nobody was abl e 
to fi t the two together ,  however , and Cdr .  Shepard stated that he had put 
" a  coup l e "  of hand s pecimens i nto bag 1 6 ,  wh i ch i s  what was found.  Samp l e  
1 4064 i s  one of those s tudi ed by the Imbrium Consort i um.  

PHYSI CAL CHARACTERISTI CS 

Mass Dimens i ons 

1 07 . 5  g 6 . 0  x 4 . 0  x 4 . 0  em 

Thi s sampl e i s  pal e g ray wi th a l eucocrati c matrix and conta i ns approxi 
mately  40% cl asts and 60% matri x .  The sampl e i s  fri abl e .  

SURFACE FEATURES 

P i ts are g l ass-l i ned and occur on 1 %  of the surface . The samp l e  i s  very 
fri abl e and the pati na coveri ng the spec imen fl aked off except for traces 
around zap p i ts .  

The smoothl y  rounded s urface i s  pocked wi th cl ast mol ds rang i ng i n  s i ze 
from 1 to 1 0 mm . 

Many fractures occur around cl asts and two sets of pl anar fractures cut 
the rock .  

PETROGRAPH I C  DESCRI PTION 

Sampl e 1 4064 is a fi ne g ra i ned fri ab le  "wh i te rock" . Th i s  rock was s tudied 
extens i ve ly  by members of the Imbri um Consorti um ( 1 976)  who di scussed 
several cl ast types in great detai l .  They found the matrix to cons i st of 
monomi ct brecci a zones , as is 1 4082/83 . and 1 4063 , rather than bei ng 
homogeneous . Th i s  di sti ngu·i shes these so cal l ed "Wh i te rocks" from other 
l unar breccias ( Imbri um Consorti um ,  1 976) . 

KREEP-ri ch mel t fragments make u p  a l arge proporti on of t h i n  secti ons 
studi ed by the consortium .  Trocto l i ti c  brecci a zones are a l s o  present ,  
cons i st i ng  of pl agi ocl ase,  ol i v i ne ,  and orthopyroxene. 

Thi n  Sect ion  1 4064 , 34 i s  a nearly hol ocrystal l i ne brecc i a  wi th l arge 
pl agi ocl ase cl asts . The crysta l s are s l i ghtly s hocked and b l ocky i n  
outl i ne .  There are l arge to smal l fragments o f  a turb i d  brown i s h  phase 
that was unresol vabl e .  The remai nder of the matrix i s  a seri ate mixture 
of pyroxene and pl agi ocl ase fragments . 
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DISCUSS I ON 

Samp l e  1 4064 was cl assi fi ed by Wi l s hi re and Jackson ( 1 972) as F3 and as an 
LMB by S i monds et a l . ( 1 97 7 ) . The Imbri um Consorti um ( 1 976)  studied i t  
extens i ve ly ,  finding most o f  the cl asts to be poi ki l i ti c ,  KREEP-ri ch mel t 
rocks , and secondari l y ,  pl ag i ocl ase-ol i vi ne-orthopyroxene ( trocto l i ti c  
brecci as ) .  These areas occur as zones , di s ti ngu i s h i ng the "Wh i te Rocks " 
from other l unar brecc i a s .  

Ryder and Bower ( 1 976) concl uded that  the KREEP-rich , fragment l aden l i tho
l ogy of 1 4064 , as we l l  as of the other Whi te Rocks ( 1 4063 and 1 4082/83 ) i s  
a res ul t o f  the crystal l i zati on o f  a s i l i cate mel t conta i n i ng sol i d  s i l i cate 
fragments . They fel t that i t  i s  more l i kely that th is  mel t resul ted from 
the total mel ti ng by meteori ti c impact , of a pol ymi ct ,  pl agi ocl ase- rich 
source reg i on , the fragments bei ng pi cked up as the mel t moved outward from 
the po i nt  of impact .  
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1 4066 

1 cm 

S -77-23485 
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1 4066, 37 

Sampl e  1 4066 was col l ected at Station  F on the second EVA . The samp l e  was 
found i n  the v i c i n i ty of Wei rd Crater . No ori entation or p hotograph i c  docu
mentation was obta i ned.  The only pi cture wh i ch s hows the genera l area i s  
64-91 37 , Pan B ,  whi ch may contai n  the exact samp l e  l ocat ion .  

The samp l e  was returned in  documented bag 1 7N i n  ALSRC 1 006 . I t  i s  essen
ti al ly  a grab samp l e .  

PHYS ICAL CHARACTER ISTICS 

Mass D imens i ons 

509 . 8  g 9 . 8  x 6 . 5 x 5 . 7  em 

Thi s samp l e  i s  a fragmenta 1 r·ock  composed of 25% fragments greater than 1 mm 
and 75% of fragment 1 ess than 1 mm .  It  i s  very 1 i ght gray i n  co 1 or wi th some 
l arge , darker  gray c l asts . It i s  moderate ly  fri abl e and i t  has a bl ocky sub
round to s ubangu l a r  surface . 
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SURFACE FEATURES 

The s urface of the  rock has a hi gh p i t den s i ty coveri ng approximately 1 5% of 
the area .  The p i ts range from 0 . 5 to 5 mm and are l i nes wi th gray botryodial  
g l as s .  The sample  i s  more densely p i tted on one s i de than i t  i s  on  the others . 

There are severa l cl as t mol ds , mak i n g  up 5% of  the total s urface area . These 
mol ds are angul ar to i rregu l ar i n  shape and range from 1 to 4 mm. They occur 
i n  cl us ters at one end of the sampl e .  

There are two sets of fractures w i th i rregu lar  s urfaces .  One set i s  s ub
para l l el to the i ntermedi ate axi s  of the roc k .  The second set cuts one end 
of the rock and resul ted i n  several sma l l ch i ps fal l i ng  off. 

PETROGRAPHIC DESC R I PT ION 

1 4066 i s  a very l i g h t  gray , medi um gra i ned rock wi th an average gra i n  s i ze 
of ± 1 mm .  Severa l l arge,  medi um g ray cl a sts ar.e scattered throughout the 
sampl e .  C l a s ts greater than 1 mm are 98% l i th i c  fragments of crysta l l i ne 
rocks and 2% fel ds par m i neral fragments . The l i th i c  fragments a ppear to be 
parts of a med i um gray fi nely  crysta l l i ne rock .  These c l as ts are angu lar  
and very i rregul ar and  are < 1 mm to 5 mm i n  s i ze .  Some fragments have p la
g i oc l ase p henocrysts s et i n  the  fi ne groundmass . The  matrix  con s i s ts of 
whi te , c l ear,  and ser iate fel dspar and a trace of brown pyroxene , opaque 
mi nera l s ,  and ol i vi ne .  Some of the  fel dspar cl asts have reaction rims s ug
ges t i ng some react i on w i th the  matri x .  

I n  an  attempt to  characterize the nature of  thi s  generi c ,  three thi n 
secti ons from di fferent parents were chosen for modal analys i s  of the 
:: 1 mm c l asts .  

The samp l es exami ned w i th the i r  proper parents des i g nated were : 

Sampl e 

1 4066 , 34 

1 4066 , 49 

1 4066 , 50 

Parent 

, 20 

, 26 

' 25 

Dom i nant C l ast � 1 mm 

dark matri x brecci a ,  s hocked 
anorthos i te and s hocked pyroxene 
aggregates 

dark matrix brecci a ,  anorthos i ti c  
rock ,  and  pyroxene aggregates 

dark matr i x  brecc i a ,  shocked 
pyroxene aggregates , and p l ag i o -
cl ase vi trophyri c rock 

I n  s ummi ng the resul ts of th i s  s urvey and compari ng i t  to the work of Wi l 
s h i re and Jackson ( 1 972 ) , nomi nal agreement was found . I n  th is  s urvey l i ttl e 
to no neri t ic  type i g neous rock was encountered i n  the � 1 mm c l a sts . Thi s 
i s  the second most common type c l ast  i n  W i l s h i re and Jackson ' s  paper. 
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DISCUSSION 

1 4066 i s  noteworthy for the abundance of c l asts of a s i ng l e  l i thol ogy (medi um 
gray crysta l l i ne rock )  and the pos s i b l e  reaction r ims on some of the fel dspar 
cl asts . 

Wi l s hi re and Jackson ( 1 972 ) c l as sed the rock as an F4 wi th a h i g h  concentra
ti on of dark meta-c last ic  cl asts i n  the > 1 mm port i on .  Warner ( 1 972 ) 
cl as s i fi ed i t  as bei ng hi gh grade metamorphi c  ( g rade 7 ) , and Chao et a l . 
( 1 972)  l i st i t  as a strongly annea l ed ,  shocked brecc ia . I t  i s  l i stedlby 
qua i de and Wri g ley ( 1 972 ) as an anneal ed brecci a ,  by von Engel hardt et a l . 
( 1 972)  as a g l ass poor brecc i a  with a crysta l l i ne matri x ,  and by S imonds-
et a l . ( 1 977 )  as a crysta l l i ne matri x brecci a  ( CMB ) . Phi n ney et al . ( 1 976 ) 
descri be 1 4066 , 9  as moderately fri abl e wHh 1 5  - 20% of the matrixoccup ied 
by vugs and vesi c l e s .  The samp l e i s  h i ghly fractured , wi th fractures cutt i n g  
cl asts as we l l  as matri x .  The matri x i s  descri bed as bei ng composed of sub
hedra l  to anhedral zones p l ag i ocl ase 5 - 20 �m pyroxene wi th acces sory 
5 �m i l men i te arranged i n  i nterl ock i ng  gra i n s .  

T h i s  i s  one o f  the samp l es mapped by Twede l l e t  �· ( 1 978) . 
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1 4068 

S-71 -30338 

14068, 8 

I I .1 mm 
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Samp l e  1 4068 was col l ected duri ng the second EVA from stati on C '  and pl aced 
i n  bag number 1 0 .  I t  i s  one of the surface rocks col l ected whi l e  a gray 
l ayer,  j ust under the surface , was samp les ( 1 41 40- 1 4 1 43 )  at station C ' . 

PHYS I CAL CHARACTER IST ICS 

Mas s D imensi ons 

35 . 47 g 4 . 2 x 3 . 2  x 2 . 7  em 

Th i s  i s  a bl ocky , gray , coherent,  hol ocrystal l i ne ,  mel t  rock wi th l ess  than 
5% cl asts . 

SURFACE FEATURES 

The surface conta i n s  numerous zap p i ts rangi ng i n  s i ze from 0 . 1 to 0 . 7  mm . 

The only cav i t i es are those produced by i n tersect ing  fractures . Numerous 
non-pl anar fractures  appear i n  mul ti p l e  sets averagi ng 2 mm i n  l ength . 

Some vugs or ves i cl es are vi s i bl e  i n  thi n sect i on . 

PETROGRAPH I C  DESCR I PT ION 

Samp l e  1 4068 i s  a wa l nut-s i ZE! hol ocrysta l l i ne me l t  rock wi th l arge gra i n s  of 
pl agi oclase up to 1 mm across mak i n g  up 5% of the rock . The gra i n  s i ze i s  
very saml l ,  wi th average grai ns l ess  than 0 . 1 mm . 

Th i n  secti on 1 4068 , 8  shows the matri x  cl usters and fans of devi tri fi cation 
crysta l s  host ing l arger ,  partly eroded mi neral fragments . The thi n  sect i on 
a l so shows a hi gh percentage ( 1 0- 1 5% )  of voi d  areas 0 . 05 -0 . 2  mm. No crys 
tal s  extend i nto the voi ds and the shape of the voi ds i s  i rregu lar  to 
rounded .  

D ISCUSS ION 

Samp le  1 4068 has been studi ed i n  detai l by several i nvesti gators . I t  i s  
the only samp le  represent i ng Warner ' s ( 1 972 ) g rade 8 ,  a h i g h  grade metamor
ph ic  brecc i a  wi th nei ther matri x g l ass nor gl ass  cl asts . The l arge percent
age of MgO reported by Hubbard et al . ( 1 972 )  accounts for the 20% ol i vi ne 
occurri ng as skel etal crystal s i n  the matri x and as cl asts reported by 
Warner ( 1 972 ) . Warner found no g l ass i n  the matrix and rare , partly devi tri 
fi ed gl ass cl asts . Mi neral and l i thi c cl asts are descri bed as  havi n g  ragged 
borders . The average p l a g i oc l ase compos i ti on i s  reported by Warner as bei ng 
An 7 30r7 • Pyroxene averages En72 , and o l i vi ne compos i ti ons are reported as 
Fo7 7 to Fo79 for pri sms and Fo6 7 to Fo8 4 for c 1 ast cores . Warner i n terpreted 
1 4068 as having  been heated to so h i g h  a temperature that the matri x mel ted .  
Wi l l i ams ( 1 972) found the temperature requ i red to mel t i t  to be at l east 
1 1 00°C . 
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Wi l s h i re and Jackson ( 1 972)  cl ass i fi ed i t  as a homogeneous crystal l i ne meta
brecci a .  

I t  i s  c l as s i fi ed as a cl ast l aden impact mel t  rock ( CMB ) by S imonds et �· 
( 1 977 ) . 

Hel z ( 1 972)  did  an extens i ve petrograph i c  and chemi cal study of 1 4068 , 
wh i ch i ncl uded mak i n g  a deta i l ed map of 1 4068 , 1 0  and smal l er s ketches of 
1 4068 , 7  and 1 4068 , 1 1 .  She accounts for the observed features wi th a petro
geneti c outl ine  of th e h i s tory of rock 1 4068 : 

( 1 )  The mel ti ng , i nvol vi n g  temperatures beyond the i gneous range , 
was the resul t of meteori te impact .  The mol ten b l eb produced 
was fai rl y  smal l .  

( 2 )  The mel t p i c ked u p  p l agi ocl ase cl asts and n i ckel - i ron b l ebs . 
There was suffi ci ent turbul ence for the cl asts to be mi xed 
throughou t  the b leb .  

( 3 )  The mel t pi cked up the ol i v i ne ,  orthopyroxene , l i th i c  and 
g l assy fragments . Most of the g l assy cl asts softened and 
ves i cu l ated . 

( 4 )  The mel t made contact wi th some of  the dark brecci a  ( "north" 
s i de) whi l e  sti l l  qu i te fl u i d .  

( 5 )  The mel t  made contact wi th the dark breccia  on the "south" s i de 
whi l e  s ti l l  p l asti c ,  but i t  was not as fl ui d as i n  s tep 4 .  

( 6 ) Rock 1 4068 has not been i nvol ved i n  any major brecci ation or 
thermal metamorph i c  events si nce sol i d i fi cation of the ol i vi ne
ri ch groundmass was compl eted . 
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1
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Samp l e  1 4069 was col l ected at stati on C ' , 1 . 28 km ENE of the LM and 1 00 m SE 
of the rim of Cone Crater duri ng the second EVA . The materi a l  at C '  appears 
to be materi al ori g i nal l y  ejected from Cone Crater and re-ejected from a 30 m 
crater  j ust south of stat i on C '  ( Swann et �. , 1 97 7 ) . 

PHYS I CAL CHARACTERISTICS 

Mass D imens i ons 

24 . 9  g 4 . 0  x 3 . 0  x 2 . 5  em 

Samp l e  1 4069 i s  a bl ocky ,  gray , f ine ly crysta l l i ne brecci a  wi th a sugary 
texture . 

SURFACE FEATURES 

The surface is very i rregul ar wi th no zap p i ts and 5- 1 5% vugs . Three types 
of vugs were observed : e l ongate vugs ( 1 . 5  mm x 0 . 25 mm) , spheri cal vugs 
( 0 . 7  mm di ameter ) , and an open network ( 0 . 5 mm) .  Cl usters of el ongate vugs 
and vuggy open i ngs are 0 . 5  mm to 2 . 0  mm apart . Mi nera l s project i nto the 
vugs , some at ri ght angl es , some at 45° , wh i l e others form botryo i da l  l umps 
on cav i ty wal l s .  

Three sets of p l anar fractures occur : set 1 has one member and i s  ori ented 
35° to the i ntermediate axi s  of the roc k .  Set 3 has many members wi th 
apparently random ori entati on , but they may para l l el c l ast edges . 

PETROGRAPH IC  DESCRI PTION 

Th i s  rock i s  crysta l l i ne and i s  composed of col orl ess to whi te subhedral 
p l agi oc l ase and red-brown equant pyroxene . A trace of b l ack , equant opaques 
are present . 

M i nera l s l i n i n g  the vugs i ncl ude fel dspar ,  pyroxene ,  a green mi nera l , a 
bl ack mi nera l , and a col or less  botryoi dal  s i l i ca mi nera l . The texture of 
1 4069 i s  fi ne grai ned , wi th gra i n s  0 . 2  mm average . One 4 x 2 mm p l ag ioc l a se 
crysta l i s  present . The samp l e  appears s i mi l ar  to 1 4070 . 

In  thi n secti on , 1 4069 i s  seen to have cl asts of pyroxene and p l agi ocl ase . 
Some o l i vi ne/pyroxene ,  p l agiocl ase granul i t i c  rock fragments are present i n  
th i n  section 1 4069 , 4 .  Secti ons 1 4069 , 4  and 1 4069 , 5  both conta i n  sma l l devi t
ri fi ed fragments . Troi l i te i s  p resent i n  l arge masses . The sampl e s  are com
posed of 60% p l ag i ocl ase , 39% pyroxene and 1 %  o l i vi ne .  Severa l  pyroxene 
crysta l s  have reacti on rims . The average grai n s i ze i s  l ess  than 0 . 1  mm . 

DISCUSSION 

Thi s 
Thi n  
CMB ) 

rock was descri bed by Wi l sh i re and Jackson ( 1 972 )  as  crystal l i ne .  
secti on exami nation reveal s  1 4069 to be a crysta l l i ne brecci a  ( or 
usi ng the Simonds et a l . · ( 1 97 7 )  c l a s s i fi cati on . 

- -
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1 4070 

S-71-54218 

14070, 3 

r:--1 
.1 mm 

83 



Samp l e  1 4070 was co l l ected from stati on C ' , 1 . 28 km ENE of the LM , and 1 00 
m SE  of the rim of  Cone Crater duri ng the second EVA . I t  appears to have 
been ejecta from Cone Crater that was l ater re-ejected from a 30 m crater 
i n  the v i ci n i ty ( Swann et �· · 1 977 ) . 

PHYS I CAL CHARACTERISTICS 

Mass D imens i ons 

36 . 5  g 4 . 2  x 3 . 0  x 2 . 0  em 

Th i s  i s  a bl ocky ,  subangu l a r ,  coherent , l i ght gray , crysta l l i ne brecci a  that 
is s imi l a r  to 1 4069 .  

SURFACE FEATURES 

The i rregul ar surface conta i ns no zap p i ts ,  but i rregul ar  e l ongate vugs 
rangi ng from 0. 2 - 2 mm in s i ze appear in c l usters and have i nhomogeneous 
di stri but i on . 

A set of p l anar fractures wi th three memebers spaced 2 mm to 5 mm apart are 
oriented 5° to the l on g  axi s of the rock .  A second set i s  perpend i cu l ar  
to  these and  the surface of  thi s  set i s  the same as the rock .  Intermedi ate 
to these sets i s  another set and para l l el to the i ntermedi ate rock axi s .  
The fourth set i s  para l l e l  to the l on g  axi s of the rock and l i es  30° to 
the fi rst set . 

PETROGRAPH I C  DESCRI PTION 

Thi s samp l e  i s  a very fi ne gra ined ,  a l most hol ocrystal l i ne brecci a ,  wi th 
c l ea r  p l ag i ocl ase , ci nnamon-brown equant pyroxene ( 0 . 2 - 0 . 5  mm) , and yel l ow
green ol i v i ne ( 0 . 2  mm ) . 

Larger gra i ns cons i s t  of greater than 3 mm gra i n s  of p l a g i oc l ase and ol i vi ne 
( 2% ) . Traces of opaques are p resen t .  P l agi ocl ase l aths are l ess wel l -deve l 
oped than i n  1 4069 . 

Th i n  secti on 1 4070 , 3  i s  bas i ca l l y  that of a crysta l l i ne brecci a  wi th approxi 
mate ly  5% " gl as s "  i n  the matri x .  The on ly cl asts ( > 1 mm fragments )  present 
are those of a mare basa l t .  The fragments con s i s t  of  80% anhedral pyroxene 
and 20% needl e- l i ke p l agi ocl ase .  The texture i s  subophi t i c ,  but not wel l 
defi ned . One l arge and one sma l l c l ast of  thi s  type i s  a l l that i s  present .  

The matri x ( < 1 mm)  cons i s ts of  severa l  l a rge hi gh ly  shocked to s l i ghtly 
shocked p l a g i ocl ase gra i ns .  These l a rge gra i ns a re somewhat grouped but 
no di sti nct l i neati on cou l d  be seen . Al l the gra i ns a re twi nned and 
most have some i ncl us ions . The remai nder  of the matri x con s i s ts of a 
seri ate mixture of mi nera l  gra i n s  cons i sti ng of 70% p l ag i ocl ase , 30% 
pyroxene , other fragments , and g l ass . 

There are sma l l  i rregul ar to subrounded vesi cles  ( 0 . 1 - 0 . 2  mm ) present 
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whi ch are scattered throughout secti on 1 4070 . 3 .  Some show sma l l crysta l l i tes 
extendi n g  i nto the voi d area . The rock appears to have undergone some degree 
of shock .  resu l t i n g  i n  part ia l  me l ti ng and crysta l degradati on . 

DI SCUSS ION 

Wi l shi re and Jackson ( 1 972 ) c l a ss i f ied th is  s amp l e  as a crystal l i ne roc k .  
but i t  woul d .  today . probably be c l ass i f·i ed as  a CMB us ing  the c lass i fication 
scheme of  S imonds et �- ( 1 977 ) . 
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1 4071 

1 cm 

S -71-26072 

Sampl e  1 4071 was col l ected at s tation C '  approximately 1 . 28 km ENE of LM and 
1 00 m SE of Cone Crater. The area is l ocal ly f lat  wi th a s l i ght southerly 
s l ope .  The sampl e  was col l ected amongst abundant debri s rangi ng i n  s i ze from 
the l imi t of resol ut ion up to 75 em. The photo-documented area was too d i s 
turbed to be abl e to see a ny i ntact craters . The samp l e  was returned i n  
documented bag l ON i n  ALSRC 1 006 . 

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

2 . 1 6  g 2 x 0 . 8  x 0 . 5  em 

Al l the sampl es col l ected i n  the vi c i n i ty of 1 4071 are blocky and angul ar to 
s ubrounded wi th very rough surfaces . 

SURFACE FEATURES 

No zap p i ts are present on 1 4071 , but there are smal l 1 to 1 0  mm vugs cl uster
ed on one s ide  of the rock .  The vugs conta i n  smal l euhedral crystal s of 
pyroxene growi ng i nto the cav i ty ;  the vugs consti tute approximately 2% of the 
rock vol ume . There are no apparent fractures . 
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PETROGRAPH IC DESCR IPT ION 

T h i s  sma 1 1  samp l e  i s  noteworthy due to the free growi ng pyroxenes i n  the vugs . 
The texture of the rock i s  equi granul ar and mass i ve .  T he rock appears to be 
whol ly crystal l i ne .  The approximate m i neral compos i t i on i s  43% cl ear . 0 . 2  
nm ,  s ubhedral gra i ns of p l a g i ocl ase ;  55% s ubhedral , 0 . 2  mm gra i ns o f  pyroxene ; 
2% ( ap proxi mately 0 . 05 mm ) opaque m i neral gra i ns ; and approximately 2% mafic 
mi nera l s  ( o l i vi ne? ) .  The col or of the rock i s  l i ght  gray . The rock i s  often 
cl ass i fi ed as a basa l t i c  crystal l i ne rock (W i l s h i re and Jackson , 1 972 ) . 

D ISCUSSION 

Due to the sma l l  s i ze of the s amp l e ,  no extens i ve work has been done on the 
samp l e  except i n  PET .  Swann !�t �· ( 1 977 )  g i ve a general descri ption of the 
samp l e .  
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1 4072 

1 em 

S-75-33982 
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1407 2 ,1 1 

Samp l e  1 4072 was col l ected at Stati on C ' , about 1 . 28 km ENE o f  LM and 1 00 
m SE of Cone Crater.  The area i s  l ocal l y  fl at but general l y  s l opes s l i ghtly 
to the south . The area is s trewn wi th debri s whi ch ranges from the l i mi t 
of resol ution up to 75 em. The debri s i s  mai n l y  angu l ar to s ubrounded. 
The enti re area of  photo documentati on i s  too d i s turbed to see any i ntact 
craters . 

The sampl e was retu rned i n  documented bag l ON i n  ALSRC 1 006 . 

PHYS I CAL CHARACTERISTI CS 

Mass Dimens i ons 

45 . 06 gm 4 . 1  x 3 . 4  x 2 . 1  em 

The sampl e i s  a m�di um l i ght gray basal t and i s  somewh�t smooth i n  appear
ance. The shape 1 s  bl ocky to subrounded and the rock 1 s  extremel y  coherent . 

SURFACE FEATURES 

No zap pi ts are observed on any of the surfaces .  There are sma l l 
( 3  to 1 1  mm) fl attened el l i pti ca l  vugs that appear i n  zones . One pl anar 
fracture transects the rock at 30° to the l ong axi s .  
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PETROGRAPH IC  DESCR I PT ION 

1 4072 i s  a fi ne to medi um gra i ned ,  basa l t i c ,  i gneous rock wh ich  i s  tex
tura l l y  and minera l og ica l ly  homogeneou s .  The samp l e  i s  bl ocky to sub
rounded wi th a rel a t i vely smooth surface . The rock consi sts o f  l i ght 
yel l ow-green ol i vi ne ,  l i ght brown pyroxene ,  c l ear p l ag i ocl ase and sma l l 
amounts o f  opaques . Abundant p henocrysts ( up to 1 . 5  mm) occur i n  the 
rock .  

Th i n  section  1 4072 , 1 1  shows the rock to  be composed of  30% p l ag iocl ase 
l aths and masses , 1 %  l i ght green o l i vi ne anhedra l crysta l s ,  3% of opaques 
and mesasta si s , wi th the rema i nder bei ng l arge anhedral to subhedral crys
ta l s  of pyroxene . A few rare scattered masses of cri stoba l i te are a l so 
p resent. Some twi nn i ng  i s  p resent i n  the pyroxenes . The texture i s  
oph i t i c  to s uboph i t i c .  

D ISCUSS ION 

The samp l e  i s  c l a s s i fi ed as  a basa l t  by Wi l s h i re and Jackson ( 1 972 ) and i s  
a mare basal t  by S imonds et a l . ( 1 97 7 ) . Longh i  et a l , ( 1 972 )  descri bed 
1 4072 as a suboph i t i c  basalt-wi th l arge resorbed!Dl i vi ne p henocrysts . There 
has been a strong post-crysta l l i zat ion reducti on i n  the rock .  Thi s i s  a l so 
noted by E .  Goresy et �· ( 1 972 ) .  

El Goresy et a l . ( 1 972)  note the textura l and mi nera l ogi cal s i mi l ari ty that 
exi sts between-1 4053 and 1 4072 .  They a l so n ote the part i ti on i ng of MgO 
between pri mary i l men i te and u l vosp i ne l  vs " exsol ved "  i l meni te and co-exi st
i ng ul vospi nel i nd i cates that the reduction p rocesses represented are a 
c l oser approach to equi l i bri um than i ni ti a l  crysta l l i zati on . Nati ve i ron
ni cke l  meta l a l so occurs in the i r  samp l e .  The s i deraphi l e content i s  
extremel y  l ow (Au content 0 . 089 ppb )  Hughes et �· ( 1 973) . 

Tay l or et £1. ( 1 972 )  con s i der 1 4072 to be s imi l a r  to Apol l o  1 2  basa l ts . 

Hel mke et �. ( 1 972 ) report REE concentrati ons s i mi l ar  to Apol l o  1 2  basa l ts .  

Cl ayton et �. ( 1 972 ) have determi ned the oxygen i sotope concentrati on i n  
1 4072 and Compston et a l . ( 1 972 ) have determi ned the Rb-Sr mi nera l  i so�  
chrons for the rock and suggest the age to be approximately  4 bi l l i on years 
ol d .  York et a l . ( 1 972)  have found the approxi mate 3 8Ar cosmi c ray exposure 
age to be 2r-m�. for 1 4072 . 
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1 40'73 

r· 1 cm 

S-71 -2 6079 

14073 , 7 
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1 4074 

1 cm 

S -71 -26 059 

1 4074, 4 

1.1 mm I 
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1 4078 

r· 1 cm 

S -71 -2604 6  

1 4078, 4 

1.1mm 1 
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1 4079 

1 cm 

S -71- 26050 

Al l of the samp les  came from the bottom of the trench taken at Stati on G ,  
230 m ESE of LM and 50 m E o f  North Tri p l et r im  crust .  

The area i s  marked by a nearly l evel terrai n  wi th a sparse amount of  debri s 
scattered throughout . The debri s ranges i n  s i ze from the l i mi t of resol u
t i on up to 60 em . There i s  a moderate abundance of  subdued 20 to 50 em 
craters i n  the area . 

Al l samp l es were returned i n  documented bag 20N i n  ALSRC 1 006 . 

PHYS I CAL CHARACTERISTICS 

Samp l e  Number Mas s  D imens i on 

1 4073 1 0 . 4  g 2 . 8  X 2 . 0  X 1 . 5 em 
1 4074 5 . 2  g 1 . 0 X 1 . 5 X 2 . 5  em 
1 4078 8 . 3  g 2 . 9  X 1 . 5 X 1 . 2 em 
1 4079 3 . 2  g 1 . 6 X 1 . 2 X 0 . 6  em 

These samp l es are very 1 � ght  gray , very coherent ,  hol ocrysta l l i ne , mel t  
rocks . 
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SURFACE FEATURES 

Ori g i na l ly  only samp l e  1 4074 had zap pi ts on any surface . Even on th is  sam
P 1 e they were very few and �1i de l y  scattered .  Where presen t ,  they were des
cri bed as bei ng gl ass l i ned and rangi n g  i n  s i ze from 0 . 5  to 1 . 0 mm .  The p i ts 
had good h� l os around them , but no p i ts are v i s i bl e  on the sampl e  anymore . 

Al l of the samp l es conta i n  cavi ties or vugs . Most of the cav it ies are i rreg
ul ar to el ongate and range i n  s i ze from 0 . 5  to 1 . 5 mm and most fa l l  i n  the 
1 - 1 . 5 mm si ze range consti tut i ng around 1 %  of the vol ume of the rocks . Many 
conta i n  p rotrudi n g  crysta l s  of p l ag i oc l ase .  Some sma l l c l usters of  cavi ties  
can  be  seen . 

Samp l e  1 4073 and 1 4074 each have fractures present wh i l e  1 4078 and 1 4079 
have no surface fractures . 

The fractures i n  1 4073 have one set whi ch makes a 30° ang l e to the l ong axi s 
of  the samp l e .  The fracturE! S i n  1 4074 are non-p l a nar and occur i n  two sets 
of  one member each . One set i s  di agonal to a l l surfaces and the other makes 
an angl e of 20° to the othe r .  Nei ther fracture surfaces can be seen . 
PETROGRAPH I C  DESCR I PTION 

Al l samp l es are l i g ht gray i n  col or and equi granul ar  i n  texture wi th a grai n 
s i ze of approxi mately 0 . 25 mm to 0 . 5  mm . These samp les  are a l l hol ocrysta l 
l i ne and basal ti c i n  nature .  The observable  mi nera l s are p l agi oc l ase ,  py
roxene , o l i vi ne and opaques . Some of the fel dspar i s  poi ki l i ti c .  The major  
mi nera l s are pl ag i ocl ase and  pyroxene wi th l e s ser amounts of  o l i v i ne and  a 
sma l l amount of opaques . 

Th i n  secti on 1 4073 , 1 0  shows an i nterl ocki ng network of p l ag i ocl ase l aths 
wi th l arge anhedral crysta l s  of pyroxene unevenly di stri buted throughout 
the secti on . Several l a rge masses of pyroxene have on ly mi nor p l ag i ocl ase 
as soci a ted wi th them whi l e  other mas ses are i nterspersed i n  the ti g ht ly  
grouped p l a g i ocl ase network . There appear to  be  two generat ions of p l agi o
cl ase .  P l ag iocl ase compri ses approximately 60% of the secti on and pyroxene , 
40% . Mi nor amounts of brown mesosta s i s  and opaques are al so p resent . 
Thi n secti on 1 4074 , 4  i s  a typi ca l  crysta l l i ne rock composed of p l ag i ocl ase 
and pyroxene in  a d iabas i c  texture . The l ong bl adey to wi de l aths of 
p l ag i ocl ase enc l ose the much sma l l e r  an hedral ma sses of  pyroxene . The 
p l a g i ocl ase shows wel l  devel oped twi n p l anes . The pyroxene shows some zon i n g  
wi th numerous i ncl us i ons and  some of the pyroxene crystal s  show cl eavage 
traces .  Al l show some s hock effects . 

I t  i s  apparent that at l east two generati ons of p l ag i oc l a se are present . 
There are some very sma l l s hort b l adey crysta l s ,  i n  addi ti on to the two 
types of l a rger crysta l s ,  suggesti ng that there may be three generati ons 
present . A l ate stage p l a gi oc l a se crysta l l i zati on appears to have occurred ,  
resul t ing  in  sma l l ma sses of anhedral p l a g i ocl ase and  a sma l l amount of 
mesostasi s .  
The rock consi sts o f  approximate ly  60% p l a g i ocl ase and 40% pyroxene wi th 
only sma l l amounts of  opaques and mesostas i s .  

Secti on 1 4078 , 4  i s  a l so crysta l l i ne ,  wi th a subophi t i c  texture . It  conta i ns 
s l i ghtly more pyroxene than p l agiocl ase (60 � 40 ) , and some mesosta s i s  i s  
present .  Most o f  the crystet l s s how some evi dence of  shock . 
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There are at  l east  two generati ons of p l agi ocl ase crystal s  p resent .  The 
pyroxene crysta l s  are anhedra l  i n  s hape , occurring as masses . Some twi nning  
is  p resent .  Al l samp l es are s imi l ar i n  appearance to 1 431 0 .  
The major consti tuents o f  1 4078 , 3  are p l agi ocl ase ( 64 . 4 vol ume % )  and l ow Ca 
pyroxene ( 22 . 2 vol ume % )  the l ater i s  prima ri l y  pi geoni te but one l a rge 
orthopyroxene crystal was observed . O l i vi ne ( 6 . 5  vol ume % ) , aug ite ( 3 . 3  
vol ume %) , S l - and K- ri ch mesostos i s  ( 2 . 3 vol ume % ) ,  and i l men i te ( 0 . 5  
vo l ume % )  are mi nor consti tuents reported by McKay et a l . ( 1 978) . They a l so 
observed traces of  cal ci um phosphate , K-fe l dspa r ,  tro iTTte and meta l . The 
texture of 1 4078 , 3  as reported by them i s  s imi l ar to 1 43 1 0  rang ing from 
s ubop h i t i c  to i ntergranu l a r .  They observed a s uggesti on of "textural 
heterogeni ty" whi ch they de scri be as a few sma l l ( sma l l er than 0 . 5  mm) fi ne
gra i ned patches resemb l i ng the fi ne- grai ned areas in 1 43 1 0  reported by 
James ( 1 973 ) . 

D ISCUSS I ON 

The on ly  samp les  whi ch have been studi ed are 1 4073 and 1 4078 . Gancarz 
et �- ( 1 97 1 ) and E l  Goresy et �- ( 1 972 )  have descri bed the genera l petro l 
ogy and geochemi stry of 1 4073 as bei ng s imi l a r  to that of 1 43 1 0 .  They have 
descri bed several of  the opaque mi nera l s  wh i ch are present i n  the samp l e .  

C l ayton et a l . ( 1 972)  have done oxygen i s otop i c  studi es and concl ude that 
1 4073 show typ i ca l  " i gneous " va l ue s .  
Age determ i nati ons for 1 4073 have been performed by Papanastass i ou and 
Wasserburg ( 1 97 1 ) ,  Tera and Was serburg ( 1 972 )  and Turner et a l . ( 1 972 ) .  The 
Ar4 0-Ar3 9 age has been determi ned as 3 . 88 � 0 . 05 AE and an-exposure age of  
1 1 3  mi l l i on  years . 

Wi l sh i re and Jackson ( 1 972 )  have c l ass i fi ed the samp l es as Group B ( basa l ti c )  
crysta l l i ne rocks . S imonds e t  a l . ( 1 977 )  c l a ss i fy 1 4073 a s  a CMB o f  the 
c l a st  l adened impact mel t  vari ety .  McKay e t  a l . ( 1 978) have descri bed re
cently the general petrol ogy and geochemi stry-of 1 4078 . They report : 

1 )  the REE content of 1 4078 i s  1 0- 1 5% h i g her  than that of 1 4073 ; 
2 )  the age of  1 4078 i s  3 . 89 : . 02 B . Y .  o l d .  The i n i ti a l  8 7Srj 86Sr  

is  0 . 70051 ± 5 .  Therefore , 1 4073 , 1 431 0 ,  and 1 4001 , 7 , 3  are  the 
same age , wi thi n  the error l i sted. 

3) Petrograph i c  and chemi ca l  data permi t deri vat i on of these samp l es , 
as wel l as  1 41 52 , 5 , 1 02 ,  from the same l i qu i d .  
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5 -71 - 26060 

14075 , 4  
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Sampl e 1 4075 was col l ected at the bottom of the trench at Stat i on G 230 m 
ESE of LM and 50 m E of North Tri p l et rim crust . The area i s  characteri zed 
by a nearly  l evel rego l i th surface whi ch i s  s parsely strewn by fragmenta l 
debri s .  The s i ze of the debri s varies  from the l i mi t of resol ution to 60 em . 

There i s  a l so a moderate abundance of subdued craters i n  the 20 to 50 em 
range . 

Thi s samp l e  was returned i n  documented bag 20N i n  ALSRC 1 006 . 

PHYS I CAL CHARACTERISTICS 

Mas s  D imensi ons 

4 . 65 gm 1 . 0 x 1 . 5 x 2 . 5  em 

1 4075 i s  a sma l l ,  subangu l a r ,  bl ocky , rock chi p  of a moderate ly  coherent frag
menta l rock wi th a moderate ly smooth surface . The col or is  a l i ght gray . 

SURFACE FEATURES 

None of the surfaces s how any p i ts and there are no surface fractures . 
There are numerous cavi ti es wh i ch are angul a r  c l ast mol ds wi th s i zes rang i ng 
from 0 . 5 to 3 . 0  mm having a homogeneous di stri bution on the surface . These 
cavi ties  are spaced approximate ly  3 mm apart . 

P ETROGRAPH I C  DESCRI PTION 

This fragmental rock i s  polymi ct , composed of 5% fragments > 1 mm and 95% 
matri x ( < 1 mm ) . The rock is fri abl e but does not crumbl e eas i ly .  T he 
col or  i s  l i ght gray and has an average grai n s i ze of < 0 . 5  mm .  The l argest 
cl ast is  no more than 4 mm in s i ze .  Mi neral fragments , whi ch make up 2% 
of the rock , cons i st of fel dspar and brown pyroxene . L i thi c fragments of 
mel anocrati c and l eucocrati c crysta l l i ne rocks compose approximate ly  70% of 
the rock .  Angu l a r  bl ack g l as s  fragments make up about 25% of the rock , but 
not a l l  dark fragments are g l ass . 

T h i n  section 1 4075 , 4  shows no c l a sts ( >  1 mm) but there are numerous l i th i c  
and mi neral fragments i n  the matri x .  There i s  approximately  1 0% g l ass  i n  the 
section  represented as sma l l yel l owi sh  masses and as turb id  "wormy g l a s s "  
i n  between the gra i n s .  The thi n secti on shows nearly equal amounts of p l ag io
cl ase and  pyroxene fragments . The p l agi ocl ase s hards are l arge and mi l d ly  
s hocked ,  whereas the  pyroxene is  h igh ly  s hocked and  fractured . Mi nor ol i vi ne 
occurs i n  both types of mi neral fragments . The l i th i c  fragments represented 
i n  the secti on i nc l ude crysta l l i ne brecc ias , me l t  roc k ,  s hocked and g ranul ated 
pyroxene/pl agiocl ase rocks and fi ne gra i ned microbrecc i a s .  Al most a l l of  
these mi neral fragments are 1 < 1 mm i n  s i ze .  
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DI SCUSSION 

Wi l sh i re and Jackson ( 1 972)  c l a s s i fi ed 1 4075 as an F4 fragmenta l  rock .  

Due to the sma l l s i ze of  the fragment no deta i l ed work has been done on 
thi s samp l e .  
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1 4076 

S-71-26064 

Sampl e 1 4076 was col l ected at the bottom of the trench at Station  G ,  230 m 
ESE of LM and 50 m E of North Tri p l et r im  crest .  

The area , i n  genera l , i s  nearly l evel and l i ghtly s trewn w ith  debr i s .  The 
s i ze of the debri s  ranges from the l im i t  of resol ution up to 60 em . There 
i s  a moderate amount of subhedral 20 to 50 em craters . 

The samp l e  was returned i n  documented bag 20N i n  ALSRC 1 006 . 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

2 . 00 g 2 . 5  x 1 . 0  x 1 . 0  em 

1 4076 i s  a medi um l i ght  gray fragmenta l rock whi ch shows two d i s ti nct matr ix  
areas wi thi n the s ame rock fragment .  The contact of the two matrices i s  very 
s harp . The fragment conta i ns d i s ti nct c lasts of  a l i ght  b l u i sh gray crystal 
l i ne rock .  The rock i s  tough a nd appears to be wel ded polymict .  
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SURFACE FEATURES 

None of the s urfaces show any zap p i ts .  There are no cavi ties vi s i b l e  on the 
s urface of the fragments . 

There i s  one set of fractures paral l el to the l ong axi s of the rock . Th i s  
fracture set transects an i rregul ar s harp contact whi ch cross es the rock 
para l l el to the i ntermedi atE� ax i s .  There are three members each spaced 
approxima tely 3 mm apart .  The fractures s urfaces are p l anar . 

PETROGRAPHIC DESCR I PTION 

Sampl e  1 4076 is  a sma l l  e l ongate, angul ar ,  medi um gray fragment which  i s  
tapered a t  one end . The surface o f  the fragment i s  smooth , p l anar ,  and un
p i tted . The texture is i nhomogeneous . T he gra i n  s i ze of the matr ix  i s  
very f i ne and that of the c'l asts range from 0 . 1  to 4 mm . 

The rock i s  tough and shows two d i s ti nct matri ces i n  the fragment wh i ch are 
separated by a s harp contact.  One ha l f  of the rock has 30% v i s i bl e  cl asts 
wh i c h  cons i s t  of  mostly el ongate and bl u i s h -gray cl asts .  The second hal f 
of the rock has only 5- 1 0% cl asts set i n  a medi um brown matr i x .  Thi s second 
matrix  i s  s l i ghtly coarser than the gray matr ix .  Mi neral fragments consti 
tute 65% of  the cl asts presE�nt and 35% are of the l eucocrati c  crysta l l i ne 
rock fragments .  

The fol l owi ng types of cl asts occur i n  the roc k :  

1 )  The fel dspar-ri ch , b l u i sh-gray l eucocrati c  l i th ·i c  fragments wh i ch meas ure 
up to 3 mm . Fel dspar gra i ns compose most of the fragments set i n  a th i n  
whi te powdery matri x .  

2 )  B l ack fi nely crystal l i ne l eucocrat ic  l i th i c  fragments . 

3 )  Patches of coarser gray 'l eucocrati c  cl asts s et i n  a l i ghter gray matri x .  

4 )  Mi neral fragments with rE! l a t i ve percentages : 
a ) Equant, broken mi l ky-�1hi te fel dspar ( 20% ) 
b ) Equant, col orl ess mi nera l  ( 1 8% )  
c ) Dark, brown i s h- bl ack mafi c ( 60% ) 
d ) Pi s tachio green o l i vi ne i n  broken crystal  ( 1 ·-3%) 

5 )  Col orl ess to brown , botryoi dal  and s l abby gl ass i n  trace amounts . 

DISCUSSION 

T h i s  rock fragment has not been a l l ocated and no data i s  present ly  avai l 
abl e .  Wi l s h i re and Jackson ( 1 972 ) c lass i fied the fragment as  an F4 type of 
rock .  
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1 4077 

1 cm 

S-71 -26070 

Sampl e  1 4077 was col l ected at Station G l ocated 230 m ESE of LM and 50 m E 
of North Tri pl et r im  crest .  I t  was col l ected from the bottom of the trench 
samp l e .  

The general area i s  more or l ess  l evel and s parsely covered w i th debr i s .  The 
s i ze of the debri s ranges from l im i t of resol utio n  to 60 em.  The area has a 
moderate abundance of 20 to 50 em craters most  of wh i ch are s ubdued . 

1 4077 was returned i n  documented bag 20N i n  ALSRC 1 006 . 

PHYSI CAL CHARACTERISTICS  

Mass D imens i ons 

2 . 77 g 2 . 0  x 1 . 8 x 0 . 7  em 

1 4077 i s  unusual i n  that i t  i s  a very l i g ht gray hol ocrysta l l i ne pl agi ocl ase
r ich  rock .  The samp l e i s  f i ne-gra i ned and i nequigranu l ar .  

S URFACE FEATURES 

There are no zap p i ts present on any of the s urfaces . In general , there are 
two types of cavi t i es present on the samp l e .  These are square-s haped crystal 
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mo l ds (average s i ze 0 . 7 mm) and i rregu l ar el ongate vugs ( 0 . 2  to 0 . 5  mm i n  
s i ze ) .  Few vugs measure 1 mrn across . The vugs are homogeneously di stri buted 
and are spaced approximate ly  2 em apart .  The vugs make up approximate ly  1 %  

· o f  the tota l vol ume o f  the rock .  

There are no  major fractures i n  the rock .  

PETROGRAPH I C  DESCRIPTION 

Samp l e  1 4077 i s  a very l i ght gray , ho l ocrysta l l i ne ,  fi ne-gra i ned ,  i nequi granu
l ar rock .  I t  is a bl ocky and angul ar rock wi th an i rregu l a r  surface .  The 
gra i n  s i ze i s  < 0 . 1 mm . It  possesses a homogeneous texture and m inera l ogy 
domi nated by l arge p l a gi oc l ase crysta l s .  The rock i s  very tough and angul ar .  

The rock was descri bed duri ng  PET as  bei ng composed of 99% fel dspar of  whi ch 
there are two types . The fi rst i s  a c l ear l i ght gray phenocrystic fel dspar 
( 1  mm x 0 . 5  mm ) mak i n g up 3% of the who l e  rock compos i ti o n .  The other fel ds
par is  a c l ear l i ght gray subhedral type forming  the matri x of the rock .  The 
rema i n i ng 1 %  are equant euhedral g ra i n s  ( 0 . 1 to < 0 . 1  mm) of opaque mi neral s .  
No thi n sect i on , to date , exi sts .  

D I SCUSS ION 

Wi l s h i re and Jackson ( 1 972 ) c l as s i fy th i s  as a homogeneous crystal l i ne meta
c l asti c rock .  
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1 4080 1 408 1 

1cm 

S-71 -26039 S-71 -26042 

Samp l e s  1 4080 - 1 4081 were taken from the mi ddl e of the trench at stati on G 
230 m ESE of LM and 50 m E of the Tri p l et  rim crust .  The general area from 
where the samp l e  was taken i s  cha racteri zed by a nearly l evel terra i n  
sparsely scattered wi th debri s .  The s i ze of the debri s vari es from the l i mi t 
of resol uti on up  to 60 em. The a rea i s  a l s o  characteri zed by a moderate abun
dance of subdued 20 to 50 em craters . 

The samp l es were returned i n  documented bag 2 1 N i n  ALSRC 1 006 . 

PHYS I CAL CHARACTERISTICS 

Mass 

1 4080 1 . 94 g 
1 4081 0 . 84 g 

Dimens i ons 

1 . 6 x 1 . 3  x 0 . 8  em 
1 . 2  x 0 . 9 x 0 . 7  em 

Both of the samp l es are l i ght gray i n  col or and very fi ne gra i ned . They are 
both polymi cts and conta i n  a bundant g l ass . Both are fri abl e being made up of 
< 1 mm rock/soi l fragments bonded by g l as s .  They cou l d  be p i eces of the sam
p l e  but i n  thei r p resent state , they cannot be fi tted together .  
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SURFACE FEATURES 

1 4080 has zap p i ts whi c h  are g l ass  l i ned , about 0 . 1  mm i n  s i ze ,  and rare ly  
present on  the surface . 1 4081 has no v i s i b l e  p i ts .  The surface of the rock 
chi p s  are very jagged and uneven . 1 4080 shows two fa i nt paral l el grooves i n  
the ves i cu l ar g l a s s  on the surface . Both samp l e s  are marked by abundant 
ves i cu les in the g l ass . These ves i cul es are from 0 . 1 to 0 . 5  mm i n  s i ze and 
are more or l ess oval i n  shape . These ves i cu l e s  are even ly  di stri buted over 
the samp l e s .  The ves i cu l es account for approximate ly  30% of the g l a s s  vol 
ume . Mos t  of the ves i cu les  are dust  fi 'l l ed .  1 4080 has an uneven g l a s s  
spatter over 75% of  i ts s urface . 1 4080 a l so has numerous non -pl anar sur
face fractures whi c h  show no ori entati o n .  

PETROGRAPH I C  DESCR I PTION 

Both sma l l chips are fine-grai ned polymi cts composed ent i re ly  of gra i ns 
< 1 mm i n  s i ze .  Al l gl ass materi a l  i s  a l so < 1 mm i n  s i z e .  The average 
gra i n  s i ze i s  < 0 . 1 mm . Some very smal 'l l eucocrati c fragments probably  
occur as  some of the sma 1 1  non-gl assy fragments . The  texture i s  homogeneous . 
These rocks may be thought of as  g l ass  bonded aggregates of fi ne-grai ned 
cl asti c fragments . 

D ISCUSS ION 

Wi l sh i re and Jackson ( 1 972 )  has c 1 ass i f·i ed 1 4080 as an F 1 type fragmented 
rock . Due to thei r sma l l  s i ze ,  no deta i l ed work has been done on the 
samp l es . 
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1 4082 

,0 

I 1 cm I 

S-71 -32441 

1 4082, 7  

S-71 -254 8 1  

N o  scale ava i lable 
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1 4083 

r· 1 em 

S-71-252 1 3  

1 4083, 35 
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Sampl es 1 4082/ 1 4083 are whi te rocks col l ected at station Cl , 1 . 24 km ENE of 
the LM and 1 7  m SE  of the rim of Cone Crater .  They are representati ve of one 
of the major rock types as seen i n  l unar photo documentati on . The samp l e  was 
chi pped from the top of Wh i te Roc k ,  a 1 m brecc ia  bou l der wi th consp i cuous 
1 em dark and l i ght cl asts i n  a very l i ght gray matri x .  Th i s  sampl e  was 
p l aced i n  bag 1 3N and returned i n  ALSRC 1 006 . By the t ime i t  had arri ved at 
the LRL , i t  had broken i nto two p i eces and these were numbered 1 4082 and 
1 4083 .  Samp l e  1 4082 was studi ed exten s i ve ly  by the Imbri um Consorti um ,  
from whi ch much o f  th is  i nformation  i s  deri ved . 

PHYS I CAL CHARACTER I STICS 

Mass 
1 4082 61 . 1 6 g 
1 4083 1 3 . 37 g 

D imens i ons 
6 . 0  x 3 . 6  x 2 . 0  em 
3 . 2  x 1 . 5  x 2 . 2  em 

Samp l e  1 4082/ 1 4083 i s  one of the whi te rocks . I t  i s  a polymi ct brecc i a  with 
a very l i ght gray matri x and darke r  l i th i c c l asts .  

SURFACE FEATURES 

Samp l e  1 4082 has a rough i rregul ar  surface with no g l ass coveri ng . Only one 
p i t  1 . 5 mm i n  di ameter was observed by the P ET team who descri be i t  as 
contai n i ng dark brown g l ass fonrii ng the shel l of the pi t and col orl ess gl ass 
forming  the fi l l i n g .  The Imbri um Consorti um ( 1 976 )  descri bed a l l  surfaces 
as pi tted .  

Sampl e 1 4083 conta i ns g l as s- l i ned pi ts rangi ng from 0 . 75 mm to  1 . 0 mm i n  
s i ze . P i ts penetrate the dark surface and are confi ned to one s i de of the 
roc k .  The g l ass l i n i ng i s  darker on the darker port i ons of the roc k ,  and 
l i ghter on the l i ghter porti ons . There are approximate ly  two to three p i ts 
per square centimeter. 

The on ly  other cavi ties on these samp l es are cl ast mol ds rang i n g  from 1 -3 
mm i n  di ameter on 1 4082 , and from 1 -2 mm i n  ,di ameter on 1 4083 . 

There are no fractures on ei ther sampl e .  

One corner of  1 4083 has  a dark brown gl assy coati ng  wh i c h  i ntrudes the whi te 
i n teri or .  

PETROGRAPH I C  DESCRI PTION 

Sampl e 1 4082 cons i s ts of about 90% fi ne-grai ned matrix and 1 0% cl asts l arger 
than 1 mm . The matri x i s  fel ds par-ri ch and grayi sh-wh i te w ith some i rreg u l a r  
darker gray zones . Fragments o f  ci nnamon brown pyroxene , yel l ow green o l i 
v ine ,  and traces of bl ack o paques down to 0 . 1  mm i n  s i ze are v i s i bl e  i n  the 
matri x .  The matrix h a s  a seri ate texture wi th a n  average gra i n s i ze of l ess  
than 0 . 1  mm .  

Li th i c  c l asts averagi ng 2-2 . 5  mm in  d i ameter are dark gray fragments of  very 
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fi ne-grai ned rocks s i mi l ar to 1 4076 . L i th i c  cl asts make up most  of the 
materi al l a rger than 1 mm and l i g ht col ored anorthos i ti c  cl as ts make u p  
most  of  the res t,  wi th a few m i nera l fragments l arger than 1 mm. 

Sampl e  1 4083 has approximate-l y  1 5% cl as ts l arger than 1 mm and 85% matri x .  
Of the cl asts l arger than 1 rnm 95% are l i th i c  fragments . These are da rk 
g ray very fi ne-gra i ned ser i ate cl asts ran g i ng from 1 -3 mm i n  s i ze .  Some 
have sparse 0 . 5  mm p l agi ocl ase fragments and some 0 . 5 mm dark mi neral s .  
Mos t  of the l i th i c  cl asts are dark but 1 0% are l eucocrati c ,  con s i st i ng of 
� 1 %  brown pyroxene , 40% dark mi nera l , and 60% wh i te fel dspar . 

M ineral c l asts are col orl ess to wh i te equant p l ag i oc l ase .  

The matri x con tai ns cl ear gra.y p l ag i ocl ase , tan pyroxene ( ? ) , opaques , 
yel l ow-green ol i v i ne ,  and pa l e  p i n k  and orange m i neral s .  

DISCUSS ION 

Sampl e 1 4082/1 4083 was descri bed by Wi l s hi re and Jackson ( 1 972 )  as a fri ab l e  
rock wi th dark cl as ts , p l a ci ng i t  i n  h i s  F3 c l ass i fi cati on .  I t  was c l as s i 
fi ed a s  Warner ' s  ( 1 972 )  metamorph i c  g rade 3 ,  and Chao et �· ( 1 972)  cal l ed 
i t an ananneal ed s l i g htly fel dspath i c  Fra Mauro brecc i a  ( 2a ) . I t  was l i sted 
as bei ng g l ass-poor wi th a fr-agmental matri x by von Engel hardt et a l . ( 1 972 ) . 
S i monds et �· ( 1 977 )  con s i der i t  to be representat·i ve of thei rLMB( l i g ht 
matri x brecci a )  g rou p .  

The surface o f  1 4082 was mapped by the Imbri um Consortium ( 1 97 6 )  who s tudi ed 
certa i n  cl asts and matri x sampl es . They descri be 1 4082 as s im i l ar to 1 4064 , 
wi th abundant pore s pace i n  the matri x .  

Pyroxene and p 1 ag i  ocl ase fra�1ments i n  the matri x are descri bed by the 
Consorti urn ( 1 976)  as bei ng of s imi l ar dimens i ons , but the compos i t i on 
pyroxene varies , suggest i ng that i t  was deri ved from vari ous s ource s .  
xene exsol uti on i s  common and was stud ied by Papi ke and Bence ( 1 972 ) . 
i nterpreted what they termed " i nverted p i geon i tes " to be sampl es of 
pl utoni c  rocks that have been b l as ted out of the Imbri um Bas i n .  

Imbrium 
of the 
Pyre
They 

L i mi ted chem i s try of 1 4082/1 4083 can be found i n  an arti cl e by Rose et al . 
( 1 972) . The wh i te rocks ( 1 4082/ 1 4083 , 1 4063 , and 1 4064 ) are bel i evedtohave 
been ejected from a dark- l i g h t  s trati fied bedrock u n i t  at stati on C 1 by the 
Cone Crater impact ( Sutton �!� �. , 1 972 ; Swann et al_. , 1 97 7 ) . 

Ryder and Bower ( 1 976 ) concl uded that the KREEP -ri ch , fragment l aden l i th
ol ogy of the Whi te Rocks i s  a resu l t of the crysta"l l i zat ion  of a s i l i cate 
mel t  conta i n i ng sol i d  s i l i cate fragments . They be"li eve that i t  i s  more 
l i ke ly  that th i s  mel t was the resu l t  of the total mel t i ng  of a polymi ct , 
p l a g i oc l ase-ri ch source by meteoro i d  i mpact , the fragments being p i cked up 
as the me l t  moved outward from the po int  of i mpact .  

1 09 



Comprehens i ve Samp l e  ( 1 41 69- 1 41 88 ,  1 4250-1 4299 ) 

The comprehensi ve samp l e  from Apol l o  1 4  has been descri bed , c l ass i fi ed and 
d i scussed by Phi nney et al . ( 1 975 )  i n  the i r  publ i cat ion devoted to that 
topi c .  The i nformation col l ected and di scus sed by them i s  i ncl uded herei n 
for pu rposes of compl e teness on ly , and very l i tt l e  attempt has been made 
to redescri be these samples except that new thi n s ecti on  descri pti ons are 
i ncl uded whenever poss i b l e .  

The purpose of the comprehensi ve samp l e  was to acqu i re a s tati sti ca l ly  s i g
ni fi cant set of sma l l  rock samples  to petrographi ca l l y  characteri ze the d i s 
tri buti on of  rock types i n  the l unar rego l i th .  The sampl e l ocat i on was 
sel ected 1 00 to 1 25 m west  of the LM . A two to three meter di ameter ci rcl e 
was marked and al l of the wal nut s i zed rocks on the su rface wi thi n the 
c i rcl e were col l ected wi th tongs . Then , a soi l sampl e  was col l ected from 
wi th i n  the ci rcl e .  Two wei gh bags were to  be u sed to conta i n  the sampl es : 
wei gh bag 1 039 was to conta i n  rock fragments and we i gh bag 1 007 was to con
ta i n  the soi l samp l e .  Unfortunately ,  as d i scussed in the Apol l o  1 4  Prel i m
i nary Sci ence Report ( 1 971 ) ,  there was some confus i on about the ori g i n  of the 
contents of wei gh bag 1 027 . I t  conta i ned 20 smal l rock fragments ( 1 41 69-
1 41 88)  and a l arge undocumented rock , 1 4303 . On the bas i s  of thei r assoc i a
ti on wi th two documented rocks ( 1 4304 and 1 4305 ) returned i n  the' s ame 
wei gh bag and col l ected near the comprehens i ve sampl e s i te ,  the 20 fragments 
and 1 4303 were tentati vel y cons i dered to be parts of the comprehens i ve sam
pl e .  Later ,  1 4303 was found to have been part of 1 4304 , col l ected at the 
end of the fi rst EVA .  The astronauts were unabl e to  get  al l of the  we i gh bags 
conta i n i ng the comprehens i ve samp l e  i n  the S RC so they put the " smal l sam
p l es of sma l l rocks"  from the comprehens i ve sampl e i n  the we igh  bag ( 1 027 ) 
wi th the footbal l -s i ze rocks co l l ected l ater ( 1 4303/1 4304 and 1 4305 ) . I t  
seems probabl e ,  therefore ,  that s ome porti on o f  the sampl es 1 4 1 69- 1 41 88 
cou l d  be parts of the l arger sampl es 1 4303/1 4304 and 1 4305 that were i n  
the same bag but not part o f  the conti ngency sampl e .  I t  was bel i eved by 
Ph inney et a l . ( 1 975)  that a l l of the sma l l s ampl es 1 41 69- 1 4 1 88 were frag
ments of-r4303 because they are al l i denti cal i n  thei r l i tho l og i es and are 
l i thol ogi cal ly i denti cal to 1 4303 and because they s how freshly fractured 
surfaces wi th no pati nation or zap p i ts and one end of 1 4303 i s  a fracture 
s urface ( l ater s hown to fi t 1 4304 ) . 

The fol l owing  tabl e summari zes the contents of the three we i gh bags : 

Wei gh Bag Number 
1 007 

1 009 

1 �7 

Rock  Sampl es 
1 4250- 1 4255 

( Rocks separated 
from soi l )  

1 4264-1 4288 

1 41 69- 1 41 88 
1 4303/1 4304 

and 1 4305 

1 1 0 

Soi l S ampl es 
1 4256- 1 4259 
1 4298- 1 4299 

1 4260-1 4263 
( So i l  col l ected 
wi th rocks ) 

1 41 65- 1 4 1 68 
( Res i due) 



1 41 69 

1 em ---, 

S-75-24302 

1 1 1  



1 41 70 

,0 

1cm 

S-76-23611 

1 1 2 



1 41 6 9 , 8 

1 41 70, 4 

1 1 3  



1 4171  

S-71-30349 

1 41 71 , 1 1  

1 1 4 



1 41 72 

S-71 -25279 

1 41 72 , 1 7  

1 1 5  



1 41 73 

S-71-25288 

1 41 73 , 1 7  

1 1 6  



1 41 74 

1 cm 

S -71 - 2 5292 

1 4 1 74 , 5 

1 1 7  



1 41 75 

S-71 -2 6851 

1 41 75 , 3  

1.1mm 1 

1 1 8 



1 411 76 

S -71 -26858 

1 41 77 

S -71- 26904 

1 1 9  



1 41 78 

5 -71 -26907 

1 20 



1 4 1 79 

1 cm 

S-71 -26887 

1 4 1 79 , 4 

1 2 1  



141 80 

,1 

1 cm 

S-75-24299 

1 22 



1 41 8 1  

r-·---------·-, 1 em ' 

S-75-24300 

1 23 



1 41 8 0, 3 

1 .1mm 1 

141 81 .  5 

r.1mm I 

1 24 



1 41 8 2  

1 cm 

S-71-26903 

1 41 83 

1 cm 

S-71-26973 

'1 25  



141 84 

1 em 

S-71 -26976 

1 41 8 5 

1cm 

S-71 -26942 

1 26 



141 86 

r-·
1cm 

S-71 - 26946 

1 27 



1 41 87 

S-71 - 26957 

1 41 87, 3 

1.1mm 1 

1 28 



1 41 88 

···----, 1cm 

S-71 -26962 

1 2 9 



Th i s  enti re set of sampl es was returned i n  wei gh  bag 1 027 , a l ong wi th 1 4303/ 
1 4304 and 1 4305 , They were determi ned to be  fragments of 1 4303 by Ph i nney 
et a l . ( 1 975)  and descri bed as such i n  thei r bookl et on the comprehens i ve 
samPfe ( see es peci al l y  sampl es 1 4250- 1 4288) . 

PHYSI CAL CHARACTERIST ICS 

1 41 69 
1 4 1 70 
1 41 7 1 
1 4 1 72 
1 4 1 73 
1 4 1 74 
1 4 1 75 
1 41 76 
1 41 77 
1 41 78 
1 41 79 
1 4 1 80 
1 4 1 81 
1 41 82 
1 41 83 
1 41 84 
1 41 85 
1 41 86 
1 41 87 
1 4 1 88 

Mass 

78 . 66 g 
26 . 34 g 
37 . 79 g 
32 . 1 0  g 
1 9 . 59 g 
1 1 . 62 g 
7 . 48 g 
4 . 1 2  g 
2 . 32 g 
2 . 88 g 
3 . 03 g 
4 . 75 g 
2 . 48 g 
2 . 29 g 
1 . 40 g 
1 . 48 g 
1 . 52 g 
1 .  26  g 
1 .  90 g 
1 . 60 g 

Dimens i ons 

7 . 1  x 3 . 2  x 2 . 7  em 
4 . 2  x 3 . 3  x 1 . 3 em 
3 . 9  x 4 . 3  x 1 . 5 em 
4 . 0  x 1 . 8 x 2 . 3  em 
3 . 7  x 2 . 2  x 1 . 8 em 
3 . 5  x 2 . 3  x 1 . 8 em 
2 . 8  x 2 . 0  x 1 . 6 em 
2 . 3  x 1 . 8 x 1 . 0 em 
0 . 5  x 1 . 0 x 1 . 8 em 
1 . 8 x 1 . 4 x 1 . 1 em 
0 . 7  x 2 . 0  x 2 . 0  em 
0 . 6  x 1 . 2 x 1 . 6 em 
0 . 6  x 1 . 1  x 1 . 4 em 
0 . 6  x 1 . 7 x 1 . 9 em 
1 . 2 x 1 . 0 x 1 . 0 em 
1 . 6 x 1 . 1 x 0 . 6  em 
2 . 0  x 1 . 2 x 1 . 0 em 
1 . 0 x 0 . 8  x 0 . 5  em 
1 . 2 x 1 . 2 x 0 . 4  em 
1 . 5 x 1 . 0 x 1 . 0 em 

These samp l es conta in  a seriate d i s tri but i on of c l asts as l arge as two centi 
meters across . The samp l es are al l polymi ct b recci a s  w i th fragmental 
matri ces . 

SURFACE FEATURES 

G l ass l i ned zap pi ts are present on sampl es 1 41 69 ,  1 41 7 1 , 1 4 1 7 2 ,  1 4 1 73 ,  
1 41 76 ,  1 4 1 82 ,  1 41 85 ,  and samp l es 1 41 70 and 1 41 87 contai n only unl i ned p i ts .  
Sampl e 1 41 69 has pi ts rang i ng  from 0 . 1  to 2 . 0  mm i n  s i ze wi th a dens i ty 
of 1 0  to 1 2  pi ts per square centi meter .  One h ackly s urface i s  s parse ly  
pi tted ,  perhaps i n d i cati ve of the sampl e ' s  bottom . The rest  are l ess  
densely pi tted . None of the sampl es contai ns s urface g l as s . 

The onl y  cavi ties p resent are c l ast mol ds on a l l sampl es except for 1 4 1 81 
and 1 4 1 86 .  Samp l e  1 4 1 81 conta i ns i rregu l arly shaped v ugs 0 . 5  to 1 . 5 mm i n  
s i ze wi th a homogeneous di s1tri buti on i n  the matri x onl y .  These are 1 0  mm 
apart and account for l ess  than 1 %  of the sampl e ' s  vol ume . Samp l e  1 41 86 
a l so conta i ns i rregul arly s haped vugs wi th an average s i ze of 0 . 8  mm .  These 
occur i n  c l usters on one s i de of the rock .  A few others are wi dely s paced . 
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Several are l enti cu l ar.  No projecti n g  mi neral s have been observed ,  

Fractures are present i n  al l samp l es except 1 41 75 and 1 4 1 88 .  The only 
shock features noted occur on s ampl e 1 41 72 .  The substrate bel ow the 
zap p i ts has mi l ky fe l ds par characteri sti c of s urface s hock mater ia l . 

PETROGRAPH I C  DESCRI PTI ON 

Sampl es range i n  coherence from tough ( 1 41 80 ,  1 41 86 )  to fri abl e ( 1 4 1 71 , 
1 41 85 ,  1 41 87 ) .  Al l sampl es appear to be fragmental polymi ct rocks i n  hand 
specimen . Most cl asts are medi um gray , aphan i ti c  fragments which contai n 
some wh i te s pots and may be part i a l l y  devi tri fied .  The bu l k  of the other 
c l asts are whi te to l i ght g ray l i th i c fragments whi ch are composed mostly 
of pl agi ocl ase gra i ns wi th 1 0-20% maf ic  mi neral s ,  and 1 %  o paques . In order 
to better characteri ze the cl as t  popul ati on ,  a l l of the cl asts l arger than 
5 mm across were descri bed by Phi nney et al . ( 1 975 )  and are i ncl uded i n  
Tabl e 7 .  

·- -

TABLE 7 
C l ast Descri pti ons ( Ph inney � �l· , 1 975 )  

Col or Shape S i ze ( mm)  Comments 
1 4 1 69 Medi um Gray Subround 20 . S i mi l ar to mai n  matri x of 

1 4303 but somewhat darker 
and more annea l ed .  S harp 
contact wi th matri x .  Con-
ta ins  many wh i te cl asts 
and a l arge ol i vi ne c l ast . 

1 41 69 Medi um Gray Sub round 20.  I denti cal to previous 
cl as t .  

1 4 1 69 Li ght Gray Round 6 . 0  Da rk gray rind around 1 . 0  
mm s i ze m i xture of wh i te 
pl ag i oc l ase , res i nous 
brown material  and g ray 
v itreous patches . 

1 41 69 Dark Gray 1 0 .  Aphan i ti c ,  crysta l l i ne 
w i th wh i te fel dspar s pecks . 

1 4 1 70 Dark Gray Angu l ar 5 . 0  Aphan i ti c ,  crystal l i ne ,  con-
tai ns 1 0% whi te fel dspar 
cl asts . 

1 4 1 70 Med . Dark Gray Angu l ar 5 . 0  Aphani t i c ,  crys ta l l i ne w i th 
a few whi te specks <0 . 1 mm .  
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( Cl as t  Descri ption Tab l e  cont ' d ) 

1 4 1 7 1 

1 4 1 7 1 

Co l or 
P i n k i s h  brown 
to Dk . Gray 

Dark Gray 

1 4 1 7 1 Lt . Med . Gray 

1 41 72 Gray & Whi te 

1 41 72 Med i um Gray 

1 41 73 Green i s h  Gray 

1 41 73 Med . Dk . Gray 

1 41 74 Medi um Gray 

1 4 1 79 Gray & Lt . Green 

1 41 80 Med . Dk .  Gray 

Shape S i ze ( mm )  
Round 1 0 .  

Subround 1 0 . 

Round 5 . 0  

Subround 1 5  x 7 

Angu l ar 5 . 0  

Di ffuse 7 . 0  
Boundari es 

? Makes up 20 .  
end of  rock 

Angu l ar 1 0 . 

Angu l ar 5 . 0  

Angu l ar 1 5 .  
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Comments 
Band of p i nki sh  brown , fi ne
grai ned material  across cen
ter. On one s i de i s  b l ack , 
aphan i ti c ,  crystal l i ne ma
teri al wi th a few whi te 
fe l dspar c l asts .  On other 
s i de i s  a mixture of med-
i um gray and wh i te materi al . 

Aphani ti c ,  crystal l i ne w i th 
a few whi te fel dspar c l asts . 
Mare basa l t? 5-1 0% o paques 
as stringers 2-3 mm l ong 
and 0 . 1  mm w ide through a 
mi xture of p l ag i ocl ase and 
p ink i sh brown mafi c m i nera l s .  
Core of whi te p l ag i ocl ase 
as 0 . 5  mm grains mantl ed by 
dark gray aphan i t i c  materi al . 
Very s im i l ar to mai n matrix 
of 1 4303 but sharp contacts 
defi ni tely i ndi cate a cl as t .  

Primar i ly  vi treous g ray pl a
g i oc l a se w i th 30% green ma
fic s i l i cate as 1 . 0 mm crys
ta l s  and < 1 %  b l ack opaques . 
Aphani ti c ,  crystal l i ne wi th 
many whi te s pecks . 

Aphani t i c ,  crystal l i ne wi th 
many whi te specks of fel ds
par.  
3 . 0  mm patch of fractured 
green mafi c s i l i cate and 
5 . 0  mm patch of gray , vi t
reous fel dspar probably 
from a coarse-grai ned gab
bro i c  rock .  
Cl ast ic  to  s omewhat anneal ed 
brecci a  w ith  many s ubround 
whi te fel dspar cl asts and 
one s ubround crystal l i ne 
cl ast wi th mottl ed appear
ance of po i ki l i ti c  mel t 
rocks . 



(C l ast Descri pti on Tab l e  cont ' d ) 

Col o r  S hape 
1 41 81 Ent i re Samp l e  i s  2 C l asts 

1 41 82 Medi um Gray Subround 

1 4 1 86 Medi um Gray 

S i ze (mm )  
7 . 0  

l 0 .  

5 . 0  

l 0 X 6 

Comments 
l )  Medi um gray aphan i ti c  
crysta l l i ne rock wi th many 
wh i te fel dspar specks . 
2 )  Troctol i ti c  anorthos i te 
wi th 0 . 5- 1 . 0  mm p l ag i ocl ase 
as crushed wh i te or vi tre
ous gray materi a l , 1 0% 0 . 5-
1 . 0 mm green mafi c s i l i cate 
( o l i vi ne )  and a few <0 . 5 
mm dark red gra i n s  ( s p i nel ) .  

Very s i mi l ar to ma i n  matri x 
of 1 4303 but somewhat 
darker and a bi t more 
annea l ed .  

Very s i mi l ar  to  mai n  matri x 
of 1 4303 but somewhat 
darker and a bi t more 
annea l ed .  

Several thi n secti ons from 
exami ned for th i s  book let .  
purposes of  compl eteness : 

generi cs i n  th i s  group are ava i l ab l e  and were 
The fol l owi ng descri pti ons are i ncl uded for 

1 41 69 , 8  

There i s  a sma l l amount o f  dark brown " g l as s "  ( 5- 1 0% )  p resent i n  the matri x 
of samp l e  1 41 6 9 , 8 .  Only one c l ast l arger than l mm i s  p resent i n  the sect i o n .  
I t  i s  a fi ne-grai ned brecc i a  wi th crysta l l i tes scattered throughout . Many of 
these crysta l l i tes appear to be pyroxene . The c l ast  has  fractured and the 
matri x has been i njected between the two p i eces . A seri ate mi xture of 
shocked m i neral  fragments ( i nc l udi ng reddi sh sp inel ) and three dark c l ast
l i ke areas are present in the matri x .  These " ghost c l asts " are a reas of 
fine-gra i ned , turbi d materi a l  wi th abundant sma l l crysta l l i tes present .  
These areas merge i nto the matri x .  

1 41 70,4 & 1 4 1 70 , 5  

Some " gl ass "  i s  p resent i n  the matri x o f  brecc ia  1 4 1 70 .  The samp l es cons i s t  
o f  a partly crysta l l i ne-partly " g l assy" matri x wi th abundant mi neral and 
l i th i c c l asts .  Severa l l ar·ge cl asts of pyroxene and  basal t i c  i gneous rock 
fragments are scattered thr·oughout the sect i ons . There a re fewer c l asts i n  
1 41 70 , 4  than there are i n  1 41 70 , 5 .  Samp l e  1 41 70 , 4  conta i ns several devi tri 
fied cl asts and l arger " g l assy" brecci a c l asts . Few , widely scattered , 
pyroxene/basal ti c c l asts ane present i n  secti on 1 41 70 , 4  but a re common i n  
1 41 70 , 5 .  Pyroxene crysta l s  are nearly free o f  i nc l usi ons . Basal t i c  l i th i c  
cl asts have a subop h i t i c  tE�xture wi th anhedral mas ses of brown i sh pyroxene 
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and ac i cu l a r  pl ag i ocl ase . Only smal l ,  scattered cl asts of p l agi ocl ase are 
present i n  ei ther s ecti o n .  

1 41 71 , 1 1  

Secti on 1 41 71 , 1 1  i s  nearly hol ocrysta l l i ne and conta i ns numerous l i th i c  
cl asts . Li thi c c l asts i ncl ude a vari ety of dark matri x mi crobrecci as , a 
cl ast of devi tri fi ed g l ass conta i n i ng abundant dendri t i c  crysta l s ,  and a 
smal l ,  crys ta l l i ne rock fragment .  Opaque m i ne ra l s  are s cattered throughout  
the secti on . The matri x i s  a seri ate mixture of m i neral fragments and 
smal l l i th i c  fragments . Mi neral fragments are pyroxene and p l agi ocl ase i n  
approximate ly  equal proporti ons . 

1 4 1 72 , 7  
Secti on 1 4 1 72 , 7  i s  a brecc i a  w i th a " g l assy" matri x ( 30%) i n  one area , 
whi ch grades i n to a much more crystal l i ne area i n  other areas ( 5- 1 0% " g l ass " ) .  
Very few l i th i c  fragments are present ,  and on ly one cl ast i s  l arger than 
1 mm . Thi s cl ast cons i s ts of a shocked p l agi ocl ase crystal wi th mi nor 
pyroxene adheri ng to one edge . The crystal i s  h i gh ly  fractured and shows 
poorly defi ned twi n  p l anes . Of the i denti fi ab le  m ineral fragments i n  the 
matri x ,  80% are pyroxene and 20% are pl agi oc l ase .  L ith ic  fragments are a 
fine-gra i ned brecci a  wi th corroded pyroxene crystal s .  These crystal s  con
tai n  some i ncl usi ons . 

1 41 73 , 6 & 1 4 1 73 ,7 
Section 1 4 1 73 , 6 grades from v i tri c to more crysta l l ine as does 1 41 72 , 7 .  
Sampl e 1 41 73 ,7 ,  cut from the s ame rock chi p i s  a lmost ent i rely  crystal l i ne 
wi th a few smal l masses of a more "g l assy" brecci a .  Most cl asts cons i s t  
o f  pyroxene and p l agi ocl ase g ra i ns and almost a l l g ra ins  are fractured . 
Twi nni ng i s  present i n  s ome of the pyroxene . A crysta l l i ne cumul ate i s  
p resent near the edge of the secti on . A few smal l ,  g l assy breccia  cl asts 
are present i n  1 41 73 , 7 .  Crystal s i n  1 41 73 , 7  appear fres her wi th l es s  
evi dence of  shock and fewer i ncl u s i ons than those i n  1 41 73 , 6 .  

1 4 1 74 , 5 

A very minor amount of " gl assy" materi al i s  p resent i n  the matrix .  Several 
l a rge l i th i c cl asts are present and cons i s t  of fi ne-grai ned m i crobrecci as 
wi th remnant pyroxene shards , sma l l i gneous fragments , and several masses 
of devi tri fi ed g l ass . One m i crobrecci a fragment has a smal l mass of 
o l i v i ne cumul ate present .  

1 4 1 75 , 3  

Section 1 41 75 , 3  resembl es secti on 1 41 74 , 5  but  contai ns more p l ag iocl ase and 
more " g l assy" materi a l . One edge has what appears to be a tota l ly  devi tri
fi ed g l ass coati ng whi ch has bent and radi ating crystal s .  Some areas have 
l arger crystal g ra i ns than others and may be " ghost" c l asts , however the 
contact i s  g radati onal . 
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L i th i c m i crocl asts are scarce and most are sma l l c l u sters of p l ag i ocl ase and 
pyroxene su rrounded by a mas s of crystal l i tes . Pyroxene ( 80% ) and p l ag io
cl ase ( 20%) make u p  the mi neral g ra i ns , and  a l l  a re s hocked . Chondrul e-l i ke 
bodi es occur as remnant fea tures , and patches of opaque mi neral s are a l s o  
present. 

1 4 1 79 ,4 
S ampl e 1 41 79 , 4  is an ol iv i ne-rich  granul i ti c  rock wi th 2-3% pyroxene cemented 
together by anhedral  p l agi ocl ase . The ol i vi ne crystal s are hi ghly rounded and 
somewhat el ongate . Pyroxene crysta l s  are more equant and square i n  outl i ne .  
Only a trace o f  brown i sh " g l assy" materi a l  i s  scattered throughout the 
secti on . 

1 41 80 , 3  
S ampl e 1 41 80 ,3 conta i ns a fi ne-grai ned ,  nearly  hol ocrystal l i ne mi crobrecci a 
cl ast surrounded by a smal l border of a dark opaque-ri ch brecc i a ,  I n  th i s  
cl ast ,  smal l er fragments of  darker , fi ne-gra i ned , opaque-ri c h  brecc ias  are 
present .  Opaques form subhedral to anhedral crystal s ,  and are w idely di s
persed throughout the secti o n .  Euhedral  crystal s occur i n  the matri x 
s urround i ng the cl ast .  

1 4 1 8 1 , 5  

Thi s sampl e i s  a secti on of a trocto l i ti c  anorthos i te wi th l arge , anhedral 
ol i vi ne gra i ns and l ong , bl aded pl agi ocl ase crystal s .  A second generat i on 
of anhedral  crystal s of p l ag i ocl ase has fi l l ed the i ntersti ces between 
other phases . Large crystal s of i ron metal and other opaques are al so 
present .  One , wel l rounded , redd i s h  spi nel i s  encl osed i n  an ol i v i ne 
crystal . 

1 4 1 87 ,3 
Thi s secti on i s  essenti a l l y  a hol ocrystal l i ne brecci a  wi th abundant , dark 
g ray matri x materia l  whi ch is unresol vabl e .  Abundant , smal l ,  opaque crys
tal s  are present i n  the matri x .  The secti on  area i s  smal l ,  so  an accurate 
eval uation of the cl ast popu l ati on i s  not poss i b l e .  Large fragments pre
sent i nc l ude a few shards of pyroxene , pl agi ocl ase ,  and partly devi tri fi ed 
g l as s .  The th i n  section  has a very turbi d appearance. 

DI SCUSS I ON 

The only sampl es that have recei ved deta i l ed study i n  thi s  group are 1 41 69 
and 1 41 80 .  El dri dge et al . ( 1 972)  determi ned potass i um ,  thornum , uran i um ,  
2 6Al , and 2 2Na concentrati on i n  these samp l es us i ng gamma-ray s pectrometry .  
They found a remarkabl e uni formi ty i n  the primordi al  rad i o  e l ement content 
i n  al l sampl es . They estimate a KREEP content of 60-85% i n  Apol l o  1 4  s oi l s  
and brecci as on the bas i s  of a two-component m ix i ng model . 
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1 41 94 

1cm 

S-71-26965 

Wei gh bag 1 031 was used on the traverse duri ng the second EVA . Sampl es 
1 41 94 - 1 4201 are sma l l rock fragments that were l eft i n  wei gh bag 1 031 after 
sampl e s  1 4306 - 1 431 1 were removed . The i r  l unar l ocat i on and orientati on 
are un known and there are no l unar surface photographs of these samp l es .  Some 
of these are probably p i eces broken off the l arger rocks duri n g  trans i t .  

1 41 94 

PHYS I CAL CHARACTERISTICS 

Mass D imens i ons 

4 . 28 g 3 . 5  x 2 . 5  x 2 . 5  em 

Thi s samp l e i s  a l i ght gray , moderatel y  fri abl e ,  polymict brecc ia  whi c h  
appears to be  bounded by fresh ly  broken surfaces .  

SURFACE FEATURES 

No p i ts were seen on thi s  samp l e  and i t  appears to be bounded by fresh 
fracture surfaces .  No  s urface g l ass  is  present . Angu l ar  c l ast mol ds wi th 
si zes rang i n g  from l es s  than 0 . 1 mm to 1 . 0  mm are di stri buted even l y  over 
the s urface i ndi cati n g  poor cement ing  of c l asts to the host roc k .  
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PETROGRAPHIC DESCRI PT ION 

Sampl e  1 41 94 i s  a moderately fri abl e ,  l i ght gray polymi ct brecci a  wi th 5 -
1 0% fragments l arger than 1 mm and 90 - 95% matrix  grai ns smal l er than 1 mm .  
Of the c l asts l arger than 1 mm ,  1 0  - 20% are mi neral fragments , 70 - 80% are 
1 i t  h i  c fragments and 20% arE� g lass  fragments . M i nera 1 fragments cons i s t  of 
polycrystal l i ne shattered a !jgregates of med i um to l i ght brown pyroxene and a 
greeni sh brown mi nera l , and s i ng l e  crysta l s  of shattered fel dspar.  L i th i c  
fragments are medi um to dark gray cryptocrysta l l i ne fragments ( pos s i bly de
vi tr i fi ed g l as s )  and l eucocrati c fragments cons i s t ing of subequal amounts of 
fel dspar and a dark gray mi nera l . G l ass  fragments are as l arge  as 5 x 5 mm . 
These are angu l ar ,  dul l  dark gray ,  and a few have ves i cl es . 

The average gra i n  s i ze of the matr i x  i s  0 . 1 mm and the matri x  i s  composed of 
dark gray g l as s ,  brown pyroxene , one basa l ti c fragment ( l i ke 1 4053 ) , a few 
fragments of the type of samp l e  1 4082 ,  and fel dspar fragments . 
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1 41 95 

r 1cm 

S-71 -26970 

PHYS ICAL CHARACTER I ST ICS 

Mass D imens i ons 

2. 77 g 2 . 5  x 1 . 5  x 1 . 5 em 

Sampl e 1 41 95 i s  a coherent ,  med i um to dark gray , fragmental rock .  

SURFACE FEATURES 

One surface appears weathered and the other s i des are i rregul ar fracture s ur
faces . Vugs wi th vari ed s hapes range i n  s i ze from l es s  than 1 . 0 mm to l es s  
than 1 00 �m . They are homogeneously d i s tri buted and compri s e  20% of the rock 
vol ume . Some smal l zones of i nterconnecti ng vugs resembl e s tr i ngs of beads . 
Most  of  the vugs are drusy i n  appearance , wi th rel ati vely smooth wal l s ,  but 
some have projecti ng fel dspar ( ? )  crystal s .  The  drusy coati ngs resembl e  re
acti on r ims . In several cases vugs have evacuated s pace around crystal s  
200-300 �m i n  s i ze ,  as i f  by sol uti on . 

PETROGRAPHIC DESCR I PT ION 

The samp l e  i s  coherent and very fi ne grai ned , wi th only two c lasts l arger 
than 1 mm v i s i bl e .  These appear to be mi neral fragments . The average gra i n  
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s i ze i s  l ess  than 1 00 �m . 

The matrix i s  med i um to dark gray wi th  40 - 50% cl ear fel ds par . Approximate
ly 5% of the matri x  i s  opaque mi neral s ,  and the rest are not i denti fi abl e . 
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1 41 96 

1 cm 

S-71-27000 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

3 . 93 g 2 . 5  x 1 . 5 x 1 . 5 em 

Samp l e  1 4 1 96 i s  a fri abl e ,  polymi ct brecci a  s i mi l ar to 1 4051 or 1 4066 . 

SURFACE FEATURES 

No zap p i ts or vugs are present , but s parsely d i s tri buted c l as t  mol ds up to 
1 mm i n  s i ze are present .  

One s et of non-pl anar fractures wi th one member i s  present. The fractured 
s urface shows no d i fferences i n  rock texture from e l s ewhere on  the samp l e .  

PETROGRAPHI C  DESCR IPTION 

Sampl e  1 41 96 i s  a fi ne gra i ned , polym ict brecci a wi th an average gra i n  s i ze 
of approximate ly  0 . 1 mm . I t  i s  composed of 5% c l a sts l arger than 1 mm and 
95% matr ix  l ess  than 1 mm. Of the c l asts ,  20% are mi neral fragments and 
80% are l i th i c  fragments . Mi neral fragments are bottl e-green , yel l ow-brown , 
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and many angul ar dark gray g l assy-l ook ing fragments . 

L i thi c fragments i ncl ude angul ar , dark brown to bl ack vesi cul ar g l ass  frag
ments ; fri ab l e  l eucocrati c roc k  fragments composed of  70% p l ag iocl ase and 
30% o l i v i ne and pyroxene ,  and medi um-to-dark-gray g l assy cl asts . 

The matrix  i s  f i ne grai ned and l i ght-to-medi um-gray . I t  cons i sts of p l ag i o 
c l ase ,  mafi c m i neral s ,  and bl ack ,  angu l ar gl ass 0. 2 t o  0 . 5 mm i n  s i ze ,  a s  
wel l a s  fine grai ned fragments s i mi l ar t o  t he  cl asts .  
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1 41 97 

1 cm 
I E  

S-71-2 7004 

PHYSI CAL CHARACTERISTICS 

Mass D imensi ons 

1 . 63 g 2 . 0 x 1 . 5  x 0 . 5 em 

Th i s  samp l e  i s  very fine  gra i ned and appears to be compl etely recrystal l i zed . 

SURFACE FEATURES 

There are no p its vi s i bl e .  I rregul ar-to-spher i cal -s haped vugs and ves i cl es 
up to 3 mm i n  s i ze are homogeneously d i s tr i buted throughout the surface . 
They are 1 - 2 mm apart and occupy 20% of the s urface area . M i neral s l i n i ng 
these cavi t i es are too smal l for pos i ti ve i denti fi cati on but some ac icu lar 
col orl ess crystal s wi th p i naco i d  termi nat ions are v i s i bl e  and are probably 
p l ag i oc l ase . Some of the cav i t i es may be i nterconnected forming drusy , 
i rregul ar  and branchi ng caverns up to 3 mm i n  l ength . The rock i s  bounded 
by fracture s urfaces but none penetrate the rock .  
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PETROGRAPH IC DESCR IPT ION 

The samp l e  i s  fi ne grai ned wi th an average g ra i n  s i ze of l es s  than 0 . 1  mm 
and i s  both textura l ly and m i neral ogi ca l ly homogeneous . I t  appears to be a 
compl etely recrysta l l i zed fragmental roc k .  Gra i n  s i ze i s  too f ine for pos i 
ti ve mi neral ogi c  determinat·i on ,  but col or s ugges ts that i t  i s  50% p l ag i ocl ase ,  
48% pyroxene , and 2% opaques . The  poss i bl e  cl asts resemb l e  true phenocrysts , 
arid are cl ear and uns hattered . There are three types : 

1 )  Cl ear equant masses 3 mm i n  s i ze whi ch have two apparent c l eavages . 

2 )  Yel l ow-green , pri smati c masses wi thout cl eavages 2 x 1 mm i n  s i ze .  
3 )  Equant masses o f  p l ag i oc'l ase and brown pyroxene 1 mm i n  s i ze  . 
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1 4 1 98 

1 cm 

S-71-26989 

PHYS ICAL CHARACTERISTICS  

Mass D imens i ons 

1 .  63 g 2 . 2  x 1 . 5 x 0 . 5  em 

Sampl e 1 41 98 i s  a crystal l i ne rock .  

SURFACE FEATURES 

One gl ass-l i ned zap p i t  measuri ng 1 00 �m i n  di ameter was observed on the 
narrow s i de of the rock .  A l l  other s i des are fres h  fracture s urfaces . 

I rregul ar shaped vugs ( 1  mm ) are �parsely d i s tr i buted over the surface . T hey 
conta i n  projecti ng mi neral s of p l ag i oc l ase and probably tri dymi te . Pyroxene 
was the only tangent i al mi neral noted . Vugs ma ke up l ess  than 1 %  of the vol 
ume . 

PETROGRAPHIC DESCR IPT ION 

The samp l e  conta ins 30% l ight  yel l ow pyroxene , 40% cl ear anhedral and euhed
ral fel dspar, 20% gray-brown pyroxene and 3 or 4% opaque mi neral s .  
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The texture i s  di abas i c .  I t  appears s imi l ar to 1 43 1 0  and i s  fi ner grai ned 
than 1 4053 . 
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1 41 99 

1cm 

S-71-26994 

PHYS ICAL CHARACTERISTICS 

Mass D i mens i ons 

1 .  88 g 1 . 3 x 1 . 0  x 0 . 8  em 

Th i s  samp l e  i s  a fres hly fractured , polym ict brecc i a .  

SURFACE FEATURES 

No p i ts are vi s i bl e , and al l s urfaces appear to be fres h ly  fractured . A 
trace of dark brown g l ass and a smal l patch of brown s ta i n  wh ich  may be rem
nants of a gl ass sp l ash cover i ng or remnants of deep g l ass l i ned p i ts wi th  
a l arge radi us of curvature . One fracture whi ch has a smooth s urface i s  
present in  the  roc k .  Some c l ast mol ds are vi s i bl e .  

PETROGRAPHIC DESCR I PTION 

Samp l e  1 41 99 i s  a coherent , 1fi ne gra i ned , polymi ct brecci a  w i th an average 
gra i n  s i ze of l es s  than 0 . 1 mm . I t  i s  textural ly homogeneous and appears to 
be mi nera l og i cal ly  homogeneous , as wel l .  I t  i s  composed of 20 - 25% c l asts 
larger than 1 mm and 75 - 80% matrix  grai ns . 
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Mi neral fragments make up 8 - 1 0% of the who l e  rock and i nc l ude :  
1 .  green vi treous ol i vi ne 0 . 1  - 0 . 8  mm i n  s i ze compri s i ng 3 - 4% of the rock , 

2 .  honey-brown pyroxene 0 . 2  - 0 . 8  mm i n  s i ze compri s i ng l ess  than 1 %  of the 
rock,  

3 .  l i g ht gray pl ag i ocl ase d i s p l ay i ng cl eavages and commonly s hattered compr i s 
i ng more than 5% o f  the rock,  

4 .  a b lack or dark brown mi neral gra i ns whi ch appear redd i sh brown on the 
surface and are 0 . 2 mm in s i ze .  I t  occurs i n  trace amounts . 

L i th i c  fragments are 1 0  - 1 5% of the rock compos i ti on .  They range i n  s i ze 
from l ess  than 0 . 5  mm to more than 2 mm and are mostly dark gray aphani ti c 
cl asts with  a vi treous l us ter . One l arge cl ast 8 x 8 x 3 mm i s  mottl ed dark 
and very l i ght  gray . It contai ns abundant brown pyroxene , l i ght  mi neral , 
p l ag i ocl ase , and a b l ack metal l i c  mi nera l . Some g l as s  l i ned p i ts are present 
i n  the cl ast .  A thi rd clast type ,  0 . 5  mm in  s i ze ,  is  l i ght  to medi um gray 
and very fine gra i ned . A fourth type i s  a 3 x 1 mm med i um gray l i th i c  frag
ment w i th an ol i vi ne i ncl usi on and some s uggestion of i n ternal l amination . 

One dark gray or brown i s h  gra.Y g l ass  sphere i s  present 0 . 1  - 0 . 2  mm i n  
d iameter . 

The l i ght brownh i s h  gray matY' ix  has a d i s ti nct modal compos i ti onal break at 
a gra i n  s i ze of approximately 0 . 1  mm . I t  appears porous under a b i nocu l ar 
mi croscope . 
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1 4 200 

S-71 -26324 

PHYSICAL CHARACTERIST ICS 

Mass D i mens i ons 

1 .  24 g 2 . 0 x 1 . 2 x 0 . 9 em 

Sampl e 1 4200 i s  a fragment of very fine gra i ned basal t i c  crysta l l i ne roc k .  

SURFACE FEATURES 

One 0 . 8 mm s i ze gl ass- l i ned p i t  was noted . The sampl e has an i rregu lar  s ur
face and appears to be a fragment of a l arger rock .  

Cl usters of el l i pti cal vesi cl es wi th  s i zes rangi ng from l es s  than 0 . 1 mm to 
2 . 0 mm occur on the rock .  These occupy 1 0% o f  the rock  vol ume and are 
1 - 3 mm apart . Col orl ess mi neral s (probably  fel dspar ) wi th a sub-botryoidal  
s urface l i ne these ves i cl es .  

PETROGRAPH IC DESCR IPT ION 

Sampl e 1 4200 i s  f i ne grai ned wi th an average gra i n  s i ze of l ess than 0 . 1 mm . 
There are l ess  than 1 %  poss i bl e  p henocrysts . I t  i s  a textura l ly and m i ner-
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al ogi ca l ly homogeneous , hol ocrystal l i ne ,  basal ti c fragment .  As can best be 
determ ined,  the rock i s  composed of three mi neral s :  cl ear ,  subhedral , 
yel l ow- green o l i vi ne ( i n  g roundmass and as  phenocrysts < 0 . 5 mm i n  s i ze ) , 
cl ear ,  s ubhedral pyroxene ( occurr i ng only i n  the groundmass i n  gra i ns < 0 . 5  
mm ) ,  and cl ear , s ubhedral fel ds par ( occurri ng i n  cav i t i es ,  i n  the groundmass , 
and as 1 mm s i ze phenocrysts ) .  G l assy fel dspar accounts for at  l east  40% 
of the rock . 
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1 4201 

1cm 

S-71 -26328 

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

1 .  56 g 1 . 2  x 1 . 2 x 1 . 0 em 

Thi s  sampl e i s  a f i ne gra i ned polym ict brecc i a  s imi l ar to 1 4042 . 

SURFACE FEATURES 

There are no p i ts and no s urface g l ass . Angul ar c l ast mol ds l arger than 1 mm 
to 4 mm i n  s i ze have a homogeneous d i s tr i bution on the s urface . One cl ast 
mol d 4 x 2 in s ize  i s  wel l p reserved and represents an angu lar  pre-ex i s t i ng 
s l abby c l a st .  

PETROGRAPHIC  DESCR I PT ION 

Samp l e  1 4201 i s  a moderately fri abl e polym ict brecci a  composed of 1 5% frag
ments l arger than 1 mm and1 85% matr ix  gra i ns smal l er than 1 mm .  One 2 mm
s i ze ,  rounded, green i s h  whi te mi neral fragment appears to be polycrysta l l i ne .  
Of the cl asts , 2/3 are l eucocrati c l i thi c  fragments and l /3 are fragments o f  
gl assy rocks . Al l o f  the l i th i c  c l as t  types cons i st of  60% fel dspar ,  35% 
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pyroxene , and 2 - 3% ol i vi ne and opaques . The g l assy fragments are dark  gray . 

The matri x conta i n s  40 - 50% fel dspar ,  many dark gray g l ass  c l asts whi ch are 
both angul ar and rounded , and angul ar and rounded p l a g i oc l ase-pyroxene frag
ments . The matri x does not appear to be recrystal l i zed . 
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Comprehens i ve Samp l e  ( 1 41 69 - 1 41 88 ,  1 4250-1 4299 ) 

The comprehensi ve samp l e  from Apol l o  1 4  has been descri bed , c l a s s i fi ed and 
di scus sed by Ph i nney et a l . ( 1 975 ) in thei r publ i cat ion devoted to that 
top i c .  The i nformation col l ected and di scussed by them i s  i ncl uded here i n 
for p urposes of comp l eteness on ly , and very l i tt le  attempt has been made 
to redescri be these samp l es except that new th in  secti on descri pti ons are 
i nc l uded whenever pos s i b l e .  

The purpose of the comprehen s i ve samp l e  was to acqui re a stati sti ca l l y  s i g
ni fi cant set of sma l l rock s amp l es to petrographi cal ly  character i ze the d i s 
tri bution o f  rock types i n  the l unar rego l i th .  The s amp l e  l ocati on was 
sel ected 1 00 to 1 25 m west  of the LM .  A two to three meter di ameter c i rc l e  
was marked and al l of  the wa l n ut s i zed rocks o n  the surface wi th in  the 
c i rc l e  were col l ected wi th tongs . Then , a soi l samp l e  was col l ected from 
wi thi n the c i rc l e .  Two wei gh bags were to be used to conta i n  the samp l e s : 
we i gh bag 1 039 was to conta i n  rock fragments and wei gh bag 1 007 was to con
ta i n  the soi l samp l e .  Unfortunate ly ,  a s  di scus sed i n  the Apol l o  1 4  P rel i m
i nary Sci ence Report ( 1 971 ) ,  there was some confus i on about the ori g i n  of the 
contents of we i gh bag 1 027 . I t  conta i ned 20 smal l rock fragments ( 1 41 69-
1 41 88 )  and a l arge undocumented roc k ,  1 4303 . On the bas i s  of the i r  associ a
ti on wi th two documented rocks ( 1 4304 and 1 4305 ) returned in the same 
wei gh bag and col l ected near the comprehens i ve samp l e  s i te ,  the 20 fragments 
and 1 4303 were tentati ve ly cons i dered to be parts of the comprehens i ve sam
p l e .  Later ,  1 4303 was found to have ' · een part of 1 4304 , col l ected at the 
end of the fi rst EVA . The astronauts were unab l e  to get a l l  of the wei gh bags 
conta i n ing the comprehens i ve samp l e  i n  the SRC so  they put the " sma l l sam
p l es of smal l rocks"  from the comprehen s i ve samp l e  in the wei gh bag ( 1 02 7 )  
wi th the footba l l - s i ze rocks col l ected l ater ( 1 4303/ 1 4304 and 1 4305 ) . I t  
seems probable ,  therefore , that some porti on of the s amp l es 1 4 1 69-1 4 1 88 
cou l d  be parts of the l arger samp l e s  1 4303/1 4304 and 1 4305 that were i n  
the s ame bag but not part of the conti ngency samp l e .  I t  was bel i eved by 
Ph i nney et al . ( 1 975 ) that a l l of the sma l l sampl es 1 41 69- 1 41 88 were frag
ments of-,4303 because they are al l i denti cal in thei r l i thol ogies  and are 
l i thol ogi ca l ly i denti cal  to 1 4303 and because they s how fresh ly  fractured 
surfaces wi th no pati nati on or zap p i ts and one end of 1 4303 i s  a fracture 
surface ( l ater shown to fi t 1 4304 ) . 

The fol l owi n g  tabl e  summari zes the contents of the three wei gh bags : 

We igh Bag Number 
1 007 

1 039 

1 027 

Rock Sampl es 
· 4250-1 4255 

\ Rocks separated 
from soi l 
1 4264-1 4288 

1 41 69- 1 4 1 88 

1 4303/ 1 4304 
and 1 4305 
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Soi l Sampl es 
1 4256-1 4259 
1 4298- 1 4299 

1 4260-1 4263 
( So i l  col l ected 
wi th rocks ) 

1 4 1 65-1 41 68 

( Res i due ) 



r-· 
1 cm 

1 4250 

S-71 -2631 7 

,-:--, .1mm 
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PHYS I CAL CHARACTER ISTI CS 

Mas s  D imen si ons 

4 . 06 g 2 . 1  x 1 . 5  x 1 . 5 em 

Samp l e 1 4250 i s  a medi um gray , bl ocky , subangu l a r ,  moderately fri abl e ,  ser
i ate fragmenta l rock .  

SURFACE FEATURES 

There are pi ts l i ned wi th dark brown gl ass on a l l surfaces . The surface i s  
i rregul ar ,  wi th  few , non -penetrat ive fractures . 

PETROGRAPH I C  DESCRI PTION 

Samp l e 1 4250 i s  descri bed as a mi crobrecc i a  or soi l brecc i a  ( Ph i nney et a l . ,  
1 975 )  wh i ch i s  homogeneous but seri ate i n  texture . Gray and whi te l ithic
fragments make up l ess than 5% of the samp l e .  They are rounded to s ubrounded 
in s hape and up to 1 . 0 mm i n  s i ze .  They are composed l argely of mi l ky whi te 
fel dspar wi th i rregu lar  gray area s .  There are two ki nds o f  mi neral frag
ments that can be i denti fi ed .  Type I i s  whi te and 0 . 5- 1 . 0  mm in s i z e .  I t  i s  
subangul ar to subrounded i n  s hape and makes up 1 0- 1 5% o f  the samp l e .  Most 
gra i ns appear to be crus hed pl ag i ocl ase .  Type I I  i s  l i ght green i n  col or 
and i s  rarer ,  mak i ng  up l ess  than 5% of the samp l e .  I t  ranges up to 1 . 0 mm 
i n  s i ze and i s  angu l ar to subrounded i n  shape . These are probably o l i vi ne 
grai ns . 

Th i n  section 1 4250 , 3  s hows the rock to be a g l ass-ri c h  brecci a with  50% of 
the matri x be i ng yel l ow brown g l ass , much of whi ch has swi rl s and bubb l es . 
There are numerous s hards and spheres of g l as s  scattered throughout . One 
parti a l  c l ast  of a fine-gra i ned mi crobrecc i a  wi th a few pyroxene and g l ass  
s hards is  the only l arge fragment in  the samp l e .  There i s  a broken fragment 
of devi tri fi ed g l a ss  wi th remanent p l agi ocl ase crystal s and numerous new 
p l agiocl ase p l us partly devi tri fied g l as s  are present i n  the matri x .  Approxi 
mately 1 5% of the samp l e  i s  l arger than 0 . 5  mm i n  gra i n  s i ze .  
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PHYSICAL CHARACTER ISTICS 

Mass 

1 . 5 1  g 

1 4251 

r----, 1cm 

S-71 -25203 

D imens i ons 

1 . 5 x 1 . 0 x 0 . 8  em 

Sampl e  1 4251  i s  a med i um gray , b locky fri ab l e  fragmenta l rock .  

SURFACE FEATURES 

Remnant zap p i ts are present as g l as s  l i ni ngs . The s urface i s  i rregul ar 
wi th a g l ass coating over one surface .  Forty percent of thi s  g l ass  coati ng 
contai ns 0 . 2 to 0 . 6 mm d i ameter ves i c l es .  No ves i cl es are present i n  the 
rock i tsel f .  Some s u rfaces s how s l i ckens i des or s triati ons wh i ch converge 
towards a poi nt as though from a s hatter cone. 

PETROGRAPHIC DESCR IPT ION 

Samp l e  1 4251  i s  descri bed by Phi nney et a l . ( 1 975)  as bei ng a fragmental , 
fri abl e ,  m i crobrecc i a  or soi l breccia--. None of the gra i ns i s  l arger than  
1 . 0  mm , wi th 85% l ess  than 0 . 5 mm. The sampl e has a seri ate texture, wi th 
l i th ic  fragments 0 . 5 - 1 . 0 mm i n  s i ze compr i s i ng l es s  than 5% of the samp l e .  
These are l argely mi l ky  wh i te fel dspar with  i rreg u l ar gray areas . Gra i ns 
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are gray and whi te i n  col or and are rounded to subrounded i n  s hape . There 
are two types of m i neral fragments up to 1 . 0  mm i n  s i ze .  Type I i s  whi te 
and appears to be crushed p l ag ioc lase .  Fragments are subangul ar to  s u brounded 
i n  shape and make up 1 0 - 1 5% of the s amp l e .  Type I I  i s  l i g ht green ol i v i ne 
occurring  as s u bangul ar to s ubrounded gra ins  up to 1 . 0 mm i n  s i ze .  These are 
l es s  than 5% of the sampl e .  
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1 4252 

1cm 

S -71 -2521 1  

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

0 . 86 g 1 . 3 x 0 . 8 x 0 . 8  em 

Samp l e  1 4252 i s  a med i um gray , fri abl e ,  fragmental rock .  I t  i s  
s ubround to angul ar ,  appeari ng to be 1/4  of a sphere. 

SURFACE FEATURES 

Several zap pi ts w i th dark brown g l as s  l i ni ngs are present on the rounded 
s urface, but none are present on angul ar faces . The s urface i s  i rregul ar 
to smooth , w ith some non-penetrati ve fractures . 

PETROGRAPHIC DESCRI PT ION 

Sampl e  1 4252 i s  descri bed as a moderately  fri abl e s er i ate m i crobreccia  or 
soi l  brecc i a .  A l l gra i ns are smal l er than 1 . 0 mm . It i s  homogeneous with  
85% of the fragments sma l l er than  0 . 5 nun .  L i thi c fragments averagi ng 0 . 5  
mm are gray and whi te and are l argely mi l ky whi te fel dspar wi th i rregul ar 
gray areas . These fragments are rounded to s ubrounded i n  s hape and make 
up l ess  than 5% of the samp l e .  There are two types of mi neral fragments 
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present.  Type I makes up 1 0  - 1 5% of the sampl e  and i s  whi te ,  probably 
crus hed p l ag i ocl ase .  Type I I  is l i ght  green ol i vi ne ,  occurri ng as s ubangu'l ar 
to subrounded gra i ns occupy i ng l es s  than 5% of the samp l e .  These range up to 
1 . 0 mm i n  s i ze .  
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1 4253 

1 cm 

S-71 -26320 

1 4253, 3 

• 
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PHYS I CAL CHARACTERIST I CS 

Ma ss D imen s i ons 

1 . 23 g 1 . 6  x 1 . 0 x 0 . 4  em 

Samp l e  1 4253 i s  a gray angu l a r ,  bl ocky ,  homogeneous ,  crystal l i ne brecc i a .  

SURFACE FEATURES 

Gl ass l i ned p i ts ,  0 . 5-2 . 0  mm i n  di ameter ,  are present on two eroded surfaces . 
None are present on the hackly s urfaces .  Vugs 0 . 2- l . O  mm i n  di ameter , are 
concentrated at one end , mak i n g  up l ess  than 5% of the samp l e .  One l a rge 
vug ( 3  mm ) i s  l i ned  wi th whi te c rystal l i ne materi al . Some penetrati ve and 
and some non-penetrati ve fractures are present .  

PETROGRAPH I C  DESCR I PT ION 

Samp l e 1 4253 i s  descri bed as a toug h ,  homogeneous , crysta l l i ne brecci a .  Al l 
gra i n s  are sma l l er than 1 . 0  mm . N i nety-fi ve percent of the gra i ns are be
tween 0. l and- 0 . 2  mm, appea ri ng to be annea l ed .  Two types of mi nera l c l asts 
are p resent.  Type I is very l i ght gray and appears to be p l ag i ocl ase , some 
showi ng gradational  wh i te to gray c�1tacts wi th the matri x .  Gra i ns are round 
i n  s hape and occupy 5% of the samp l e .  Type 2 i s  l i ght green i s h  yel l ow ,  
probably pyroxene and/or o l i vi ne ,  and roun d .  I t  i s  on ly approximate ly  1 %  of 
the samp l e .  

Thi n section 1 4253 , 3  shows the rock to be nearly a l l crysta l l i ne wi th 1 0- 1 5% 
of gray matri x .  There are on ly  two c l asts present . The fi rst i s  a h i gh ly 
deformed granulated crysta l of pl agi ocl ase wh i ch now shows mul ti p l e  doma i ns 
i n  the crystal . The second type i s  a fi ne-gra i ned mi crobrecci a ,  wi th scatter
ed pyroxene and ol i vi ne fragments . The rema i nder of the matr ix  i s  composed 
of a seriate mi xture of pyroxene ,  p l agi ocl ase and mi nor o l i vi ne fragments . 
Most of the fragments are pyroxene .  
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1 4254 

1 cm 

S-71-25255 

PHYSICAL CHARACTERI STICS 

Mass D imens i ons 

1 .  01 g 1 . 6 x 1 . 1 x 0 . 8 em 

Samp l e  1 4254 i s  gray soi l ,  adher i ng to frothy bl ack gl ass and i s  h i g h ly  i r
regul ar i n  shape . 

SURFACE FEATURES 

There are no zap pi ts .  Ves ·i c l es ,  0 . 1  to 1 . 0 mm i n  s i ze ,  make up 30% of the 
vol ume of the g l ass . The s urface i s  rough .  

PETROGRAPHIC DESCR I PT ION 

E ighty percent of the sampl e� is b l ack g l as s  and 20% i s  brown ish-gray soi l 
l es s  than 0 . 1  mm i n  s i ze .  
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1 4255 

S-75-24427 

1 62 



PHYS I CAL CHARACTERISTICS 

Mas s 

22 . 1 5  g 

1 4 255, 5 

r:----1 .1mm 

Dimens i ons 

1 . 2 x 2 . 2  x 2 . 5  em 

Samp l e  1 4255 i s  a medi um gray , subangu l a r ,  bl ocky ,  fri abl e fragmental roc k .  

SURFACE FEATURES 

P i ts were present on a l l  surfaces at one t ime ,  as ·i s evi denced by rema 1 n 1 ng 
gl ass l i n i ngs up to 1 . 0 mm i n  di ameter ,  however ,  they have been abraded duri ng 
transport and/or handl i n g .  G l as s  spl ash  present on some s urfaces i s  very 
ves i cu l a r .  Sl i c kensi des or grooves converge towards a po int on some surfaces 
as though from a shatter  cone . The surface i s  rough wi th 0 .  1 - 1 . 0  mm thick  
gl ass spatter on three surfaces . 

PETROGRAPH I C  DESCRI PTION 

The samp l e  is  a fragmental moderate ly fri abl e mi crobreccia  or soi l brecci a  
( Ph i nney e t  a l . ,  1 975 ) . N o  grai n s  are l a rger than 1 . 0 mm i n  di ameter .  Gra i ns 
averagi ngless than 0 . 1 mm make up 85% of the samp l e .  Gray and whi te l i th i c  
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fragments make up l ess than 5% of the samp le . They appear to be l argely mi l ky 
whi te fel dspar wi th i rregu l ar  gray a reas and are round to su brounded i n  s hape . 
There are two types of mi nera l  fragments present .  Type I i s  whi te and i s  
1 0- 1 5% of the sampl e .  Most  appear subangu l ar  to subround and are probably 
crushed p l agi ocl ase . Type I I  i s  l i g ht green o l i vi ne occurri ng as  subangul ar 
to subrounded gra i n s  up to 1 . 0  mm i n  s i ze .  

Thi n secti on 1 4255 , 5  shows the rock to be a g l ass-ri c h  brecc i a  wi th 20% of 
the matrix composed of yel l ow brown g l ass . The most numerous l arge fragments 
i n  the matri x are undevi tri fied g l ass  shards . A few mas ses of devi tri fied 
g l as s  are a l so present .  There are no c l asts in the secti on . Numerous shards 
of p l ag i oc l ase  and pyroxene wi th mi nor o l i vi ne and opaques make up the rest 
of the matri x .  There i s  a g l a s s  coat i ng o n  one edge . 
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PHYS I CAL CHARACTERI STI CS 

Mass D imens i ons 

1 1 7 . 8  g 5 . 0  x 4 . 5  x 4 . 0  em 

Samp l e  1 4264 i s  a dark gray , b l ocky ,  tough fragmental rock ,  descri bed by 
Phi nney et �· ( 1 975)  as a v i tri c (matri x ) brecc i a .  

SURFACE FEATURES 

One su rface i s  fresh and rough , but the o l der su rfaces are smooth and 
contai n zap pi ts .  There are a few cl usters of rounded cav i t i es l ess than 
1 . 0 mm i n  s i ze mak i ng up  l ess  than 1 %  of the rock .  The fresh s urface 
has a few s l i t- l i ke cavi ti es . There are a few non-penetrati ve fractures . 

PETROGRAPH I C  DESCRI PTI ON 

Dark gray aphani ti c g l assy materi al ma kes up 65-70% of the sampl e .  Frag
ments present are of two types . Type I averages l es s  than 5 mm· and ranges 
up to 1 4  mm . These are l i th i c  cl asts whi ch are very l i ght  gray and round 
and comprise 1 5% of the sampl e .  Cl asts conta i n  equal  porti ons of crushed 
whi te materi a l  ( pl ag ioc lase ) and crushed ye l l ow-brown materi a l  i n  areas 
0 . 5-1 mm across .  There i s  al so some scattered b l ack opaque materi al 
0 . 1 -0 . 3  mm across present i n  these cl asts . Type I I  are a l so l i th i c  c l asts . 
They are medi um gray and subangul ar  to s ubrounded i n  shape . These account 
for 1 5% of the sampl e and range from l ess than 1 mm up to 5 mm i n  s i ze .  
Most are mottl ed l i ght and dark gray . The dark gray areas seem somewhat 
vi treous . 

Th i n  secti on 1 4264 , 5  i s  composed of a hol ocrystal l i ne m i xture of pyroxene , 
abundant opaque gra i ns and minor p l agiocl ase .  Th i s  sect i on ,  therefore , 
must  represent a crysta l l i ne cl ast from the descri bed hand specimen . S ome 
of the l arger pyroxene crystal s  are polygranu l ar .  There i s  a suggest i on 
of segregation i n  the sect i on whi ch may represent  previ ous cl asts and thus 
thi s  rock may be a recrystal l i zed g l ass or mel t roc k .  
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PHYS I CAL CHARACTERISTICS 

Mass Di mens i ons 

65 . 79 g 5 . 5  x 5 . 5  x 4 . 5  em 

The samp l e  is angu l ar ,  wi th hal f  the surface coated wi th dark green i sh gray 
to bl ack g l a s s . The rock  i s  a med i um dark gray , coherent fragmenta l  roc k .  

SURFACE FEATURES 

The surface of the rock i s  i rregu l ar  and 50% g l ass -coated . Traces of what 
may have been g l ass  l i ni ngs of zap p i ts on the brecci a  suggest that some 
surfaces may have been p i tted , but abras i on has removed most of the evi dence 
of p i tti n g .  There are no p i ts on the g l ass . The gl ass i s  f ine ly ves i c u l ar .  
Many penetrati ve fractures are present i n  the sampl es , some of whi c h  are 
fi l l ed wi th glas s .  

PETROGRAPH I C  DESCRI PTION 

Ei ghty-fi ve to ni nety percent of the samp l e  i s  a medi um dark gray materi a l  
l es s  than 0 . 1 mm i n  s i ze .  I t  does not have the res i nous l uster of g l ass  and 
may be aphan i ti c  crystal l i ne texture The remai n i ng 1 0� 1 5% of the sampl e  i s  
composed of two types of l i th i c  fragments and two types of mi nera l fragments . 
Type I are very 1 i g.ht gray 1 i th i c fragments and account for a 1 1  but a coup 1 e 
percent of the rema i n i ng materi a l . They are subangu l ar  to subrounded and 
are domi nantly l ess  than 0 . 1 mm in s i ze ,  but range up to 3 mm in s i ze .  These 
l i th i c  fragments conta i n  various proportion of crushed wh i te and gray ma
ter ia l  l ooks vi treous . The second type of l i th i c  c l ast i s  medi um l i ght 
gray and i s  l ess  than 1 %  of the samp l e .  Grai ns  are subrounded to subangu l ar 
i n  shape and are l ess  than 1 . 0 mm i n  s i z e .  These appear to be finely recrys
ta l l i zed materi al . The fi rst type of mi neral fragment i s  l i ght  yel l ow-green 
ol i vi ne occurring  as subrounded gra i n s  mak i ng  up l ess than 2% of the samp l e .  
The second type of mi neral fragment i s  redd i s h  brown , probably pyroxene and 
is  subrounded i n  shape . It  is  l ess  than 1%  of the samp l e .  Both types of 
mi nera l  fragments are l ess  than 1 . 0 mm in s i ze .  

Thi n section 1 4265 , 7  i s  to a l arge extent composed of ves i cu l ar  g l a ss bond
i ng smal l fragments of a po lymi ct brecc i a .  The gl ass  shows on ly  mi nor 
devi tri fi cati on and i s  h i gh ly fr·, · ured .  The ves i cl es are 0 . 1 -0 . 2  mm i n  
d i ameter. The g l a ss  i s  more or , s  conti nuous . The brecci a  part o f  the 
sect ion has a bundant g l a ss  in the matri x both as free fragments and as bond
i ng materi a l . The gl ass accounts for approximate ly  30% of the matri x .  
There are no c l asts present and the l a rgest fragments are gl ass . The rema i n
i ng fragments are pyroxene ,  p l ag i ocl ase ,  devi tri fi ed g l a s s , and sma l l pi eces 
of m icrobrecc i a . 
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DISCUSS ION 

Samp l e  1 4265 i s  one of those i n vesti qated by E l dri dge et a l . ( 1 972 ) .  Con
centrat i ons of K, Th , U ,  2 6Al , and 2 �Na were determi nea-by-gamma-ray spectro
metry . 
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1 4 266 

S-71 - 26356 

PHYS ICAL CHARACTER ISTICS 

Mass D imens i ons 

6 . 95 g 2 . 0  x 2 . 0  x 1 . 0 em 

Sampl e 1 4266 i s  a l i g ht medi um gray , rounded , s l abby ,  toug h ,  fragmental 
matri x ,  polym ict brecc i a .  

SURFACE FEATURES 

Gl ass l i ned zap p i ts up to 1 mm i n  d i ameter are present on a l l but  one s ur
face . The samp l e  i s  smooth except on one s i d e ,  whi ch i s  hackly .  There are 
very few non-penetrat ive fractures . 

PETROGRAPHI C  DESCR I PT ION 

The sampl e i s  homogeneous �Ji th a seri ate texture . I t  i s  made u p  of 50 - 55% 
l i gh t  gray material  whi ch has a s ugary texture and appears to be a mi xture 
of whi te and gray grai ns i rl  the 0 . 1 - 0 . 2  mm s i ze range .  Gray l i th i c  cl asts 
from 1 - 3 mm i n  s i ze make up 40% of the s amp l e .  These l i th i c  cl ast s  are 
s ubangu lar to s ubrounded and appear to be brecci as wi th a gray aphan i t i c  
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matr ix  and a few sma l l whi te fragments . T here are three ki nds of mi neral 
fragments . The mos t abundant ( 5% of the samp l e )  i s  whi te p l ag ioc lase  gra i ns 
i n  var i ous degrees of crus h i n g .  One gra i n has a c l eavage face approximately 
1 mm across . The p l ag i ocl ase gra i ns are s ubangul ar to subrounded and range 
from l es s  than 1 . 0 to 3 . 0  mm . L i ght  green o l i vi ne gra i ns are a l s o  present 
(< 1 %  of sampl e )  and are su brounded i n  shape .  L i ght brown pyroxene gra i ns 
are s ubrounded and occur i n  l es s  than 1 %  of the samp l e .  
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1 1 I 
em 

S-71 - 29249 

PHYS ICAL CHARACTER I STICS 

Mass D i mensi ons 

54 . 77 g 5 . 0  x 3 . 0  x 2 . 0  em 

Sampl e 1 4267 i s  a b l ocky ,  angu l ar ,  dark gray ,  toug h ,  v i tr i c  [matrix] brecc i a .  

SURFACE FEATURES 

Gl ass- l i ned zap p i ts up to 1 . 2  mm are present on al l s urfaces . The surface 
i s  i rregul ar except for a d i sconti nuous gl ass coati ng over 40% of the s urface . 
The only cav i t i es are i n  the g l ass  coati ng . There are few non-penetrative 
fractures . 

PETROGRAPH IC  DESCR I PTION 

The samp l e  i s  homogeneous except for the frothy g l as s  coating  present on  one 
surface . F i fty percent of the brecci a appears to be dark gray aphan i t i c  
gl assy mater ia l . Three types o f  l i th i c  and 3 types o f  mi neral fragments can 
be i dentif ied . Whi te l i th i c  fragments up to 1 0  mm i n  s i ze compose 20% of 
the sampl e .  They average 0 . 5  mm i n  s i ze and are most ly  angul a r ,  but some are 
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s ubrounded . These have a s ugary texture wi th grai n s i zes from 0 . 1  - 0 . 2  mm ; 
us ual ly  more than one mi neral i s  present .  A second type of l i th i c  fragment 
i s  gray , wi th gra i n  s i zes up to 30 mm ( domi nate ly  0 . 5 mm ) .  The th i rd type 
of l i th i c  cl ast is  al so gray , but i s  a 50 : 50 mi xture of p l agi ocl as e  and a 
pi nki s h  brown mi neral ( s p i nel ? } .  Thi s c l as t  i s  represented by only one s u b
angul ar gra i n  2 . 0  mm i n  s i ze .  

Mi neral fragments make up l es s  than 5% of the samp l e ,  the mos t  abundant of 
whi ch i s  whi te p l ag i ocl ase i n  vari ous degrees of crus h i ng .  Some conta i n  
sma l l zones of  v i treous gray materi a l . Gra i ns are s ubangu l ar to s u brounded 
and range from 0 . 1 to 0 . 3 mm i n  di ameter . A second type of mi neral fragment 
is l i ght green o l i vi ne ( ? )  up  to 0 . 5 mm i n  s i ze .  These are s ubangu l ar i n  
s hape . A l i ght brown mi neral fragment , a l so as l arge as 0 . 5 mm i n  s i ze ,  
occurs as s ubrounded fragments and i s  probably pyroxene .  

D I SCUSSION 

Sampl e  1 4267 was cl ass i fi ed as a coherent rock wi th l i ght c l asts ( F2 ) by Wi l 
s h i re and Jackson ( 1 972 ) . 

The European Consorti um i nvesti gated thi s  samp l e and determi ned i ts h i story 
on the bas i s  of thei r  s tudi es on the bu l k chem i stry , mi nera l ogy , petro l ogy , 
cosmi c ray tracks , nob l e  gases , carbon chemistry, and opti ca l po l ari zati on 
( Eg l i nton et  a l . 1 974 ) .  They determi ned the age of format ion  to be 3 . 9  b . y .  
ago. I t  was produced by s hock-i nduced l i th i fi cati on o f  so i l gra i ns .  They 
found the temperature reached d ur i ng compaction to be not i n  excess of 800°C . 
The metamorph i c  grade of the rock i s  descri bed as Warner ' s  grade 2 .  After 
format ion ,  they determi ned that the rock was b ur i ed at a depth of at l east 
two meters unt i l  i t  was ejected , probab ly  by the Cone Crater event , approxi 
mately  30 m .y .  ago . 
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PHYSI CAL CHARACTERIST ICS 

Mass Di mens i ons 

23 . 1 2  g 4 . 5  x 1 . 5 x 3 . 0  em 

Samp l e  1 4268 i s  descri bed by Ph inney et �· ( 1 975 )  as a bl ocky ,  med i um dark 
gray , vi tri c [matri x] brecc i a .  

SURFACE FEATURES 

There i s  a ves i cu lar  gl ass coat ing  over 30% of the samp l e  surface . Few 
zap p i ts are present , occurri ng up to 0 . 2  mm i n  s i ze on the g l ass coati n g .  
Approximate ly 50% of the g l ass coati ng i s  made u p  o f  rounded vesi c les l ess 
than 1 mm across . Many pem!trat i ve fractures are present , with gl ass i n
truded i nto some of them . 

PETROGRAPH IC  DESCRI PTION 

The rock i s  seri ate i n  texture . The samp l e  conta i n s approximately 70% medi um 
gray aphan i t i c  materi al  wi th  a dark res i nous l uster ( g l a s s ? ) . Twenty per 
cent of the samp l e  is composed of very l i ght gray , subangu lar  to subrounded , 
l i thi c fragments wh i ch range from l ess  than 0 . 2  to 7 . 0  mm i n  s i ze .  Pl ag io
cl ase i s  60 - 90% of these l i th i c  fragments and  the rest  i s  un identi fi ab l e  
l i ght gray materi a l . There are two other types of l i th i c  fragments v i s i bl e  
i n  the samp l e ,  both o f  whi ch are round and composed o f  aphan i t ic  materi al . 
One i s  medi um gray and ranges up to 0 . 5  mm i n  s i ze and the other i s  med i um 
dark gray and ranges up to 0 . 8  mm i n  s i ze .  Each makes up 5% of the samp l e .  
Two types o f  mi nera l fragments can be seen , one whi te , s ubrounded fragment 
composed of pl agiocl ase , and the other l i ght yel l ow brown , subrounded pyrox
ene ( ? ) . Both are l ess than 1 mm i n  s i ze and make up l es s  than 1 %  of the 
samp l e .  

Th i n  secti on 1 4268 , 3  conta i n s  brown i sh " g l as s "  i n  the matri x ( < 1 mm ) . The 
" g l a s s "  i s  fai rly evenly di stri buted and forms approximate ly  50% of the 
tota l matri x .  There are numerous masses of cl ear g l ass whi c h  are hemi 
spherical  to ovo i d  i n  shape . A fracture wh i c h  occurs i n  the secti on i s  g l ass
l i ned and the g l as s  extends to the outer surface .  

There are on ly  three cl asts present in  the sect i on .  Two of the cl asts 
( >  1 mm)  cons i st of a dev itri fied g lass  i n  whi ch the crysta l l i tes are so 
sma l l  the i r exact i denti fication coul d not be made . A few res i dual eroded 
crysta l s  of pl agi ocl ase are i ncl uded i n  the masses . One of the cl asts con
ta i ns crysta l l i tes that are much more dendri t i c  i n  habi t than i n  the other 
c l ast .  
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The th i rd c l ast  cons i sts of a l arge , shocked pyroxene i n  a matri x of pyroxene , 
p l agi ocl ase and g l ass . The crystal i s  h i g h ly  deformed and s hows some reaction 
wi th the matri x .  

The matri x ( <  l mm ) has a seri ate mi xture o f  mi nera l and l i th i c  fragments . 
Most of the l i th i c  fragments are composed of devi tri fied g l ass , many s howing  
dendri t i c  crysta l s .  There a re a few sma l l basa l t-l i ke masses wh i c h  have 
maskelyn i te pseudomorp h i c  after p l ag i oc l ase . Th i s  gi ves the gra i n  a nearly 
" ba rred" appearance under  cros s-n icho l s .  The mi nera l  fragments are approxi 
mately  2/3 pyroxene and 1 / 3  p l agi ocl ase . 

1 76 



1 4269 

S-71 -26363 

1 42 6 9 , 4 

1 77 



PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

1 7 . 1 9 g 4 . 0  x 2 . 5  x 3 . 0  em 

Sample  1 4269 i s  a dark med i um gray , fragmental m icrobrecc i a  wi th one rounded 
s i de .  

SURFACE FEATURES 

Gl ass coati ng covers 20% of the surface . G lass  l i ned zap p i ts up to 0 . 3  mm 
i n  di ameter occur on the rounded s i de of the brecci a  and are present but 
sparsely di stri buted on the g l ass  coati n g .  N umerous penetrati ve fractures 
are present wi th gl ass vei ns occurri ng al ong severa l fractures . 

PETROGRAPH IC  DESCRI PT ION 

The samp l e  has a seri ate texture wi th no fragments as  l arge as 1 . 0 mm . 
Seventy-fi ve percent of the samp l e  i s  dark medi um gray , aphan i ti c  materi al . 
Twenty percent i s  composed of very l i ght gray , l i th ic  fragments that are 
subround to s ubangul ar i n  s hape.  These have a fine , crus hed appearance wi th 
about 60% fel dspar and 40% mafi c mi nera l s .  Another type of l i th ic  cl ast i s  
medi um l i ght gray and i s  a 50 : 50 mi xture o f  gray and whi te materi a l  g i v i ng  a 
sa lt  and pepper appearance to these gra i ns . These are 4 - 5% of  the samp l e .  
One gra i n  o f  what l ooks l i ke fel dspar coated wi th rust  i s  present. It i s  
pal e orange i n  col or ,  i rregul ar i n  shape , and  0 . 5  mm i n  s i z e .  

Thi s samp l e  appears to be i n termedi ate i n  col or a n d  coherence between vi tri c 
and fragmenta l ,  fri ab le  mi crobrecci as ( so i l  brecci a s )  Phi nney et �- ( 1 97 5 ) . 

Thi n secti on 1 4269 , 4  s hows the rock to be a g l ass-ri ch brecc i a  wi th 1 0  - 20% 
" g l ass "  i n  the groundmass .  One cl ast i s  present i n  the secti on . The cl ast 
is  a crysta l l i ne rock whi c h  appears to be most l i ke a mel t roc k .  The p l ag i o 
cl ase and pyroxene are not wel l  formed and i t  l acks a typ i ca l  i gneous texture . 
Numerous g l ass shards , many conta i ni ng mi neral fragments and some part ly  de
vi tri fied , are scattered throughout the secti o n .  Fragments of mi crobrecci a ,  
shocked pl ag ioc lase ,  pyroxene and devi tri fi ed g l ass compri se the rema i nder of 
the fragments in the matri x .  

1 78 



1 4270 

, 0  

1cm 

S-71-2661 3 

1 4270 , 8 

1.1mm 1 

1 79 



PHYS I CAL CHARACTERISTI CS 

Mass Dimens i ons 

25 . 59 g 4 . 0  x 2 . 8  x 2 . 0  em 

Samp l e  1 4270 i s  a bl ocky ,  medi um green i s h  gray fi ne-gra i ned crystal l i ne 
brecci a .  

SURFACE FEATURES 

Some g l ass- l i ned zap p i ts averag i ng 0 . 5  mm i n  d i ameter are present over 
most of the rock surface.  Smooth , s pheri cal to i rregu l ar vugs as l a rge as 
2 . 0  mm i n  di ameter make up 5-1 0% of the roc k .  There are a l so a few s l i t
l i ke cavi ti es 0 . 1  x 3 . 0  mm i n  s i ze present on the surface. Few , non
penetrati ve fractures are present . 

PETROGRAPH I C  DESCRI PTI ON 

The rock i s  95% medi um greeni sh  gray materi al l ess than 0 . 1  mm i n  s i ze 
whi ch has a s ugary texture wi th l i ght  and dark patches . L i ght  gray frag
ments 0 . 1  to 1 . 5 mm in  s i ze make up the other 5% of the sampl e .  These are 
subrounded and s l i gh tl y  l ess than hal f of these have a vi treous l uster and 
cou l d  be shocked p l agi ocl ase .  The rest is aphan i ti c .  Cl asts general ly  
have reacti on rims . 

Th i n  Secti on 1 4270 , 8  i s  composed of a seri ate mixture of l i th i c  and mi neral 
fragments wi th wi dely scattered fi ne-grai ned , dark , mi crobrecci a  cl asts . 
A coupl e  of crystal l i ne mi crobrecci a  c l asts are al so presen t .  There i s  a 
patch of partly devi tri fied g l as s  wi th wormy crysta l l i tes . The remai nder 
of the matri x  appears to be g l ass free . Li th i c fragments i n cl ude mi cro
brecci a ,  crystal l i ne rocks composed of p l a g i ocl ase and pyroxene , p l ag i o
cl ase ri ch mi crobrecc i as ,  and devi tri fi ed g l as s .  The mi neral fragments 
i ncl ude i so l a ted opaque gra i ns ,  l arge and sma l l p l ag i ocl ase and pyroxene 
gra i n s , and occasi onal spi nel grai ns . L i thi cs account for approximately  
20% of the fragments . 

DI SCUSS ION 

Li ndstrom et �· ( 1 972 )  i nvesti gated the compos i ti onal characteri st ics  of 
various Apol l o  1 4  c l asti c materia l s ,  i nc l ud i n g  samp l e  1 4270 . They descri be 
i t  as l ack ing  di sti ngui shabl e c l asts and noted that 1 4270 , 1  matches the com
pos i ti on of average mi crobrecci a - 3 cl asts from 1 4321 , 1 84 ,  and i s  d i fferent 
from 1 4270 , 2 , 3 , 4 ,  and ,5 i n  compos i ti on .  
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Warner ( 1 972)  found samp l •� 1 4270 to be strong ly  anneal ed and grouped i t  i n  
h i s  h i gh grade metamorphi c ( 7 )  category . Wi l sh i re a nd  Jackson ( 1 972 )  c l ass i 
fy i t  as bei ng  coherent , 1�i th dark cl asts ( F4 ) .  Chao et al , ( 1 972 ) l i st  i t  
as bei ng s trongly annea l ed ,  but uns hocked ( 2c ) , and S i mondS et a l . ( 1 97 7 )  
descri be i t  as being  a crysta l l i ne matri x brecci a  ( CMB ) . 

-- --

I t  was found to have an  4 0Ar- 3 9Ar gas retenti on age of 3 . 89 ± 0 . 05 b .  y .  by 
Al exander and Kah l  ( 1 974 ) .  

1 81 



1 4271 

,1 5  

4� ' 

S-75-24531 

1 82 



1 4271 , 1 0  

PHYS ICAL CHARACTERIST ICS 

Mass D imens i ons 

9 7 . 41 g 5 . 0  x 4 . 7  x 3 . 0  em 

Samp l e  1 4271  i s  a b l ocky ,  dark medi um vi tric [matr·i x ]  brecc i a  with l i ght 
gray c l asts . 

SURFACE FEATURES 

Samp l e  1 4271  has one rounded s i de wi th many p i ts as l arge as 2 mm i n  d i a -
r meter ,  wi th very few p i ts on t he angu l a r  surfaces . Some penetrati ve and 

some non-penetrati ve fractures are present . 

PETROGRAPH IC  DESCR I PTION 

Samp l e  1 4271  has a coarse texture and i s  coherent . I t  i s  composed of 40% 
dark medi um gray vi treous 01· gl assy-appeari ng matr·i x  and 60% c l asts . Thi rty
fi ve percent of the l i th ic  fragments 47 x 40 mm and 30 x 25 mm respecti ve l y ,  
i n  s i z e .  These two c l asts appear t o  be the same petrol ogica l l y .  Both are 
breccias  wi th 90% l i ght gray matri x with  sugary texture that i s  a mi xture 
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of 0 . 1 mm whi te and gray gra i ns .  Fi fteen percent of the samp l e  i s  repre
sented by l i ght gray l i th i c  c l asts as l a rge as 5 mm . These are angul ar  to 
rounded i n  s hape and con s i s t  of a fi nely brecc i ated mixture of wh i te and 
brown i s h  gray materi a l . A thi rd type of l i th i c  c l ast  is subrounded and 
l i ght gray . These are l a rge as 30 x 1 0  mm i n  s i ze and cons i st of crushed 
zones of p l ag ioc lase  and mafic  mi nera l s .  Zones a re approxi mate ly 1 . 0 mm 
across and have a s ugary texture . A fourth type of l i th i c  c l a s t  i s  repre
sented by 1 subrounded c l ast  2 mm i n  s i ze composed of reddi sh  brown sp i nel s 
and p l a g i oc l ase i n  a 50 : 50 mi xture . Vei ns of matri x part i a l ly  penetrate 
the l a rge c l asts . 

Th i n  sect i on 1 4271 , 1 0  must be a secti on of one of the c l a s t  types descri bed 
as the matri x appears to be hol ocrysta l l i ne and there are no c l asts present 
in the sect i on . Very few l a rge fragments are found i n  the matri x .  
Those present are shocked pyroxene crysta l s  a nd  what appears to be devi tri 
fied p l ag i oc l ase-ri ch g l ass . The l ater fragments are poorly formed but 
conta i n  abundant p l agi oc l ase crysta l l i tes . 

D ISCUSS ION 

Sampl e 1 4271 was descri bed as be i n g  coherent wi th l i ght c l asts by Wi l s h i re 
and Jackson ( 1 972 ) and p l aced i n  thei r F2 category .  More recent ly ,  S imonds 
et �· ( 1 977 )  l i st  i t  as  a v i tri c matri x brecci a ( VMB ) . 

Thi s was one of the samp l es ana l yzed by E l d ri dge et a l . ( 1 972 ) for K ,  Th , 
U ,  2 6Al , and 22Na . -- --
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PHYS I CAL CHARACTERI ST I CS 

Mass D imens i ons 

46 . 63 g 4 . 5  x 3 . 5  x 2 . 5  em 

Samp l e  1 4272 i s  a bl ocky med i um dark gray coherent v itri c  (matri x )  brecci a .  

S URFACE FEATURES 

More than 30% of the surface i s  covered wi th a dark gray gl ass coati ng . 
G lass  l i ned zap p i ts up to 0 . 5  mm occur on one s i de .  None i s  present on 
the g l a s s  or el sewhere . The g l ass  i s  composed of 30% ves i c l es 0 . 5  mm 
i n  di ameter .  

PETROGRAPH I C  DESCRIPTION 

Seventy percent of the samp l e  i s  composed of medi um dark gray aphan i t i c  
vi treous or g l assy materi a l . Twenty-fi ve to thi rty percent i s  composed 
of l i th i c  fragments whi ch a re domi nately  l ess  than 1 mm but are' as l arge 
as 20 mm i n  s i ze .  They are angul ar  to subrounded very l i ght gray fragments . 
They cons i st of fi ne -gra i ned mixtures of 60-70% whi te pl agi ocl ase and two 
l i ght col ored mafi c minera l s .  A second type of l i th i c  cl ast  i s  l i ght gray 
i n  col or and s ubrounded rangi ng up to 1 . 0 mm i n  s i ze .  I t  makes up l ess  than 
1 %  of the samp l e  and i s  composed of equi granu l ar  0 . 1 mm materi a l . L i ght 
green o l i vi ne is present i n  subangul ar to subrounded gra i ns l ess  than 1 . 0 
mm i n  s i ze .  These make up l ess  than 1 %  of the samp l e .  

Thi n section 1 4272 , 6  i s  composed of a g l a ss-r ich  matri x wi th a th ick  ves i 
c ul ar g l ass  coat ing  o n  a l l s i des . The coat i n g  i s  ful l  o f  hol es and d i s 
conti nuous i n  th i n  secti on . The i nner matri x has approximate ly  50% turb i d  
brown i sh " g l assy"  materi a l  cement i n g  the few c l a sts ( > 1 mm) a n d  the matri x 
fragments . The on ly  c l ast present i n  the th i n  section was a fi ne-gra i ned 
mi crobrecci a  with some l arge pyroxene crystal s  wh i ch are hi gh ly  shocked . Al 
most  a l l the mi nera l  fragments seen i n  the thi n  secti on are pyroxene shards 
wi th minor o l i vi ne and p l agi ocl ase . 

D I SCUSS I ON 

Samp l e  1 4272 was exami ned by Wi l sh i re and Jackson ( 1 972 )  and c l ass i fied  as  
bei n� coherent wi th l i ght c l asts ( F2 ) .  I t  was anal yzed for K ,  Th , U ,  2 6Al , 
and 2Na by El dri dge et �· ( 1 972 ) . 

1 86 



1 4273 

... 

S-71 -2661 9 

1 4273 , 4 

1.1m� 

1 87 



PHYS I CAL CHARACTER IST I CS 

Mass D imensi ons 

22 . 4  g 3 . 5  x 3 . 0  x 2 . 0  em 

Samp l e  1 4273 i s  a med i um dark gray , vi tri c (matri x ) brecc i a . 

SURFACE FEATURES 

The i rregu l ar  s urface i s  20% covered wi th dark gray ves i cu l ar g l ass . No 
di sti nct p i ts are vi s i b l e  but there may be a few sma l l  ones . Ves i c l es i n  
the g l ass coati ng are l ess  than 1 mm and occupy 30% o f  the g l a s s . There 
are some non-penetrati ve fractures p resent .  

PETROGRAPH I C  DESCRI PTION 

Samp l e  1 4273 has a seri ate texture and i s  coherent .  Seventy percent of  the 
samp l e  i s  medi um dark gray , aphan i ti c ,  v itreous materi a l . Twenty-fi ve to 
thi rty percent of the samp l e  cons i sts of very l i ght gray , angu l ar to sub
rounded , l i th i c  c l asts up to 1 0  mm in  s i ze .  These fragments are , however ,  
mostly l ess than 1 mm in  s i ze .  They are composed of a fi ne-gra i ned mi xture 
of 60-70% whi te p l agi oc l ase and two l i ght col ored mafi c mi nera l s .  Some 
l i ght gray s ubrounded l i t h i c  fragments are present rang ing  up to 1 mm i n  
s i ze .  These a re equi granu l ar  wi th 0 . 1  mm gra i ns . L i ght g reen ol i v i ne mi ner
al fragments smal l er than 1 . 0 mm are present and are subangul ar  to subrounded 
i n  shape . 

Th in  secti on 1 4273 , 4  shows that t h i s  rock i s  s imi l ar to 1 4277 except for 
havi ng a much l arger l i thi c c l a s t  content . The matri x i s  g l ass-ri ch and 
there are abundant spheres and masses of g l ass  throughout the secti on . The 
matri x mi nera l fragments are approximately l / 3  p l ag i oc l ase and 2/3 pyroxene 
fragments , al l of whi ch are shocked and fractured .  The thi n section s hows 
that most of the l i th i c  cl asts are devi tri fied g l a s s  and h i gh ly  s hocked and 
gran ul ated p l ag i oc l ase-r ich  rocks wi th some pyroxene . 

DISCUSS ION 

Samp l e  1 4273 i s  one of those studi ed by Wi l s h i re and Jackson ( 1 972 ) , who 
cl ass i fi ed i t  as bel ong i ng  to the i r  F2 category ( fri ab le  wi th l i ght c l asts ) . 
I t  was a l so studi ed by E l dri dge et a l . ( 1 972 ) ,  who ana l yzed i t  for K ,  Th , 
U ,  2 6Al , and 22Na . 
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PHYSI CAL CHARACTERISTI CS 

Mass D imen s i ons 

1 5 . 1 8  g 3 . 0  x 2 . 5  x 1 . 5 em 

Samp l e  1 4274 i s  a l i ght medi um gray , b l ocky ,  tough , crysta l l i ne ,  pol ymi ct 
brecc i a .  

SURFACE FEATURES 

The surface i s  50% smooth and 50% rough , wi th many g l ass - l i ned p i ts as  
l arge as l mm on  rounded s urfaces and very few on others . There are a few 
rounded ves i cl es l - 2 mm across and a few 0 . 1  to 0 . 2  mm i rregu l arly  shaped 
vugs mak i n g  up l es s  than 1 %  of the rock .  The samp l e  has numerous non-pene
trati ve fractures . 

PETROGRAPH I C  DESCRIPTION 

Sampl e 1 4274 i s  coherent and seri ate i n  texture . I t  i s  composed of 85% 
l i gh t  med i um gray materi a l  wi th a sugary texture l ess  than 0 . 1  mm i n  s i ze ;  
< 5% very l i ght gray , subrounded , l i th i c  c l asts up to 2 mm i n  s i ze ;  1 0% whi te , 
subrounded , pl agi ocl ase fragment i n  vari ous degrees of crushi ng up to l mm 
i n  s i ze ;  l ess  than 5% s omewhat crushed , l i ght green , subrounded materi a l  up 
to l mm i n  s i ze ;  and l gra i n  of a l i ght brown , mi nera l fragment 0 . 9  mm i n  
s i ze whi ch i s  subrounded and composed of crus hed 0 . 1  mm gra i n .  The l i th i c  
cl asts are composed of  a 50 : 50 mi xture of  fi ne-gra i ned p l a g i oc l ase and a 
l i ght  green materi a l . 

Th i n  secti on 1 4274 , 4  conta i ns a seri ate mi xture of mi nera l  fragments wi th 
no v i s i b l e  g l ass in the matr i x .  The on ly c l a s t  present i s  a l a rge s i ng l e  
crystal o f  p l ag i ocl a se .  There are numerous sma l l ,  opaque gra i ns i n  the ma 
tri x .  There are scarce l i th i c  fragments i n  the matri x .  The on ly type 
represented i s  a granu l i t i c  mas s  of pyroxene and p l ag i ocl ase . Mi nor 
devi tri fi ed g l as s  i s  a l so present .  The rema i nder of the l arge fragments 
are mostly pyroxene . There a re mi nor spi nel crysta l s  al so i n  the matr i x .  

D I SCUSS ION 

Sampl e 1 4274 i s  l i sted as a crysta l l i ne rock by Wi l sh i re and Jackson ( 1 972 ) 
and as a crysta l l i ne matri x brecc i a  (CMB ) by S imonds et �· ( 1 977 ) .  
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PHYS I CAL CHARACTERIST ICS 

Mass D imensi ons 

1 2 . 46 g 1 . 2 x 1 . 2 x 3 . 1  em 

Samp l e  1 4275 i s  a medi um l i gh t  gray , bl ocky , polymi ct  brecci a .  

SURFACE FEATURES 

Gl as s- l i ned p i ts up to 2 . 0  mm i n  di ameter occur over most  of the rock sur
face . There are a few non-penetrati ve fractures . 

PETROGRAPHIC DESCR IPT ION 

Samp l e  1 4275 i s  a medi um l i ght gray , bl ocky , coheren t ,  l ow-grade , polymi ct 
brecc i a  wi th a homogeneous texture . S i xty-fi ve to seventy percent of the 
samp l e  i s  medi um l i ght gray fragmental materi a l  whi ch  i s  parti a l l y  recrys
tal l i zed . I t  appears to be a mi xture of mostly p l agiocl ase and at l east 
two mafic  m inera l s .  Thi s materi a l  is  sma l l e r  than 0 . 2  mm . Twenty percent 
of the sampl e  consi sts of very l i ght gray , subangu l ar  to s ubrounded , l i th i c  
cl asts up t o  6 mm i n  s i ze composed of  crushed mi xtures o f  p l a gi oc l ase and 
mafi c materi al . Some a re mostly crushed p l ag i oc l ase . A second type of 
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l i th i c  c l ast maki ng up l ess  than 5% of the samp l e  i s  s ubangu l a r  to subround 
in shape , dark g ray in col or ,  and up to 2 . 0  mm in s i z e .  These are composed 
of very fi ne gra i ned materi a l , some wi th whi te specks . The th i rd type of 
l i th i c  c l ast is  medi um gray , subrounded , and as l arge as 4 . 0  mm in  s i ze .  
These a re mi xtures  of gray and wh i te materi a l . The gray i s  partly vi treous . 
I t  cou l d  contai n mi xtures of crushed and mel ted p l ag ioc l ase . Wh i te mi nera l  
fragments are subangu l a r  t o  subrounded p l ag i oc l ase gra i n s  i n  various s tages 
of crus h i n g .  Bl ack mi nera l fragments are subangu l ar ,  p robab ly  pyroxene . 
Some show cl eavage faces . 

Th i n  secti on 1 4275 , 4  shows a gl assy brecc ia  wi th approx imate ly  1 0% 
g l ass  i n  the ground mass . The matri x a l so conta i ns numerous orange to 
reddi sh orange spheres of g l ass  as wel l as co l orl ess shards of g l a s s . There 
are no cl asts present i n  the secti on . The fragments i n  the matrix con s i s t  
of fi ne-grai ned mi crobreccia wi th pyroxene a nd  o l i vi ne fragments , fi ne
grai ned opaque materi a l , pl agi oc l ase and pyroxene crysta l fragments and de
vi tri fied g l ass masses . One unusual  feature i s  a sphere of a mi crobrecc i a  
wi th a sma l l g l ass  rim . There appears t o  be n o  g l ass i n  the sphere as 
the matri x i s  very crysta l l i ne .  I t  does not a ppear to be a devi tri fi ed 
product .  

D I SCUSSION 

Samp l e  1 4275 was stud i ed by Wi l sh i re and Jackson ( 1 972 ) and c l ass i fied by 
them as an  F2 • S i monds et �· ( 1 977 )  l i st  i t  as a vi tri c matri x brecc i a  
( VMB ) . 
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PHYS ICAL CHARACTER ISTICS 

Mas s  D imensi ons 

1 2 . 75 g 3 . 0  x 2 . 2  x 2 . 0  em 

Samp l e  1 4276 i s  a browni sh -gray , bl ocky ,  coherent ,  medi um-gra i ned,  crysta l 
l i ne roc k .  

SURFACE FEATURES 

Few zap p i ts are present . I rregul arly shaped vugs from 0 . 2 to 1 mm make up 
1 0% of the rock .  Some penetrati ve fractures are present .  

PETROGRAPH IC  DESCRI PTION 

Samp l e  1 4276 i s  a b l ocky , s ubrounded , coherent ,  crysta l l i ne rock .  I t  i s  
medi um-gra i ned and homogeneous i n  texture . Wh i te to c l ear p l ag ioc l ase i s  
60 - 65% of the samp l e .  I t  occurs a s  l aths u p  to 0 . 5  mm i n  s i zes and i n  
e l l i psoida l  areas up to 2 . 0  mm i n  s i ze wh ich  conta i n  crushed equ i gran u l ar 
gra i n s  sma l l er than 0 . 1 mm i n  s i ze .  Fi fteen percent of the samp l e  i s  a 
l i ght yel l ow- brown mafi c mi nera l wh i c h  occurs as subhedra l equant gra i ns  
0 . 2  - 0 . 4  mm in  s i ze and in  e l l i psoi da l  areas up to 3 . 0  mm in  s i ze .  The 
mi nera l  i s  probably pyroxene i n  two di st i nct morphol ogies . The el l i psoi da l  
areas conta i n  cru s hed equ i granu l ar gra i n s .  A l i ght yel l ow-green euhedra l 
mi nera l  up to 0 . 3 mm i n  s i ze ,  probably o l i vi ne ,  i s  l ess than 1 %  of the 
sampl e .  A brown mafi c mi nera l , probably euhedral pyroxene , i s  5 - 1 0% of the 
samp l e .  An anhedra l , s l i ghtly gray , mafi c mi nera l  i s  1 0% of the sampl e ,  and 
1 - 2% i s  bl ack opaque , probably i l meni te .  

Th i n  section 1 4276 , 1 4  shows a p l agioc l ase-ri ch c rysta l l i ne rock wi th sma l l 
anhedra l  ma sses of  pyroxene between the b l ades  of p l agioc l ase i n  a di abas i c
l i ke texture . There are at l east  two and perhaps three generat ions of p l ag io
c l ase p resent .  The rock is  approximately 70% p l agi ocl ase and  30% pyroxene . 
Sma l l to l arge patches of opaque crysta l s  are scattered throughout the sec
t ion . 

D ISCUSS ION 

Samp l e 1 42 76 i s  l i s ted as a basa l t by Wi l s h i re and Jackson ( 1 972 )  and as a 
mel t  rock by S imonds et �· ( 1 977 ) .  

Wasserburg and Papanastass i ou ( 1 971 ) descri bed samp l e  1 4276 as c l osely re 
sembl i n g  samp l e 1 431 0 i n  t h i n  sect i on .  The age they determi ned for thi s 
samp l e i s  i n  exact agreement wi th ages obtai ned on samp l es 1 431 0 ,  1 4073 ,  and 
1 4001 , 7 ,  whi ch are descri bed as havi ng s i mi l ar ly  h i g h  Rb/Sr .  Thi s age was 
determi ned to be 3 . 88 ± 0 . 04 bi l l i on years before the present ,  and i s  d i s 
ti nct from the 3 . 95 ± 0 . 03 b . y . b . p .  obta i ned for ba sa l t  1 4053 and a basal t i c  
c l a s t  from sampl e 1 4321 ( Papanastas s i ou and Was serburg , 1 971 ) .  These data 
were i nterpreted by Wasserburg and Papanastass iou  ( 1 971 ) as i nd i cat ing that 
Mare Imbri um was excavated between 3 . 88 and 3 . 71 bi l l i on years ago , i f  the 
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Fra Mauro Formati on represents an ejecta bl anket from th i s  excavati o n .  I f  
the Apol l o  1 4  samp l e s  are ,  i nstead , brecc i a s  produced i n  l oca l i zed l ava pool s 
overlyi ng the Fra Mauro Formati on , then Mare Imbri um must have been formed 
before 3 . 95 bi l l i on years a go .  

Gancarz et a l . ( 1 972)  descri bed samp l e 1 4276 i n  order to compa re i t  and 
samp l e 1 43lo-wi th samp l e  6841 5 ,  which is textura l ly  s imi l ar to 1 4276 and 
1 43 1 0 .  They studied section 1 4276 , 1 3 ,  whi ch cons i sts o f  a subophi ti c ,  i nter
granu l a r  to i nterst i t i a l  basa l t  composed of 65% pl ag i oc l ase , 33% pyroxene , 
2% opaque mi nera l s  ( most ly  i l men ite ) , and 4% mesostasi s conta i ni ng g l ass and 
other mi nor phases . The texture is un l i ke that of Apol l o  1 1  and 12 basa l ts 
and a l so un l i ke that of samp l e  1 4053 . Gancarz et a l . ( 1 972 )  further descri be 
the samp l e  a s  cons i s t ing  of 0 . 5  mm l on g ,  euhedraT,!Jl ag i oc l a se l aths whi ch 
form an i nterl ocki n g  framework wi th anhedra l pyroxene gra i n s  and mesosta s i s  
i n  the i nterstices .  Phenocrysts exh i b·i t a n  opti ca l di scont i n u i ty and a 
reversa l  i n  composi ti on .  Phenocryst rims are zoned to more Ab-ri ch compos i 
ti ons ( i . e . , An74 vs . An8 7 ) .  Indi v i dual pyroxene gra i ns are descri bed as 
cons i s ti n g  of a l ow b i refri ngent orthopyroxene core surrounded by h i gher 
bi refri ngent cl i nopyroxene wh i ch d i sp l ays a wea k  mosai c  structure . 

Ga ncarz et a l . ( 1 972 )  conc l ude , on  the bas i s  of the observed d i fferences 
between these so ca l l ed fe l dspath i c  basa l ts ,  and mare basa l ts ,  that there 
are two generati ons of p l ag i ocl a se ,  the earl i e r  of whi ch was cumu l ate i n  
ori g i n  and suggested that th i s  type o f  basal t  may form by i mpact mel ti ng 
of rego l i th .  S imonds et a l . ( 1 97 7 )  adhere to thi s theory and cal l  these 
basa l ts "me l t  rocks " and TIC'l ast-free impact mel ts . "  
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PHYS ICAL CHARACTERISTI CS 

Mass Di mensi ons 

7 . 59 g 1 . 2  x 1 . 7  x 2 . 5  em 

Samp l e  1 4277 i s  a dark gray , bl ocky ,  coherent vi tri c [matri x] brecci a .  

SURFACE FEATURES 

Few pi ts are present . They occur onl y  on one s i de and two ends . There are 
few non-penetrati ve fractures . A few vei ns of  b l ack ves i c u l ar g l ass i s  
present i n  some fractures . 

P ETROGRAPH I C  DESCRI PTION 

Samp l e  1 4277 i s  a dark gray , coherent , seri ate textured brecci a .  The matri x 
i s  dark gray , aphan i t i c ,  vi treous mater ia l  and i s  65 - 70% of the rock .  
Twenty-fi ve to thi rty percent i s  composed o f  very l i ght gray , s ubangu l ar  to 
subrounded , l i thi c  c l a sts that are domi nantly 1 . 0  mm i n  s i ze ,  but are as  
l a rge as  4 mm in  di ameter .  These cons i st of a crus hed mi xture of  p l ag i ocl ase 
and gray materi a l . There are scattered specks of a bl ack ,  opaque mi nera l  
present i n  these cl asts . A second type of l i th i c  c l ast  i s  medi um gray , sub
angu l ar to subrounded and range up to 2 mm i n  s i ze .  These fragments are 
domi nate ly  sma l l er than 1 . 0 mm i n  s i ze and , i n  a l l ,  compri se 5 - 1 0% of the 
samp l e .  Th i n  sect ion ana l ys i s  shows the l i th i c  fragments to be primari l y  
devi tri fi ed g lass  and fi ne-grai ned microbrecci as . Approximate ly  1 0% of the 
matri x i s  l i thi c and 90% mi nera l  fragments and g l ass . There are abundant 
gl ass dropl ets scattered thr·oughout the matri x .  They are composed of very 
fi ne gra i ned mater ia l  whi ch i s  probab ly  annea l ed .  

Thi n  sect i on 1 4277 , 5  shows the rock to be a g l ass -ri ch brecc i a  wi th approxi 
mately 40% yel l ow-brown g l a s s  i n  the matri x ( <  1 mm ) . There are a few chon
drul e-l i ke bodies  present but c l asts (> 1 mm) are rare . The one present i n  
th i s  sect i on i s  a brecci a  wi th mi nor g l ass i n  the matri x and composed o f  de
formed crysta l s  of pyroxene wi th mi nor p l agi ocl ase . There are scattered vugs 
which  are e l ongate and vary from 0 . 4  to 0 . 2  mm i n  l ength and 0 . 1  mm in wi dth . 
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PHYS ICAL CHARACTER ISTICS 

Mass D imens ·i ons 

7 . 60 g 1 . 5 x 3 . 0  x 1 . 5 em 

Samp l e 1 4278 i s  a medi um l i ght  gray , subrounded , coherent , l ow-grade , poly
mi ct brecci a  . 

SURFACE FEATURES 

G l as s - l i ned zap p i ts , 0 . 5  to 2 . 0  mm i n  d i ameter ,  occur on most surface s .  
There i s  one i rregu l a r ,  fre! s h  surface wh ich  conta i ns n o  zap p i ts .  Few 
non-penetrati ve fractures a re p resent . 

PETROGRAPH IC  DESCRI PTION 

Seventy-fi ve percent of thE! samp l e  is medi um l i ght gray , fragmented materi a l  
whi ch i s  a mi xture o f  mostly p l a g i oc l ase and a t  l east two mafi c mi nera l s .  
These are parti a l l y  recrysta l l i zed , and are l ess  than 0 . 2  mm i n  s i ze .  The 
most abundant fragments are l i ght gray , l i thi c fragments , whi ch compri se 
1 5% of the samp l e .  They range up to 1 . 0 mm i n  s i ze and are subang u l a r  to 
subrounded in shape . They a re composed of p l agi oc l ase with  scattered 
mafi c mi nera l s ,  g i v i ng a sa l t-and-pepper appearance . The second type of 
l i th i c  fragment i s  dark gray , subangu l ar  to subrounded , and range up to 1 . 0 
mm i n  s i ze .  These compri se 1 0% of the samp l e  and have an aphan i t i c  texture . 
Mi nera l c l asts are l i ght  greeni s h ,  i rregu l ar i n  shape , and range up to 2 mm 
i n  si ze .  These appear to be crus hed pyroxene and/or o l i vi ne . 

Th i n  secti on 1 4278 , 4  shows the rock to be a brecci a wi th approximately 5% 
" g l ass "  i n  the groundmass . The on ly  c 1 ast pres·ent i s  a fi ne-grai ned mi ere
brecci a  wi th few l a rge mi nera l fragments . N umerous m icrobrecci a  fragments 
are scattered throughout the matrix .  Some masses of  devi tri fi ed g l ass i s  
a l so p resent i n  the matri x .  A few partly devi tri fied g l ass shards are a l so 
present .  The majori ty of the mi nera l fragments are pyroxene wi th a few 
o l i vi ne g ra i ns , some of wh·i c h  a re i n  the m icrobreccia  . 
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• 

PHYS I CAL CHARACTERISTICS 

Mass D imens i ons 

5 . 6 7  g 2 . 0  x 1 . 8 x 1 . 5 em 

Sampl e  1 4279 i s  medi um l i ght gray i n  co'l or , b l ocky ,  rounded to subrounded i n  
s hape , and i s  a coherent ,  polymi ct brecci a  wi th a fragmented matr ix .  

SURFACE FEATURES 

The s l i ght ly  i rregul ar surface has g l ass - l i ned zap p i ts over a l l s urfaces 
but one . 

PETROGRAPHI C  DESCRIPTION 

Thi s coherent , l i ght gray brecc i a  is composed of med i um l i ght gray , fragmen
tal mater i a l  about 0 . 1  mm 1 n  s 1 ze .  I t  i s  a m i xture of wh i te and  gray frag
ments and i s  85 - 90% of the samp l e .  There a re some very fi ne-gra i ned 
medi um gray , l i th i c  fragments mak i ng up l ess  than 5% of the samp l e .  Wh i te 
mi nera l fragments , probab ly  p l a g i oc l a se i n  vari ous degrees of crush i n g ,  are 
ang u l ar and range up to 1 . 0 mm . They are p redomi nantly 0 . 3 - 0 . 4  mm i n  s i ze 
and are 1 0% of the samp l e .  li ght yel l owi sh  green , subangul a r ,  mi nera l frag
ments range up to 0 . 5  mm i n  s i ze .  These make u p  l ess than 5% of the samp l e  
and are probably o l i vi ne and/or pyroxene . 

Th i n  section 1 4279 , 4  i s  composed of several sma l l fragments of the sampl e  
wh i ch does not a l l ow for a detai l ed di scus s i on o f  the fabri c of  the rock . 
No c l asts a re present i n  any of the fragments . The groundmass appears to be 
hol ocrysta l l i ne wi th a bundant sma l l opaque crystal s .  The on ly l i th i c  frag
ments present i n  the matri x 'i s a c rystal l i ne rock composed of pyroxene and 
p l agi ocl ase and some fi ne-gra i ned m icrobreccias . The rest of the fragments 
i n  decreas i ng order of a bundance are pyroxene , o l i vi ne ,  and p l agi oc l ase . 
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PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

6 . 20 g 1 . 0 x 1 . 3 x 3 . 6  em 

Samp l e  1 4280 i s  a medi um dark gray , angu l a r  bl ock of vi tri c [matri x] brecci a .  

SURFACE FEATURES 

G l ass  coats 20% of the surface and conta i n s  cavi t i es . Zap p i ts occur on a l l 
surfaces and are numerous . There are several penetrati ve fractures on the 
samp l e .  

PETROGRAPHIC DESCRIPTION 

The samp 1 e i s  coherent and ·i s seri ate i n  texture . Fi fty-fi ve percent of the 
samp l e i s  medi um dark gray , aphan i ti c ,  vi treous materi a l . The more abundant 
l i th ic  fragments , ma ki ng up 30% of the samp l e ,  range up to 3 . 0  mm i n  s i z e ,  
but are predomi nantl y 0 . 3  - 0 . 5  mm i n  s i ze .  These are very l i ght gray , sub
rounded fragments composed of crushed or s ugary-textured p l ag i ocl ase wi th 
accessory pal e  brown mafi c mi nera l s  and specks of bl ac k ,  opaque mi nera l s .  
The other type of l i th i c  c l asts i s  medi um gray , s ubrounded , and very fi ne
gra i ned wi th a few wh i te spots . I n  thi n sect i on they are represented as 
devi tri fi ed g l ass  and fi ne-gra i ned mi crobrecci as . These are predomi nately 
0 . 3  - 0 . 4  mm and range up to 2 mm i n  s i z e .  They make up 1 5% of the samp l e .  

Th in  secti on 1 4280 , 5  s hows the rock to be a g l ass-rich brecci a  wi th a heavy 
gl ass coati ng on one s i de .  The g l ass coati ng i s  ful l of sma l l crysta l s and 
crysta l l i tes . The coati ng a l so shows evi dence of fl owage and has numerous 
bubbl es . Scattered t hroughout the sect ion are mas ses of dark brown g l as s . 
The rock i s  h igh ly  fractured . Approximate ly  40% of the matri x ( <  1 mm ) i s  
g l ass  or " g l assy" . Al l the mi nera l gra i ns are h i gh ly  shocked and most are 
pyroxene crysta l s .  
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• 

PHYS I CAL CHARACTERIST ICS 

Mass D imens i ons 

1 2 . 03 g 2 . 7  x 2 . 0  x 1 . 5 em 

Samp l e  1 4281 i s  a med i um dark gray , su brounded to angu l a r  b l ock of coherent ,  
vi tri c [matri x] brecc i a .  

SURFACE FEATURES 

There are a few g l ass l i ned zap pi ts ,  0 . 2  to 0 . 5  nm in d i ameter, on one 
surface , on ly .  Very few penetrati ve fractures a re present on the samp l e .  

PETROGRAPH I C  DESCR IPTION 

Samp l e 1 4281 is medi um dark gray and coherent ,  wi th a seriate texture . 
Seventy to seventy-fi ve percent of the samp l e i s  aphan i ti c ,  medi um dark gray , 
vi treous  materi a l . Li ght gray , l i thi c c l asts rangi ng up to 1 0  mm i n  s i ze 
make up 1 5% of the samp l e .  They are predomi nate ly  0 . 5  mm i n  s i ze and are 
composed of sugary to crushed , wh i te p l a g i oc l ase mi xed wi th l i ght gray 
materi a l  and scattered opaques wi th a sa l t-and-pepper appearance . A second 
type of l i th ic  fragment ,  mak i ng up to 1 0% of the samp l e ,  i s  medi um gray , sub
rounded ,  and up to 1 . 0 mm i n  s i ze .  They are very fine gra i ned and are mostly 
smal l er than 0 . 5 mm in  s i ze .  A thi rd type is  s imi l a r  to  these , but  has  whi te 
c l asts . I t  i s  1 0  mm i n  s i ze ,  s ubrounded , and i s  represented by 1 c l as t .  

Secti on 1 4281 , 3  has abundant ye l l ow/brown g l ass wh i c h  conta i ns numerous bub
bl es and swi rl s and shows some fl owage l i nes . There are a few reddi sh-brown 
gl ass ma sses scattered throughout the secti on . 

Only two c l asts ( > 1 mm ) a re present i n  the secti o n .  They are both an  anor
thos i ti c  brecci a  with mi nor pyroxene .  One of the cl asts consi sts o f  a granu� 
l a ted mas s  of p l ag i oc l ase crysta l s  wi th a few p henocrysts of shocked and 
fractured l arger p l agi ocl ase . The other cons i sts of a more bl aded mass of 
p l agioc l ase crystal s  wh i ch show a somewhat radi ati ng structure . The l a ter 
type grades to the fi rst type near one edge of the c l as t .  

The matrix cons i sts o f  approximate ly  50% g l ass and a mi xture o f  l i th i c  ( 25% ) 
and mi nera l  ( 75%) fragments . A l l of the l i th i c  fragments a l so con s i s t  of 
anorthos i te type brecci a .  Most of the mi nera l  fragments are p l agi oc l ase 
s hards wh i c h  are fractured and show shock effects . There are al so a few 
pyroxene crysta l s  present .  A few of the pyroxene crysta l s  are bent and show 
di s l ocati ons . A few devi tri fi ed g l ass spheres are a l so present .  The g l ass 
in the matr i x  is  very turbi d . 

A few sma l l ves i c l es ( 0 . 1 - 0 . 3  mm ) wh ·i ch are i rregul ar to rounded are scat
tered about the secti o n .  Most o f  the ves i c l es are i n  the g l assy porti on 
of the matri x and none show crysta l s  i n  the cavi ties . 
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1 4282 

S-71-26646 

PHYS ICAL CHARACTERIST ICS  

Mass D imens i ons 

1 . 89 g 2 . 1  x 1 . 4 x 1 . 1  em 

The samp l e i s  a medi um gray , fri ab l e ,  fragmental rock ( soi l brecci a ) . 

SURFACE FEATURES 

Forty-fi ve percent of the s urface i s  coated wi th b l ack ves i cul ar gl ass . The 
cavi ti es are more than 20% of the g l as s .  Thi s coati ng i s  up to 2 mm th i ck .  
Severa l non-penetrati ve fractures are present.  No zap p i ts are vi s i b l e .  

PETROGRAPHI C  DESCR I PT ION 

The breccia i s  homogeneous and conta i ns no grai ns l arger than 0 . 5  mm. E i ghty
fi ve percent of the s amp l e i s  medi um gray fragmental mater i a l  smal l er than 
0 . 1 mm . Two types of mi neral fragments are v i s i bl e .  The fi rst is very l ight  
gray , s ubang u l ar to  s ubrounded , and  smal l er than  0 . 5  mm i n  s i ze .  They occupy 
1 0  - 1 5% of the s amp l e  and are composed primari l y  of crushed p l agi ocl ase , 
some w i th a b i t of gray mater ia l . The second mi neral fragment type i s  re
presented by one round gra i n  0 . 5  mm i n  s i ze .  I t  i s  l i ght  green , pro bably 
ol i vi ne or pyroxene . 
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Thi n secti on 1 4282 , 5  i s  that of a brecci a wi th 5 - 1 0% " g l a s s "  i n  the matri x .  
There i s  one very fi ne-grai ned m icrobrecc i a  c l ast present whi ch i s  nearly 
opaque . Sma l l pyroxene shards a re i so l ated in the cl ast . The rest of the 
matri x has fragments of m icrobrecc i a , basa l ti c  rocks , pyroxene gra i n s , and 
rare p l agi oc l ase fragments . 
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PHYS I CAL CHARACTERIST ICS 

Mass D imens i ons 

1 . 25  g 1 . 5 x 1 . 2 x 0 . 6  em 

Samp l e  1 4283 i s  a l i ght gray , s l abby ,  angu l a r ,  coherent ,  crystal l i ne ,  
polymi ct brecc i a .  

SURFACE FEATURES 

Zap p i ts a re present on one face , on ly , and are few i n  number .  There are 
few , penetrative fractures present . 

PETROGRAPH I C  DESCRIPT ION 

The samp l e  i s  l i ght gray , coherent ,  and has a seri ate texture wi th some 
l i neation of c l a sts . Si xty-- fi ve to seventy percent of the samp l e  i s  med i um 
l i ght gray , fi ne-gra i ned , gt·anul ar ,  crysta l l i ne mater ia l  sma l l er than 0 . 1  mm 
i n  s i ze .  F i fteen percent are very l i ght  gray , l i th ic  c l asts that are sub
rounded and are most ly  0 . 5  mm in si ze ,  rangi ng up to 4 . 0  mm . These are most ly  
whi te p 1 agi  oc  1 ase , wi th 10  ·· 20% mafi c materi a 1 .  1\ second type of 1 i thi c 
c l ast i s  l i ght gray , subrounded , and  genera l l y  i s  0 . 5  mm i n  s i ze ,  but i s  as 
l arge as 2 . 0  mm . These are composed of a 50 : 50 mi xture of wh i te ,  sugary 
gra i ns and gray , v itreous materi a l . A th i rd type of l i th ic  c l ast i s  1 mm 
i n  s i ze ,  l i ght  gray , and composed of equi granul a r  0 . 2  mm gra i n s  of 80% p l agi o
c l ase and 20% mafi c s i l i catE!S wi th a trace of opaques . Pyroxene and/or ol i 
vine , l i ght  brown to l i ght green i n  col or i s  present as mi nera l c l asts . 

Thi n  secti on 1 4283 , 5  shows the rock to be nearly hol ocrysta l l i ne wi th only 
scattered sma l l  amounts ( <  1%)  g l ass  in  the matri x .  The only c l asts  present 
are mi crobrecc ias  wi th res i dual pyroxene shards . One microbreccia  has a 
dark , nearly opaque matri x hos t i ng the mi neral shards . There are several 
sma l l ,  orange g l ass dropl ets scattered throughout the matri x .  There i s  a l so 
a trace of s p i nel in  the matri x .  There a re numerous i rregu l a r ,  bl ocky masses 
of undevi tri fied g l ass in  the matri x .  Most  of the gl ass is  colorl ess to 
ye l l ow .  The rema i nder of the matri x i s  composed of pyroxene mi nera l fragments , 
devi tri fi ed g lass , mi crobreccia fragments , sma l l amount of opaques , rare crys
tal l i ne rock fragments , and a bundant fi ne-grai ned materi a l . 
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1 4284 

1cm 

S-71-26656 

PHYS ICAL CHARACTER I ST ICS 

Mass D imens i ons 

1 .  47  g 1 . 5  x 1 . 2  x 0 . 8  em 

Sampl e  1 4284 i s  a subrounded,  medi um gray , coherent ,  fragmental rock .  

SURFACE FEATURES 

G l ass l i ned zap p i ts ,  up to 2 mm i n  di ameter , are present on a l l s urfaces . 
Few , non-penetrati ve fractures are present . 

PETROGRAPHIC  DESCR I PTION 

Samp l e  1 4284 i s  a seri ate , homogeneous mi crobrecci a ,  w i th no gra i ns l arger 
than 1 . 0  mm . Seventy to ei ghty percent of the samp l e i s  medium gray materi al 
l ess  than 0 . 2 mm i n  s i ze .  Two types of l i th ic  fragments are present . The 
more abundant i s  very l i ght gray , subangu l ar to subrounded , and most are 0 . 5  
mm i n  s i ze .  They range up to 1 mm i n  s i ze and compri s e  1 0  - 1 5% of the sam
p l e .  Some may be i nd i vidua l  p l agi ocl ase gra i ns , but most are polycrysta l l i ne ,  
pro bably crus hed materi al . F i ve to ten percent of the samp l e i s  very fine 
gra i ned ,  dark gray , angul ar l i th i c  fragments 0 . 2  - 0 . 4  mm i n  s i ze .  
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1 4 2 85 

S -71 -26661 

PHYS ICAL CHARACTERIST ICS 

Mass D i mens i ons 

2 . 23 g 1 . 5 x 1 . 1 x 0 . 9 em 

Sampl e 1 4285 is  a l i ght medi um gray , coherent , polymi ct brecci a .  

S URFACE FEATURES 

Glass- l i ned zap p i ts up to l mm i n  di ameter are present on a l l s urfaces . 
There i s  one ,  non-penetrative fracture . 

PETROGRAPH IC  DESCRIPT ION 

Samp l e  14285 is a bl ocky ,  rounded , l i gh t  medi um gray , polymi ct mi crobrecci a .  
I t  i s  homogeneous , wi th a seri ate texture . None of the gra i ns i s  l arger 
than 1 mm . Si xty to seventy percent of the samp l e  i s  med i um l i ght  gray frag
mental  materi al l es s  than 0 . 2 mm i n  s i ze .  I t  i s  a m i xture o f  mostly p l ag io
c lase  and  a t  l east  two mafi c mi neral s .  I t  appears to  be  parti a l ly recrystal 
l i zed . Two types of  l i th i c  fragments are present . Thi rty percent of  the 
sampl e i s  very l i gh t  gray , s ubangul ar to angul ar ,  l i th i c  fragments 0 . 4  - 0 . 5  
mm i n  s i ze .  Some appear to be brecci as w i th fi ne gra i ned matr i ces and dark 
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gray c l a sts , others may be fi nely crushed , medi um gra i ned i gneous rocks . 
F i ve percent i s  dark gray , s ubang u l ar to s u brounded , fi ne gra i ned to vi treous , 
l i th i c  or mi neral fragments 0 . 2  - 0 . 4  mm i n  s i ze .  
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1 4 2 8 6  

r· 1 cm 

S-71- 26983 

PHYSICAL CHARACTERI STICS  

Mass D imens i ons 

4 . 42 g L 4 X 1 . 1  X 0 .  5 em 

Samp l e 1 4286 i s  a medi um browni sh-gray fragmental roc k .  

SURFACE FEATURES 

The i rregu l ar s urface has an unusual meta l coati ng up to 1 mm th ick  over ha l f 
of i t , wi th one sma l l area of g l ass s p l as h .  G l ass  1 i ned zap p i ts up to 2 mm 
i n  d i ameter , are present i n  the brecci a .  Pi ts i n  the metal coat ing  have up
turned , fl ange- l i ke rims . The metal coati n g  a ppears to have been depo s i ted 
i n  one conti nuous mas s ,  but ��rosi on by mi crometeori tes has made the coati ng 
di sconti n uous . 

PETROGRAPH IC  DESCR I PT ION 

The samp l e has a fragmenta l seri ate texture , and i s  coherent . Seventy to 
e ighty percent of the sampl e i s  medi um gray and seems to be a m i xture of 
brown , whi te ,  and gray fragmE�nts 1 ess than 0 .  2 nm i n  s i ze .  F i fteen percent 
i s  very l i ght  gray l i th i c  fragments s ubangu l ar to subrounded i n  shape and 
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commonly 0 . 5 mm i n  s i ze .  These are as l arge as 5 mm and are composed of a 
50 : 50 mi xture of crus hed whi te pl ag i ocl ase and a l i ght  green mi nera l i n  1 mm 
s i zed areas . A second type of l i th i c  c l as t ,  represented by one 5 mm fragment 
is  s ubangul ar and l i ght  gray i n  col or .  I t  has a fi ne-grai ned s ugary texture 
and represents l ess  than 5% of the samp l e .  The metal i s  s i l ver i n  col or and 
is  5% of the samp l e .  It has di fferi ng shades of tarn i s h  from gray to b l ack . 
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1 42 8 7  

, 0  

r· 
1 cm 

S-71-26663 

PHYS ICAL CHARACTER ISTICS 

Mass D imens i ons 

1 .  07 g 1 . 5  x 0 . 8  x 0 . 5  em 

Sampl e  1 4287 i s  a medi um browni sh gray , coherent ,  fragmenta l rock 
that i s  b locky and angul ar ·i n  shape . 

SURFACE FEATURES 

Few zap p i ts are present on al l s urfaces . Less than 1 %  of the s urface has 
cav i t i es smal l er than 1 mm ·i n d i ameter . There are few , penetrati ve frac
tures . 

PETROGRAPH IC DESCR IPTION 

The sampl e i s  a gray , cohert�nt ,  fragmental mi crobrecc i a .  I t  i s  seri ate i n  
texture and homogeneous . E ·i ghty percent i s  medi  urn gray fragmenta 1 materi a 1 
smal l er than 0. 1 mm . Two types of l i thi c cl asts are present ,  each account
i ng for 1 0% of the samp l e .  One i s  very l i ght gray , s ubangu l ar to s ubrounded , 
and i s  predomi nately 0 . 5 mm i n  s i ze .  These cl asts range up to 2 . 0  mm i n  
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s i ze and are composed mos tly  of crus hed p l ag i oc l ase wi th some l i ght col ored 
mafi c  mi nera l s .  The other type of l i th i c  c l ast  i s  composed of aphan i ti c  
mater ia l . The cl asts are subang u l ar to subrounded , common ly  0 . 4  mm i n  s i ze ,  
and range up to  1 . 0  mm .  
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1 4288 

r· 1 cm 

S -71 - 2 6669 

PHYS ICAL CHARACTER ISTICS 

Mass D imens i ons 

3 . 44 g 0 . 7  x 1 . 3  x 1 . 7 em 

Sampl e  1 4288 i s  a medi um dar·k  gray , v i tric  [matrix]  brecci a .  I t  i s  b l ocky 
and angu l ar i n  shape and i s  coherent . 

SURFACE FEATURES 

G lass  l i ned zap p i ts ,  up to 1 . 0  mm i n  di ameter , are present on a l l  s i des . 
There are many ,  penetrati ve fractures on the samp l e .  

PETROGRAPHIC DESCRIPT ION 

The sampl e i s  med i um dark gray and i s  composed mostly ( 60% ) of aphani ti c ,  
medi um dark gray , v i treous materi a l . Two types of l i th i c  c l asts are present,  
each mak i ng up 20% of the samp l e .  The s ubangul ar ,  l i ght gray cl asts are pre
domi nantly 0 . 5 mm i n  s i ze ,  but range up to 5 . 0  mm . They are p l agi ocl ase-ri ch , 
but conta i n  20 - 40% mafi c mi nera l s  and scattered bl ack opaque gra i ns sma l l er 
than 0 . 1 mm i n  s i ze .  Dark gray l i th i c  c l asts are sma l l er ,  genera l l y  0 . 4  mm , 

2 1 9 



but range up to 1 . 0 mm i n  s i ze .  These are s u brounded , and are composed of 
very fi ne gra i ned ,  al most vi treous-appeari ng materi al . 
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1 4 2 94 

r·----. 
1cm 

S-71-26670 

Wei g h  bag 1 038 was used to hol d  rocks and fragmen ts from s tation H ,  EVA-2 . 
The l argest  sampl es are numbered 1 431 2 - 1 4320 and the res i due i s  1 4290 -
1 4297.  Sampl es 1 4294 - 14297 are the l argest fragments of the res i due .  

1 4294 

PHYSI CAL CHARACTERIST ICS  

Mass D imens i ons 

3 . 43 g 2 . 5  x 1 . 5  x 1 . 5  em 

Samp l e 1 4294 i s  a brecci a  w fth  one rounded s i de and one angu l ar s i de .  I t  
• i s  grayi s h  brown on the rounded surface and l i ght to medi um gray on the fres h 

s urface . 

SURFACE FEATURES 

Pi ts rangi ng from 0. 1 to 1 .  0 rrun i n  s i ze are g l ass ' I  i ned . There are e i g ht  
pi ts per square centimeter em the  rounded s urface . T he  a ngu l ar s i de i s  a 
fres h  fracture surface . Several spal l s  are paral l el to th i s  s urface . A 
thi n patina of dust appears to be wel ded to the rounded s urface by a very 
thi n l ayer of g l ass . 
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PETROGRAPH IC DESCR I PT ION 

Sampl e  1 4294 i s  med i um grai ned , w i th an average gra i n  s i ze  of 0 . 5 mm . I t  i s  
textural ly and mi nera l og i ca l l y  homogeneous . Ten percent of the rock i s  cl asts 
l arger than 1 mm and the rest i s  matr ix  gra i ns .  C l asts are l eucocrati c l i th i c  
fragments cons i sting  o f  80% whi te to col or l ess mi nera l . The cl asts are equi 
granu l ar . The matri x  cons i sts of 40% bl ack unresol vabl e mater i a l  i n  gra i ns 
l ess  than 0 . 1 mm i n  s i ze ,  50% fel dspar i n  gra i ns 0 . 2  to 1 mm , and l eucocrat i c  
l i th i c  fragments . Traces of pyroxene occur i n  the matr i x .  

A thi n  vei n o f  bl ack g l ass whi ch i s  0 . 2 mm wi de and 6 mm l ong forms a den
dri ti c pattern . 
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1 42 95 

r 1cm 

S -71- 26676 

PHYSICAL CHARACTER I STICS  

Mass D imens i ons 

1 . 24 g 1 . 2  x 1 . 2  x 1 . 0 em 

Sampl e 1 4295 i s  a fi ne gra i ned , polymi ct brecc i a  wi th 5% cl asts l arger than 
1 mm and 95% matri x grai ns sma l l er than 1 mm i n  s i ze .  

SURFACE FEATURES 

Pi ts rangi ng from 0 . 1 to 0 . 8  mm i n  s i ze are l i ned w i th b l ack g l ass . They 
occur over 20% of the rock s urface . There are no fractures , but 80% of the 
rock are fresh fracture s urfaces . 

PETROGRAPHIC DESCR I PT ION 

Sampl e 1 4295 i s  a coherent , fi ne gra i ned , polym i ct brecci a w i th an average 
gra i n s i ze of l ess  than 0 . 1 mm. I t  i s  composed of 5% fragments l arger than 
1 mm and 95% matrix gra i n s .  One percent of the c l asts are fel dspar fragments . 
The rest are l i th i c  cl asts of two ma i n  types . Both are mesocrati c .  The 
fi rs t  type cons i sts of dark gray g lassy or l i th i c  fragments whi ch are set i n  
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a l i ght col ored cl ast matri x  primari ly  composed of p l agi ocl ase wi th s ome py
roxene . The second l i th i c  c l ast  type are b l oc ky ,  angul ar l i ght-col ored 
fel ds path i c  fragments wi th traces of pyroxene and a crystal l i ne texture. 
The rock matrix i s  f ine  grai ned w i th many l i th i c  fragments of the second 
type and many areas of fel dspar and pyroxene concentration . A vei n of matrix 
mater ia l  occurs i n  a type two l i th i c  c l ast .  The samp l e  appears to be s i mi l ar 
to 1 4321 . 
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1 42 9 6  

, 0  

r-·
1 cm 

S-71 -266 78 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

2 . 26 g 3 x 1 . 2 x 0 . 5 em 

Sampl e 1 4296 i s  a l i ght  gra,y , angul ar , fl at ,  polymict brecci a chi p .  

SURFACE FEATURES 

Pi ts rangi ng from 0 . 1 - 1 . 0  mm are l i ned w i th dark brown g l a s s .  The depth 
to width  rati os of  the l arger p i ts are 1 : 2 .  These d eep p i ts resembl e  hemi 
s pheres . There are no fractures . 

PETROGRAPHIC DESCRIPT ION 

Sampl e  1 4296 i s  a moderately coherent ,  medi um gra i ned , pol ym ict brecci a .  I t  
i s  textural ly but not mi nera l og i ca l ly homogeneous . I t  i s  composed o f  1 0  -
20% c l asts l arger than 1 mm and 80 - 90% matr ix  gra i n s .  C l asts are a l l l euco
cra ti c rock fragments of thr·ee types : 

1 )  Fel dspar-rich s ub-rounded rock fragment of  a fi nely crysta l l i ne equ i 
granul ar rock . I t  contai ns  a trace of l i ght brown pyroxene and some 
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smal l ( <  0 . 1 mm ) opaques . 
2 )  Very fi nel y  crysta l l i ne ,  mafi c cl asts which  are subangu l ar ,  dark gray , 

and meas ure up to 3 mm l ong . They may be ri ch i n  fel ds par . 

3 )  Coarser crysta l l i ne vari eties  of the second type wi th crystal s up to 
0 . 4  mm i n  l engt h .  

The matr ix  contai ns 6 0  - 65% fel dspar,  30% pyroxene , and 1 %  opaques i n  s i zes 
l ess  than 0 . 05  mm . 
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1 4297 

1cm 

S -71 - 26684 

PHYSICAL CHARACTERISTICS 

Mass D imens i ons 

1 .  73 g 2 . 0  x 2 . 5  x 1 . 0 em 

Sampl e  1 4297 i s  a polymi ct brecc ia  w i th an unus ual c l ast mi neral ogy . 

SURFACE FEATURES 

No zap pi ts are present and a l l surfaces a ppear to be fres h fracture s ur
faces . One pl anar fracture i s  present. There are nei ther vugs nor ves i cl es ,  
but one or two c last  mol ds occur on the surface. 

PETROGRAPHIC DESCR IPT ION 

Sampl e 1 4297 i s  a polym ict brecci a  composed of 1 5% c l a sts l a rger than 1 mm 
and 85% matri x .  The cl asts are mostly mel anocrati c and l eucocrati c  rock 
fragments and some gl assy rock fragments . One type of l i th i c  c l ast  i s  a 
mi xture of whi te and yen ow mi nera 1 s i n  equa 1 proportions and one garnet-1 i ke 
pyroxene crysta l . A second type i s  medi um gray and cryptocrysta l l i ne .  A 
th i rd type i s  a m i xture of fel d s par and a gray mi nera l phase .  C l asts of 
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angu l ar ,  med i um to dark gray gl ass  have a l arge vari ance i n  s i ze  and degree 
of devi tri fi cati on .  These gl ass cl asts are 1 - 2% of the samp l e .  

Matri x  gra i ns appear to be fel dspath i c but not hi gh ly recrystal l i zed . I t  i s  
l i ght  gray , very fi ne grai ned ( average < 1 00 �m) , and conta i ns s pecks of gray 
to bl ack g l ass . 

228 



1 43 0 1 

I --, 1crn 

S-71-32476 
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14301 

, 24 

1 cm 

S-77-234 56 
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1 4301 , 81 

Samp l e  1 4301 i s  one of two samp l es ( 1 4301 and 1 431 3 )  col l ected at stati on Gl , 
1 50 m east of the LM on the north rim crest of North Tri p l et Crater duri ng 
the second EVA . Accord ing  to the astronauts , the rork appeared to be s imi l ar 
to the other rocks i n  the area ; these appear to be ejecta from North Tri p l et 
Crater .  Except for samp l es dug from trenches , 1 4301 was the most deeply  
buried rock returned duri ng the Apol l o  14  mi s s i on ( Swann � � . 1 977 ) . Thi s 
samp l e  was l arger than anti ci pated ,  and was p l aced d i rectly i n  wei gh bag 1 031 
( ? )  by the astronauts . 

PHYS I CAL CHARACTERISTICS 

Mass D imensi ons 

1 361 . g 1 2 . 5  x 1 2 . 0  x 8 . 0  em 

Samp l e  1 4301 i s  a moderate ly  coherent ,  l i ght med i um gray , polymict brecc i a .  
I t  cons i sts of a t  l east 20% c l asts l a rger than 1 mm .  

SURFACE FEATURES 

Harz et a l .  ( 1 972 ) report that one set of surfaces i s  marked by m icro-mete
oroi d1mpact p i ts , whereas another i s  not . The face i n  NASA photograph 
S-71 -32476 d i sp l ays s l i cken s i des , and thi s face has abundant mi crocraters , 
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a l though the s l i c kensi ded area has a l ow crater dens i ty .  Morri son et a l . 
( 1 972)  found the di stri buti on i ndi cati ve of a s i ng l e  exposure i nterva l lbe
cause the exposed surface i s  s ubangu l a r  to s ubrounded and cratered , whi l e  
the bur ied s urfaces are angu l a r  and uncratered . There i s  n o  col or change 
boundary between cratered and uncratered surface s .  Cavi ties  appear as  c l a st  
mol ds . Severa l  sets of  penetrati ve fractures are present .  

PETROGRAPH IC DESCR I PTION 

Samp l e  1 4301 i s  a polymi ct brecc i a  wi th 20% c l asts l a rger than 1 mm , most  of 
wh i ch are l e ucocrati c .  Wh i te ,  angu l ar c l asts occa s i ona l l y  are associ ated 
wi th sma l l o l i vi ne c l usters . Larger ,  subangu l ar c l asts wi th a whi t i s h  gray 
col or,  i rregul ar g l ass  c l asts wi th a dark brown col or ( spatter? ) , cha l ky 
whi te cl asts with b l ack  specks , and angu l ar or s ubhedra l , eq uan t ,  pyroxene 
cl asts wh i ch are honey brown i n  col or are a l so present .  

Th i n  secti ons 1 4301 , 76 and 1 4301 , 1 7  appear to fi t the cri teria  for bei ng 
c l assi fied as  VMB ' s  us i ng the c l a s s i f icat ion of S imonds et a l . ( 1 977 ) .  These 
secti ons al so appear to have some LMB cha racteri s t i c s .  Mosr-cl asts are 
brecci a fragments wi th an a bundance of p l ag ioc l ase . Matri x g l ass occup i es 
approximate ly  1 0% of the samp l e .  Some of thi s g l ass  i s  very turbi d ,  brown 
i n  col or ,  and i s  part ly  dev i tri fi ed .  Approximately 40% of the fragments 
are mi nera l  fragments and 60% are l i th i c .  C l asts range up to 4 mm i n  s i ze .  
Most are mi l dly  s hocked , and some have 5 - 1 0% g l a ss  wi th l a rge crystal s of 
p l a g i oc l ase and pyroxene .  A few crysta l s  have i ncl us i ons . Mos t  fragments 
are very i rregu lar  and j agged . 
A second type of c l ast  i s  composed of bl ocky ,  p l ag i oc l ase crysta l s  wi th mi nor 
pyroxene and mesosta s i s  between grai ns . Mi nera l fragments i nc l ude pyroxene 
gra i ns whi ch s how l a rge reaction  rims , and p l ag i oc l ase wh i ch appears mi l d ly  
shocked wi thout zon i ng .  

D ISCUSSION 

Morri son et a l . ( 1 972 )  found the l owest average rati o ( 3 )  of spa l l  d i ameter 
to centra-l -p i t  di ameter on the g l assy surface o f  1 4301 . The exgosure age 
u s i ng  the pa rti c l e  track method ( Hart et Ql. , 1 972 ) i s  3 . 4  x 1 0 s years . 
Th i s  corre l ates wi th the sma l l cumu l at1 ve number of craters wi th spa l l 
d iameter l a rger than 0 . 1  ( Morri son et a l . ,  1 972 ) . The mi crocrater di stri bu
ti on and exposure age for rock 1 430-l-i ndi cate a product ion of 1 0  craters per 
mi l l i on years of 0 . 1 em s pa l l di ameter or l arger .  

Samp l e  1 4301 was studied by Warner ( 1 972 ) ,  who c l ass i fied  i t  as h i s  metamor
phi c grade 2 ( l ow grade ) .  Wi l s h i re and Jackson ( 1 972 ) l i s t  i t  as an F2 , and 
Chao et �· ( 1 972 ) c l ass i fy i t  as an unshocked , porous , regol i th mi crobrecci a .  
S imonds et a l . ( 1 977 )  l i st i t  as a vi tri c matri x breccia  ( VMB ) . Ki ng et a l . 
( 1 972 ) l i stl4301 as one of the samp l es wi th a bundant chondrules and chon:
dru l e- l i ke bodies p resent . 

Samp 1 e 1 4301 i s  one of those mapped by Twede 1 1  et a 1 . ( 1 978 ) .  Its geneo l ogy 
i s  ava i l ab l e  on page 351  of thi s book l et .  

-- --
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1 4303 

,. 

S-77- 23372 
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1 43 04 

S-77 - 23099 
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1 4303 , 5 2  

1.1m� 

1.1m� 
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These samp l es are p ieces of a footba l l -s i ze rock co l l ected from a l ocation 
80 m NNW of the LM duri ng  EVA 1 .  Thi s rock was a l most comp l etely buri ed i n  
the regol i t h  and i ts orientation  i s  unknown . Both of these samp l es have 
freshly broken surfaces . They were fi rst i denti fied as pi eces of the same 
rock i n  March , 1 977 , when the mode l s of the rock were found to fi t together 
a l ong the i r  freshly broken surfaces . They share a common l i thol ogy wh i ch i s  
espec i a l ly  evi dent a l ong the broken surfaces . These samp l e s  were returned to
gether i n  wei gh bag 1 027 whi ch a l so conta i ned sampl e  1 4305/302 and vari ous 
smal l er  ch i p s  ( see Phi nney et a l . ,  l g75 ) . These samp l es were exami ned in the 
CRA and NNPL by the PET ,  ana-1 4303 was exten s i vely d i stri buted for sc ient if i c  
experimentati on . Samp l e  1 4304 has been desi gnated a· posteri ty sampl e .  

PHYS ICAL CHARACTER ISTICS 

Mass 

1 4303 898 . g 

1 4304 2499 . g 

D imens i ons 

1 6  x 9 x 7 em 

20 x 1 1  x 1 0  em 

Th i s  rock i s  a coherent ,  gray , b l ocky to s ubrounded brecc i a .  

SURFACE FEATURES 

The samp l e  i s  saturated wi th zap p i ts and i s  consi derab ly  fractured i n  some 
p l aces . The zap p i t s  range i n  s i ze from l ess  than 0 . 1  - 7 mm on 1 4303 to 
0 . 1 - 3 em for 1 4303 . The p i ts are l i ned wi th a dark brown botryo ida l  to 
bubbly gl ass . Thi s g l ass  i s  0 . 2 mm thi ck i n  the l a rger zap p i ts .  

There are at l east two sets of fractures on these samp l es ,  so that a l though 
the rock i s  tough wi th c l asts fi rmly  imbedded in the matri x ,  the rock wou l d  
break apart i f  hand led  rough ly .  

PETROGRAPH I C  DESCR IPTION 

1 4303: Thi s rock i s  a polymi ct brecc ia  wi th a hol ocrysta l l i ne matri x .  The 
average gra i n s i ze i s  approximately 0 . 2  mm wi th 95% of the gra i ns l ess  than 
1 mm . Approxi mate ly  40% of the rock i s  whi te ,  turbi d p l agi ocl ase averagi ng  
0 . 1 mm in  s i ze .  O l i v i ne fragments are rare as  are pyroxene fragments . Th i n  
coati ngs o f  bl ack g l assy materi a l  on part o f  the l i th i c  fragments gi ve them 
the appearance of b lack  g l ass fragments . 

1 4304 : Thi s  samp l e  i s  a l so a polymi ct brecci a wi th a hol ocrysta l l i ne matri x 
and i t  appears to have the same gra i n  s i ze di stri bution as  1 4303 ( Simonds 
et �. , 1 977 ,  thei r fi gure 1 ) .  

Approximate ly  35% of the fragments are l a rger than 1 mm . These are rounded 
to s ubangul ar .  The l arge fragments are darker than those i n  1 4303 , cons i st i ng 
of dark gray , mi crobrecci a fragments from an earl i er  generat ion . The c l ast 
mi nera l ogy is  subhedra l , wh ite ,  fel dspar and browni sh green ol i v i ne .  Pyroxene 
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i s  al so present but i s  d i ffi cu l t  to resol ve except i n  thi n section . 

Mapp ing  of 1 4303 , 7  and 1 4304 , 0  shows the di stri buti on of pi ts ,  cl asts , and 
fractures on vari ous faces ( Twede l l et �· · 1 978) . 

I n  an attempt to characteri ze the nature of thi s generi c ,  3 th i n  sections wi th 
di fferent parents were c hosen for modal  analys i s  of the � 1 mm c lasts . The 
sampl es exami ned wi th the proper parent des i gnated were : 

Sampl e 

1 4303 , 49 

1 4303 , 51 

1 4303 , 52 

Parent 

, 1 7  

, 2 3  

, 1 9  

Domi nant Cl ast  � 1 mm 

P l agi oc l ase sha rds , dark metacl asti c 
rocks , l i ght metacl asti c rocks and 
coarse-grai ned p l u ton i c  rocks 

Coarse-grai ned p l uton i c  rocks , dark 
metac l a st i c  rocks , l i ght metac l asti c 
rocks and p l agi oc l ase shards 

Dark metacl ast ic  rocks , l i ght meta
c l asti c rocks , coarse to fi ne-grai ned 
p l uton i c  rocks and coarse-gra i ned cum
u l ates to crysta l l i ne breccias  

In  summing  the resu l ts of  thi s s ummary , the predomi nant type of  rock c l ast 
in  thi s generic is  the dark metac l ast ic  vari ety .  Thi s is  in  agreement wi th 
Wi l s hi re and Jackson ( 1 972 ) . As can be seen from the resu l ts , l ocal vari a
ti ons i ncrease other types of  c l asts , but  the general trend i s  the same . 

Wei gand and Hol l i ster ( 1 972 )  stud ied adjacent pol i shed th i n  secti ons 1 4303 ,47  
and 1 4303 , 53 .  They found that  the samp l e  cons i sts of  mi nera l , l i th i c ,  and 
fragmenta l c l asts . Mi nera l c l asts range up to 2 mm in s i ze and are predom
i nantly p l agiocl ase wi th pyroxene , o l i vi ne ,  and sma l l di ssemi nated opaque 
mi nera l s  a l so p resent .  Three di sti nct fragmental c l asts are descri bed : 
p l agioc l ase and pyroxene i n  a l i ght matri x ( the l a rgest  of whi ch i s  at l east 
2 . 5  x 3 . 5  mm i n  s i ze ) , wi th accessory opaque mi nera l s ;  one wi th a gray matri x 
wi th a few opaque gra i n s  and many di s semi nated ones , and the ma i n  consti tuent 
mi nera l cl a s ts are p l agi ocl ase and pyroxene . The p l agi ocl ase gra i ns have a 
fine mosa i c  texture , probab'ly  a shock effect , and the pyroxene gra i n s  are 
descri bed as  bei ng unusual l y  l a rge . Basa l t i c  l i thi c fragments are a l so 
present .  

DISCUSSION 

Wi l s hi re and Jackson ( 1 972 ) found thi s sampl e  to be coherent wi th dark c l a sts , 
p l ac i ng i t  i n  thei r F4 category .  Chao et a l . ( 1 972 )  descri bed 1 4303 and 
1 4304 as shocked ,  strongly anneal ed Fra�auro brecc ias  ( 2 c )  and Warner ( 1 972 )  
p l aced them in  h i s  group 6 .  Qua i de and Wri gl ey ( 1 972)  p l aced them in  the i r  
annea l ed brecci a group and S i monds e t  a l . ( 1 977 )  l i st them as  crysta l l i ne 
matri x breccias  ( CMB) . -- --
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Wei gand and Hol l i s ter ( 1 972)  i nterpret  thei r s tudy of pol i s hed th in  s ecti ons 
as i ndi cating that the pyroxenes ori g i na l l y  crysta l l i zed i n  a p l utoni c-meta
morph ic  envi ronment beneath the pre- Imbr i an crust .  Groundmass pyroxenes are 
ma i nl y  p i geon i tes and augi tes , and are i nterpreted as being fragments of 
qu i ckly coo l ed s urface basa l ts .  

Roedder and We i b l en ( 1 972 )  s tudied mel t i ncl us i ons i n  1 4303 a nd found much 
evi dence of a compl ex therma l h i s tory . They note that the groundmass of sam
p l e  1 4303 must have excess ( normati ve ) S i 02 i n  i t , because a l l o l i vi ne gra i ns 
i n  contact wi th i t  ( other than faya l i te )  have reacted to form thi n ,  a l most 
monomi nera l i c ,  rims of pyroxene .  They find , as d i d  Wei gand and Hol l i s ter 
( 1 972)  that at l east  some of the ori g i na l  rocks have undergone s l ow cool i ng .  
They note that some p l ag ioc l ase  s i ng l e  crystal c l asts are a l most s pheri ca l , 
presumably by abras i on i n  transport. 

The samp l e ' s  geneal ogy and a photograph of a model of the samp l e  is avai l a b l e  
begi nni ng o n  page 352 of  th i s  bookl et .  
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1 4 3 0 5  

,1 8 ( 14302 1 

1 cm 

S-77- 21474 
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1 4305 

, 29 

1cm 

S-75-33045 
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Fig u re 4a.  Reconstructed s lab  of sample 14305. 
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Figure 4 b. Ma p of clasts in  reconstructed slab of sample 1 4305. 
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Two footbal l -s i zed rocks ( FSR) were col l ected about 80 meters N NW of the LM 
du ri ng the fi rs t EVA .  Both were broken apart duri ng transi t to the LRL . 
The p i eces were numbered 1 4305/1 4302 , and 1 4303/1 4304 . Samp l e  1 4305/302 was 
returned i n  wei gh bag 1 027 al ong wi th 1 4303/304 and fragments 1 4 1 65- 1 4 1 89 .  
Al l of these sampl es have s i mi l ar l i thol ogi es , numerous fractures , and 
freshly broken surfaces , so the fragments 1 4 1 65- 1 41 89 coul d  be from ei ther 
of the two . I t  i s  bel i eved that these footba l l - s i ze rocks may have been 
transferred i nto wei gh bag 1 027 i ns i de the LM , but th i s  transfer  was not 
documented . They were taken out of 1 027 i n  the CRA before enteri ng NNPL 
for exam i nati on .  Samp l e  1 4302 was l ater renumbered 1 4305 , 1 8 ;  

PHYS I CAL CHARACTERI STI CS 

Mass Dimens i ons 

1 4305 21 1 7  g 1 4  X 1 5  X l 0 em 

1 4302 ( 1 4305 ,  1 8 )  380 g 1 4  X 3 , 5  X 6 em 

Comb i ned 2497 g 1 4  X 20 X 1 0  em 

The sampl e i s  a medi um gray , hol ocrysta l l i ne ,  cl ast  r ich  brecci a whi ch has 
been wel l - si ntered together.  

SURFACE FEATURES 

The N 1  face i s  subrounded and heavi ly  zap-pi tted . I t  conta i n s  one l arge 
g l ass- l i ned p i t  8 mm i n  di ameter .  Thi s is  the s urface fac i ng up  in  l unar 
photographs . The T 1 , W1 , B 1 , and part of S 1  ( faci ng E) i s  made up of a 
fl a t  p l anar fracture , s urface conta i n i ng no zap p i t s .  The combi ned rock was 
found on the regol i th surface about two-thi rds exposed . The ori entati on i s  
wel l -documented by photography , however, the di stri but i on of zap p i ts on the 
buri ed surface i nd i cates a di fferent ori entat i on at an earl i e r  ti me .  The 
p l anar fracture and zap-pi t di stri bution i ndi cate that 1 4305/302 was exposed 
as  part of yet another rock and was subsequentl y  broken off and projected 
to i ts documented orientat ion [more deta i l ed di scuss i on can be found i n  
Swann e t  �· ( 1 971 ) and Harz e t  �· ( 1 972) ] .  

Except for three fractures para l l e l to the S 1  p l anar surface on the S 1 -B 1  
edge , the rock i s  re l ati ve ly  tough . I t  i s  ea sy to s hape wi th a saw, and 
the c l asts are wel l  sea l ed i n  matri x .  

The turbi d and shattered fel dspars are the only shock features vi s i b l e  on 
the surface.  

PETROGRAPH I C  DESCR I PTION 

1 4305 is  a c l a st- ri c h ,  hol ocrystal l i ne brecc i a  that has been wel l - si ntered 
together . I t  i s  composed of a l i ght gray fragmenta l matri x (� 70% ) wi th an  
average gra i n  s i ze l ess  than 0 . 1 mm (S imonds et a l . ,  1 977 ) . The mi neral ogy 
of the matri x i s  i ndetermi nate i n  bi nocu l ar observati on , but appears to be 
p l ag ioc lase  ri ch . On l y  a few percent of mafi c s i l i cates are recogni zabl e .  
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The rock has a seri ate texture wi th c l asts ranging  i n  s i ze from 1 0  em down 
to the crysta l l i tes compri s i ng the matri x .  Approximate ly  30% of the rock 
i s  composed of c l asts l a rger than 1 mm . Most of these c l asts (80% ) are 
themsel ves microbrecc i as of an o l der generation . A domi nant c l ast  l i thol ogy 
i s  a dark gray aphani ti c m icrobrecci a .  Only a sma l l percentage of the 
c l asts are of a non-fragmental nature . These i nc l ude whi te p l agi ocl ase-rich 
c l asts ( 1 5% )  and brown mare basa l t cl asts ( 5% ) .  Al l of the cl asts are we l l 
cemented to the matri x and cannot be broken free . One dark cl ast has a bl ack 
g la ssy matri x contui n i ng 1 5% phenocrysts and m icrophenocrysts of subhedral 
whi te fel dspar and pal e  green o l i vi ne .  These phenocrysts are approximate ly  
0 . 2  mm l ong set i n  the crypto-crysta l l ·i ne matri x .  Maps o f  1 4305 , 2 7 ;  1 4305 , 30 ;  
and 1 4305 , 1 8  (Twede l l  et a l . ,  1 978) show the three major c l ast types ( p l agio
c l ase , dark gray microbrecc1 a ,  and mare basa l t )  a s  we l l  as several other 
cl asts that are i nterest i ng .  

I n  an  attempt to  characterize the nature of  the sampl e ,  a reconstructi on 
of s l ab 1 4305 , 46 was undertaken . 1 4305 , 46 was s ubdi vi ded i nto fi ve port i ons 
and each of these were made i nto probe mounts ( 1 4305 , 1 04-1 4305 , 1 08 ) . 
Mi cro-photography at approximately 3 . 75x was undertaken and a photo mosa ic  
reconstructi on of the s l a b was made . A deta i l ed mappi ng of those c l a sts 
� 1 mm was made and the phases characteri zed ( see fi gure 4 ) . 

As can be seen , the maj or c l asts present i ncl ude a vari ety of crystal l i ne 
brecci as  and/or cumu l ates and scattered basal ti c fragments . Most  of the 
s i ng le  mi neral c l asts l i e bel ow the s i ze l i mi tation set and on ly occas i onal 
sma l l cl asts of pyroxene and p l agi ocl ase are present . A few c l asts of 
anortho s i t i c  brecc i a  are al so present .  On ly part of the c l asts ( as des ig
nated) show exten s i ve shock effects . A total of  s i x  other sections w ith  
vari ous parents were exami ned to  g i ve a more compl ete characteri zation of 
the rock .  

The samples  exami ned wi th the proper parent des i gnated were : 

S ampl e Parent 

1 4305 , 4  - ' 1  

1 4305 , 1 7  - ' 1 1  

1 4305 , 87 - , 44 

1 4305 , 89 - ' 55 

1 4305 , 95 - , 46 

Dominant Cl asts > 1 mm 

Subdi abas i c basal t ,  anorthos i ti c  brecci a and 
fi ne-gra i ned brecci a .  
Large , sh ocked s i ngl e crystal pyroxenes , 
coarse-gra i ned anorthos i ti c  brecci a and fi ne
gra i ned brecci a . 
Pyroxene/p l ag i oc l ase cumu l ates , ol i v i ne 
beari ng basal t ,  fi ne-gra i ned brecc i a  and 
s i ngl e crystal shocked pyroxene .  
Medi um-gra i ned brecci a and a fi ne-grai ned 
brecci a .  
S i ngl e crystal pyroxene ,  suboph i t i c  basal t ,  
fi ne-gra i ned basa l t ,  anorthos i ti c  brecci a and 
pyroxene-p l agi oclase cumu l ates . 
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1 4305 , 99 - ' 37 Myrmeki ti c- l i ke pyroxene crystal , oph i ti c  
basal t ,  fi ne-gra i ned g l ass-ri ch  brecc i a ,  
s pheru l i ti ca l ly recrysta l l i zed p l ag i ocl as e ,  
and fine grained anorthos i t i c  brecci a .  

I n  summi ng the resu l ts of thi s s urvey , the predomi nant type of c l asts i n  
these exampl es i s  a coarse-gra i ned basal t to pyroxene-pl agi oc l ase cumu l ate . 
The next mos t  abundant type i s  the fi ne-grai ned brecc i a .  Wi l s hi re and 
Jackson ( 1 972 )  l i st  the order of abundance of c l as ts l arger than 1 mm i n  
1 4305 :  

1 .  Dark metacl as ti c ,  mos t abundant.  

2 .  I n terserta l to vari ol i ti c  basal t .  

3 .  Opaque mi neral s .  
4 .  I n tergranu l a r  basa l t/pl agi ocl ase- pyroxene cumul ate-recrystal l i zed 

pyroxenes . 
5 .  Orthopyroxene/aphan i t i c  basal t/grap h i c  quartz-a l ka l i  fel dspar/re

crystal l i zed p l agi ocl ase , l east abundant .  

DI SCUSSION 

Sampl e  1 4305 i s  l i s ted as an F4 by Wi l sh i re and Jacks on ( 1 972) , and as a 
shocked , strongly annea l ed ,  Fra Mau ro brecc i a  by Chao et al . ( 1 972) . I t  i s  
l i s ted as a grade 6 ( h i gh-grade metamorph i c ) by Warner-rl 972) and as a 
crys tal l i ne matri x brecci a of the Fra Mauro type by Simonds et a l . I n  thei r 
s tudi es of the mi neral and chemi cal  vari ati ons i n  these sampTes-,-Brown et al . 
( 1 972) found fragments and l enses of rhyol i te ,  wh i ch they bel i eved to have-
been deri ved from mel ti ng of crysta l l i ne granophyre fragments . Severa l 
granophyre fragments were observed . K-fel dspar i n  one granophyre ( 1 4305 , 1 1 1 )  
conta i ns 4 . 1 %  BaO.  Dence and P l ant ( 1 972 )  note that i n  secti on 1 4305 , 5  
annea l ed gl ass , predomi nantly of Fra Mauro basal t compos i ti on ,  encl oses 
smal l amounts of potas s i c  grani te .  

I n  thei r di s cus s i on o f  the effects of mi cro crateri ng on the l unar surface , 
Gau l t et a l . ( 1 972 )  poi nted out the deep fractu re cutti ng across the 
spal l ea-region surroundi ng a l arge g l ass- l i ned p i t .  Th is  impact apparently 
al most ru ptu red the rock ,  and i s  a good exampl e  of the v i o l ent  and catastro
ph i c  di s ruption  that i s  caused by parti c l es wh i ch are capabl e of formi ng a 
crater wi th a di ameter that i s  a s i gni fi cant fracti on of the roc k ' s  d imen
s i ons d i s cussed i n  the study by Gau l t et al . ( 1 972) . Sampl e  1 4305 i s  
descri bed by Morri son e t  a l . ( 1 972 )  as-oeTng heavi ly  cratered o n  al l major 
surfaces i ndi cati ng a comPlex exposure h i s tory .  A di s cuss i on of  the s urface 
orientati cn i s  presented i n  an arti cl e  by Hiirz et �· ( 1 972 ) . 

A photograph of a model of samp l e  1 4305/302 i s  avai l ab le  on page 355 of thi s 
book let , a l ong wi th i ts geheol ogy on page 354 . 
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1 4306 

S-77-22103 
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1 4306 , 6 5  

Samp l e  1 4306 i s  a fragmental rock col l ected at s tat ion G ,  230 meters ESE of 
the l unar modu l e  ( LM) , and 50 meters E of the rim crest of North Tri pl et 
Crater .  I t  i s  sai d to be somewhat more tabul ar  and l es s  i rregul ar than 
60 em bou l der but s imi l a r  to i t  i n  co l or and a l bed o .  The l unar l ocati on 
and ori entati on are wel l documented. 

PHYS I CAL CHARACTERISTI CS 

Mass Dimens i ons 

582 . 8  g 1 5 . 0  x 7 . 5  x 6 . 0  em 

Th i s  sampl e i s  gray wi th � 25% wh i te c l asts and i s  b l ocky i n  s hape . The 
rock is a coherent brecci a .  

S URFACE FEATURES 

The most promi nent featu re i s  a 2 mm w ide p l anar fracture l i ned by ves i cu l ar 
gl ass , wh� ch i s  ori ented at  about 20°  to the l ong axi s of the sampl e .  Th i s  
fractu re cu ts matri x and c l as ts a l i ke .  The rock  sp l i t  al ong thi s fracture 
thereby exposi ng part of the fracture p l ane and i ts gl assy coati n g .  
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The one fl at face of 1 4306 i s  l i ght ly  covered by g l a ss - l i ned mi crocraters 
(zap p i ts ) ,  and the exposed rounded faces are more densely covered wi th 
these zap p i ts .  Thi s  rock is one of those used by Morri son et �· ( 1 972 ) 
to present and i nterpret crater popul at i on data i n  terms of the fl ux and 
mass d i stri but ions of meteoro i ds in near l unar space . The res u l ts of the i r  
mi crocrater studi es were then app l i ed to reconstruct the h i story o f  the rocks 
dur ing  the i r res i dence t ime on the l unar surface . 

PETROGRAPH I C  DESCR IPTION 

The rock is a coherent ,  rounded ,  fragmental rock wi th some nori te c l asts and 
few mare basa l t  cl asts as i s  evi dent i n  the mapped surfaces of 1 4306 , 1 03 
(Twedel l  et  �· , l 978 ) . 

Th i s  generi c i s  unl i ke most of the o�her Apo l l o  1 4  rocks i n  that there i s  
an  extremely  h i gh c l ast  content wi th on ly mi nor "matri x "  materi a l . The 
s i zes of the c l a sts vary cons i derably ,  but few ( i n the secti ons exami ned ) 
exceeded l mm i n  s i z e .  The variety of compos i t i ons i n  these cl asts i s  a l so 
l es s  di verse than i n  the other generi cs . 

A total of two t h i n  secti ons each wi th a d i fferent parent were exami ned . 

Sampl e Parent 

1 4306 , 65 29 

1 4306 , 68 41 

Domi nant C l ast  > l mm 

Gl assy dark metac l asti c rock , l i ght meta
c l as t i c  rock and anortho s i t i c  rock .  

Fi ne-gra i ned dark metacl asti c rock ,  l i ght
col ored metacl asti c rock and anorthos i ti c  roc k .  

Thi s  analys i s  i s  i n  very good agreement wi th the work o f  Wi l s h i re and Jack
son ( 1 972 ) .  The i r work concl uded that the dark metac l asti c rock was 
represented i n  the l a rgest c l asts i n  the greatest a bundance . 

DI SCUSS ION 

The samp l e  i s  cl ass i fi ed as a crysta l l i ne matrix  brecc i a  by S imonds et a l . 
( 1 977 ) , and l i ke the other CMB ' s  i t  fa l l s  i n to the F4 category of WilShire 
and Jackson ( 1 972) , grade 4 of Warner ( 1 972 ) , and 2c Fra Mauro ( s hocked) 
of Chao et �· ( 1 972 ) .  The thermal and mechan i ca l  h i story of samp l e  1 4306 
has been i nve sti gated by Anderson et a l . ( 1 972) , who descri be i t  as a mu l ti 
generati on metamorphosed brecc i a .  -rhey found the ol dest fragments to be 
basa l t i c  ( neri t i c )  mi crobrecci as that are coarsely crysta l l i ne and partly 
g l assy. The second generati on fragments are dark-gray mi cro-to-crypto
crysta l l i ne polymi ct metabrecci as . The th i rd generati on i s  the host matri x ,  
and i s  s i mi l ar i n  composi t i on to the second generat ion . 
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Anderson et a l . ( 1 972)  i n terpret the first  generat ion  as pos s i bl y  pre
i mpact i n-ag� It was fragmented and comb i ned wi th i gneous materi al to 
produce the second generati on , and the th i rd generation was produced when 
an i mpact embedded the second generati on materia l  i n  a crystal ri ch matrix  
and  was thrown three crater-di ameters from Cone Crater .  An  i n terest i n g  
feature of  th i s  rock i s  that the g l ass fi l l i ng the fracture ( S URFACE FEA
TURES )  contai ns three cyl i ndri cal metal parti cl es 1 - 2  mm l ong and a 200 �m 
di ameter metal spherul e obs erved by Morri son et al . ( 1 972) . They noti ced 
that one of the metal parti cl es i ntersects a glass-wal l ed ves i cl e and that 
secti on of the parti cl e i s  concave conformi ng to the ves i cl e  wal l .  The 
two other fragments appear to have pul l ed apart . Al though they are now 
separated by several mi l l imeters , the ends cl early coul d fi t together 
( Morri son et al . ,  1 972) . The parti cl es appear to have been i njected wi th 
the gl ass Tnto-the fracture at a h i gh  temperature . 

Crozaz et al . ( 1 972 ) found the cosmi c ray expos ure age to be 24 m .y .  and 
feel  the-rock was ej ected duri ng the Cone Crater event ,  the object that 
caused the event i s  i n terpreted as bei ng meta l l i c .  

Wos i ns ki et al . { 1 972 ) have i denti fi ed metal spheru l es i n  the same g l ass 
on 1 4306 .--They are sa i d  to range i n  s i ze from 30 � to 1 00 �m in d i ameter. 

A photograph of a model of samp l e  1 4306 and a diagram of i ts geneal ogy i s  
ava i l abl e beg i nn i n g  on page 356 of th i s  boo k l et .  

250 



1 4307 

S -71 - 30361 

1 4307, 31 

1 .1m� 

251 



Brecci a sampl e 1 4307 was col l ected dur ing  the s econd EVA at station G .  
Th i s  s ampl e was not we l l -documented because i ts pos i t i on h ad  a l ready 
been changed by the t ime i t  was col l ected . There are no l unar surface 
photographs of 1 4307 , and i ts l unar ori entat i on i s  only known through 
s urface p i tti n g . The rock was p l aced i n  documen ted bag 25N and returned 
i n  wei gh  bag 1 031 . 

PHYS I CAL CHARACTERIST I CS 

Mass Dimens i ons 

1 55 . 0  g 5 . 0  x 2 . 5  x 8 . 0  em 

Thi s  i s  a bl ocky ,  subrounded rock wi th an i rregul ar s urface . The co l o r  
varies from whi te to dark gray . The rock i s  fri abl e ,  but suffi c i ently 
strong to prevent cl asts from fal l i n g  out .  

SURFACE FEATURES 

There are few zap p i ts (on1y 1 5% of s urface ) , but i rregul ar-s haped vugs 
wh i ch range from 0 . 1  - 0 . 5  mm i n  s i ze have been observed . There are many 
{ 5- 1 0 ) i rregu l ar s uperfi ci al cracks 5 - 1 0  mm i n  l ength . One fracture 
cuts a l arge whi te c l ast and i s  fi l l ed wi th g l ass . 

PETROGRAPH I C  DESCRI PTI ON 

Thi s  sampl e i s  a polymi ct brecci a wi th a seri ate texture . Twenty to 
thi rty percent of the fragments are l a rger than 1 mm . Fragments 0 . 05 -
0 . 1 0  mm i n  s i ze are predomi nately l eucocrati c ,  wi th angu l ar to s ubrounded 
s hapes . There are two l arge ( > 5 mm) c l a sts . One cl ast ( 5  x 7 mm ) i s  
mesocrati c .  I t  i s  composed of 30-35% l ath-s haped fel dspar ( < 2 mm l ong ) 
assoc i a ted wi th two gra i ns of yel l ow to pa l e  brown ol i v i ne .  One grai n 
( 0 . 5  x 0 . 25 mm ) i s  bri g h t  g reen chrome di ops i de .  The other b i g  b l ocky 
cl ast i s  coarsely crystal l i ne fe l dspar ,  wi th 5% i l men i te l aths , and 5% 
grayi s h  to transparent anhedral materi al  • .  Sampl e 1 4307 i s  about 5-1 0% 
g l as s ,  occurri ng most ly  as bl ack to dark gray botryo idal cl asts and as 
ves i cu l a r  s p l a s h .  

Thi n section 1 4307 , 4  was exami ned by Ri dl ey duri ng PET and descri bed as 
be i ng a fi ne-gra i ned cl asti c rock .  The co l or ,  under l ow power i n  transmi tted 
l i gh t ,  i s  a mottl ed dark brown , wi th abundant whi te c l a s ts . The l argest 
l i th � c cl as t observed is 1 . 3 x 1 . 6 mm i n  s i ze ,  and angu l ar to subangul a r 
i n  sh ape , wi th the average s i ze be i ng 0 . 2  - 0 . 3  mm . The average mi neral 
fragment s i ze i s  0 . 05 - 0 . 1 5  mm . Cl asts are evenl y  di stri buted throughout ,  
wi th no evi dence of any concentrat i ons by c l a st  type . Mi neral fragmen ts 
cons i s t  of broken fragments of fel ds par ,  c l i nopyroxene ,  and orthopyroxene .  
There are abundant g l ass fragments wh i ch a re col orl ess , pal e  brown , and 
dark brown i n  col or ,  as wel l as three g l ass  spheres . The groundmass i s  
very di ffi cu l t  to resol ve , be i ng al most  enti rely  un recrystal l i zed , bu t i s  
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dark brown i n  col or, wi th a mottl ed texture .  Th i s  fi nel y commi nuted mater
ia l  makes up 6 1 %  of the sampl e .  

L i th i c  cl asts are , themsel ves , brecc i as and conta i n  l i th i c  mi crocl asts , 
mi neral , and g l ass cl asts . Li th i c  mi crocl asts are observed to i ncl ude 
mi crocl asts of brecc i a  and basa l t ,  but most are brecc i as . Commonly , g l a ss 
is pal e  ye l l ow and fl ow banded .  Some honey-brown gl ass is present . One 
l a rge cl ast  has a basal ti c texture . I t  i s  coa rsely poi ki l i ti c ,  and com
posed of fel dspar and cl i nopyroxene , wi th acces sory anhedral i l men ite .  One 
fragment is very ol i v i ne- Y'i ch . Some cl asts cou l d  be nori t i c .  

Opaques present i n  the groundmass i nc l ude i l men i te , troi l i te ,  and meta l l i c  
i ron , wi th spheres of i ron common . W i th i n  the c l asts , i l men i te ,  s p i nel , 
ul vospi nel , tro i l i te and meta l l i c iron are see n .  

DI S CUSS ION 

Sampl e  1 4307 i s  c l ass i f i ed as a s hocked regol i th m i crobrecci a ( 1  c )  by Chao 
et a l . ,  ( 1 972 ) , and pl aced i n  Warner ' s  g roup 1 .  Wi l s h i re and Jackson l i st 
Tf as F2 , and von Engel hardt et al . ,  ( 1 972 ) , cal l i t  a g l as s -ri ch regol i th 
brecci a .  S imonds et al . ,  ( 1 977)-,-l i kewi s e ,  pl ace i t  i n  the i r  vi tri c-matrix 
brecci a category .  - -· 

Harz et a l . ,  ( 1 972 ) s tudi ed 1 4307 to determine  the surface orientat i on of 
i t .  They-found that part of the gl ass sp l atter h as been removed by mi cro
metero i d  bombardment .  The preservation of uncratered , h i gh ly  ves i cul ar 
g l ass sp l a s hes , whi ch are very del i cate , is sai d to be an i ndi cat ion that 
the rock d i d  not tumbl e after the g l ass was depos i ted.  

Berdot et al . ,  ( 1 972 )  found , dur i n g  the i r  i rrad iati on stud i es of 1 4307 , that 
i t  i s  KREEP -ri ch , wi th a mean model age ( T  ) for the KREEP materi al of 
about 4 . 4  b .y .  ( Nyq u i s t ,  et a l . ,  1 972 ) . I�A��� compacti on of 1 4307 resul ted 
from the Imbri an event ,  date�at 3 . 8  b .y .  (Wasserburg and Papanastass i o u , 
1 971 ) ,  then the t ime to produce the observed track  dens i ty i s  too s hort 
wi th the present sol ar fl are acti vi ty .  

Berdot e t  a l . ,  ( 1 972 ) , al so note that the dark matrix o f  1 4307 contai ns the 
" l argestansol ute amount of ' excess ' 4 0Ar ever meas ured i n  a l unar sampl e ,  
wi th a 4 0Arexcj 3 6Ar rat io  of 4 . 8 .  
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1 4309 , 4 

Sampl e 1 4309 was col l ected sometime duri ng the second EVA . No l unar-surface 
photographs were made , nor are the l ocati on and ori entat ion known . The sam
p l e  was returned i n  we i gh bag 1 031 wi th other grab sampl es from EVA 2 .  

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

42 . 4  g 4 . 30 x 5 . 1 0  x 3 . 05 em 

Samp l e  1 4309 i s  a moderately fri a bl e ,  vi tri c matri x  brecc i a .  

SURFACE FEATURES 

Some sma l l patches of gl assy spatter are present , but tend to spa l l off the 
surface . The T 1  surface i s  moderatel y  covered wi th zap p i ts ( 1 0 ) as l arge 
as l mm i n  s i ze .  Spal l zones are l ack i ng  around zap p i ts .  

One corner i s  cut by a penetrati ve fracture ; there are very few non-pene
trati ve fractures on the surface . 

The N 1  su rface i s  subrounded , and conta i ns a bl ack gl assy spl as h .  The B 1  
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s urface i s  broken and conta i ns no zap p i ts (Twedel l  et �· · 1 978) . 

PETROGRAPH I C  DESCRIPTION 

The matri x i s  50% off-wh i te and 50% l i ght gray i n  hand speci men . The whi te 
porti ons are surrounded by the gray , i n  genera l . Numerous sma l l i rregu l arly 
s haped vugs are in the whi te areas . No cl asts of mare basa l t  are vi s i b l e  i n  
hand spec i men . C l ast outl i nes are vague . Cl asts i nc l ude four l x 2 mm 
vi treous bl ack gra i ns ,  one 1 x 1 mm l i ght yel l ow-green o l i v i ne ,  and one 
3 x 3 mm c l o udy wh i te p l a g i oc l ase grai n .  

Thi n section  1 4309 , 4  reveal s  the rock to be a ves i cu l ar g l a s sy matri x brecc i a  
wi th  approxi mately 1 0% " g l ass "  i n  the matri x .  The ve si cu l es range from as 
l arge as 1 mm x 0 . 6  mm to sma l l er than 0 . 5  mm . There are no crysta l s  extend
i ng i nto any of the voi ds .  I n  add i ti on ,  the matri x conta i ns abundant mi nera l 
fragments and severa l porti ons of yel l owi s h  g l assy spheres , many wi th reac
t i on rims . There are some i l l -defi ned l i th i c  c l asts (> 1 mm ) of a " gl assy"  
( 5  - 1 0% )  matri x brecc i a  conta i n i ng very fine  crysta l l i tes . A few l a rge 
p l ag i oc lase  s hards are a l so i n c l uded i n  these c l asts . 

The matri x i s  composed of approximate ly  30% l i th i c  fragments and 70% 
mineral fragments . The l i th i c  fragments , l i ke the cl asts , are of fi ne
gra i ned brecci a  with  occas i onal  p l ag i oc l ase s hards . There are a few frag
ments of a crystal l i ne nature , but di sti nct crysta l s  coul d not be reso l ved . 
Most of the mi nera l  fragments are pyroxene whi ch are s l i ghtly s hocked and 
some have s hock-i nduced twi nn i ng .  Severa l of the crysta l s  s how some reac
t ion  wi th the s urroundi ng matri x .  The p l agiocl ase i s  fresh and s hows l i ttl e 
s hock effects . 

There are scattered masses of yel l owi s h  brown g l ass wi th bubbl es , swi rl s and 
fl ow l i nes . There i s  a l so a sma l l amount of c l ea r  g l ass i n  the matr i x .  
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Crystal l i ne sampl e  1 43 1 0  was col l ected duri n g  the second E VA at stat i on G .  
The co l l ect i on was not wel l documented - - n o  l unar-surface photographs 
were made , and the ori entati o n  i s  known only from surface pi tt i n g .  

PHYSI CAL CHARACTE RI STI CS 

Mas s D imen s i ons 

3439 . 0  g 1 9  x 1 4  x 1 1  em 

Th i s  rock i s  a med i um ,  gray , b l ocky meH roc k ,  wh i c h  i s  s ubrounded on the 
pi tted s i des . I t  i s  f ine  grai ned and homogeneous i n  mi neral ogy .  

S URFACE FEATURES 

Th i s  rock has a smooth surface and i s  densely pi tted on the two sub
rounded faces . The other three faces are angu l ar and s how no evi dence 
of previ ous m icrocrater bombardment .  The zap pi ts ra nge i n  s i ze from 
0 . 1  mm to 4 . 0  mm , wi th appr·oximately 90% of them gl ass- l i ned . There are 
estimated to be 20-50 pi ts per square centimeter on the p i t ted faces . 
There a re two exfo l i at i on fractures , one of wh i ch i s  para l l e 1 to the fresh 
surface .  There are fel dspar- l i ned vugs 0 . 5  - 2 mm in  di ameter coveri ng 
� 1 %  of the surface of 1 431 0 .  I n  l arge cavi t i es , the fel dspar appears to 
have a honeycomb texture , but i n  sma l l er cavi t ies  there are c l ear to gray 
fe l dspar crysta l s  projecti ng i nto the vugs . 

PETROGRAPHIC DESCRIPTION 

The rock i s  composed of fe l dspar and pyroxene i n  approximate ly  equal quan
t i t i e s .  The fel dspar occurs as  both c l ear and turbi d  eu hedra l gra i ns of 
0 . 3 mm s i ze .  Pyroxene occu rs as  turb i d  subhedra l gra i ns 0 . 2  - 0 . 3  mm i n  
s i ze .  Traces of opaques wi th gra i ns < 0 . 1  mm are a l so present . The rock i s  
medi um gra i ned and very homogeneous i n  texture . 

I n  thi n  secti on ( 1 43 1 0 , 5 ) , the rock i s  seen to be composed of 3 1 %  pyroxene 
(mostly pi geoni te ) ,  68% pl a g i oc l ase (� An9 0 ) ,  0 . 5% opaques ( i l men i te ,  
chrom i te ,  u l vospi nel , and troi l i te ) , and a trace of metal , wi th on ly  0 . 5% 
mesostas i s .  Re i d  and Me l son ( LSPET 1 971 ) descri be th i n  sect i ons 1 431 0 ,4 ;  
1 431 0 , 5 ;  1 431 0 , 6 ;  as havi ng i nterserta l to suboph i t i c  texture . P l aty p l a g i o 
c l ase forms a framework , wi th i nd i vi dual crysta l s  as l ong  as 1 mm , and 
l ength/wi dth of approxi mate ly  30 . P i geon i te ,  poss i b ly rimmed i n  p l aces by 
a ug i te ,  occurs i n  i nterst i t i a l  to suboph i ti c  to sheath l i ke g ra i ns .  Di screte 
areas ( as l a rge as 500 �m across ) cons i st of a fel ted aggregate of p l agi o
c l ase (and m inor a l ka l i fel dspar? ) l aths wi th a gra i n  s i ze noti ceab ly  sma l l er  
than the rest  of  the sect i o n .  What can b e  descri bed as a "cognate xenol i th "  
con s i sts of an a rea 3 . 3  x 1 . 5  mm , wi th the same phases as the rema i nder of 
the sect i o n ,  but wi th a noti ceab ly  fi ner gra i n  s i ze .  I t  i s  th i s sort of 
area that suggests that basa l t  samp l es such as  1 4276 and 1 431 0 ,  for examp l e ,  
were mel ted duri n g  i mpact ,  rather than formed by the usual i gneous processes . 
Thi s  i s  especi a l ly evi dent i n  t h i n  secti on 1 431 0 , 564 whi ch conta i ns a brecci a  
c l ast  encl osed by crysta "l l i ne  materi a l . 
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The mesosta s i s  i nc l udes l ate stage , very d i verse materi a l s .  Some can be 
resol ved i nto col or less  materi a l  { g l as s ? )  wi th  opaque to reddi s h  brown 
spheru l e s ,  and h i g h  re l i ef fi bers { apati te? ) .  M i neral s i ncl ude i l meni te ,  
meta l ( some a s  spheri cal drop l ets ) ,  "apati te " ( as  h i gh rel i ef ,  l ow bi re
fri ngent needl es ) , and an orange-brown mi neral ( a s  mi nute i sotrop i c  
gra i n s  wi th  h i gh refl ecti vi ty and rel i ef ,  pl aty habi t ,  and pseudo
hexagona l out l i ne ,  poss i bly hercyn i te ) .  

DISCUSSION 

Ori g i na l l y  bel i eved to be a " type samp l e "  of KREEP basa l t ,  samp l e  1 431 0 
recei ved a great deal of attenti on ( Brown and Peckett , 1 971 ; Gancarz 
et a l . ,  1 97 1 , 1 972 ; R i d l ey et al . ,  1 972 ; Longhi  et a l . ,  1 972 ; Hol l i ste r ,  
1972; and others ) . However-,-ir-has become apparent-rhat 1 431 0 s houl d not 
be consi dered the " type samp l e "  KREEP (Meyer ,  1 977 ) . The compos i tion of 
1 431 0 is l i ke that of soi l samp l e  1 41 63 and i t  conta i ns a h i gh proportion 
of si derophi l e  el ements as we l l  as i nc l uded Fe-Ni -P -S mel t  g l obul es 
( El Goresy et �- , 1 972 ; James , 1 973 )  and therefore appears to have been 
formed as an i mpact mel t roc k .  The texture of 1 43 1 0  ranges from fine
gra i ned suboph i ti c  to fi ne-gra i ned i ntergranu l ar .  Gancarz et  al . ( 1 97 1 ) 
present a l arge col or photo-mi crograph of the texture . Pl agToCTase forms 
an i n terl ock i ng network of randoml y ori ented l aths ( � 200 �m) . P heno
crysts of pl ag.i ocl ase ( 2  mm) al s o  form part of thi s network .  Pyroxene 
occurs as i n tergranul ar to suboph i t i c  gra i n s  in the i ntersti ces of t h i s  
p l agi ocl ase network . The cores of the pyroxene are orthopyroxene whi ch 
zones to pi geoni te . Aug i te sometimes forms ep i tax i a l overg rowths on the 
pi geoni te .  I l meni te occurs i n  the i ntersti ces and is i ntergrown wi th the 
outer margi n of pyroxene gra i n s .  The mesostas i s  conta i ns g l obu l es of 
Fe-Ni  metal - - schrei bers i te- troi l i te ,  Ba- K fel dspar· ,  baddel ey i te ,  tran
qu i l l i tyi te ,  Ca-phosphates and patches of above menti oned s i l i ca-ri ch 
g l as s .  However, i n  1 43 1 0  th i s  g l ass is often devi tri fi ed .  

Observati on of a l arge number of  th i n  secti ons ( � 30) of  1 431 0 shows that 
there may be a range i n  the m i neral ogi cal mode ( Ri d l ey et al . ,  1 972) . Such 
modal vari ations as wel l  as a rather wi de range i n  the chemi cal analyses 
confi rm that 1 431 0 i s  not a homogeneous rock . I n  add i ti o n ,  James ( 1 973 ) 
and LSPET ( 1 97 1 ) report apparentl y cognate i ncl u s i ons wh i c h  are present 
as sma l l cl as ts ( 2  mm across ) made up of t i g htl y  i ntergrown pl agi ocl ase 
l aths , as wel l as patches of s i l i cate i ntergrowths wh ich  have s i gni fi 
cantl y coarser gra i n  s i ze than the rest  of the rock .  

I n  a th i n  secti on study of  1 43 1 0 ,  B rown and Peckett ( 1 97 1 ) found that 
pl agi ocl ase phenocrysts were strongl y  zones to more s od i c  and potass i c  
compos i ti ons i n  thei r outer margi n s  whereas the groundmass pl agi ocl ase 
l aths were as cal c i c  as the phenocryst cores . I n  vi ew of these data they 
proposed that the basal ti c l ava l ost  Na and K by vol ati l i zation from the 
l unar s urface du ri ng i ts crysta l l i zati on . However , Ri dl ey et a l . ( l 972 )  
and Longhi  et  al . ( 1 972 )  observe that  pl agi ocl ase l aths often i ntrude and 
are i ncl udedwi th i n  phenocryst  rims and that there i s  actual l y  a cons i der
abl e range i n  the composi ti on of the l aths . They concl ude , i nstead , that 
the a l kal i content var ied l ocal ly  wi th i n  the pl ag i ocl ase  network and that 

260 



some phenocrysts ri ms actua l ly  grew l ater than many of the l aths .  How
ever ,  the presence of vo l ati l es i n  the me l t  and escape of vo l at i l es duri ng 
crystal l i zation i s  attes ted to by the presence of vugs i n  the roc k .  The 
composi ti on of th i s  vo l ati l e  phase i s  sti l l  un known . 

Samp l e  1 43 1 0  i s  l i s ted as a bas a l t by Wi l shi re and J ackson ( 1 97 2 )  and as 
a cl as t-free i mpact mel t rock by S imonds et a l . ( 1 977 ) . Wasserburg and 
Papanastas s i ou ( 1 97 1 ) descri be i t  as cl osely-resemb l i ng s ampl e 1 4276 
and di fferent from mare basal ts . Ages cl uster  at  3 . 88 ± 0 . 04 bi l l i on 
years ago on these s ampl es , di s t i nct from the age of 3 . 95 ± 0 . 03 bi l l i o n  
years before present , o btai ned on 1 4053 and a cl ast from 1 4321 ( Papanas
tas s i ou and Wasserburg , 1 971 ) .  
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1 431 1 ' 93 

Brecci a  samp l e  1 431 1 was col l ected dur ing  EVA 2 at stat ion Dg . Lunar 
surface photographs were not ta ken and the ori entation  i s  estimated from 
surface p i tt i n g .  Sampl e 1 4308 cons i sted of 3 pi eces whi ch P ET found to 
have been part of 1 431 1 and are i ncl uded here i n .  These t hree pi eces were 
renumbered 1 431 1 , 26 ; 1 43 1 1 , 64 ;  and 1 431 1 , 65 ( see mode l , page 359 ) . 

PHYS ICAL CHARACTER I STICS 

Mass Di mensi ons 

3204 . 4  g 20 . 0  x 1 2 . 5  x 9 . 1  em 

Th i s  samp l e  i s  a gray coherent brecci a  whi ch i s  broken i nto pi eces a l ong 
fractures . There are only a few fragments > 1 mm (<  5%)  and the rock i s  
most ly  (95%) crysta l l i ne matri x .  

SURFACE FEATURES 

Sl i ckensi des are present on one face wi th grooves 3-5 mm apart . Gl ass 
l i ned zap p i ts range from 0 . 1  - 1 mm i n  s i ze wi th a dens i ty of approxi 
mately  3 p i ts per square centimeter .  Shock features i ncl ude fractures 
and a few s hocked l i th i c  fragments . Vugs are p resent , a l i gned i n  a cha i n  
l i ke fas h i on wi th  i ndi vi dual chai ns  spaced 1 em apart ( see a l so Twedel l  
et .!}__. ,  1 978 ) .  
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PETROGRAPH I C  DESCRI PTION 

Thi s  fragmen tal polymi ct brecci a cons i sts of 5% cl asts and 95% crystal l i ne  
matri x .  Mi neral fragments and l i thi c c l asts are present i n  subeq ual amounts . 
Some mi neral fragments are as l arge as 5 mm and appear fresh . Pl agi oc l ase 
makes up 70% of the mi neral fragments . The other 30% i s  composed of ol i v i ne 
and a bl ack mi neral ( probably i l meni te) . Li th i c  fragments are 70% crysta l 
l i ne rock fragments and 30% brecc ia  fragments . Some l i th i c  fragments grade 
i nto the matrix  and i t  i s  probably deri ved from them . Mos t are l eucocrati c .  
There i s  a n  i n tri cate rel ationshi p between the vugs and the matrix .  The 
rock appears to be i gneous i n  some respects , but the matri x has c l ast-l i ke 
fragments . The si ng l e  crystal cl asts are l arge , fres h ,  and abundant.  Th i s  
rock i s  s i mi l ar i n  bi nocu l ar appearance to 1 4069 . 

I n  an attempt to characterize the nature of sampl e 1 431 1 , a sel ected group 
of th i n  secti ons wi th d i fferent parents were chosen for modal analys i s  of 
the � l mm c l asts . 

A total of four th i n  secti ons were studied and the cl ast compo s i t i ons noted . 
The samp l es exami ned wi th the i r  proper parents des i g nated were : 

Sampl e 

1 43 1 1 , 88 
1 431 1 , 95 
1 43 1 1 ' 90 

1 43 1 1 , 9 1  

Parent 

42 

62 

31 

Domi nant C l ast  > 1 mm 

Anorthos i ti c  brecci a ,  basal t i c  rock , dark 
metacl asti c ,  l i ght  metac l asti c .  
P l agi ocl ase shards , dark metacl asti c ,  basa l t i c  
rock ,  l i ght metacl asti c ,  ol i vi ne crysta l s ,  
anorthos i ti c  brecc i a .  
Dark metacl asti c ,  anorthos i ti c  brecci a ,  
p l agi ocl ase shards . 

The resu l ts of thi s summary i nd i cate that the predomi nate rock type i n  th is  
gener ic  i s  the dark metacl asti c fol l owed by ( i n order of decreas i ng  abun
dance ) anorthos i ti c brecci a ,  l i gh t  metacl asti c ,  p l a g i oc l as e ,  basal t and 
ol i vi ne crystal s .  

D ISCUSSION 

S amp l e  1 431 1 was i nvesti gated by Wi l s h i re and Jackson ( 1 972 )  and cl ass i fi ed 
as a coherent brecc i a  w ith  dark c l asts and p l aced i n  the i r  F4 category .  
Warner ( 1 972) l i s ts i t  as a grade 5 metamorph i c ,  and Chao e t  a l . ( 1 972 )  l i st  
1 431 1 as an unshocked , strong ly  annea l ed ,  Fra Mauro breccia; and 1 4308 as 
a s trong ly  anneal ed ,  Fra Mauro brecc i a .  Quaide and Wri g l ey ( 1 972 )  c l ass i fy 
i t  as an anneal ed brecci a .  Von Engel hardt e t  al . ( 1 972 ) and Simonds et al . 
( 1 977 )  des cri be i t  as be i ng g l ass  poor wi th-a crystal l i ne matrix  and a-cMB , 
respecti vely .  
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Hart et al . ( 1 972 ) l i st the expos ure age of 1 431 1 as 3 . 4  x 1 06 years us i ng 
partiCTe-rracks , Morri son et a l . ( 1 972 )  poi n t out that a port i on of 1 431 1 
wi thout mi crocraters was buried at the time of co l l ection , a nd that the 
cratered surface represents a s i ngl e exposure i nterval . The surface res i 
dence time was cal cu l ated by them as bei ng 4 . 5  x 1 05 to 2 x 1 06 years . 
Samp l e  ori entation  of brecc i a  1 431 1 / 1 4308 was determi ned by Horz et  al . 
( 1 972 ) .  

- -

Ol i vi ne c l asts , w ith  mant-l es formed by the reacti on of the ol i vi ne wi th the 
brecci a matri x ,  are noted by Cameron and Fi s her ( 1 975 ) .  They are a l so 
present i n  samp l es 1 4304 and 1 431 9 .  Kessen ( 1 975 )  attri buted these reacti on 
r ims to metamorph i sm duri ng  bur i a l  i n  a hot ejecta bl anke t ,  u s i ng  the brecc ia  
formati on model of Warner ( 1 972 ) .  Kessen bel i eved , on the bas i s  of her ex
perimental model , that reacti on  r ims can be formed over a period of years . 

The samp l e ' s  geneal ogy and a p hotograph  of the model i s  avai l ab l e  on pages 
358-359 • 
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1 431 2 ,  1 3  

Sampl e 1 43 1 2  i s  a brecc i a  co l l ected from the top of Turt l e  Rock duri ng EVA 2 
at Stat ion H .  I ts l una r orientati on and l ocati on were wel l  documented . Tur
t l e  Rock is the l argest of several boul ders at Stati on H ,  and the two rocks 
on i t  were n i c knamed " turtl e eggs " , and co l l ected as samp l es 1 431 2 and 1 431 9 .  

PHYS I CAL CHARACTERISTICS 

Mass D imens ·i ons 

299 g 9 x 6 x 4 em 

Th i s  rock i s  a med i um gray , coherent breccia  whi ch i s  part ly  covered wi th 
g l a s s .  

SURFACE FEATURES 

Zap pi ts are present on a l l s i des of 1 431 2 s ugges t i ng that i t  was t urned 
over after spal l i ng off Turtl e Rock or that i t  fel l  onto Turt l e  Rock from 
e l sewhere ( Swann et a l . ,  1 977 ) . The zap p i ts are g l ass - l i ned and range 
from 0 . 1 - 4 mm in-d i ameter .  Many of the p i ts have wh i te ha l os around them . 
P i t  dens i ty i s  estimated to be 45 p i ts per square cent imeter .  The rock has 
both penetrati ve and non-penetra t i ve fracture s .  Three sets of fractures 
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are fi l l ed wi th  vei n l ets of dark brown , ves i cul ar  gl ass , s i mi l ar to that on 
the surfaces of 1 431 2 .  The g l ass coat i ng covers ha l f  of two faces .  

PETROGRAPH I C  DESCRIPTION 

Thi s rock i s  a polymi ct brecc i a ,  wi th a t  l east 80% of the fragments l i th i c  
i n  nature , and l e s s  than 1 5  - 20% mi nera l  fragments . Most l i th i c  fragments 
are fi ne -grai ned and i n  some cases i t  i s  hard to di st ingu i sh the c l asts from 
the matri x .  Angul ar  l i th i c  fragments a re 60% med i um gray materi a l  and 40% 
l eucocrati c materi a l  wh i c h  occa s i ona l l y  conta i n wh i te fel dspar .  The matri x 
i s  wh i te to l i ght gray wi th a brown i sh ti nge . Th i n  secti on 1 431 2 , 1 3  shows 
that the predomi nant l i th i c  type i s  a fi ne-grai ned brecc i a  wi th some i nc l uded 
l arger m i neral fragments . The second most  abundant type  i s  a poorly organ
i zed mi xture of pyroxene and p l ag ioc l a s e .  Many of t h e  p l ag ioc l ase crystal s 
i n  these fragments are d i storted and ben t .  The secti on a l so revea l s  that 
the predomi nate type mi nera l  fragment  present i s  fresh to mi l d l y  shocked 
p l agi ocl ase  s hards . There i s  a l so a nearly equal  amount of pyroxene frag
ments , some of wh i c h  a re q u i te l a rge . 

In  thi n section approxi mately 30% of the a rea i s  composed of a dark , fine
gra i ned materi al  wh i c h  conta i n s  a bundant opaque gra i n s . Some l arge to 
sma l l  areas of dev i tri fi ed g l ass a re a l so present . 

Mi neral fragments are mostly p l agi ocl ase 0 . 5  - 2 . 5  mm in d i ameter ,  one l arge 
c l a st  of wh i ch i s  s hattered . Some l i ght  yel l ow and ci nnamon brown materi a l  
i s  a l so present wi th fragments rangi ng i n  s i ze from 0 . 2  - 1 mm i n  d i ameter .  
A trace of dark gray , angul a r ,  g l ass fragments i s  present w ith  rounded to 
equant parti c l es .  The rock has been mapped by members of the Imbri um Con
sorti um ( 1 976 ) and by our recata l og team ( Twedel l  et  �· · 1 978) . 

D ISCUSS ION 

Sampl e 1 43 1 2  was l i sted as Warner ' s  ( 1 972 )  grade 7 ,  and as an F4 by Wi l s hi re 
and Jackson ( 1 972 ) .  Chao et  a l . ( 1 972 )  l i st i t  as a shocked , strongly 
annea l ed ,  Fra Mauro brecc ia-( 2c ) ,  and S i monds et a l . ( 1 977 ) descri be i t  as 
a crysta l l i ne matr i x  brecci a (CMB ) .  -- --

Ryder and Bower ( Imbri um Consorti um,  1 976 ) i nvesti gated the petrol ogy of 
samp l e  1 431 2 and mapped th i n  section 1 431 2 , 1 4 .  They concl uded that 1 431 2 
was as sembl ed from other polymi ct brecc i a s  at a h i g h  temperature . Inj ected 
mel t  phases , maske lyn i te ,  and s hock mineral phases i nd i cate that the 
assembly  took pl ace in the ejecta b l anket produced by a major meteori te i m
pact. 
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Breccia  samp l e  1 431 3 was col l ected duri ng the second EVA at Stati on Gl , 1 50 m 
east of the LM , on the north ri m crest of North Tri p l et Crater .  I t  was 
p l aced i n  documented bag 27N . Its l unar l ocati on  and ori entat ion are wel l 
documented . 

PHYS I CAL CHARACTER IST I CS 

Ma ss D imens i ons 

1 44 g 6 x 6 x 4 em 

Thi s is a med i um l i ght  gray , coherent ,  fragme nta l brecc i a  wi th  a di sti ncti ve 
shape due to a promi nent notch produced by spal l i ng  a l ong two sets of frac
tures i ntersecting  a t  an ang l e  of 1 05° . 

SURFACE FEATURES 

Al l surfaces have a l i ght  to moderate den s i ty of g l ass- l i ned zap pi ts 
( 20 - 30 per squa re centimeter) . The pi ts range from 0 . 1  - 1 . 0 mm i n d i a 
meter ( see Twedel l et �. , 1 978 ) .  

Samp l e  1 431 3 i s  descri bed by Morri son et a l . ( 1 972 )  as havi ng l a rge crater 
jens i ties  on a l l major surfaces , Its l unar ori entati on is wel l  documented 
by l unar surface photography ( Sutton et al . ,  1 971 ) .  The tumbl i ng h i s tory 
was i nvest i gated and i s  presented i n  d iagrammatic  form i n  the arti c l e by 
Morri son et  � - ( 1 972 , p .  2776 ) .  

There are two we l l  defi ned fractures , one of whi ch  extends a l ong the l ength 
of the rock .  

PETROGRAPH I C  DESCRIPTION 

Thi s  samp l e i s  a polymi ct ,  fragmental brecc ia  wi th  cl asts l arger than l mm 
compri s i n g  25 - 30% of the roc k ,  and fi ne-gra i ned matr ix  the other 70 - 75% . 

Thi n secti on 1 431 3 , 1 4  conta i ns on ly  about 1 0% l i th i c  c l asts ( >  1 mm) wi th 
no mi neral fragments that l arge . The c l asts are angul a r  to rounded rock frag
ments whi ch appear to be most ly  crysta l l i ne wi th wel l  defi ned boundaries . 
The c l a s t  compos i t i on ranges from 20% fel dspar and 80% ol i vi ne i n  mesocrati c 
c l asts to 80% fel dspa r  and 20% ol i vi ne i n  l eucocrat ic  c l asts . I ntermedi ate 
c l asts conta i n  5 percent pyroxene . The matr ix  appears to be 70% cl ear sub
hedra l fel dspar gra i ns 0 . 5  mm i n  s i ze and 30% pyroxene gra i n s  < 0 . 1  mm i n  
s i ze ,  w ith  mi nor amounts of ol i vi ne of about 0 . 1  mm gra i n  s i ze .  The matrix  
is  textura l ly  homogeneous but there are i n homogenei t ies  in  matri x mi neral ogy .  
There i s  approx imately 30% brown i sh-ye l l ow " g l a s s "  i n  the matri x .  There are 
abundant gl ass spheres and ma sses of gl ass present a l ong wi th a sma l l amount 
of s p i ne l . 

D ISCUSSION 

Samp l e  1 431 3 has been studi ed extens i ve ly  by a consorti um of n i ne l abora-
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tori es . The mi neral ogy , petrol ogy , and petrogenes i s  were i nvesti gated by 
F loran et a l . ( 1 972 ) .  Sampl e 1 43 1 3  was descri bed by them to be a coherent ,  
polymktbrecci a  w i t h  a comp l ex h i story of commi nuti on and reaggl omerat ion . 
F i ve th i n  secti ons were exami ned : 1 431 3 , 7 ;  1 431 3 , 3 9 ;  1 431 3 ,40 ;  1 431 3 ,41 ; 
and 1 431 3 , 42 ,  but these ori g i nated from only two parents : 1 431 3 , 7  came 
from 1 431 3 , 3  and the parent of the others i s  1 431 3 , 35 .  The domi nant cl ast 
types were l i sted as ( 1 ) neri t i c  rock fragments , ( 2 )  monomi neral i c  fragments , 
( 3 )  mi crobrecci a  c l asts , and ( 4 )  g l assy fragments i ncl udi ng g l ass spheru l es . 
These g l ass  spherul es are descri bed as chondru l es and chondru l e - l i ke bodi es 
by Ki ng et a l . ( 1 972) . Mare-type basa l t  c l asts are descri bed as rare by 
Fl oran eta� ( 1 972 ) .  They found the matri x of the brecc i a  to be composed 
primarilY of fi ne part i c l es of brown i sh g l ass . Vary i n g  degrees of s hock 
damage to the c l asts were observed , rang ing  from uns hocked through s hock
mel ted fragments . A sequence of four unrecrystal l i zed mi crobrecc i a s  was 
recogni zed and recrysta"l l i zed c l a5ts are a l so present . The a bundance of 
mi cronori te cl asts i n  1 431 3 are i nterpreted as an  i nd i cat ion that neri t i c  
rocks were a n  i mportant pre- Imbrian  rock type i n  the Imbri um Bas i n  area . 
1 431 3 was assi gned to Group I of L i ndsay ' s  c l ass i fi cat ion . He est imated 1 0% 
of the samp l e  to be g l ass , most  of wh i ch i s  col or les s . P l agi ocl ase and pyrox
ene are the domi nant mi nera l phases . I t  was a l so descri bed as a vi tri c matri x 
brecci a (VMB) by Simonds et £1. ( 1 977 ) , and as a regol i th brecc i a  by Quai de 
and Wri g l ey ( 1 972 ) . Chao et £1. ( 1 972 ) l i s t  i t  as a compact , nonporous , 
regol i th mi crobrecci a  ( l b ) . I t  i s  l i sted as an F2 by Wi l sh i re and Jackson 
( 1 972 ) and pl aced i n  Warner ' s  ( 1 972 ) l owest metamorp h i c  grade fac i es ( Group 
1 ) . 

The samp l e ' s  geneal ogy can be found on page 360 of thi s  document . 
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1 431 4 ,  1 0  

1.1mm1 

Samp l e  1 43 1 4  i s  a brecc i a  samp l e  col l ected duri ng the second EVA at  Stat i on H .  
I t  was col l ected from the fi l l et bel ow Turtl e Rock ,  80 meters NW of the LM .  
The fi l l et  s l opes 2 - 3° to  the  fl at rego l i th and has abundant rocks up  to 
30 em i n  s i ze di stri buted i n  i t .  

PHYS I CAL CHARACTERISTICS 

Mas s  D imensions 

1 1 5 . 7  g 7 x 5 x 3 em 

The rock i s  a fri abl e brecc i a , medi um to l i ght gray on i ts fresh  s urface and 
dark brown i s h  g ray e l sewhere . Approxi mate l y  40% of  the surface i s  g l ass cov
ered . 

SURFACE FEATURES 

G lass - l i ned p i ts range i n  s i ze from sma l l er than 0 . 1  rm1 to 2 mm . There are 
approximately 60 p i ts per square cent i�eter except on the fresh ly  broken 
s urface ( see a l so Twedel 1 e� � . •  1 978 ) . 
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There are two generati ons of fractures wi th the ol der fractures fi l l ed w ith  
dark g l ass and  the younger ones s l i ght ly  opened , very i rregu l a r ,  and  c l osely 
spaced.  

PETROGRAPH I C  DESCRI PTION 

Sampl e 1 43 14  i s  a polymi ct breccia  whi ch  i s  composed of 1 0% l eucocra t i c  
mater i a l  a n d  l i th i c  fragments l a rger than 1 mm and 90% l i ght and dark gray 
fragments sma l l er than 1 mm. Fi ve percent of the roc k i s  composed of mi nera l 
fragments l a rger than 0 . 1  mm . Mi nera l fragments cons i st of whi te to c l ear 
p l a g i oc l ase ,  pal e green i s h  yel l ow o l i vi ne ,  and c l ear c i nnamon-brown pyr.oxene . 
N i ne percent of the rock i s  composed of angu l ar to rounded l i th i c  fragments , 
98% of whi ch are l eucocrati c .  S i l i cate boundari es are i ndi st i nct suggest i ng  
s hock effects . Angu l a r ,  dark brown to bl ack g l a s s  fragments make up  2%  of 
1 43 1 4 .  The matri x i n  many cases grades i nto the c l asts . The matri x i s  a 
seri ate mi xture of mi neral fragments and sma l l l i th i c  shards wi th very l i ttl e 
dark , fine-gra i ned materi a l . 

T h i n  secti on 1 431 4 , 1 0  s hows an a bundance of h i gh ly  s hocked , l arge , pyroxene 
fragments and cl asts i nterd i spersed wi th a few l i th i c  c l asts . The predomi 
nant l i th i c  c l ast type i s  a p l a g i oc l ase-rich  cumu l ate and numerous types of 
fine-grai ned brecci as . There are o l i vi ne gra i ns i n  the c umu l ates and i n  
many of the pyroxene and p l ag i oc l ase gra i n s .  

D I SCUSS ION 

Wi l sh i re and Jackson ( 1 972 ) l i st  samp l e  1 431 4 as  an F4 ( coherent wi th dark 
c l asts ) .  Warner ( 1 972 ) pl aces i t  i n  h i s  h i gh grade metamorph i c  category 
( 7 ) , and Chao et a l . ( 1 972 ) descri be i t  as  a s hocked , strong ly  annea l e d ,  
Fra Mauro breccia--. S i monds e t  �- ( 1 977 )  l i s t i t  i n  thei r CMB category .  
I n  the i r  analys i s  of Fra Mauro samp l es ,  Dence and P l ant ( 1 972 ) descri be 
samp l e  1 43 1 4 , 1 3  as contai n i ng  a wi de vari ety of c l asts i nc l udi ng mi nera l 
fragments , mare basa l t ,  and annea l ed g l ass , predomi nantly of Fra Mauro 
basa l ti c  compos i tion , enc l os i ng sma l l er amounts of potas s i c  gran i te .  

274 



1 43 1 5 

• 

S-71- 54204 

1 4 31 5 ,  7 

1.1m� 

275 



Samp l e  1 43 1 5  i s  a brecci a col l ected from Stati on H ( North Boul der Fi el d ) 
duri ng EVA 2 .  Its l unar l ocation i s  documented a s  bei ng 1 5  m S E  of Turt l e  
Rock and 70  m NW of the LM ,  but the l unar ori entati on i s  tentati ve .  I t  was 
returned i n  we i gh bag 1 038 . 

PHYS I CAL CHARACTERIST ICS 

Mass D imensi ons 

1 1 5 .  g 3 x 6 x 6 em 

Thi s coherent ,  gray brecci a  has a rounded surface and an angu l ar  fl at under
s i de .  

S URFACE FEATURES 

G l a ss - l i ned zap p i ts cover the rounded s urface more densely than the fl at 
surface , wi t h  30 p i ts per square cent imeter.  The p i ts range in s i ze from 
l ess  than 0 . 1  to 2 mm. 

There are two fracture sets orthogonal  to each other , wi th three fractures 
i n  one set and one i n  another . 

PETROGRAPH I C  DESCR I PT ION 

Thi s samp l e  consi sts of 20% fragments l ess  than 1 mm and 80% fragments l arger 
than 1 mm. Seventy percent of the rock cons i sts of l i th i c  fragments greater 
than 0 . 1  mm whi ch are enti re ly  l eucocrati c and wh ite .  Two fragments of  
p l ag ioc l ase ri ch materi a l  about 5 mm i n  s i ze can  be seen on  the  rounded sur
face . A promi nent set of p l anar l aminae of dark bl ack g l ass 0 . 02 mm thi c k ,  
about 2 mm l ong ,  and spaces 2 - 5 mm apart i s  an unusual feature of th i s  rock .  
The gl ass l ami nae transect s ome gra i ns but go around others . 

Th i n  secti on 1 431 5 , 7  i s  very unusual i n  that the rock di s p l ays an i nterl ock ing  
mi xture of most ly  rounded , part ly  to  nearly tota l ly devi tri fied g l as s  bod i es , 
abundant chondru l e- l i ke bodi es and scattered l arger,  h i gh ly  s hocked mi nera l 
and l i th i c  fragments . The mai n  l i th i c  type present i s  m icrobrecc ia  wi th 
eHher a very fi ne-gra i ned matri x to a hol ocrysta l l i ne matri x .  Many o f  the 
mi neral fragments have been shocked to an extent that they are now very 
" g l assy" . The mater ia l  cement ing  the fragments together i s  a reddi sh-brown , 
fi ne-gra i ned mater i a l  whi ch shows a di sconti nuous pattern . One quarter of  
the secti on i s  a l eucocrati c c l ast whi ch i s  i n  sharp contact wi th the other 
parts of the secti on . 

D I SCUSS ION 

Wi l s h i re and Jackson ( 1 972 ) descri be samp l e  1 431 5 as a coherent brecc i a  wi th 
l i ght c l asts ( F2 ) . Warner ( 1 972 ) p l aces i t  i n  h i s metamorph i c  grade 3 ,  and 
Chao et a l . ( 1 972 )  l i s t  i t  as a spheru l e-ri ch , transported mi crobrecc i a  ( 3 ) . 
S i mondS et a l . ( 1 977 )  c l ass i fy rock 1 431 5 as a VMB . 
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Nel en et a l . ( 1 972 ) descri be samp l e  1 431 5 as dense , p l ag i oc l ase-ri ch rock 
wi th 5� TU% chondru l es cons i st i ng of p l agiocl ase need l e s  i n  a g l assy matri x 
and gl ass spherul es and fragments , most  of wh i c h  are dev i tri fied . Ana l yses 
of the gl as ses revea l them as  havi ng a l ow ( < 1 0% )  i ron content .  One l arge 
fragment ( 2  x 6 mm )  conta i n i ng severa l  c l asts of quartz-K-fe l dspar i nter
growth and a l a rge rounded gra i n  of orthopyroxene were observed . Most of the 
c l asts were descri bed as bei ng ol i vi ne or p l agi ocl ase ,  however.  Dence and 
P l ant  ( 1 972 )  a l so observed many chondru l e- l i ke bod i es and devi tri fied gl asses 
of fel dspathic  basal t  compo s i t i on i n  samp l e  1 431 5 . 
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1 43 1 6 ,  5 

Samp l e  1 431 6 i s  a brecci a col l ected at  station H duri ng EVA 2 .  I t  has not 
been i denti fied i n  l unar surface photographs , so  i ts exact l unar l ocation and 
ori entation are un known . I t  was returned i n  we i gh bag 1 038 . 

PHYS ICAL CHARACTERISTICS 

Mass D imen s i ons 

38 . 2  g 4 . 5  x 3 . 0  x 1 . 5 em 

Th is  rock i s  a med i um gray , i nhomogeneous , fragmental brecci a wi th one fl at 
face . There is  a p redomi nance of  l e ucocrati c c l asts . 

SURFACE FEATURES 

The rock has an i rregu l a r  surface wi th l ess  than 2% gl ass  cover .  Three sur
faces of the rock are p i tted ,  and the rounded surface i s  covered with  g l ass
l i ned zap  p i ts wi th a den s i ty of 1 5-20 p i ts per  square cent imeter .  The p i ts 
range from 0 . 25 - 1 mm i n  s i ze .  There i s  g l ass  but no zap p i ts on the fl at 
surface ( see al so Twedel l  et �· , 1 978) .  

Two sets of pl anar fractures cut the roc k .  The two members of the fi rst set 
are spaced 6 mm apart . One of these cuts across both matri x and c l asts . 
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Both fracture surfaces are gl ass  spl attered . The second fracture set appears 
fresh and i rregu l ar .  

P ETROGRAPH I C  DESCRI PT ION 

The gra i n  s i ze ranges from 0 .  l mm to 0 . 2  mm , and i s  i nhomogeneou s .  The rock 
i s  polymi ct wi th 20% fragments greater than l mm and 80% matri x .  The c l asts 
are l eucocrati c ,  and cons i st of two types : 

l .  F i ne gra i ned mi crobrecci a wi th l eucocrati c c l asts and angu l ar 
fe l dspar i n  a fi ne gra i ned recrysta l l i zed matri x .  

2 .  C l a sts wi th pyroxene and p l a g i oc l ase i n  varyi ng proporti ons . 
These measure up to 1 . 0 em i n  s i ze and have subrounded , very 
i rregu lar  sca l l oped s hapes wi th sharp outl i nes . These are 
the dominant c l asts i n  1 431 6 .  

The matri x cons i sts of � 30% very sma l l l eucocrati c fragments , < 1 %  brown 
pyroxene ,  ye l l ow green o l i vi ne ( ? ) , and � 70% l i ght gray materi a l . There 
are n umerous sma l l spheri cal  to i rregul a r  g l ass ma sses , many of whi c h  a re 
partly devi trifi ed ,  scattered through the matri x .  On ly  about 5% o f  the 
matr ix  i s  the fi ne-grai ned dark gray materi a l . The matri x appears to be at 
l east partly recrysta l l i zed . 

Th i n  sect ion 1 431 6 , 5  i s  somewhat remin i scent of  1 43 1 5 , 7  i n  that the rock con
si sts of  an i nterl ocki ng mi xture of  mi nera l and l i th i c  fragments cemented 
together by a brown i s h  " g l assy"  materi a l . The fragments are much l ess  re
sol ved than i n  1 431 5 , 7  and there are fewer chondru l e- l i ke bod ies and devi tri 
f ied g l ass  mas ses . There i s  one l arge reddi sh-p ink  spi nel crystal surrounded 
by opaque gra i ns and a " ha l o "  of fi nely crysta l l i zed materi a l . Sma l l er  masses 
of sp ine l  are scattered throughout the sect i on . 

D ISCUSS ION 

Samp l e 1 431 6 was p l aced in the i r  F2 category by Wi l sh i re and J ackson ( 1 972 ) 
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Brecc ia  samp l e  1 431 7 was col l ected at stat i on H during  the second EVA but has 
not been i denti fi ed i n  the North Boul der Fi el d photographs ,  so  i ts l unar 
l ocation is  tentati ve ,  and l unar ori entat ion , un known . It was returned i n  
wei gh bag 1 038 . 

PHYSICAL CHARACTERI STICS 

Ma ss D imens i ons 

1 6 .  l g 3 . 0  x 2 . 5  x 1 . 5 em 

Thi s rock i s  a medi um gray , coherent brecci a .  

SURFACE FEATURES 

The p i tted surface has a den s i ty of approxi mately 20 p i ts per square centi 
meter .  The p i ts vary from 0 . 1 mm to 0 . 2  mm i n  s i z e .  

PETROGRAPH IC  DESCR IPT ION 

T h i s  rock cons i s ts of 90% matri x sma l l er than 1 mm and 1 0% c l asts l a rger 
than 1 mm . The matr ix  i s  very fi ne grai ned and homogeneous . The c l asts are 
very l eucocratic  and probably are composed of p l agi ocl ase . 

Exami nati on of secti on 1 431 7 , 4  reveal s the samp l e  to be brecc ia  wi th approxi 
mately  1 0% " g l assy"  materi a l  i n  the matri x ( < 1 mm ) . There are very few 
l i th i c  fragments present i n  the secti on . Li th i c  fragments are a l l of a very 
fine grai ned mi crobrecc i a .  There a re a l so severa l l arger masses of an opa
que materia l  present .  Most  of the fragments in the matri x are h i gh l y  de
formed pyroxene crysta l s ,  many of whi ch are rounded .  There are abundant 
sma l l crysta l l i tes i n  the matri x .  One sma l l fragment of a basa l t  whi ch has 
been shocked wi th hi ghl y deformed pyroxene and pl agi ocl ase was observed . 
There are a few sma l l anhedral o l i vi ne crysta l s  i n  some of the pyroxene 
crysta l s .  A few g l ass  masses are scattered throughout the secti on and many 
have dendri t i c  crysta l s  i n  them . 

D I SCUSS ION 

Sampl e 1 431 7 was p l aced in the F2 category of Wi l s h i re and Jackson ( 1 972 ) . 
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1 431 8 ,  45 

Brecci a sampl e 1 43 1 8  was col l ected from the regol i th near the south end of 
North Boul der Fiel d at stat i on H duri ng the second EVA. It was returned 
i n  wei gh bag 1 038 .  Samp l e  1 43 1 8 i s  one of the specimens chosen for study 
by the Imbri um Consorti um , who recei ved 1 431 8 , 0 .  A compl ete set of matched 
th i n  secti ons , across the enti re speci men was · made by the Consorti um 
( 1 976 ) , and thei r fi ndings are i ncl uded i n  thi s descripti on . 
PHYS I CAL CHARACTE RISTI CS 

Mass Dimens i ons 

600 . 2  g 1 1 . 4 x 7 . 8  x 5 . 3  em 

Thi s  samp l e  i s  a ve� coheren t ,  gray , polymi ct brecci a  cons i st i ng of l i ght 
gray cl asts i n  a medi um gray matri x .  

SURFACE FEATURES 

The sampl e  i s  densely pi tted on a l l su rfaces , wi th pi ts rang i n g  from < 0 . 1  
to 2 mm i n  di ameter.  P i t  dens i ty is  60 p i ts per square centimeter. More 
than 90% of the p i ts are gl as s  l i ned . 
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The rock i s  cut by three sets of mutua l ly  orthogona l p l anar fractures . 
Two sets have 0 . 1 mm th ick  b l ac k  ves i cu l ar gl ass fi l l i ng the fractures , 
and the surface of the thi rd fracture set i s  not vi s i bl e .  Many sma l l 
ve i n s  o f  g l ass  di verge from the fracture p l ane and extend i nto the matri x .  

PETROGRAPH I C  DESCRIPTION 

Cl asts l a rger than 1 mm make up at l east  20% of  the vol ume . Three c l ast 
types are pure wh i te or gray-whi te p l agi ocl ase ri ch fragments , app l e-
green ol i vi ne-ri ch spheres ( chondru l es ) ( see Ki ng et � . •  1 972 ; Kurat 
et a l . ,  1 972 , 1 974) , and l i ght yel l ow-brown " basa l t i c "  fragment s .  I n  
appearance , the hand speci men , wi th i t s  range of  c l ast  s i zes , col ors , 
and shapes , i s  sai d  to be remi n i scent of the Al l ende meteori te ( Imbri um 
Consorti um ,  1 976 ) .  The matri x cons i sts of  fel dspa r ,  wi th � 5% o l i vi ne 
and 1 %  p i n k  pyroxene . Thi s i s  a h i gh ly  comp l ex fragmental rock wi th 50% 
of the cl asts pi eces of crysta l l i ne rocks and 50% l eucocrati c mi crobrecci a .  

I n  thi n secti on samp l e  1 431 8 i s  descri bed by the Imbri um Consorti um (�. 
ci t .  1 976 ) as a very coherent ,  l ow poro s i ty polymi ct brecci a wh i ch i s  
partly coated wi th a grayi sh-green gl ass conta i n i ng numerous mi cron-s i zed 
drop l ets . Thi s i s  the gl ass fi l l i ng some of the fractures i n  tbe roc k .  
The gra i n  s i ze ranges conti nuou s ly  from > 1 � m  t o  a t  l east  7 mm . C l asts 
l arger than 1 mm account for 30% (Wi l s h i re and Jackson , 1 972 ) to 50% 
(Warner,  1 9 72 ) of i nd i v i dual thi n secti ons . As noted by Warner ( 1 972 ) 
and Chao et a l . ( 1 972 ) ,  the l a rge c l asts exh i bi t a fa i nt a l i gnment . 
The matrix-( cons i s ti ng of crystal , rock ,  and g l ass  fragments l es s  than an 
arbi trary 1 00� in d imens i on )  i s  ti ghtly wel ded together , but not recrys
tal l i zed to any s i gni fi cant extent .  Gl ass fragments a s  sma l l a s  a few 
microns are not devi tri fied and some gl ass and crystal fragments are 
angu l ar .  However ,  many other gra i n  boundari es are di ffuse and  there 
i s  a sma l l amount of g l as s  that appears to hel p  cement the rock together .  
Some of th i s  cementi ng gl ass is  amoeboi d in  shape ( see Kurat � <!l, , 1 974 , 
the i r  Fi g .  l C ) , and some i s  petrograph i cal ly i dent i ca l  to the brown g l ass 
in g l as s-wel ded aggregates , or aggl ut inates . The matri x texture p l aces 
the rock in Warner ' s  ( 1 972)  group 3 .  

Kurat e t  �· ( 1 974)  attached spec i a l  importance to the presence o f  rap i d ly  
crysta l l i zed spheru l es , or chondru l es , and to  the overa l l textural s i mi 
l ari ties  between 1 431 8 and polymi ct ,  brecci ated chondri t i c  meteori tes . Al 
though they recogni zed that chondri tes and l unar rocks di ffer markedly  i n  
compos i ti on ,  Kurat et a l . argued that i mpact proces ses p l ayed centra l  rol es 
i n  produc i ng both 1 43 ls-and the chondri tes . Chao et a l . ( 1 972 ) a l so con
s i dered the presence of  spheru l es of g l ass , devi tri fied g l ass , and chondru l es 
to be s i gn i fi cant . They c l ass i fi ed 1 431 8 as a " spheru l e-ri ch , transported 
mi crobrecci a " . 
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Kurat et a l . ( 1 972 , 1 974) measured the chemi cal compos it i ons of l i th i c  frag
ments ,!Jl asse s ,  and chondrul es in 1 431 8 ,  but d i d  not ascerta i n  thei r re l ati ve 
abundances . To obta i n  abundance data , the Imbri um Consorti um (Q£. ci t . , 
1 976 ) made a modal ana l ys i s  of one thi n secti on , took a cens us of arr-frag
ments l arger than 1 mm in two secti ons , and comp i l ed another census of 
parti c l es between 0 . 2  and 1 . 0 mm di am. , i n  randomly sel ect�d reg i ons of 
one secti on .  The fol l owi ng di scuss i on i s  a s ummary of the 1 r  resu l ts : 

L i th i c  fragments are of the same vari eti es as found i n  the Apo l l o  1 4  soi l s  
( e . g . , Tay lor  et a l . ,  1 972 )  and other brecc ias  ( e . g . , Chao et a l . ,  1 972 ) . 
Most have KREEv-chemi stry and are brecc i as , recrysta l l i zed to varying  
degrees . Some are cl early polymi ct . L i t h i c  fragments were c l as s i fi ed as 
fol l ows : recrysta l l i zed nori ti c brecc i as , i n  whi ch the matri x i s  fi ne
gra i ned and unme l ted ; �tia l l y  me l ted nori ti c brecc ias , characteri zed 
by i gneous-textured matri ces ; granu l i ti c  nori ti c brecc i as , wi th coarsely
crysta l l i n e ,  equant matri ces . Nonmare basa l ts ,  some of  whi ch cou l d be 
total  i mpact mel ts ; mare-l i ke basa l ts ,  wh i c h  are di st ingui shed from non
mare basa l ts by h i gher contents of mafi c s i l i cates and i l men i te ;  anortho
s i t i c  ( o r  ANT ) rocks ; and others , ( ul tramafi c  rocks , graph i c  i ntergrowths 
of q uartz and al kal i -fel dspar , and coarse-gra i ned ,  unbrecci ated nori t i c  
fragments ) .  Al l but the l ast  three categories are chemi cal ly  equ i va l ent 
to KREEP . 

Gl asses are a l so of  the same types as found i n  soi l s .  They were c l as s i fi ed 
i nto the fol l owi ng groups : homogeneous gl ass , a l most a l l of wh i ch were 
pa l e  yel l ow to bri ght ye l l ow ; �· or suevi te- l i ke gl ass that conta i ns 
crysta l l i tes and mi nera l  fragments ; brown , swi rl y ,  aggl uti n i t i c- l i ke g l ass ; 
and devi tri fi ed gl as s .  Chondru les  were p l aced i n  a separate category , as 
were mi neral fragments . 

The moda l analys i s ,  i ncorporati ng both cl asts and matri x ,  was done on 
sect i on 1 43 1 8 , 48 ,  u s i ng  a magn i fi cati on of 80x . An area of about 6 cm2 
was scanned and 4 , 847 poi nts were counted . Resu l ts are as fol l ows : 

L i t h i c  fragments 
Mi neral fragments 
Homogeneous gl ass 
Suevi te- l i ke g l ass 
Brown , swi rl y gl ass 
Dev i tri fi ed g l ass 
Chondru l es 

59 . 6% 
1 4 . 7% 
3 . 0% 
5 . 9% 

1 0 . 2% 
2 . 5% 
4 . 1 %  

1 00 . 0% 

Compared to Apol l o  1 4  brecci as that are obvi ous so i "l brecc ias , such as 
1 4047 and 1 4055 , rock  1 43 1 8  i s  much ri cher i n  l i th i c  fragments ( 60% vs . 
� 1 0% )  and poorer i n  brown , swi rly matr ix  g l a ss  ( 1 0% vs . 50% ) . Neverthe l es s ,  
the same const ituents norma l ly  found i n  1 una r soi l s  are present . Perhaps 
1 43 1 8  was made from a re l a t i vely i mmature soi l . 
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Chondru l es are confi ned to the < 1 mm fract i on .  These res ul ts are cons i stent 
wi th those reported by Wi l s h i re and Jackson ( 1 972 ) .  Essenti a l ly  the same 
proporti ons of types are found i n  each . Curi ous l y ,  the rel a t i ve abundances 
of types of KREEP l i th i c  fragments i n  1 43 1 8  i s  q u i te s im i l a r  to those i n  
the freshest ( l east mature )  soi l s  from Apol l o  1 4 :  1 41 42 from Cone Crater 
and 1 41 51 from the bottom of a 30 em deep trench ( Tay lor  et £1. , 1 972b ) . 
As noted above , i t  i s  possi bl e that 1 43 1 8  was formed from an i mmature soi l .  
( The previ ous petrograph i c  di scus s i on of samp l e  1 43 1 8  i s  from Interd i s c i 
pl i nary Studi es by the Imbri um Consort i um ,  vol ume 1 ,  p p .  67-69 . 

D ISCUSS ION 

Samp l e 1 431 8 i s  c l as s i fi ed as  an F2 by Wi l s h i re and Jackson ( 1 972)  because 
of i ts coherence and a bundant l eucocrati c c l asts . Warner ( 1 972)  ass i gned 
i t  to h i s  med i um metamorph i c  grade 3 ,  and Chao et a l . ( 1 972 ) p l aced i t  i n  
h i s  spheru l e-ri ch group ( 3 ) . Quai de and Wri g l ey-(1972)  cal l i t  a regol i th 
brecc i a ,  and von Engel hardt et a l . ( 1 972 ) p l ace i t  i n  thei r gl ass-ri ch 
regol i th brecc ia  category .  S imonds e t  �· ( 1 977 )  l i st i t  a s  a VMB . 

Thi s  rock has been studied exten s i vely by Kurat et a l . ( 1 972 , 1 974) , 
menti oned by Ki ng et a l . ( 1 972 ) ,  and fi nal l y  studi e�by the Imbri um Con 
sort i um ( 1 976 ) .  Ir-conta i ns fi s s i onogeni c  xenon deri ved from exti nct 
244 Pu ( Behrmann et a l . ,  1 973 ; Reyno l ds et a l . ,  1 974 ) .  The most i nterest i ng 
feature of 1 43 18 ,lhowever ,  i s  i ts chondrUTe!Content . 
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Brecci a  sampl e 1 43 1 9 i s  the western rock from the top of Turtl e Rock 
( "turtl e egg " ) .  Th i s  sampl e as wel l  as 1 431 2 were col l ected from Turtl e 
Rock at s tation H du ri ng the second EVA and retu rned i n  wei gh bag 1 038 .  
I ts l unar ori entation  and l ocati on have been wel l documented . I t  appears 
to be s imi l ar to Turtl e Roc k and the other rocks i n  the area . 

PHYS I CAL CHARACTE RIST I CS 

Mass Dimens i ons 

21 1 • 6 g 8 x 5 . 5  x 3 . 9  em 

Th i s  i s  a l i g ht-med i um gray coherent brecci a wh i ch i s  fl at on one s ide 
and rounded on the other s i des . 

SURFACE FEATURES 

The rock i s  rounded and pi tted on al l but one s i de whi ch i s  fl at and partly 
covered wi th gl ass . P i t s  range from 0 . 1  to 3 mm in d i ameter,  averag ing  
about 0 . 5  mm . The gl ass i s  dark b rown i n  hand specimen and forms a 
0 . 5 - 1 . 0 mm thi c k  coati n g .  

There i s  a s et  of  fractu res s ubpara l l el to the l ong ax i s  of  the rock 
wh i ch are frag i l e  and ready to break .  

PETROGRAPHI C DESCRI PTI ON 

Th i s  i s  a polymi ct brecc i a ,  wi th 90% of the c l asts greater than l mm 
bei ng l i th i c and 1 0% rounded fel dspar crystal s  up to 2 mm l ong .  The mos t  
common cl ast type ( 90%)  i s  medi um dark gray , equant t o  el ongate , s ubangu l ar 
to rounded , c rys tal l i ne granul a r  mi crobrecci a .  These mi crobrecc ia  frag
men ts cons i s t  of 50% medi um gray fel dspar , 45% whi te to col orl ess fel dspar 
l aths ,  ye l l ow-green ol i vi ne ,  and c i n namon-brown pyr·oxene . Approx imately 
1 0% of the l i th i c  c l asts are smal l ( l  - 2 mm) crystal l i ne basa l t fragments 
composed of co l or l ess  fel dspar, l i ght brown pyroxene , and b l ac k  opaques . 
One l arge fel dspar fragment has a r im  of opaques compl etely around the 
margi ns . The matri x i s  made up of  fel dspar > 1 mm l i th i c  c l asts , a 
yel l owi sh  mi nera l ( fe l dspar? ) ,  opaque specks , red brown pyroxene,  and 
l emon yel l ow o l i vi ne ( ? ) .  

Exami nati on o f  secti ons 1 43 1 9 , 2 and 1 431 9 , 1 3 ; as wel l  as chi ps 1 431 9 ,8 ;  
l 43 1 9 ,8A; and 1 43 1 9 , 1 0  by Winzer as part of the PET ( 1 97 1 ) i ndi cates that th i s 
samp l e  i s  a g ray-green , fragment-l aden mel t contai n i ng basal t i c ,  anortho
s i ti c ,  n ori ti c ,  and predomi nate ly  brecc i a  cl asts , a l ong w i th fragments 
of mi neral s and gl ass . Mi nera l s i nc l ude ol i vi ne ,  pyroxene ,  opaque mi neral s ,  
and pl agi ocl ase ,  wi th pl agiocl ase the major phase present.  Ol i vi ne  i s  a 
mi nor phas e ,  and there are , al s o ,  a few reddi sh-orange spi nel fragments 
observed . Some devi tri fi cati on of the g l ass present has occurred , mai n ly  
as a growth of  very smal l euhedra l fel dspar crys ta l s .  Large " poi ki l i ti c "  
pyroxenes were not observed . 
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Most c l asts are brecc i a s .  Those brecci a c l asts wh ich are n o t  gl assy or 
partly devi tri fi ed fragment- l aden mel ts appear to be anorthos i t i c  i n  
nature . One rel a ti ve ly  l arge anorthos i ti c  cl ast was observed i n  1 43 1 9 , 2 .  
The dominant i gneous cl as t i s  basal ti c .  These are ,  norma l l y ,  ei ther of a 
" fe l ted " texture , or are mi crogabbro i c .  Nori te (or  gabbro ) cl asts are 
secondary . These nori t i c  c l asts conta i n  more fe l dspar than the basal t i c  
cl asts , and do  not usual l y  conta i n  o l i vi n e .  Opaque phases occur as sma l l ,  
rounded , metal grai ns , or as i rregu l ar i l meni te . B rett ( LSPET , 1 971 ) 
descri bed the opaques i n  1 43 1 9 , 5  as s imi l ar to 1 431 8 , 2  except l ack ing i n  
chrome sp inel , ul vosp inel , and zi rcon . Troi l i te i s  more abundant ,  
occurri ng  as fi ne rounded to su brounded bl ebs to 1 0  �m , and l arger aggre
gates of gra i ns as l a rge as 80 �m . 

DISCUSS I ON 

Samp l e  1 43 1 9  was found to be an F4 brecc i a  ( coherent , dark c l asts )  by 
Wi l s hi re and Jackson ( 1 972 )  and a h i g h  metamorph i c  grade ( 7 )  by Warner 
( 1 972 ) . Chao et al . ( 1 972)  cl ass i fy i t  as a s trongl y annea l ed ,  s hocked , 
Fra Mau ro brecCTa-r2c) . S imonds et a l . ( 1 977 )  l i st  i t  as a crysta l l i ne 
matri x brecci a .  -- --

The sampl e was al so i nvesti gated by Roedder and We i b l en ( 1 972)  i n  the i r study 
of me l t  i ncl us i ons , and they found evi dence that the samp l e  had a compl ex 
thermal h i s tory .  
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Thi s brecci a  was col l ected from North Boul der Fi e l d  from station H duri ng 
EVA 2 .  The samp l e  has not been i denti fied i n  l unar s urface photographs so 
the l unar l ocati on i s  on l y  tentati ve and the l unar ori entat i on i s  unknown . 
Sampl e 1 4320 was returned i n  wei gh bag 1 038.  

PHYS I CAL CHARACTERISTICS 

Mass D imens i ons 

64 . 9  g 5 . 5  x 5 . 0  x 2 . 5  em 

Th i s  i s  a medi um gray , coherent ,  polymi ct brecci a .  

SURFACE FEATURES 

Gl ass- l i ned zap p i ts are even ly  d i stri buted on a l l s i des of the rock wi th a 
den s i ty of approximately 20 pi ts per square centimeter .  The p i ts range i n  
s i ze from l ess than 0 . 1  mm to 2 mm . 

There are two orthogona l sets of p l anar fractures para l l e l to the W and the 
B faces of the samp l e .  

PETROGRAPH IC  DESCR IPTION 

Thi s  pol ym ict brecci a  has  " 10% cl asts l a rger than 1 mm and 90% matri x sma l l er 
than 1 mm . There are both mesocrati c and l eucocrati c l i th i c  fragments . The 
bul k of the rock i s  composed of angul ar  and roughl y  equant fragments of  
aphan i ti c  materi a l  set  i n  a l i ghter gray to  wh i te groundmass . 

A th i n ,  i rregu l a r  vei n  of dark brown ves i cu l a r  gl ass  fi l l s  one sma l l crac k .  

Thi s samp l e  appears s i mi l ar t o  1 4321 i n  hand specimen and i n  thi n sect i on . 

Thi n secti on 1 4320 , 7  has approximately 25% c l asts and 75% matri x .  The 
matri x has a sa l t  and pepper appearance wi th very fi ne whi te and dark 
gra i n s .  Approximate ly  1 0% o f  the rock i s  wh i te fel dspar fragments rang i ng  
down to  l ess  than 0 . 1 mrn i n  s i ze .  Trace amounts of  c i nnamon brown pyroxene , 
pa l e  greeni s h-ye l l ow materi a l , deep red trans l ucent ruti l e ,  and a b l ac k  
opaque mi nera l . The l i th i c  c l asts present i n  1 4320 , 7  are of  a dark and 
l i ght brecci a wi th abundant mi nera l fragments . Many of  the fragments are 
too sma l l  for i denti fi cati on . Those that are l a rge enough are pyroxene , 
o l i v i ne and pl agi oc l ase wi th mi nor opaques . The matri x conta i ns 1 0- 1 5% 
of a fi ne-grai ned dark materi a l  whi ch i nc l udes sma l l opaq ue fragments . 

DI SCUSS ION 

Samp l e  1 4320 was p l aced i n  the F4 category of Wi l sh i re and Jackson ( 1 972 ) 
and i s  descri bed as  coherent wi th dark cl asts . Warner ( 1 972 ) pl aced i t  i n  
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h i s  metamorphi c grade 6 ,  and Chao et al . ( 1 972 )  l i st  i t  as a shocked , s trongly 
anneal ed ,  Fra Mauro brecci a ( 2c ) . IQuaTde and Wri gl ey ( 1 972 )  l i st i t  as an 
anneal ed brecci a ,  and von Engel hardt et al . ( 1 972 )  c l as s i fy i t  as g l ass  poor 
wi th a crystal l i ne matri x .  Si monds e�a� ( 1 977 ) c l ass i fy i t  as a crystal -
l i ne matrix  brecci a  ( CMB ) . -- --

I t  i s  descri bed by Roedder and Wei bl en ( 1 97 2 )  as hav ing  had a compl ex therma l 
h i s tory .  Some of the pa rent rocks were sa i d  to have undergone s l ow cool i ng .  
Potass i um enri ched c l asts were observed i n  th i s  sampl e ,  a s  i n  1 4303 , 1 431 9 ,  
and 1 4321 . 
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Luna r samp l e  1 4321 ( a l so known as Bi g Bertha ) i s  the l argest sampl e returned 
duri ng the Apol l o  1 4  mi s s i on . Thi s sampl e  i s  the thi rd l a rges t  samp l e  
returned by any Apol l o  mi s s i o n .  Thi s brecc ia  was col l ected duri ng the second 
EVA at station C l , near the rim of Cone Crater .  A voi ce transcript made dur
i ng the col l ecti on , as wel l  as a more deta i l ed �i scus s i on of  the l unar envi 
ronment can be found i n  Geo l og i ca l  Survey Profess i ona l  Paper 880 (Swann 
et �· · 1 977 ) . The samp l e  was returned in  bag 1 038 . 

Thi s l arge samp l e  i s  typi ca l  of  the apparently domi nant rock type i n  the 
Cone Crater ejecta bl an ket . I t  i s  a moderately wel l - i ndurated brecc i a ,  
i n  whi ch predomi nate ly  dark c l asts a re set i n  a l i ghter matri x .  The re l a 
t i ve abundance of  t h i s  rock type suggests that i t  i s  probably representa
t i ve of  the Fra Mauro Formati on . 

PHYS I CAL CHARACTERI STICS 

Mass D imensi ons 

8998 g 23 x 23 x 1 7  em 

Thi s roc k ,  1 4321 , i s  a partly annea l ed , moderate ly  coherent pol ymi ct 
brecci a .  The b l ocky surface is gray wi th patches of  b l ac k  and whi te .  
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SURFACE FEATURES 

P i t di ameters vary from 0 . 1  to 5 mm wi th an average s i ze of 1 mm . Gl a ss  
l i ni ng of  the p i ts cons i sts of  dark brown to  b l ack ves i cu l a r  g l a s s .  P i ts 
cover approximate ly  5% of the ent i re rock surface . 

Cube shaped to rounded cl ast mol ds whi ch range from 0 . 5  to 20  mm i n  l ength 
occur on 5% of the surface and occur i n  c l usters a l ong broken surfaces .  

There are two sets of fractures present ,  one o f  whi ch paral l el s  the rock 
surface . The second set has a random ori entati on , i nc l ud i ng  fracturi ng  
around cl asts whi ch are rea dy to  break out  of the matri x .  

PETROGRAPHIC  DESCR I PT ION 

Before the rock  was cut and di stri buted , a map was made of i ts s urface by 
Warner and Hei ken ( 1 972 ) . 

Warner and Hei ken ( 1 972 ) were ab le  to map four li thol ogi c types :  

I .  Dark gray brecci a  wi th an o l i ve hue . The mi crobrecci a  matri x i s  
fi ne gra i ned and contai ns fel dspath i c  l i th i c  c l asts and powdery , 
wh i te fel dspar fragments up to 2 em l ong wi th an  ave�age l ength 
of 1 - 2  mm .  

I I .  Medi um gray brecci a  - very f ine gra i ned , fri abl e ,  fractured . 

I I I .  Whi te ,  fel dspar-ri ch somewhat fri abl e brecci a  - matri x .  

IV .  Fel dspar-ri ch basa l t s .  

Petrograph i c  descri pti ons and an  exce l l ent di scus s i on of the l i thi fication 
processes and genes i s  of samp l e  1 4321 can be found in  arti c l es by Duncan 
et �· ( 1 975 )  and Gri eve et �· ( 1 975 ) .  

D ISCUSS ION 

The polymi ct c haracter of thi s and many other brecci as makes i t  especi a l l y  
i nteresti ng  to study ,  because i t  i s  poss i bl e  to p l ace the various cl asts 
i nto a rel ati ve t ime sequence . A series of brecc i at ion and l i th i fi cati on 
events are preserved i n  the three or four generations of microbrecci a  con
tai ned i n  thi s  rock .  

Duncan e t  a l . ( 1 975 ) have unravel ed the events l eadi ng to the l i th if i cation  
of rock-,4321 . They observe two di sti nct epi sodes of thermal metamorph i sm. 
The first affected the i r  lA components produc i ng wel l deve l oped recrysta l l i 
zati on textures  l acked by the i r  l B  l i th i c  components , mi nera l c l asts and  
dark matri x .  The l atter contai n  evi dence of a l es s  severe thermal event . 
One or more i mpact events can a l so be shown to have occurred l eadi ng  to 
the fol l owing parti a l  schematic  h i story :  
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1 .  Seri n i tati s impact produces ejecta b l anket over Imbri um area. 

2 . KREEP basa l ts are extruded , fol l owed by l esser amounts of Apo l l o  1 4  
type mare basa l ts .  

3 . Impacts on south Imbri um regi on form early ( group 1 )  breccia stages . 

4 .  Imbri um impact forms Fra Mauro ejecta - creates mi crobreccias 2 and 3 .  
5 .  Extru s i on of 1 4321 - type basa l t and add i ti onal Apol l o  1 4  type mare 

basa l t  on the Fra Mauro Formation and adjacent area s .  

6 .  Impact events - fi nal assembly of  1 432 1 . 
7 .  Cone Crater i mpact excavates 1 4321 . 

I n  the i r petrograph i c  study of 1 4321 , Gri eve et a l . ( 1 975 ) found i t  to be 
composed of basa l ti c  c l asts , a set of fragmentall:l asts wh i ch they des i g
nated as microbrecci a 3 ,  and a l i ght matrix cementing  these two groups . 
The i r  microbrecci a  3 ,  i tsel f polymi ct ,  corresponds to l i thol ogy I of 
Warner and Hei ken ( 1 972 ) . L i thol ogy I I  was not present on the samp l es 
sent ot Gri eve and hi s co-workers and was , therefore , not descri bed by 
them. 

Other a uthors have a l so di scussed the cl asti c nature of 1 4321 . Swann et a l . 
( 1 972 )  del i neated a bi g c l ast  wi th in  B i g  Bertha . Mark et a l . ( 1 975 )  fauna
that wh i l e  the basa l t c l asts had equi l i brated at 4 . 0  b .� ago , two mi cro
brecci a  cl asts i ndi cate l ack of compl ete equi l i brat ion at that time .  Thi s 
heterogenei ty i s  used to demonstrate an i nconsi stency wi th thermal meta
morp h i sm of the samp l e .  

Chao e t  a l . ( 1 972 )  descr·i be 1 4321 a s  havi ng a moderate l y  coherent , wh i te ,  
fel dspatfilc matrix  that conta i n s  two mai n  fragment types : oph i ti c  mare basa l t  
( l i ke 1 4053 ) ,  and fragment-l aden extremel y  fine gra i ned , anneal ed bl ack g l as s . 
The l atter p robably corresponds to Gri eve ' s  m icrobrecci a  3 .  The comp l ex 
nature of  th is  brecci a  i s  a res u l t  of m i x i ng several generati ons of brecci a  
p recursors to form thi s  rock .  

A photograph of the model of  samp l e  1 4321  i s  o n  page 361 of th i s document .  
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The bu l k sampl e  was col l ected dur i ng the first  EVA from the LM area , betweer. 
the LM and the ALSEP s i te .  The exact l unar l ocation i s  unknown , but i t  i s  
tho ught that the s i te i s  vi s i b l e  i n  photographs ta ken from the LM wi ndow 
( Swann et �. , 1 977 ) .  From the as tronauts ' corrments , i t  appears that they 
removed two s hove l fu l s  o f  mater ia l  from the bottom of a sma l l  crater i n  the 
LM area . The bul k sampl e i nc l udes samp l es 1 41 60 - 1 41 63 and 1 4422 - 1 4453 . 
Sampl es 1 4425 - 1 4453 are those fragments i n  the bul k samp l e whi ch d i d  not 
pas s through a 1 em s i eve .  The bul k samp l e  was p l aced i n  wei gh bag 1 028 
and returned i n  ALSRC 1 007 . 

1 4425 

PHYS ICAL CHARACTER ISTICS 

Mass D i mens i ons 

0 . 794 g 0 . 8  em ( s pherical  di ameter) 

Samp l e  1 4425 i s  a l arge, b l ack g l ass sphere . 

SURFACE FEATURES 

The surface i s  3 - 5% covered wi th spheri cal sections of bri ght  gray meta l . 
Some are hem i spher i ca l . These g l obu l es vary i n  s i ze from very sma l l up to 
0 . 5 mm. Both metal and g l ass  s urfaces are un i formly covered wi th very sma l l  
p i ts whi ch are l i kely to be endogeni c  i n  ori g i n .  

PETROGRAPH IC DESCR I PTION 

Thi s  l arge g l as s  s phere appears non-uni form i n  col or i n  refl ected l i g ht ,  
wi th col or vary i ng from near b l ac k  to  browni sh gray , b ut  i s  dark brown when 
l i g ht  i s  transmi tted through an edge .  I n  some p l aces co l or contacts appear 
sharp , but in others , they are gradati ona l . 
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1 cm 

PHYS ICAL CHARACTER ISTICS 

Mas s 

1 . 58 g 

1 4426 

S-71 - 26791 

Dimens i ons 

0 . 5 x 1 . 0 x 1 . 0  em 
0 . 5 x 0 . 5 x 1 . 0 em 

Thi s samp l e  i s  a polymi ct brecc i a  whi ch i s  broken i nto two p i eces whi ch are 
s imi l ar .  The l arger of the two i s  descri bed here i n .  

SURFACE FEATURES 

Unl i ned p i ts rangi ng i n  s i ze from 0 . 5  - 2 . 0 mm are scattered on exposed s ur
faces w i th a p i t  dens i ty of two to fi ve p i ts per square centimeter. The 
sampl e  i s  smooth on ol d s urfaces , but i rregu l ar on new ones . Two very i r 
regul ar fractures from two sets occur . 

Shock features are vi s i bl e  i n  fel ds par-ri ch c l asts . Some cl asts appear ves i 
cul ar,  i ndi cati ng part ia l  mel t ing ,  and there i s  abundant p l ast i c deformati on .  

ROCK DESCRI PT ION 

T he samp l e i s  a fri abl e ,  fi ne gra i ned , polymi ct brecc ia  wi th textura l and 
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mi nera l og i c  homogeni ety. 

F i ve percent of the fragments are cl asts l arger than 1 mm and 95% are matr ix  
grai ns . Mi neral fragments account for 80% of the samp l e .  Dark brown or 
b l ack g l ass fragments make up the remai n i ng 20% of the roc k .  

The mai n const i tuents are wh i te cl asts { fel dspar ) . Two cl asts are defi ni tely 
l i th i c  for there are associ ated pyroxene and/or opaque m i nera l s .  B l ack g l ass 
fragments are dense and angu l ar .  Brown g l ass fragments are parti al ly  ves i 
cul ar i ncl usions w i th smooth s urfaces , but i rregul ar and j agged i n  overa l l 
shape . None of  the c l a sts i s  l arger than 2 mm . 

303 



1 44 2 7  

1 cm 

S-71-251 88 

PHYS ICAL CHARACTER I ST ICS  

Mass D imens i ons 

4 . 47 g 1 . 7 x 1 . 2  x 1 . 1 em 

Th i s samp l e i s  a f i ne grai ned c l a st ic  rock composed of  whi te fel dspar and 
b l ack  g l ass . 

SURFACE FEATURES 

Unl i ned p i ts are present on the s urface . One s ubpl anar set of fractures w ith 
five members s paced 1 mm apart are ori ented paral l e l to one f lat  face of the 
sampl e .  

One percent of the rock vol ume i s  occupi ed by i rregu l arly s haped cavi t ies  
( pos s i b ly  c l ast mol ds ) 2 mm in  d i ameter and  s paced l em apart. 

PETROGRAPHIC DESCR I PT I ON 

Sampl e 1 4427 i s  toug h ,  but can fracture eas i ly a l ong cracks . I t  i s  mi nera l 
ogi cal ly and textural ly homogeneous . Al l the parti c l es are sma l l er than 1 
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mm i n  s i ze .  Whi te angul ar fel dspar gra i ns a nd angu l ar fragments of b l ack 
g l ass up to 0. 1 mm i n  s i ze are present.  O l i vi ne ( ? )  is  present i n  mi nor 
amounts . 
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PHYS I CAL CHARACTERISTICS 

Mass Di mens i ons 

1 . 47 g 1 . 5 x 1 . 2 x 0 . 6  em 

Sampl e 1 4428 i s  a vesi cul ar brecc i a  wi th a crysta l l i ne matri x .  

SURFACE FEATURES 

There are no zap p i ts or fractures vi s i bl e  on the s urface .  The samp l e  has 
el l i pt i ca l  ves i c l es whi ch are 0 . 5  mm i n  di ameter ,  and i rregul arly shaped 
vugs ranging  from 0 .  l mm to 0 . 3  mm i n  s i ze .  The vugs appear i n  zones on 
one s i de of the rock .  C l ear crysta l s l i ne vug wa l l s .  

PETROGRAPH IC  DESCRI PTION 

Samp l e  1 4428 i s  a hol ocrysta l l i ne brecci a .  Large gra i n s  coul d be c l asts . 
Less  than 1 %  of the samp l e  cons i sts of gra i ns l a rger than l mm . There are 
fragments of  anhedra l , c i n namon brown pyroxene ( 0 . 5 mm i n  s i ze ) present 
in the samp l e .  I n  bi nocul ar  v i ew ,  the matri x appears to be composed of : 

l .  C l ear,  subhedral , medi um gray pyroxene 0 . 1  mm i n  s i ze ( 55% ) . 

2 .  C l ear ,  subhedra l  p l ag i oc l ase 0 . 1  mm i n  s i ze ( 44% ) . 

3 .  Subhedra l opaque mi nera l s  i n  gra i ns 0 . 05 mm i n  s i ze ( < 1 % ) . 

Exami nation of th i n  secti on 1 4428 , 2  revea l s  the sampl e  to be a ves i cu l ar 
CMB , accord ing to the c l ass i fi cation of Si monds et a l . ( 1 977 ) . The th i n  
section has  a g l as s  coati ng  on one edge . Ves i c l es are 0 . 1 - 0 . 2  mm i n  
di ameter , and a re ovo i d  to  nearly c i rcul a r  i n  shape . Sma l l euhedral to 
su bhedral crysta l s  (pyroxene? ) extend i nto voids . Approximate ly  1 0% 
of the secti on i s  compri sed of  voi ds due to ves i c l es .  

The thi n secti on conta i ns no fragments l a rger than l mm , and the l a rgest 
fragments are p l ag ioc l ase crysta l s  whi ch are part ly  gran u l a ted . A sma l l  
amount o f  devi tri fi ed g l ass  i s  present .  Mi nera l  fragments i nc l ude 60% 
p l agiocl ase and 40% pyroxene . Many of these crysta l s  are h i gh ly i nc l uded 
and reaction rims are pr·esent on many o f  the pyroxene crysta l s .  The 
samp l e  has a seri ate texture , wi th gra i n s i ze averagi ng l ess than 0 . 1  mm .  
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PHYS I CAL CHARACTERISTICS 

Ma ss D imens i ons 

3 . 03 g 1 . 5 x 1 . 4 x 0 . 5  em 

Samp l e  1 4429 i s  a s l i ghtly vesi c u l ar pol ymi ct brecc ia  s imi l ar to 1 4428 . 

SURFACE FEATURES 

Remnants of gl ass l i ned zap pi ts 0 . 5  mm i n  di ameter are present but sparse . 
No fractures or  vugs are present .  Ves i c l es are sma l l ( 0 . 1  mm) and are 
ovoi d to nearly c i rcu l ar  i n  s hape . 

PETROGRAPH IC DESCRI PTION 

I n  hand specimen ,  samp l e 1 4429 is fi ne gra i ned wi th gra i ns averagi ng < 0 . 1  
mm i n  s i z e .  I t  i s  homogeneous i n  texture a n d  mi nera l ogy . The rock i s  
a l most  whol ly crysta l l i ne wi th < 1 %  pal e yel l ow-green o l i vi ne ( <  1 mm i n  
s i ze ) , < 1 %  pri sms of  pal e redd i s h  brown pyroxene ( 0 . 2  mm i n  s i ze ) , 2 - 3% 
tubul ar gra i ns of col orless  to l i ght gray p l agi oc l ase ( <  0 . 1  mm i n  s i ze ) .  
The ol i vi ne on the exposed surface i s  d i scol ored . 

Fragments of  fel dspar a re col orl ess to l i ght gray and are as soci ated wi th 
opaques and redd i s h  brown pyroxene .  A sma l l percentage of co l orless  and 
dark brown angu l ar  gl ass fragments i s  present .  Col orl ess fragments are 
< 1 mm i n  s i ze .  Dark shi ny g l a ss  spheres are present i n  the matri x .  

Th i n  secti on 1 4429 , 2  revea l s  the sampl e to be a ves i cu l ar  CMB ( u s i ng  the 
c l a ss i fi cation system of S i monds et � . •  1 977 )  wi th few fragments l a rger 
than 1 mm . One l arge , h i ghly mod i fi e d ,  p l agi ocl ase crystal i s  present .  
One twi n p l ane rema i n s ,  a l ong  wi th di scordant crystal secti ons set i n  a 
l arge , more or l ess s i ngl e ,  crysta l . M inor opaque mi nera l s  are vi s i b l e  
i n  the crystal , a l s o .  A polymi ct brecci a c l ast  l a rger than 1 mm i s  com
posed of coarse gra i ns of h i gh ly shocked pyroxene crysta l s .  These show 
exso l ut ion l amel l ae and exhi b i t  a s l i ght bendi ng of the crysta l . Larger 
crysta l s  wi thi n the m icrobrecci a are cemented by a seri ate mi xture of  
s imi l a r  pyroxene crysta l s  and  possi b ly  some p l agiocl ase . Al l are h i gh ly 
mod i fi ed .  Several '' ghost cl asts '' occur in  the  sect i on . These have a 
texture and compos i ti on s i mi l ar to that of  the overa l l samp l e ,  but the 
contact i s  marked by an i ncrease i n  a l i gned mi nera l fragments . 

Other  l i th i c  fragments i nc l ude an ol i vi ne-pyroxene-p l a g i oc l ase granu l i te 
fragment ,  a granu l i ti c  p l agi ocl ase-ri ch rock fragment and a fi ne gra i ned 
polymi ct brecc i a .  

Mi nera l fragments vi s i b l e  i n  thi n secti on 1 4429 , 2  i nc l ude 60-70% p l ag io
c lase ,  pyroxene , and very minor sp inel { up to  0 . 1  mm i n  s i ze ) . Pyroxene 
crysta l s  have reacti on ri ngs . 
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Th i s  secti on i s  s imi l a r  to sect i on 1 4428 , 2  except that l i th i c  fragments are 
present i n  1 4429 , 2 .  The average gra i n  si ze i s  l ess  than 0 . 2  mm . Mi nor 
ol i vi ne i s  present i n  the matri x .  
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1 4430 

r----. 1cm 

S-71 - 25889 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

4 . 81 g 2 . 0  x 1 . 4 x 1 . 2  em 

Sampl e  1 4430 i s  a medi um to l i ght gray , polym i ct brecc i a . 

SURFACE FEATURES 

No pi ts are vi s i bl e .  The s urface i s  moderately i rregul ar and has gl ass 
spatter in one sma l l area . The s patter is botryoi da l and col orl ess . No 
fractures are present except for one s pa l l .  

PETROGRAPHIC DESCR I PTION 

Sampl e 1 4430 is  a polym i ct brecci a w i th 20% cl asts l arger than 1 mm . One 
fel dspar c l ast 3 x 4 mm i n  s i ze makes up 1 5% of  the rock .  Another fel dspar 
c last  whi ch is hal f as l arge as the fi rst exh i b i ts twi nni ng and exso l uti on 
l amel l ae .  Thi s sma l l er cl ast  has a brown i sh t int  and poss i b l e  opaque i n-
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e l u s i ons . I t  appears to be cracked . Leucocrat i c  l i th i c  fragments from 
crystal l i ne rocks are 75% of the samp l e .  One s l abby , angu l ar c l ast  
( 1 . 3  x 3 . 0 mm i n  s i ze )  i s  porphyri t i c ,  w i th a very f i ne grai ned groundmass 
wi th 1 %  gra i ns of pos s i bl e  o l i vi ne .  
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PHYS ICAL CHARACTERISTICS 

Mass Dimensi ons 

1 . 70 g 1 . 4 x 1 . 2 x 0 . 8  em 

Samp l e  1 4431 i s  a l i ght gray , crysta l l i ne rock .  

SURFACE FEATURES 

There are no p i ts , fracture s ,  s urface g l ass , or cavi t i es present .  Areas of  
crus hed and granu l ated whi te p l agi ocl ase i n  cl asts may be shock i nduced . 

PETROGRAPH I C  DESCRI PTION 

I n  hand specimen , samp l e  1 4431 i s  a fi ne gra i ned ( av .  0 . 05 mm) , equi granu l a r ,  
crysta l l i ne rock wi th both textural and mi nera l o g i c  homogenei ty .  I t  i s  
fe l dspar-rich  wi th l ess  than 1 0% brown pyroxene and opaque mi neral s .  Gray 
and whi te fel dspar gra i ns meas ure up to 0 . 8  mm i n  s i ze .  Most mi neral gra i n s  
are sma l l er ,  averaging  0 . 1  mm i n  s i ze .  C l ear and turbi d ,  subhedral brown 
to l i ght gray p l agi ocl ase gra i ns 0 . 5  mm i n  s i ze make up 90% of the samp l e .  
Opaques rangi ng from < 0 . 1  to 1 . 0 mm i n  s i ze are 8% o f  the roc k ,  and c l ea r ,  
subhedra l brown pyroxene gra i n s  0 . 3  mm i n  s i ze make up 2% . 

Th i n  secti on 1 4431 , 2  i s  that of  a crysta l l i ne rock composed of  70% pl agi o
c l ase and 30% pyroxene wi th a di abas i c  to subdi aba s i c  texture . Three 
generati ons of p l agi ocl ase are present : 

l .  Large ,  wel l - formed , bl ocky crysta l s ,  

2 .  Smal l er l ath-shaped crysta l s ,  and 

3. Anhedral masses of p l a gi oc l ase i ntersti ti a l  to the network 
of other crysta l s .  

Ma skelyn i te i s  present i n  mi nor amounts and occurs i n  anhedra l  masses of  
p l ag i oc l ase . S hock effects are present i n  a l l crysta l s  after p l ag ioc l ase . 

A fa i r  amount of polygranu l ar  opaque minera l s  i s  present . Some fi ne 
meta l l i c gra i ns are present . There i s  mi nor poros i ty noticeabl e because 
some epoxy has ri sen to the surface . 

The features vi s i b l e  i n  thi n sect i on suggest that th i s  rock was formed 
as a resu l t of meteori ti c i mpact .  
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1 4433 

,0 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

1 . 23 g 1 . 0 x 0 . 8  x 0 . 5  em 

Sampl e 1 4433 i s  three p i eces of fri abl e ,  fractured , polymict b recci a .  

SURFACE FEATURES 

There are no zap p i ts or cavi t i es . Two p l anar fractures i ntersect at  a 30° 
ang l e  on the l argest p i ece , wh i ch i s  a bout to break apart . 

PETROGRAPHIC DESCR IPTION 

Thi s fragmental rock i s  a polymi ct brecci a  w i th 1 5% cl asts l arger than 1 mm 
and 85% matrix  grai ns . Leucocrat i c  l i th i c  fragments up to 0 . 3  mm i n  l ength 
ma ke up 90% of the rock .  Some l i th ic  fragments appear gabbro i c ,  some basal t i c ,  
and some a re o l i vi ne beari ng . Mi neral fragments are p l ag i ocl as e  and c i n namon 
brown pyroxene . These make up l ess than 1 %  of the rock .  Angul ar dark brown 
to bl ack g l ass  fragments make up 9% of the rock .  Large ol i v i ne i ncl us i ons are 
i n  fel dspathi c  cl asts . 
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PHYSICAL CHARACTERISTICS 

Mass Dimens i ons 

1 . 68 g 1 . 7 x 0 . 8  x 0 . 6  em 

Sampl e  1 4434 i s  a very coarse-grai ned pol ymi ct brecci a wi th 5% l arger 
gra i n s .  

SURFACE FEATURES 

No p i ts or cavi ti es are vi s i b l e .  Two non-pl anar fractures occur i n  two sets . 
I t  i s  extens i ve ly  dust covered . 

PETROGRAPH I C  DESCRI PTION 

In  hand specimen , samp l e  1 4434 appears to be a coherent , hol ocrysta l l i ne 
rock wi th 5% l arge gra i n s  of dark gray to brown i sh p l a g i oc l ase set i n  a 
groundmass cons i s t ing  of  93% c l ear l i ght gray mi nera l s ,  1 %  ci nnamon brown 
pyroxene , and 1 %  equant opaque oxi des . 

Thi n secti on 1 4434 , 2  revea l s  the samp l e  to be a very coarse-grai ned poly
mi ct brecci a wi th an average gra i n  s i ze of 0 . 4  mm. I t  i s  composed of  
60% pyroxene ,  40% shocked p l ag i oc lase  (appeari ng as devi tri fi ed maskelyni te ) , 
and a moderate amount of  opaque mi nera l s .  Pyroxene crystal s  resembl e  
proto-chondru l es . A l l pyroxene crysta l s  are twi nned and deformed ; many 
show exsol ution features . One l a rge crystal of pyroxene has been shocked 
to such an extent that only sma l l ,  i so l ated doma i ns of crysta l l i n i ty rema i n ,  
l eavi ng the crystal mi l ky brown i n  appearance . Only traces o f  free meta l 
are vi s i bl e ,  and there i s  l ess than 1 %  g l ass  present i n  the secti o n .  

There i s  a h i n t  of  l ayeri ng i n  the rock wi th the p l agi ocl ase formi ng one 
l ayer and pyroxene , another .  Numerous fractures a re present i n  the 
sect ion . 
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PHYS I CAL CHARACTERISTICS 

Mass D imens i ons 

0 . 92 g x 0 . 8  x 0 . 5  em 

Sampl e 1 4435 i s  a hol ocrystal l i ne ,  equi granul a r ,  coherent rock whi ch appears 
to have been fres hly broken . 

SURFACE FEATURES 

No p i ts are present , but an i rregu l ar  tube-s haped ves i c l e  1 mm l ong i s  
present wi th no projecting mi nera l s .  

There i s  one set of fractures wi th one member .  The fracture surface i s  i r
regul ar .  

PETROGRAPH IC  DESCRI PTION 

In  hand specimen � sampl e 1 4435 appears to be a homogeneous , hol ocrysta l l i ne ,  
equi granul ar  rock wi th a groundmass cons i st ing of l i ght gray , s l i ghtly 
el ongated gra i ns of p l a g i oc l ase and other l i ght mi nera l s  approxi mately 0 . 1  
mm i n  s i ze .  P l agi oc l ase and other l i ght mi nera l s  form 98% of the ground
mass , and equant meta l l i c  opaques make up the other 2% . Sparsely di stri b
uted gra i ns of yel l ow green ol i vi ne and p l a g i oc l ase account for l ess  than 
1 %  of the compos i ti on .  

Exami nati on of th in  secti on 1 4435 , 1  shows the samp l e  to be composed of 
numerous , sma l l fragments . One fragment is 95% g l ass  wh i ch exh i bi ts fl ow 
l i nes , bubbl es , and mi nor crystal l i tes . The crysta l l i tes form bands wi thi n 
the gl ass . Fragment edges are ragged wi th a s l i ght green i s h  cas t .  

Other fragments vi s i bl e  i n  thi n  secti on appear to be fragments o f  a crystal 
l i ne rock l ac k i ng i n  i gneous texture . Large shards and ti ny l ath-s haped 
crysta l s  of pl agi ocl ase and some sma l l o l i vi ne crysta l s  are v i s i b l e .  The 
ol i v i ne crysta l s  form a series of "cha i n - l i ke "  masses i n  the p l ag i oc l ase . 
Some sma l l ,  fi ne-grai ned fragments are present suggest i ng  that thi s  samp l e  
woul d  fa l l  under the c l ast- l aden mel t rock category i n  the cl assi fi cati on 
of Si monds et �· · 1 977 . Pyroxene occurs as sma l l mas ses to t i ny crystal s 
i n  a fabri c wi th a seri ate texture . Shock effects are vi s i b l e  i n  a l l crys
ta l s  and sma l l spheres of metal are present in the g l as s . The samp l e  i s  
approximate ly  60% p l a g i oc l ase and 40% pyroxene . 
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1 4436 

S-71-25394 

PHYS ICAL CHARACTER IST ICS 

Mass D imens i ons 

3 . 76 g 1 . 5 x 1 . 0  x 1 . 0  em 

Sampl e  1 4436 i s  a brown i s h  gray sampl e whi ch may be e i ther an i gneous rock or 
a dens e ,  fi ne grai ned , fragmental rock . 

SURFACE FEATURES 

There are no p its , cavi ti es ,  or fractures . 

PETROGRAPHIC DESCR I PTION 

Samp l e 1 4436 i s  textural ly  and mi nera l og i ca l l y  homogeneous . I t  i s  f i ne 
grai ned, wi th an average gra i n s i ze of a pproximate ly  0 . 1  mm .  I t  consi s ts 
of 2% cl ear p l agi ocl ase i n  subhedra l grai ns 1 . 5  mm i n  s i ze ,  5% honey brown 
pyroxene i n  euhedra l  gra i ns 0 . 5 mm i n  s i ze and 1 %  o l i vi ne i n  s ubhedral gra i ns 
of 0 . 3  mm s i ze .  The rest of the sampl e  i s  very fi ne brown and gray turbid  
pl agiocl ase i n  anhedral gra i ns � 0 . 3  mm , a nd  3%  metal l i c  b l ack opaques i n  
gra i ns < 1 mm . 
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144 37 

r·----, 
1 cm 

S-71-25385 

PHYS ICAL CHARACTER I ST ICS 

Mass D imens i ons 

2 . 65 g 1 . 8  x 1 . 2 x 0 . 9 em 

Sampl e  1 4437 i s  a fragmenta l  rock wi th a l l grai ns sma l l er than 1 mm and no 
l i thi c fragments .  

SURFACE FEATURES 

P i ts are genera l l y  unl i ned and rare . On l y  one g l as s  l i ned p i t  was observed . 
They are spaced 0 . 2 - 1 mm apart and range i n  s i ze from 0 . 2 - 1 . 0 mm. I rreg
u l arly s haped c l a st  mol ds rang i ng  i n  s i ze from 0 . 3  to 1 mm occur i n  c l usters 
mostly on one s i de .  There are no project i ng mi nera l s .  They are 5 mm apart 
and cover 1 0% of the area of the s i de on whi c h  they occur . 

PETROGRAPHI C  DESCR I PT ION 

Thi s rock i s  enti rely composed of  grai ns sma l l er than 1 mm . There are no 
l i th i c  fragments . Mi nera l fragments are 30% of the rock compos i t i on .  These 
i ncl ude 2% angu l ar ,  cha l ky wh i te 0 . 3 mm p l ag ioc l ase ( s ome gra i ns are v i treous 
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and turbi d ) , and 1 %  brown pyroxene . Gl ass  fragments compose 70% of the sam
p l e  and occur i n  a vari ety of shapes . One i s  ves i c u l a r .  They are dark gray , 
honey brown , and green . 
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1 4438 

1cm 

S -71-25388 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

3 . 35 g 2 . 2  x 1 . 4  x 1 . 0 em 

Sampl e  1 4438 i s  a med i um to l i gh t  brown i s h  gray , fragmental rock .  

SURFACE FEATURES 

P i ts are unl i ned and meas ure 0 . 5 mm i n  d i ameter. Only one s urface i s  p i tted . 
Other s urfaces have i rregu l ar c i rcu l ar  outl i nes whi ch may be p i ts or may be 
l i ghtly spattered wi th g l ass . There are no fractures . 

PETROGRAPH IC  DESCR I PTION 

Sampl e  1 4438 i s  a fri abl e ,  gray , polym ict brecci a .  Less than 1 %  of the frag
ments are c l asts l arger than 1 mm i n  s i ze . The very fi ne grai ned (< 0 . 1 mm ) 
matrix i s  l i ght gray to brown i s h  gray . F i ve percent of the rock i s  composed 
of mi neral fragments : 0. 1 mm p l ag ioc l ase gra i ns ( 2% ) ,  0 . 3 mm brown pyroxene 
( 2% ) , and 0 . 5  mm ol i v i ne ( 1 % ) . Some fragments thought to be p l ag i ocl ase may 
actua l l y  be polycrystal l "i ne c l u sters of granul ar o l i v i ne .  Leucocrat ic  l i th i c  
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fragments make up 1 %  of the samp l e .  They are a l most  al l crysta l l i ne rock 
fragments . Two k i nds are present .  They are p l agi ocl ase fragments w i th 2% 
opaque ox i de m i nera l s  ( i lmeni te? ) and fragments whi ch cons i s t  of p l ag i oc l as e ,  
brown pyroxene , and opaque oxi des . Ten percent of  the rock i s  g l ass  frag
ments . Spheri cal  beads o f  g l ass ( < 0 . 1  - 0 . 5 mm i n  s i ze ) occur on 1 %  of 
fres h s urfaces . Some beads are embedded , whi l e  others are l oosely attached . 
They are c l ear brown , pal e green , c l ear ,  and opaque , wi th the opaque beads 
sma l l er than the rest . C l ear g l ass i s  part i cu l arly abundant .  

324 



1 4439 

1cm 

S-71 - 25392 

PHYS ICAL CHARACTERIST ICS 

Mass D imens i ons 

1 .  00  g 0 . 9  x 0 . 7  x 0 . 3  em 

Thi s sampl e  cons i s ts of two , sma l l ,  s ubequal p i eces of a fragmental rock .  

SURFACE FEATURES 

There are no p i ts or cav i ti es .  One set of non-p l anar fractures wi th members 
spaced 3 mm apart paral l e l s  the l ength of the sampl e .  

PETROGRAPH IC DESCR IPT ION 

The sampl e i s  a very fri ab l e .  fi ne grai ned , fragmental rock wi th a l l of the 
samp l e  composed of grai ns sma l l er than 1 mm . The average gra i n  s i ze i s < 0 . 1 
mm. About 86% of  the sampl e  i s  very fi ne gra i ned .  Four percent of the sam
pl e i s  composed of m i neral fragments of whi te to cl ear p l ag iocl ase . There 
are no l i th i c  fragments . G l ass composes 1 0% of the rock .  G l ass  spheres 
whi ch are pal e green to brown i n  col or make up l es s  than 1 %  of the samp l e .  
There are a bundant angu l ar· gl ass fragments whi ch are dark and vary i n  s i ze 
from < 0 . 1  to 7 mm .  The l a rger ones appear ves i cu l a r .  
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1 4440 

1cm 

S-71- 26859 

PHYSICAL CHARACTERISTICS 

Mas s D imens i ons 

1 . 50 g 1 . 9  x 0 . 9  x 0 . 7  em 

Thi s samp l e  i s  a b l ockY ,  angu l ar ,  medi um gray , ho l ocrystal l i ne rock w i th 
smooth ,  unpi tted s urfaces . 

SURFACE FEATURES 

No pi ts are present . There may be one non-pl anar fracture para l l el to the 
l ong axi s of the samp l e .  

PETROGRAPHIC DESCRIPTION 

Sampl e  1 4440 i s  a coherent , ho l ocrysta l l i ne sampl e  whi ch has gra i ns too f ine  
to measure . I t  i s  textural ly homogeneous , but  mi nera l og i ca l l y  i nhomogeneous . 
Three percent of the sampl e  i s  c l ear and turb i d ,  angul ar and anhedra l fel ds
par and l es s  than 1%  opaque m i nera l s .  The remai nder is  aphan i t i c .  I t  
appears to  be  a l argely  recrystal l i zed ,  c l ast ic  rock . Th i s s hou l d be  deter
mi ned i n  th i n  secti on ,  however. 
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1 4441 

S-71 - 26840 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

1 .  23 g 1 . 8 x 0 . 8  x 0 . 8 em 

Thi s i s  a medi um to dark gray , coherent , fragmental rock wi th a pronounced 
con i ca l  shape .  

SURFACE FEATURES 

There are no p i ts ,  cavi ti es , or fractures . 

PETROGRAPHIC DESCR IPT ION 

Thi s sampl e i s  fragmental , wi th chal ky whi te gra i ns ( probably fel dspar ) V l S l 
b l e  on 2% of the surface g i v i ng the samp l e a s l i ght  "sa l t  and pepper " a ppear
ance . It  i s  fi ne grai ned l i ke s i l tstone i n  appearance and no other m i neral 
or gl ass fragments can be i denti fyed under the b i nocu l ar m i croscope.  It  i s  
poss i bly  a s hatter cone . Gl as s  coats the base of the rock .  
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1 4442 

S-71 -26848 

PHYS ICAL CHARACTER I STICS 

Mass D imensi ons 

3 .  5 1  g 2 . 3  x 1 . 4 x 1 . 0  em 

Samp l e 1 4442 i s  a smal l ,  b l ocky ,  friabl e ,  medi um gray fragment which resem
b l es s i l tstone in appearance . 

SURFACE FEATURES 

No p i ts or cavi ti es were observed . There i s  one p l anar fracture wi th a smooth 
s urface ori ented para l l el to the l ong axi s  of the rock. 

Twenty percent of the rock s urface i s  covered wi th ves i c u l ar ,  b l ack g l as s . 
Ves i cl es are uni formly  di stri buted through the g l as s  coati ng and range from 
0 . 2 to 1 . 5 mm i n  d i ameter . 

PETROGRAPHIC  DESCRIPT ION 

The sampl e i s  friabl e ,  very fi ne grai ned , and homogeneous i n  texture and 
mi neral ogy except for approximately 5% whi te ,  angu l a r ,  cha l ky fragments and 
l ess  than 1 %  pyroxene and o l i vi ne grai ns whi ch are v i s i b l e  under the b i no
cu l ar m i croscope .  
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14443 

r-1 c_m_...., 

S-71 - 25895 

PHYSICAL CHARACTER ISTICS 

Mas s  D imens i ons 

2 . 5 g 2 . 0  x 1 . 6  x 1 . 2  em 

The s ampl e  i s  a dust covered ,  s l i ghtly e longated , hol ocrysta l l i ne roc k .  

SURFACE FEATURES 

There are no p i ts ,  fractures , or cavi t i es . 

PETROGRAPHIC DESCR I PT I ON 

Sampl e  1 4443 i s  a coherent, very f i ne gra i ned .  hol ocrysta l l i ne rock whi ch i s  
homogeneous i n  both texture and mi nera l ogy .  It  conta i ns 45% fel dspar and 
55% opaque metal l i c oxide ( i l meni te? ) . I t  appears to be a lmost  equi granul ar 
aphan i t i c  i n  texture where not obscured by dus t .  
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1 4444 

1 cm 

S-71-25994 

PHYSICAL CHARACTERIST ICS 

Mass D imens i ons 

1 . 6 g 1 . 6 x 1 . 1 x 0 . 5 em 

Th i s  i s  a very l i ght  gray , coherent ,  ho l ocrysta l l i ne rock wi th 4% megacrysts . 

SURFACE FEATURES 

G lass  l i ned p i ts of vary i ng s i ze cover 1 5% of one s urface of the roc k .  The 
zap p i ts occur on seemi ngly broken s urfaces . Vugs are i rregul ar in s hape 
and range from 0 . 1 to 0 . 5 mm in s i ze . The vugs are homogeneous ly  di s tri buted 
and spaced 1 em apart. Vugs account for one percent of the rock . T here are 
no projecti ng m i neral s vi s i bl e .  

PETROGRAPHIC D ESCR I PTION 

The samp l e  cons i s ts of 1 %  0 . 5 mm o l i v i ne wi th opaque i nc l us i on s ,  2% pal e  gray 
to col orl ess p l agi ocl ase megacrys ts wi th opaque i nc l us i ons , opaques < 0 . 1  mm , 
3 - 5% s p i ne l  ( ? ) ,  < 1 %  pal e brown pyroxene ( ? ) , a nd 93% fi ne grai ned ( 0 . 2  mm ) 
pal e  gray to whi te granul ar groundmass .  Some pl agiocl ase l aths w i th poly-
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syntheti c twi nni ng are present i n  the groundmass .  The l arge gra i ns i n  
the rock may be ei ther phenocrysts or rel i cts i n  a recrystal l i zed ground
mas s .  
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1 4445 

S-71 - 25996 

1 4445 , 3 

I I .1mm 

332 



PHYS ICAL CHARACTERISTICS 

Mass Dimens i ons 

9 . 22 g 2 . 5  x 1 . 8 x 1 . 2 em 

Samp l e  1 4445 i s  a bl ocky ,  s ubangul ar ,  medi um gray , hackly ,  polymi ct brecci a 
wi th moderate cohes i veness . 

SURFACE FEATURES 

There are three unl i ned cav i ties whi ch may be zap p i ts . Dust obscures most 
of the samp l e .  There are no vi s i bl e  fractures . One equant c l ast mol d  3 mm 
i n  s i ze occurs on the rock surface .  There are 3 x 2 mm s l i ckensi des expos
ing meta l l i c parti c l es present .  

PETROGRAPHIC DESCRI PTION 

In hand spec imen , samp l e  1 4445 appears to be f ine grai ned wi th an  average 
grai n s i ze from 0 . 1 to 0 . 2  mm . The texture of the matri x i s  seri ate . The 
rock i s  not homogeneous . There are 1 0- 1 5% c l asts l arger than 1 mm and 
85-90% matri x gra i ns .  P l agi ocl ase ,  pa l e  brown pyroxene , and o l i vi �e are 
present , but adhering  dust prevents accurate percentage est imati on .  
C l a sts are mel anocrati c l i th i c fragments , some as  l a rge as  7 mm across . 
They are angu l ar  to s ubangul ar .  One l arge pyroxene ( 0 . 5  mm ) i s  i n  a dark , 
aphani ti c c l as t .  Dust obscures the matri x .  

Exami nati on of th i n  secti on 1 4445 , 3  reveal s the samp l e  to be a g l ass-r ich  
brecci a  with approximately  20% " g l a s s "  in  the matri x ( <  1 mm ) . Several 
l i th i c  fragments are present but the predomi nate fragments are mi nera l 
crystal segments . The rock wou ld fa l l  i nto the VMB/LMB c l a s s i fi cati on of 
S imonds et �· ( 1 977 ) . 

The c l asts ( > 1 mm ) a re those of  a crysta l l i ne rock composed of pyroxene and 
p l agi ocl ase .  The texture i s  net c l a s s i ca l ly  i gneous in nature , but more 
a random mi xture of the two m i nera l s  suggesti ng that the c l asts are me l t  
rock fragments . There ·j s a l so a l arge s i n g l e  crystal of pyroxene present 
whi ch i s  twi nned and somewhat zoned . 

The matri x ( <  1 mm ) i s  composed of 1 0% l i th i c fragments , 70% mi nera l frag
ments and the 20% gl assy materi a l . Of the mi nera l  fragments , 80% are 
pyroxene and 20% are p l agiocl ase .  There are sma l l anhedra l crysta l s  of  
o l i vi ne i n  severa l of  the pyroxene and p l agi ocl ase crysta l s .  There i s  mi nor 
exsol uti on a l ong the twi n  p l anes in some of the pyroxene grai ns . Most of 
the mi nera l fragments show some react i on wi th the gl assy bond i ng materi a l . 
A sma l l amount of opaque mi neral fragments are a l so present . 
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1 4446 

1 cm 

S-71-26013 

PHYSICAL CHARACTERIST ICS 

Mass D imens i ons 

0 . 82 g 1 . 6 x 0 . 7  x 0 . 4  em 

Th i s  sampl e cons i sts of four sma l l ch ips  of p l ag i ocl ase-ri ch rock .  

SURFACE FEATURES 

The i rregul ar surface conta i ns no p i ts or fractures . Vugs whi ch are 0 . 2  to 
1 mm i n  di ameter are common .  They are l i ned wi th projecti ng pl ag ioc lase  
crys ta l s .  

PETROGRAPHIC DESCR I PT ION 

The rock i s  fri abl e and f i ne grai ned wi th an average gra i n  s i ze of 0 . 1  mm . 
I t  cons i sts of megacrysts of l i ght  gray , s ubhedral , 1 - 2 mm fel dspar ( 5% ) ; 

< 0 . 1  mm metal l i c  bl ack opaques ( 2 - 3% ) ;  whi te to pal e  gray , very f i ne 
grai ned gro undmass ( 92% ) . Some p l agi oclase  l aths wi th polysyntheti c twi nn i ng 
may be present i n  the groundmass . 
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1 4447 

r 1 cm 

S-71-26017  

PHYS ICAL CHARACTERIST ICS  

Mass D imens i ons 

0 . 91 g 1 . 3 x 1 . 0 x 0 . 6  em 

Thi s sma l l s amp l e  i s  bl ocky and angul ar i n  shape , i t  has a very hackly s ur
face . It appears to be an aggl omeration  of fi ne gra i ned cl astics that i s  
hel d together with g l as s .  

SURFACE FEATURES 

There is one s l i ckens i ded s urface . There are no p i ts .  There are numerous 
fractures appearing i n  many sets spaced 1 mm apart . 

T he surface i s  50% g l as s  covered . The g l ass  coati ng i s  very ves i cu lar .  
Ves i cl es are spaced 1 mm apart and are 0 . 1 to  2 mm i n  s i ze .  Many are dust 
fi l l ed ,  o thers are deep , fragi l e  and very j agged . The col or of the g l as s  
o n  a thi n  edge i s  browni s h  gray to honey col or .  E l ongate cavi t ies wh i ch 
appear to be c last  mol ds are 1 x 2 mm i n  s i ze .  
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PETROGRAPHIC DESCRI PTION 

Thi s fri abl e ( hel d  together by g l as s ) , polym ict ,  fragmenta l  roc k  cons i s ts 
of l eucocrat i c  l i th i c  fragments . Only one or two cl as ts are l arger than 
1 . 0  mm . The matr ix  of l i ght gray materi a l  i s  too fi ne grai ned ( < 0 . 1  mm ) 
to resol ve .  
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1 44 4 8  

1 1 cm 

S -71-26021 

PHYSICAL CHARACTERIST ICS 

Mass Dimens ions 

1 .  06 g l .  6 x 1 ..3 x 0 .  4 em 

Th i s  sampl e  i s  an  agg l omerate of fi ne gra i ned , c l ast i c  rocks hel d  together 
by spatter g l as s .  

SURFACE FEATURES 

Gl ass l i ned zap p i ts are present but few i n  number . G l ass  s patter i s  present 
on one surface and covers 40% of the roc k .  Ves i c l es wh i ch are fi l l ed wi th 
fi ne gra i ned , c l ast ic  materi a l  occur on the s urface of the g l as s .  These 
range i n  s i ze from 0 . 1 to 2 . 0  mm and are spaced 0 . 3 mm apart. Many fractures 
and fracture sets occur wi th i rregu l ar fracture surfaces . 

PETROGRAPHIC DESCR IPTION 

Samp l e 1 4448 i s  an  aggl omerate of fi ne gra i ned (< 0 . 1  mm) , c l a s ti c  rocks hel d  
together by g l ass and i s  s imi l ar to samp l e  1 4447.  I t  i s  fri ab l e  and i nhomo-
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geneous . Two percent of the fragments are cl asts l arger than 1 mm . 

M i nera l fragments are present ,  but are too sma l l  to i dent i fy .  L i th i c  frag
ments are l e ucocrat i c  and compri se 3 - 4%  of the matri x .  These are crysta l 
l i ne rock fragments . One l arge ( 2  x 4 mm)  cl ast has specks of  opaque oxi des . 
The rest of the c l as t  i s  l i ght granul ar  mater i al . 
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PHYSICAL CHARACTERISTICS 

Mass 

1 .  7 g 

1 4449 

.----, 
1 cm 

S-71 -26866 

D imens i ons 

1 . 0 x 1 . 0  x 1 . 5  em 

Sampl e  1 4449 i s  a gray , fri abl e ,  freshly broken chi p of cl as t i c  rock .  

SURFACE FEATURES 

P i ts l ess  than 0 . 5 mm i n  d i ameter occur on 1 5% of the s urface . A thi n  veneer 
of g l ass  coati ng has a t h i c knes s of � 1 mm. I t  occurs on a 1 cm2 s urface . 
Round hol es i n  t he g l ass  are n umerous and due to surface con tracti on duri ng 
cool i ng .  Hemi s pherical  and  cyl i ndrical  s haped cav i t i es range from 0 . 5 - 1 mm 
i n  s i ze a nd are approximately 1 mm i n  depth . T hey have random d i s tri but i on 
and are 3 - 4 mm a part.  There are no projecti ng mi nera l s .  C l a s t  mol ds are 
al so present . 

Two sets of pl anar fractures and many ti ny non-p l anar , hai r- l i ke cracks 
occur i n  the rock .  The fi rs t  set has two members s paced 2 mm apart . I t  i s  
s ubpara l l el to the fresh ly  broken s urface . 
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PETROGRAPHIC DESCR I PT ION 

Sampl e  1 4449 i s  a fri abl e ,  very fi ne grai ned ( <  0 . 5  mm ) rock .  C l asts rangi ng 
i n  s i ze from 1 - 3 mm are l ess than 5% of the rock vol ume . They are l euco
crati c ,  and some seem to be fragments of other c l ast ic  rocks . N i nety percent 
of the rock i s  matrix l ess  than 0 . 5 mm i n  s i ze .  No g l ass fragments are vi s i 
bl e but the 1 cm2 gl ass coati ng w ith  extremely l ow p i t  dens i ty i s  noteworthy . 
Only approxi mately 1 0  p i ts were observed . 
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PHYSICAL CHARACTER I ST ICS 

Mass 

1 .  27 g 

1 4450 

r---.., 1cm 

S-71 - 2 5377 

D imens ions 

1 . 8  x 1 . 1  x 0 . 6  em 

The samp l e  i s  an aggl omerate of fri abl e ,  c l ast i c cl ods bonded by dark gray 
to honey brown ves i cu l ar gl ass . 

SURFACE FEATURES 

The gl assy coveri ng i s  smooth but the cl ast ic  porti on has an i rregu l ar sur
face . Zap p i ts are present on the g l ass  cover ing ,  wh i ch occupies 75% of the 
rock s urface .  P i ts range i n  s i ze from 0 . 1 to 0 . 5 mm and are unl i ned .  The 
g l assy coveri ng has some ves i c l es whi ch haven ' t  reached the s urface and these 
can be seen i n  the i nterior of the samp l e .  One wel l  def i ned p l anar fracture 
cuts both g l ass coveri ng and rock i nter ior .  

PETROGRAPHIC DESCR IPT ION 

The sampl e  i s  f ine gra i ned wi t h  an average gra i n  s i ze of l es s  than 0 . 1 mm . 
I t  i s  heterogeneous i n  texture and mi neral ogy . Severa l cl as ts are l arger 
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than 1 mm. One 3 mm l i th i c  c l ast  i s  l eucocrat i c  and conta i ns 1 %  opaque 
oxi des , the rest bei ng fi ne gra i ned , l i ght m i neral s .  A 2 mm cl ast i s  l euco
crati c wi th megacrysts of  p l ag i oc l as e  and pyroxene i n  a very f i ne grai ned 
matri x wh i ch i s  probably r i ch i n  p l a g i oc l ase  w ith  s ome opaque grai n .  
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1 4451 

r 1 cm 

S-71 -25383 

PHYS ICAL CHARACTERISTICS 

Mass D imens i ons 

2 . 1 0  g 1 . 3  x 1 . 0  x 0 . 9  em 

Th i s  samp l e  i s  a very l i ght gray , coherent , mass i ve ,  i nequ i gran u l ar ,  hal o
crystal l i ne rock .  

SURFACE FEATURES 

The surface i s  dust covered , but three g l as s  l i ned zap p i ts from 0 . 5 - 1 . 5  mm 
i n  d i ameter are vi s i bl e occurri ng as remnants . They occur as  whi te ha l oes 
i n  the s urroundi ng rock on several faces . Two types of cav i t ies are present. 
One i s  cyl i ndri ca l , 0 . 3  mm wide and 3 mm deep , and the other i s  a s pheri cal 
crystal mol d ,  2 . 0 x 1 . 5  mm ·i n s i ze .  Remnants of o l i vi ne appear on  one edge 
of the mol d .  :rhere are no projecti ng mi nera l s  i n  the ves i cl e .  Two p l anar 
fractures , not members of the same set, occur at 40° to one another .  One 
fracture para l l el s  the major  and i ntermedi ate axes of the samp l e .  
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PETROGRAPHIC DESCR I PTION 

Sampl e  1 4451  i s  a mas s i ve hol ocrysta l l i ne rock whi ch i s  textura l ly and 
m inera l og ical ly heterogeneous . Very sparse megacrysts of o l i vi ne and of a 
dark  brown mi neral ( probab ly  pyroxene ) are v i s i b l e .  As was menti oned previ 
ous ly ,  a l arge c l ast  of o l i vi ne has fal l en out  l eavi ng some ol i vi ne beh i nd .  
I n  contra s t, megacrysts of the dark brown m i neral project from the s urface . 
Sma l l amounts of yel l ow green o l i vi ne or pyroxene , ci nnamon brown pyroxene , 
and opaque oxi des occur i n  the gro undmass . P l agi ocl ase i s  the domi nant mi ner
al i n  the matrix ,  occurri ng i n  nearly equant i nterl ocki ng gra i ns .  Meta l l i c 
b l ack  opaques are 2% of the rock ,  0 . 1 mm o l i vi ne gra i ns , 1 % ,  and 0 . 1  mm 
pyroxene gra i ns are 1 %  of the samp l e .  
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1 4 452 

r 1 cm 

S -71 -25362 

PHYSICAL C HARACTERIST ICS 

Mass D imens i ons 

1 .  77 g 2 . 0  x 1 . 0 x 1 . 0 em 

Samp l e i s  a fine gra i ned ,  gr·ay , c l ast i c  rock .  

SURFACE FEATURES 

The i rregul ar s urface i s  50% g l ass -covered . The g l ass  i s  o l i ve brown and 
hi ghly ves i cu lar w i th col l apsed depres s i ons . P i ts appear on the s i de 
opposi te the spatter and have an average s i ze of  0 . 7 mm . Ves i c les  i n  the 
gl ass spatter are ci rcul ar in s hape wi th a range of < 0 . 1  mm to 0 . 2  mm i n  
s i ze .  They are homogeneously d i s tri buted , and are i n  contact w i th one 
another . They cover 40% of the g l ass  spatter . G l ass  drapes over the cor
ners of the rock and a ppears to have dri bb l ed down the s i de .  Thi s cou l d  be 
a poss i b l e  i nd i cation of orientation . 

PETROGRAPHIC  DESCR IPTION 

Sampl e 1 4452 i s  homogeneous i n  texture and m i nera l ogy and i s  composed 
enti rely  of gra i ns l ess  than 1 mm . The average gra i n  s i ze i s  l ess than 
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0 . 1  mm. V i s i b l e  as l arger fragments ( 0 . 1 - 1 mm ) are : 

1 )  A powdery whi te c l a s t  wi th a del i cate ly  scal l oped s urface . The 
whi te mi nera l composes 70% of the vi s i bl e  gra i ns in the c last . 
The other 30% cons i s ts of dark gray fel dspar and a trace of 
opaque b l a c k  mi nera l s .  

2 )  Angu l ar fel dspar fragments up to 0 . 5 mm i n  s i ze .  
3 )  B l a c k ,  very i rregul ar crystal s  o f  an opaque m i neral . 

4 )  Res i nous orange-brown pyroxene present i n  trace amounts . 
5 )  Poss i b l e  fragments of  pal e green i s h  g l as s .  

The o l i ve-brown g l ass spatter whi ch covers ha l f  the rock surface i s  very ves i 
cul ar .  Smooth l i pped depress i ons are present where ves i c l es col l apsed whi l e  
the rock was s ti l l  fl u i d .  I t  may be pos s i bl e  to perform v i s cos i ty cal cul a 
t i ons on the g l as s  spatter. Th i s  spatter appears to  be  thi nner than that 
on Apol l o  1 1  and 1 2  samp l es .  
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1 4453 

r 1cm 

S-71 - 25364 

1 4453 , 4 

I :1mm 1 
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PHYSI CAL CHARACTERISTICS 

Mas s D imensi ons 

6 . 03 g 2 . 5  x 2 . 0  x 1 . 5 em 

Thi s i s  a banded , l i ght gray , s l i ght ly fl attened , brecc ia  c h i p .  

SURFACE FEATURES 

P i ts are rare and deep . Cavi ties  are present on ly where fractures i ntersect .  
These are i rregul a r  shaped c l usters 0 . 5 - 1 . 0 mm in  s i ze and  are approximate
ly 1 0% of the samp l e .  Mul t i p l e  sets of non-p l anar fractures occ ur wi th i r
regu l ar  ori entati on .  

PETROGRAPH I C  DESCRIPTION 

Th i s  samp l e  i s  coherent ,  but the numerous fractures make i t  de l i cate . I t  i s  
f i ne gra i ned , wi th gra i n s  averaging  l ess  than 0 . 1  mm i n  s i ze .  The matri x 
cons i sts of l i ght and dark speck s .  Bands occur i n  l ayers 0 . 5  - 2 . 0  mm thi c k .  
They are composed of  fel dspar-ri ch c l a s ts and dark g l ass . Ang u l ar fel dspar 
c l asts i n  the dark l ayers average 0 . 8  mm in s i ze .  Dark gl as s  i s  1 0% of the 
dark l ayers and 3% of  the l i ght l ayers . Gra i n s  0 . 5  mm in s i ze in the l i ght 
l ayer occur  i n  angu l ar  areas s imi l ar to the dark porti on . Whi te l ayers are 
nearly pure p l ag i oc l ase . Shock features noted i nc l ude chal ky whi te fragments 
and cl ear to turbi d ,  granu lated fel dspar patches . 

Exami nat i on of th i n  sect i on 1 4453 , 4  shows that the rock i s  characteri zed by 
a more crysta l l i ne r im  and a much " g l ass i er" i nteri or .  I t  i s  heterogeneous 
i n  texture and mi neral ogy .  The crystal s  present i n  the brecc i a  cl asts are 
too sma l l to i denti fy .  L i th i c  c l asts i ncl ude some very fi ne-gra i ned brecci a 
masses . Al l the gra i n s  are l ess  than 1 mm i n  s i ze .  Mi nera l  fragments i n
c l ude : l i ght green o l i vi ne ( 1 % ) , c l ear  p l agi oc l ase ( 3% ) , chal ky p l ag io
c l ase ( 2% ) , dark o l i v i ne ( 1 % ) , wh i te granu l ar  fel dspar ( trace ) . The frag
ments i n  the thi n secti on a re approximately 1 0% l i thi c ,  60% mi neral secti ons , 
and 30% g l assy masses . 
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SAMPLE MODELS AND GENEOLOGI ES 

" 

I n  order to fac i l i tate the j ob of  determ in i ng  speci fi c  samp l e  ori entati on 
and ori entati on wi thi n the parent ,  as wel l  as for h i s torical  i nterest ,  
mode l s  of the l a rger l unar samp l es have been constructed by the curatori a l  
staff . Photographs of the mode l s  made of Apol l o  1 4  samp les  are i ncl uded 
i n  thi s sect ion  to acqua i nt the scienti fi c  commun i ty v1i th  the i r  avai l ab i l i ty 
and to hel p l unar sc ienti s ts i denti fy the ori gi nal l ocati on of  the i r samp l e  
wi th i n  the parent rock .  

Geneal ogies o f  severa l Apo l l o  1 4  samp l es have been made and are a l so i n
c l uded . These genea l ogies do not refl ect any process i ng  wh ich  has ta ken 
p l ace s i nce the fi rst thi n secti on was made of each samp l e .  I t  i s  hoped 
that these methods of i l l ustrat ing  samp l es wi l l  prove usefu l , and wi l l  be
come a rout i ne part of samp l e  documentat ion procedure . 
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Sampl e # 

1 4006 

1 4007 
14008 

1 4009 
1 401 0 
, II 1'\, , l 'tU I I 

1 4041 

1 4042 
1 4043 

1 4045 

1 4047 

1 4049 
1 4051 

1 4053 

1 4055 
1 4056 

1 4057 

1 4058 
1 4059 
1 4060 

1 4061 

1 4063 
1 4064 

Mass (q) 

1 2 . 1 3  

3 . 67 
4 . 35 

1 . 09 
1 . 00 
0 . 68 

1 66 . 30 

1 03 . 20 
5 . 94 

65 . 24 

242 . 00 
200. 00 

1 91 . 30 

251 . 30 

1 1 1 . 00 
6 . 38 

5 .  51 

4 . 53 

8 . 68 
2 . 50 

3 . 1 1  
1 3 5 . 50 
1 07 . 00 

, 

Apol l o  1 4  Rock I nventory Summary 

Doc . Bag Wei gh Bag ALSRC EVA# Station  Type Sampl e Remarks 

1 039 1 LM CMB Conti ngency Sampl e  

1 039 1 LM Brecci a  Conti ngency Sampl e  

1 039 1 LM Brecci a  Conti ngency Sampl e  

1 039 1 LM Brecci a  Conti ngency Samp l e  

1 039 1 LM Breccia Conti ngency Sampl e  
.. ""' "" ""  1 LM Brecci a  Conti ngency Samp ie  I U.:l �  

3N i 006 2 A VMB 

3N 1 006 2 A VMB Same rock as 1 4041 

3N 1 006 2 A Brecci a Same rock as 1 4041 

4N 1 006 2 A VMB Same rock as 1 4041 

5N 1 006 2 B VMB 

6N 1 006 2 Bg VMB 

7N 1 006 2 C '  CMB 

1 4N 1 006 2 C2 Basa l t  

1 5N 1 006 2 E VMB Two rocks i n  Bag 1 5N 

1 5N 1 006 2 E Soi l C l od Two rocks i n  Bag 1 5N 

1 5N 1 006 2 E Soi l C l od Two rocks i n  Bag 1 5N 

1 5N 1 006 2 E Soi l C l od Two rocks i n  Bag 1 5N 

1 5N 1 006 2 E Soi l C l od Two rocks i n  Bag 1 5N 

1 5N 1 006 2 E Brecci a  Two rocks i n  Bag 1 5N 

1 5N 1 006 2 E Brecci a  Two rocks i n  Bag 1 5N 

1 6N 1 006 2 C l  LMB Two roc ks i n  Bag 1 6N 

l 6N 1 006 2 C l  LMB Two rocks i n  Bag 1 6N 
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Apo l l o  1 4  Rock I nventory Summary ( Cont . )  

Sampl e # Mas s ( g )  Doc . Bag Wei gh Bag ALSRC EVA# Station  Type Sampl e 

1 4066 509 . 80 1 7N 1 006 2 F CMB 

1 4068 35 . 47 l ON 1 006 2 C '  Mel t Rock 

1 4069 24 . 87 1 ON 1 006 2 C '  CMB 

1 4070 36 . 56 l ON 1 006 2 C '  CMB 

1 4071 2 . 1 6  l ON 1 006 2 C '  Crys ta 1 1  i ne 

1 4072 4 5 . 06 l ON 1 006 2 C '  Basa l t  

1 4073 1 0 . 35 20N 1 006 2 G Mel t Rock 

1 4074 5 . 1 6  20N 1 006 2 G Mel t Rock 

1 4075 4 . 66 20N 1 006 2 G Brecci a  
1 4076 2 . 00 20N 1 006 2 G Brecci a  

1 4077 2 . 77 20N 1 006 2 G Crys ta 1 1  i ne 
1 4078 8 . 30 20N 1 006 2 G Mel t Rock 

1 4079 3 . 1 7  ?.ON 1 006 2 G Mel t Rock 

1 4080 1 . 94 2 1 N  1 006 2 G Breccia  

1 4081 0 .84 21 N 1 006 2 G Brecci a  

1 4082 62 . 63 1 3N 1 006 2 C l  LMB 
1 4083 1 3 . 37 1 3N 1 006 2 C l  LMB 
1 41 69 78 . 66 1 027 1 ALSEP CMB 

1 41 70 26 . 34 1 027 1 ALSEP Breccia 
1 41 71 37 . 79 1 027 1 ALSEP CMB 

1 41 72 32 . 1 0  1 0�7 ' ALSEP CMB I 

1 4 1 73 1 9 . 59 1 027 1 ,l\LSEP 3re.:ci<> ?  

*FSR = Foo tbal l s i ze rocks 

Remarks 

Bottom of trench 

Bottom of trench 

Bottom of trench 

Bottom of trench 

Bottom of trench 

Bottom of trench 
Bottom of trench 

M i dd l e  of trench 

Middl e of trench 

Whi te rock 

Same as 1 4082 

*FSR Ch i ps 

FSR Chi ps 
FSR Chi ps 

FSR Chi ps 

FSP. Chi ps 
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Apol l o  1 4  Rock  I nventory Summary ( Cont . ) 

Sampl e # MassjjU_ Doc . Bag Weigh  Bag ALSRC EVA# Stati on Type Sample  Remarks 

1 41 74 1 1 . 62 1 027  1 ALSEP CMB FSR Ch ips 

1 4 1 75 7 . 48 1 027  1 ALSEP CMB FSP Ch ips 

1 41 76 4 . 1 2  1 027 1 JI.LSEP Brecci a FSR Ch ips 

1 41 77 2 . 32 1 027 1 ALSEP Brecc ia  FSR C h i ps 

1 41 78 2 . 88 1 027 1 ALSEP Brecc ia  FSR  Ch ips 

1 41 79 3 . 03 , " "' ..., A I � � "'  Cumu l ate FSR Ch ips J U � /  f\L::ll:t' 

1 41 80 4 . 75 1 027 ALSEP Brecc i a ? FSR Ch ips 

1 41 81 2 . 48 1 027 1 ALSEP Troctol i ti c  FSR Chi ps 

1 41 82 2 . 29 1 027 ALSEP Brecci a FSR Chips 

� 1 4 1 83 1 . 40 1 027  JI.LSEP Brecci a  FSR Ch ips 
0 

1 41 84 1 . 48 1 027 1 ALSEP Brecci a  FSR Chi ps w 

1 4 1 85 1 . 52 1 027 1 ALSEP Brecci a  FSR Ch i ps 

1 41 86 1 .  26 1 027 ALSEP Brecci a FSR C h i ps 

1 41 87 1 . 09 1 027 ALSEP CMB FSR Ch ips 

1 41 88 1 . 60 1 027 ALSEP Brecci a  FSR C h i ps 

1 41 94 4 . 28 1 031  2 Dg ,t1  Breccia 1 4301 , 306 , 308 , 31 0 , 31 1  Ch ips 

1 41 95 2 . 77 1 031 2 Dg ,G  Brecci a  1 4301 , 306 . 308 . 3 1 0 , 31 1 Chi ps 

1 41 96 3 . 93 1 031 2 Dg , G  Brecci a  1 4301 , 306 ,308 , 31 0 , 3 1 1  Ch ips  

1 41 97 1 . 63 1 031 2 Dg , G  Brecc i a  1 4301 , 306 ,308 , 31 0 , 3 1 1 Chi ps 

1 4 1 98 1 . 63 1 031  2 Dg , G  Me l t  Rock 1 4301 , 306 , 308 , 31 0 , 31 1 Ch i ps 

1 41 99 1 . 88 1 031 2 Dg , G  Brecc ia  1 4301 , 306 , 308 , 3 1 0 , 31 1  Chi ps 

1 4200 1 . 24 1 031  2 Dg ,G  Basal t 1 4301 , 306 , 308 , 31 0 , 3 1 1  Ch ips  

1 4201 1 .  56 1 031 2 Dg ,G  Brecc ia  1 4301 , 306 , 308 , 3 1 0 , 3 1 1 Ch ips  



Apol l o  1 4  Rock I nventory Summary ( Cont . ) 

SamQl e # ' Mass (g )  Doc . Bag Wei gh Bag ALSRC EVA# Stati on TyQe SamQl e Remarks 
1 4250 4 . 06 1 039 1 ALSEP VMB Comprehensi ve chi ps 
1 4251 1 .  51  Comp . Bag 1 007 ALSEP Brecc i a  Chi ps from comp . fi nes 
1 4252 0 . 86 Comp . Bag 1 007 ALSEP Breccia Chips  from comp . fi nes 
1 4253 1 . 23 Comp . Bag 1 007 ALSEP CMB Chi ps from comp . fi nes 

1 4254 1 . 0 1  Comp . Bag 1 007 1 ALSEP Brecci a  Chi ps from comp . fi nes 

1 4255 22 . 1 5  Comp . Bag 1 007 ALSEP VMB Chi ps from comp . fi nes 

1 4264 1 1 7 . 90 1 039 1 ALSEP VMB Comprehens ive  rocks 
1 4265 65 . 79 1 039 1 ALSEP VMB Comprehens i ve rocks 
1 4266 6 . 95 1 039 1 ALSEP CMB Comprehens i ve rocks 

1 4267 54 . 77 1 039 1 ALSEP Brecci a  Comprehens i ve rocks 
*'" 1 4268 23 . 1 2  1 039 ALSEP VMB Comprehens i ve rocks 0 *'" 

1 4269 1 7 . 1 9  1 039 1 ALSEP VMB Comprehens i ve rocks 
1 4270 25 . 59 1 039 ALSEP CMB Comprehens i ve rocks 
1 4271 97 . 41 1 039 1 ALSEP VMB Comprehens i ve rocks 
1 4272 46 . 64 1 039 ALSEP VMB Comprehens i ve rocks 
1 4273 22 . 40 1 039 ALSEP VMB Comprehens i ve rocks 
1 4274 1 5 . 1 8  1 039 ALSEP CMB Comprehen s i ve rocks 
1 4275 1 2 . 46 1 039 1 ALSEP VMB Comprehens i ve rocks 
1 4276 1 2 . 75 1 039 1 ALSEP Basal t ? Comprehensi ve rocks 
1 4277 7 . 59 1 039 1 ALSEP VMB Comprehens i ve rocks 
1 4278 7 . 60 1 039 1 ALSEP Brecci a ?  Comprehens i ve rocks 
1 4279 5 . 67 1 039 ALSEP CMB Comprehens i ve rocks 

1 4280 6 . 20 1 039 ALSEP VMB Comprehens i ve rocks 



""" 0 
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Sampl e # Mas s (g)  
1 4281 1 2 . 03 
1 4282 1 . 89 
1 4283 1 .  25 

1 4284 1 . 47 
1 4285 2 . 23 

1 4286 II Jl ?  
-r . "T '-

1 4287 1 . 07 

1 4288 3 . 44 
1 4294 3 . 43 

1 4295 1 . 24 

1 4296 2 . 26 

1 4297 1 .  73 

1 4301 1 361 . 0  

1 4302 
1 4303 898 . 4  
1 4304 2499 . 0  

1 4305 2498 . 0 

1 4306 584 . 50 
1 4307 1 55 . 00 

1 4308 

1 4309 42 . 40 

1 43 1 0  3439 . 00 

1 43 1 1  3204 . 00 

Apol l o  1 4  Rock Inventory Summary (Cont . ) 

Doc . Bag �leigh  Bag ALSRC EVA# Stati on Type Sampl e Remarks 

1 039 1 ALSEP VMB Comprehensive rocks 

1 039 1 ALSEP CMB Comprehens i ve rocks 

1 039 ALSEP VMB Comprehensi ve rocks 

1 039 1 ALSEP Brecci a  Comprehens i ve rocks 
1 039 1 ALSEP  Breccia Comprehens i ve rocks 

1 039 ALSEP Brecci a Comprehens i ve rocks 

1 039 1 ALSEP Brecci a Comprehens i ve rocks 

1 039 1 ALSEP Breccia  Comprehens i ve rocks 

1 038 2 H Breccia  Res i due,  Bag 1 038 

1 038 2 H Brecci a  Res i due , Bag 1 038 

1 038 2 H Breccia  Res i due ,  Bag 1 038 

1 038 2 H Breccia Res i due ,  Bag 1 038 

1 038? 2 G l VMB 

1 027 1 ALSEP Brecc ia  Renumbered 1 4305 , 1 8  

1 027 1 ALSEP CMB Mated to 1 4304 ( FSR)  

1 027 1 ALSEP CMB Mated to 1 4303 ( FSR)  

1 027 1 ALSEP CMB Mated to 1 4302 ( FSR )  

26N 1 031  2 G CMB 

25N 1 031 2 G VMB 

1 031 2 D VMB 3 p i eces renumbered 1 431 1 

1 031 2 ? Breccia?  Broken from unknown rock 

1 031  2 G Mel t Rock Near trench 

1 031 2 D CMB Mated to 1 4308 



Apo l l o  1 4  Rock Inventory Summary ( Cont . )  

Sampl e # Mass (g) Doc . Bag Wei g h  Bag ALSRC EVA# Station Type Sampl e Remarks 

1 43 1 2  299 . 00 1 038 2 H CMB 
1 431 3 1 44 . 00 27N 1 038 2 Gl VMB 

1 43 1 4  1 1 5 . 70 1 038 2 H CMB 

1 431 5 1 1 5 . 00 1 038 2 H VMB 

1 43 1 6  38 . 20 1 038 2 H VMB 

1 431 7 1 6 . 1 0  1 038 2 H VMB 

1 4318 600. 20 1 038 2 H VMB 

1 431 9 21 1 . 60 1 038 2 H CMB 

1 4320 64. 90 1 038 2 H CMB 

-1'> 1 4321 8998 . 00 1 038 2 C1 CMB B ig  Bertha 
0 

1 4425 a> . 79 2 1 007 1 LM 8mm Spherul e Bul k Sampl e  
1 4426 1 .  59 2 1 007 1 LM Brecc ia  Bul k Sampl e  

1 4427 4 . 47 2 1 007 LM Brecc ia  Bul k Samp l e  

1 4428 1 . 47 2 1 007 1 LM CMB Bul k Sampl e  

1 4429 3 . 03 2 1 007 LM CMB Bul k Samp l e  
1 4430 4 . 81 2 1 007 1 LM Brecci a Bul k Samp l e  

1 4431 1 .  70 2 1 007 LM Me l t  Rock Bul k Samp l e  

1 4433 1 . 23 2 1 007 1 LM Basal t? Bul k Samp l e  
1 4434 1 . 68 2 1 007 1 LM CMB Bul k  Sampl e 

1 4435 0 . 92 2 1 007 LM CMB Bul k Samp l e  

1 4436 3 . 76 2 1 007 LM Basa l t? Bu1  k Sampl e 

1 4437 2 . 65 2 1 007 LM Brecc i a Bul k Sampl e  

.. 



""" 
Cl 
...... 

Sampl e # 
1 4438 

1 4439 
1 4440 

1 4441 

1 4442 

1 4443 

1 4444 
1 4445 

1 4446 

1 4447 
1 4448 

1 4449 

1 4450 

1 4451 

1 4452 

1 4453 

Mas s ( g )  

2 . 35 

1 . 00 
1 .  50 
1 . 23 

3 . 52 

2 . 54 
, r:: t: 
I • VV 

9 . 22 

0 . 82 

o .  91 
1 . 06 

1 .  70 

1 .  27 

2 . 1 0  

1 . 77 

6 . 03 

't 

Apol l o  1 4  Rock I nventory S ummary ( Cont . ) 

Doc . Baa Weigh  Bag ALSRC EVA# Station Type Sampl e 

2 1 007 1 LM Brecci a  

2 1 007 1 LM Brecci a  
2 1 007 1 LM Basa l t 

2 1 007 1 LM Breccia 
2 1 007 1 LM Brecci a  

2 1 ()()7 1 I M  Basal t I V V /  . �" 

2 1 007 , LM Basal t  I 

2 1 007 1 LM Brecci a 
2 1 007 1 LM Basal t 

2 1 007 LM Brecc i a  
2 1 007 1 L�i Brecci a  

2 1 007 1 LM Breccia  

2 1 007 1 LM Brecci a  

2 1 007 1 LM Basa l t 
2 1 007 1 LM Breccia  

2 1 007 1 LM Brecc ia  

Ori g i nal number of  samp l es was 227 . 
Ori g i nal mass of returned samp l e  was 42 ,284 . 7 1 . 

Remarks ---
Bul k  Sampl e  

Bul k Sampl e  
Bul k Sample 

Bu l k Samp l e  

Bul k Sample 

Bu l k Sample 

Bu l k Sampl e  
Bul k  Sampl e  

Bul k Samp le  
Bul k Sampl e  
Bul k Sampl e  

Bul k Sampl e  
Bul k Sampl e 

Bul k Samp l e  

Bul k Sampl e  

Bul k Sampl e  
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APPEND IX  I I  

Apo l l o  1 4  Lunar Surface Documentati on 
( Swann et �· , 1 977 )  

Sampl e Lunar Surface Photo # Locati on Status Ori entati on 
1 4006- 1 401 1 65-9206 LM Pan B Approx .  N/A 

65-9325 LM Pan A 
66-9339 LM Pan A 

1 404 1 68-9409 DSB Known Unknown 
1 4042 68-941 0 XSB 
1 4043 68-941 1 XSB 
1 4045 68-941 2 XSA 

68-941 3 LOC 

1 4047 64-9073 XSB Known Known 
64-9074 XSB 

1 4049 None Approx . Un known 
1 4051 68-9443 XSB Known Known 

68-9444 XSB 
68-9445 DSB 
68-9446 XSA 
68-9447 LOC 

1 4053 64-91 30 XSB Known Surface 
64-9 1 31 XSB P i tt ing  
64-91 32 XSB 
64-91 33 XSB 

1 4055 None Approx . Unknown 
1 4056 
1 4057 
1 4058 
1 4059 
1 4060 
1 4061 

1 4063 None Approx .  Unknown 
1 4064 

1 4066 64-91 37 Pan B Approx . Unknown 
May i nc l ude samp l e  

1 4068 64-91 25 XSB Known Tentati ve 
1 4069 64-91 26 XSB 
1 4070 64-91 26 XSB 
1 4071 None 
1 4072 None 

41 1 



APPEND IX  I I  ( conti nued) 

Sampl e Lunar Surface Photo # Locati on Status Ori entat i on 

1 4073 64-9 1 58 XSB Known N/A 
1 4074 64-91 59 XSB 
1 4075 64-91 60 XSA 
1 4076 64-91 6 1  XSA 
1 4077 64-91 62 XSA 
1 4078 64-9 163  XSA 
1 4079 64-9 1 64 XSA 
1 4080 64-91 65 XSA 
1 4081 64-91 66 DSA 
1 4082 68-9452 XSA Known Surface 
1 4083 68-9453 XSA P i tt i ng  only 
1 4 1 69- 1 4 1 88 67-9388 USB Approx . N/A 

67-9389 DSB 

1 4 1 94-1 4201 No Photos Un known Unknown 

1 4250-1 4288 67-9388 USB Approx . N/A 
67-9389 DSB 

1 4294- 1 4297 Not I denti fi ed Tentati ve Un known 

1 4301 64-91 88 DSLOC , B  Known Known 
68-9466 XSB 
68-9467 XSA 

1 4303 Approx . Surface P i tti ng 
1 4304 67-9390 XSB Known 

67-9391 XSB 
1 4305/ 1 4302 67-9392 XSB 

67-9393 XSB 

1 4306 68-9459 DSB Known Known 
68-9460 XSB 
68-9461 XSB 
68-9462 XSA 
68-9463 XSA 
68-9464 LOC 

1 4307 No Photos Approx . Surface 
P i tti ng only 

1 431 1 / 308 No Photos Approx .  Surface 
P i tti ng on ly  

1 4309 No Photos Unknown Un known 

1 431 0 No P hotos Approx . Surface 
P i tti ng only 

4 1 2  



APPEND I X  I I  ( conti nued)  

Sam� le  Lunar Surface P hoto # Locati on Status Ori entat ion 
1 431 2 68-9472 XSB Known Known 

68-9473 XSB 
68-9474 XSB 
68-9475 XSB 
68-9476 XSA 
68-9478 Pan A 
68-9479 Pan A 

1 431 3 64-9 188 DSLOC , B  Known Known 
68-9465 XSB 
68-9466 XSB 
68-9467 XSA 

1 431 4 68-9472 XSB Tentati ve Unknown 
68-9473 XSB 
68-9474 XSB 
68-9475 XSB 
68-9476 XSA 

1 431 5 68-9468 XSB Known Tentati ve 
68-9469 XSB from l ab 
68-9470 XSA model 
68-9471 XSA 

1 431 6 Not i denti fied Tentati ve Unknown 
1 431 7 i n  North Boul der 

Fi e l d  photographs 
1 431 8 68-9468 XSB Known Known 

68-9469 XSB 
68-9470 XSA 
68-9471 XSA 

1 431 9 68-9472 XSB Known Known 
68-9473 XSB 
68-9474 XSB 
68-9475 XSB 
68-9476 XSA 
68-9478 Pan A 
68-9479 Pan A 

1 4320 Not i dent i fi ed Tentati ve Un known 
i n  North Boul der 
F i e l d  photographs 

1 4321 64-91 28 XSB Approx . Known 
64-91 29 XSB 

1 4425 P robabl y  i n  LM Unknown N/A 
1 4453 wi ndow photographs 

but not i denti fied 

NASA-JSC 

41 3 
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